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ABSTRACT 

In t h i s t h e s i s the c o b a l t t r i f l u o r i d e f l u o r i n a t i o n o f a series o f 

p e r f l u o r o a l k y l - p y r i d i n e , - p y r i m i d i n e , -pyrazine, - p y r i d a z i n e , and -toluene 

d e r i v a t i v e s i s described. I n general, these gave good y i e l d s o f the 

corresponding cyclohexadiene andmonoene d e r i v a t i v e s . 

The photochemistry o f a number o f the new dienes has been studied. 

I r r a d i a t i o n s led t o r i n g opening and fragmentation r e a c t i o n s which were 

analogous to those shown by corresponding hydrocarbon systems. 

Various re a c t i o n s w i t h f l u o r i d e ion have been i n v e s t i g a t e d . A d d i t i o n o f 

f l u o r i d e to pe r f l u o r o - l - a z a - 4 - i s o p r o p y l c y c l o h e x a - l , 3 - d i e n e gave the stable 

p e r f l u o r o - l - a z a - 4 - i s o p r o p y l c y c l o h e x - 3 - e n y l anion. The r e a c t i o n o f N,N'-bis-

1,3-diazacyclohex-2-enyl led to an i n t e r e s t i n g rearrangement i n v o l v i n g 

i n t e r n a l n u c l e o p h i l i c a t t a c k at a saturated p o s i t i o n . 

Reactions o f some o f the new dienes w i t h diazomethane are also described. 

These gave b i c y c l i c products a r i s i n g from 1,3-dipolar a d d i t i o n followed by 

e l i m i n a t i o n of e i t h e r n i t r o g e n or hydrogen f l u o r i d e . 

The chemistry o f perfluoro-2,5-diazahexa-2,4-diene has also been studied. 

Reactions w i t h f l u o r i d e i o n i n s o l u t i o n gave only dimers, but the r e a c t i o n 

w i t h caesium f l u o r i d e i n the vapour phase provided a new and convenient 

route to perfluoro-1,3-diaza-l-methylcyclopent-2- and -3-enes. D e f l u o r i n a t i o n 

over heated i r o n f i l i n g s gave a new imidazole d e r i v a t i v e , a r e a c t i o n which 

represents the f i r s t s y n t h e t i c route to a compound o f t h i s type. A series o f 

s i m i l a r r e a c t i o n s using i r o n , n i c k e l , and platinum were only p a r t i a l l y 

successful. Photochemical re a c t i o n s were unsuccessful. 

A p r e l i m i n a r y i n v e s t i g a t i o n i n t o the chemistry o f perfluoro-1,3-diaza-1 -

methylcyclopent-2- and -3-enes i s described. Reactions w i t h caesium f l u o r i d e 

led to d i m e r i z a t i o n . b u t products a r i s i n g from n u c l e o p h i l i c displacement o f 



v i n y l i c f l u o r i n e were obtained on r e a c t i o n w i t h hexafluoropropene i n the 

presence o f f l u o r i d e i o n . Hydrolysis led t o a new diazacyclopentadione 

d e r i v a t i v e a r i s i n g from a d d i t i o n - e l i m i n a t i o n at both C2 and C4 p o s i t i o n s . 



NOMENCLATURE 

l)The p r e f i x ' p e r f l u o r o ' i s used before a name to denote t h a t the compound 

or the p a r t o f the compound f o l l o w i n g the p r e f i x i s f u l l y f l u o r i n a t e d . 

2)A c a p i t a l F i n a r i n g (e.g. ) denotes t h a t the r i n g and a l l 

i t s u n s p e c i f i e d s u b s t i t u e n t s are f u l l y f l u o r i n a t e d 
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INTRODUCTION 



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

The main d i f f e r e n c e s i n p r o p e r t i e s between fluorocarbon and 

hydrocarbon systems a r i s e mainly from the d i f f e r e n c e i n e l e c t r o ­

n e g a t i v i t i e s o f f l u o r i n e and hydrogen and the e f f e c t s a r i s i n g from 

the i n f l u e n c e o f non-bonded e l e c t r o n p a i r s on the f l u o r i n e atom. 

Consequently f u n c t i o n a l groups i n f l u o r i n a t e d molecules are i n 

completely d i f f e r e n t e l e c t r o n i c environments i n comparison w i t h t h e i r 

hydrocarbon analogues, which leads t o very d i f f e r e n t , though o f t e n 

complementary chemical r e a c t i o n s . 

Owing t o t h e i r high chemical and thermal s t a b i l i t y fluorocarbons 

have found many i n d u s t r i a l a p p l i c a t i o n s . For example, p o l y t e t r a f l u o r o -

ethylene has proved to be a very u s e f u l polymer which, apart from a 

high degree of chemical and thermal s t a b i l i t y has a very low c o e f f i c i e n t 

of f r i c t i o n and i s used widely i n the manufacture o f dry bearings, as 

a coa t i n g f o r non-stick cooking u t e n s i l s , e tc. 

The use of f l u o r i n e c o n t a i n i n g compounds i n the pharmaceutical 

i n d u s t r y i s becoming i n c r e a s i n g l y common and a major impact o f f l u o r i n e 

chemistry on drugs i s i n the area o f s t e r o i d s . Methods have been 

developed to introduce f l u o r i n e i n t o a l l o f the a v a i l a b l e p o s i t i o n s i n 

the s t e r o i d nucleus r e s u l t i n g i n f l u o r i n a t e d s t e r o i d s , some o f which 

e x h i b i t considerably enhanced pharmacological a c t i v i t y . Many non­

s t e r o i d a l f l u o r i n a t e d compounds have also found medicinal a p p l i c a t i o n s . 

For example, f l u o r i n a t e d anaesthetics are now widely used, w h i l s t 

5 - f l u o r o u r a c i l has been used s u c c e s s f u l l y i n the treatment o f cancer. 

Flu o r i n a t e d compounds have also found many uses i n a g r i c u l t u r e , 

e i t h e r f o r k i l l i n g pests, or c o n t r o l l i n g disease. 

Other uses o f fluorocarbons include such diverse areas as s u r f a c t a n t s , 
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dyes, f i r e e x t i n g u i s h e r s , aerosol p r o p e l l a n t s , r e f r i g e r a n t s , coolants 

f o r sealed e l e c t r i c a l systems, e t c . 

This t h e s i s intends t o discuss the chemistry o f f l u o r i n a t e d 

aza-alkenes, a class o f compound which has been known f o r some time but 

has been subject t o l i t t l e more than s u p e r f i c i a l i n v e s t i g a t i o n . 



CHAPTER 1 

SYNTHESIS OF FLUORINATED AZA-ALKCNES 

1A GENERAL METHODS 

1A.1 P y r o l y s i s o f pe r f l u o r o a l k y l a m i n e s 

The f i r s t examples o f f l u o r i n a t e d aza-alkenes were prepared i n 1953 

by the p y r o l y s i s o f t r i ( p e r f l u o r o a l k y l ) a m i n e s . 1 D i r e c t p y r o l y s i s o f 

t r i ( p e r f l u o r o e t h y l ) a m i n e gave perfluoro-2-azabut-1-ene ( 1 ) . 

745°C 
( C 2 F 5 ) 3 N 1- C 2F 5N=CF 2 + C2¥^ * C 3F 6 

GRAPHITE 
TUBE (1) 

The method can be used to prepare many higher homologues o f ( 1 ) , the 

s t r u c t u r e s o f which depend upon the nature o f the p e r f l u o r o a l k y l 

group used. 

i . e . [CF 3(CF 2) 3]3N 6 4 5 - 6 5 0 ° C CF 3(CF 2) 3N=CF 2 

However, d i r e c t p y r o l y s i s y i e l d s compounds which con t a i n a termi n a l 

difluoromethylene group attached t o n i t r o g e n . Compounds co n t a i n i n g 

i n t e r n a l imine groups have been obtained using various c a t a l y s t s and 

pyrolyses over mixtures o f A1F 3 and A1 20 3 and w i t h Pt m e t a l 2 have 

proved successful. 



500-550°C 
( C 2 F 5 ) 3 N »• CF3CF2N=CFCF3 

A1F 3.A1 20 3 

500-550°C 
( C 3 F 7 ) 3 N • CF3CF2CF0N=CFCF2CF3 

A1F 3.A1 20 3 

Pt TUBE 
(n-C ( 4F 9) 3N • CF3CF2CF2CF=NCF3 (43%) 

650°C 

1A.2 P y r o l y s i s o f p o l y f l u o r o a l k y l a z i d e s 

The p y r o l y s i s o f the azide (2) has been reported t o y i e l d the 

aza-alkene (3). 3 

NaN3 270-280°C 
CF3CF=CF2 • CF3CHFCF2N3 • CF3CFHN=CF2 

C2H5OH Pt 
0°C (2) (36%) (3) (86%) 

This i s one of the few examples o f t h i s type o f r e a c t i o n , however 

the presence o f hydrogen as a f u n c t i o n a l group lends i t s e l f t o various 

p o s s i b i l i t i e s i . e . removal o f HF to give a diene. 

More r e c e n t l y , the conversion o f (2) t o (3) has been achieved 

photochemically 4, the mechanism o f which i s p a r t i c u l a r l y i n t e r e s t i n g 

since i t must invoke a n i t r e n e intermediate and a 1,2-alkyl s h i f t . 

-N2 n 
CF3CHFCF2N3 —CF 3CHF- vCF 2t <N: • CF3CHFN:CF2 

(2) (3) 
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1A.3 N i t r o s a t i o n o f perfluoroalkenes 

T r i f l u o r o n i t r o s o m e t h a n e reacts q u a n t i t a t i v e l y w i t h t e t r a f l u o r o -

ethylene to give mainly an oxazetidine d e r i v a t i v e ( 4 ) . P y r o l y s i s o f 

(4) gives perfluoro-2-azapropene ( 5 ) . 5 

ROOM TEMP. A 
CF3NO + CF 2CF 2 • CF3-N 0 • CF3N=CF2 + COF2 

| | 550°C 
CF2-CF2 (5) 

(4) 

Subsequent i n v e s t i g a t i o n s 6 together w i t h the ease o f a v a i l a b i l i t y o f 

p e r f l u o r o n i t r o s o a l k a n e s 5 have shown t h a t t h i s i s a good general method 

f o r the pr e p a r a t i o n o f f l u o r i n a t e d aza-alkenes. 

A 
R„N-0 + CF,CFn • R -N—0 • RJ4=CF~ + COF, 
r ^ ^ r | | r ' * 

F 2 C — C F 2 

Rp = C 2 F 5 , C 3 F 7 

I t must be noted t h a t t h i s method i s r e s t r i c t e d t o the prepara t i o n 

o f compounds c o n t a i n i n g a termi n a l difluoromethylene group since the 

ease o f r e a c t i v i t y o f p e r f l u o r o n i t r o s o a l k a n e s w i t h perfluoroalkenes 

decreases w i t h i n c r e a s i n g numbers o f s u b s t i t u t e n t s on the alkene. 

1A.4 Reductive d e f l u o r i n a t i o n o f pe r f l u o r o a l k y l - a m i n e s 

D i c y c l o p e n t a d i e n y l i r o n and dicumenechromium have been used 

s u c c e s s f u l l y as reducing agents to introduce a ^C=N group i n t o 

fluorocarbon s t r u c t u r e s i n high y i e l d . 7 Secondary fluoroamines give 

good y i e l d s o f i n t e r n a l perf1uoroaza-alkenes. 



(C 5H 5) 2Fe 
C 2F 5NC 2F 5 • C2F5N=CFCF3 

F (84%) 

The method has also been used i n the prepara t i o n o f c y c l i c aza-alkenes. 

(C 5H 5) 2Fe 

N 

(94%) 

More i n t e r e s t i n g i s the a p p l i c a t i o n o f the r e a c t i o n to the pr e p a r a t i o n 

o f compounds c o n t a i n i n g the ^X=NF group from difluoroamines. 

(C 5H 5) 2Fe 
C 3F 7CF 2NF 2 • C3F7CF=NF 

(82%) 

R NF A (C 5H 5) 2Fe 

(78%) 

Dienes have also been s u c c e s s f u l l y prepared by re d u c t i v e d e f l u o r i n a t i o n . 

(C 5H 5) 2Fe 
F 2NCF 2CF 2CF 2NF 2 • FN=CFCF2CF=NF 



1A.5 Reaction of f l u o r i n a t e d ketones w i t h primary amines 

Methods o f pr e p a r a t i o n discussed so f a r have included only those 

i n which perfluoroaza-alkenes are synthesised. The r e a c t i o n o f 

f l u o r i n a t e d ketones w i t h primary amines provides a method o f o b t a i n i n g 

aza-alkenes w i t h hydrogen or an a l k y l group attached d i r e c t l y t o 

n i t r o g e n . 8 Hexafluoroacetone (6) can be reacted w i t h ammonia and the 

r e s u l t a n t product (7) dehydrated w i t h a base and P0C1 3 to give the 

aza-alkene (8) . 

NH3 OH BASE 0" P0C13 

(CF 3) 2CO • (CF 3) 2C-NH 2 • (CF 3) 2CNH 2 >• (CF 3) 2C=NH 

(6) (7) (8) (70%) 

The r e a c t i o n seems to be o f a general nature and various primary 

amines have been used g i v i n g y i e l d s o f 60-80%. 

RNH2 

(CF 3) 2CO • (CF 3) 2C=NR (60-80%) 
BASE 
P0C13 

R = H, a l k y l , a r y l 

S i m i l a r attempts t o prepare aza-alkenes from f l u o r i n a t e d ketones and 

amines have only been p a r t i a l l y s u c c e s s f u l . 9 An i n t e r e s t i n g a p p l i c a t i o n 

o f the method has been found i n the synthesis o f p e r f l u o r i n a t e d azines. 1 

Hexafluoroacetone azine (9) can be prepared from hexafluoroacetone (6) 

and hydrazine . 

H2N-NH2 OH H H OH NR3 F3C CF3 

(CF 3) 2CO- — - ( F 3 C ) 2 C - N - N — C - ( C F 3 ) 2 • jC=N-N=C^ 
P0C1 3 F 3C^ "CF3 

(6) (9) (65%) 
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Previously reported syntheses o f f l u o r i n a t e d a z i n e s 1 1 - 1 3 are complicated 

and proceed i n several steps. The chemistry o f (9) i s p a r t i c u l a r l y 

i n t e r e s t i n g and i s discussed l a t e r . 

1A.6 Reaction o f p e r f l u o r o t h i o a c e t o n e dimer w i t h primary amines 

A novel method o f synthe s i s i n g f l u o r i n a t e d aza-alkenes w i t h hydrogen, 

a l k y l or a r y l groups attached d i r e c t l y to n i t r o g e n has involved the 

use o f hexafluorothioacetone dimer ( 1 0 ) . 1 1 * Compound (10) can be prepared 1 

d i r e c t l y from hexafluoropropene and sulphur i n sulpholane i n the presence 

o f KF, and w i l l react w i t h primary amines to give f l u o r i n a t e d aza-alkenes. 

KF S RNH2 

CF3CF=CF2 + S * (CF 3) 2C ^ C ( C F 3 ) 2 • (CF 3) 2C=NR 
SULPHOLANE 

(10) 

[R = H, C 3F 7, C 5H 9, C 6H 5, XC6H4 (X = o-Me, -CI, -OMe, m-CH3, -F, -CF3, 

-C 3F 7, -CI, p-Me, -F, -C3H7, -CI, or -OMe)] 

The dimer (10) can also be reacted w i t h hydrazine t o give hexafluoro-

acetone azine (9) but t h i s i s only present as the minor o f two products. 

NH2NH2 

(10) ^ (CF 3) 2C=N-N=C(CF 3) 2 + (CF 3) 2C=NNH 2 

(9) (11%) (43%) 

A v a r i a t i o n o f t h i s r e a c t i o n using s u b s t i t u t e d hydrazines has provided 

convenient routes to f l u o r i n a t e d aza-alkenes c o n t a i n i n g a d d i t i o n a l 

f u n c t i o n a l groups. 
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(CF3)2C=NNHCONH2 (90%) 

(10) 

NH2CONHNH2 

D. M. F . 
D.M.F. 

PhNHNH2 (CF3)2C=NNHPh (66%) 

1A.7 Photochemical syntheses 

General s y n t h e t i c methods discussed so f a r have mainly been concerned 

w i t h the p r e p a r a t i o n o f compounds c o n t a i n i n g a si n g l e C=N f u n c t i o n . 

F l u o r i n a t e d diaza-dienes have been prepared from the p h o t o l y s i s o f 

perfluoro-2,3-diazabuta-l,3-diene ( l l ) . 1 5 I r r a d i a t i o n o f (11) gave 

almost q u a n t i t a t i v e conversion t o perfluoro-2,4-diazapenta-l,4-diene (12). 

hv 
CF2=N-N=CF2 

(11) 

CF2=N-CF2-N=CF2 + N 2 

(12) 

This can be r a t i o n a l i z e d on the basis o f the decomposition o f (11) 
* 

i n t o CF2=N r a d i c a l s and di f l u o r o c a r b e n e . Photolysis o f (11) i n the 

presence o f difluorodiazomethane as a source o f di f l u o r o c a r b e n e 

r e s u l t e d i n the formation o f the f i r s t four members of the series of 

diaza-dienes . 

hv 
(11) y CF 2=N-(CF 2) 1_i t-N=CF 2 

CF 2N 2 

A d d i t i o n a l members of the series were produced when p h o t o l y s i s o f (11) 

was c a r r i e d out in the presence o f various f l u o r i n a t e d alkenes. This 

i s summarized i n Table 1. 
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CO-REACTANT PRODUCT % CONVERSION 

:CF2 CF2=N-CF2=N=CF2 12 

CF 2=N-(CF 2) 2 -N=CF2 25 

CF 2=N-(CF 2) 3-N=CF 2 3 

CF 2=N-(CF 2) £ t-N=CF 2 1 

CF 2=CF 2 CF2=N-CF2-N=CF2 13 

CF 2=N-(CF 2) 2-N=CF 2 57 

CF 2=N-(CF 2) 3-N=CF 2 10 

CF3CF=CF2 CF2=N-CF2-N=CF2 11 

CF2=N-CF(CF3)-CF2-N=CF2 66 

CF3CF=CFCF3 CF2=N-CF2-N=CF2 17 

CF2=N-CF(CF3)-CF(CF3)-N=CF2 30 

CF2=CFC1 CF2=N-CF2-N=CF2 12 

CF2=N-CF2-CFC1-N=CF2 25 

TABLE 1 - FLUORINATED DIAZADIENES 

1A.8 Miscellaneous 

S i l v e r ( I ) and s i l v e r ( I I ) f l u o r i d e s have been used to prepare f l u o r i n a t e d 

aza-alkenes from corresponding brominated d e r i v a t i v e s . 1 6 

AgF 2 

CBr2=N-N=CBr2 v CF3N=NCF3 (92%) 
100°C 

AgF 
70°C 

AgF 
CF2=N-N=CFBr • CF2=N-N=CF2 (33%) 

125°C 



D e c h l o r i n a t i o n s , e i t h e r thermal or by r e a c t i o n w i t h Hg have been used 

to prepare compounds c o n t a i n i n g the C=NF g r o u p . 1 7 

A 
C12C=NF + C1F — • C12FCNFC1 • C1FC=NF 

OR Hg 

A 
C1FC=NF + C1F — • C1F2CNFC1 • F2C=NF 

OR Hg 

Deh y d r o f l u o r i n a t i o n o f f l u o r i n a t e d amines w i t h KF has provided a 

comparatively simple s y n t h e t i c route to various f l u o r i n a t e d aza-alkene 

Perfluoro-2-azapropene (5) can be prepared by d e h y d r o f l u o r i n a t i o n o f 

hexafluorodimethylamine (13). 

HF KF 
CC13N=CC12 — • (CF 3) 2NH • CF3N=CF2 (70%) 

140-150°C 
(13) (5) 

S i m i l a r l y the d e h y d r o f l u o r i n a t i o n o f ph e n y l t r i f l u o r o m e t h y l a m i n e (14) 

provides an example o f the general nature o f the r e a c t i o n . 

KF 
PhNHCF3 • PhN=CF2 

140-150°C 
(14) 

More r e c e n t l y the r e a c t i o n has been used i n the synthesis o f 

perfluoro-2,5-diazahexa-2,4-diene (16) . 1 9 - 2 1 

HF NaF 
C12C=NCC12CC12N=CC12 • CF3NHCF2CF2NHCF3 • CF2=NCF2CF2N=CF 

70°C ROOM TEMP. 
(15) 

CF3N=CFCF=NCF3 

(16) 



The presence o f f l u o r i d e ion causes i s o m e r i z a t i o n of the i n i t i a l 

product (15) and (16) i s obtained e x c l u s i v e l y . The chemistry o f (16) 

prepared by t h i s method i s discussed a t some length i n subsequent 

chapters. 

IB HETEROCYCLIC COMPOUNDS 

1B.1 Azacyclopropenes 

The formation of f l u o r i n a t e d azacyclopropanes has been reported 

f r e q u e n t l y . 2 2 " 2 1 * Examples o f f l u o r i n a t e d azacyclopropenes however 

are very r a r e . Perfluoro-2-methyl- (17) and -3-methyl-(18) azacyclo­

propenes have been prepared from the azide ( 1 9 ) . 2 5 

(C 2H 5) 3N.BF 3 F F 
CF3CHFCF2N3 ' V 3 c \ ^ + ?\f " CF: T 

N N 
(19) (17) (18) 

Perfluoro-2,2-dimethylazacyclopropene (20) has been prepared i n a 

s i m i l a r way 2 2 . 

(C 2H 5) 3N-BF 3 CF 3 

(CF 3) 2CHCF 2N 3 - F 3 c \ y " 
N 

(20) (72%) 

Examples o f f l u o r i n a t e d diazacyclopropenes are more common. The 

reduc t i v e d e f l u o r i n a t i o n r e a c t i o n w i t h d i c y c l o p e n t a d i e n y l i r o n 

( s e c t i o n 1A.4) has been used as a general method o f p r e p a r a t i o n 2 6 " 2 8 . 



(C 5H 5) 2Fe F 
RCF( N F 2 ) 2 X \ l l 

25°C Rc N F 

(R P = F, C 2F 5, C 5 F n , CF2C1CFC1CF3) 

The r e a c t i o n can also be used to prepare b i s ( p e r f l u o r o a l k y l ) d l a z a -

cyclopropenes . 

(C 5H 5) 2Fe R N 
(R ) 2 C ( N F 2 ) 2 • h;xj 

RP N 

(R P = CF 3 ) C 2F 5) 

Further evidence f o r the s t a b i l i z i n g i n f l u e n c e o f f l u o r i n e i n small 

r i n g systems i s provided by the remarkable s t a b i l i t y o f f l u o r i n a t e d 

azacyclopropenes. 2 5 D i r e c t r e a c t i o n o f (17) w i t h HF leaves the 

3-membered r i n g system i n t a c t . 

F F 
,F 25°C \ F 2 F 3c\7" + H F " F 3 C \ 7 

N AUTOCLAVE N 
H 

(17) 

IB.2 Azacyclobutenes 

Four membered r i n g systems c o n t a i n i n g the C=N group are extremely 

r a r e . The only examples are those i n which the azacyclobutane r i n g 

i s p a r t o f b i c y c l i c or p o l y c y c l i c systems. The photolyses o f various 

p e r f l u o r o a l k y l p y r i d i n e s have given stable azabicyclo [2.2.0]hexa-2,5-

diene d e r i v a t i v e s . 2 9 S i m i l a r l y the diazacyclobutadiene d e r i v a t i v e s 

( 2 1 ) , ( 2 2 ) , and (23) have been prepared from the p h o t o l y s i s 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 . 

RF R o hv R R // ' 7/ R R N F ^ z r ^ n ? R R N R 

(99%) (1%) 

R R 
R R R R o hv VJLJ, V 1 / N R R N 

(55%) (45%) 

CF 

F3C^-NN,CF3 R o hv 
R R F 3C F \ N / ' X F R 

C F ( C F 3 ) 2 ] 

R 
F ^ ^ F 

o R 

Q 
N // hv N R R R 

21) 

R 
N N n 

N N 
R R 

(22) 23) 
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The generation o f an azacyclobutadiene intermediate i s postulated 

to e x p l a i n the formation o f (22) and (23) . The only example o f a 

diazacyclobutene (24) has been prepared by two methods. Reaction o f 

(CN)2 w i t h AgF 2 i n a copper tube gives ( 2 4 ) . 3 1 

(CN) 2 + AgF 2 

Cu TUBE N , F 2 

105-115°C N-

(24) 

S i m i l a r l y (24) can be prepared by f l u o r i n a t i o n o f the d i e t h y l ester 

(25) w i t h CoF 3. 3 2 

-N-COOC2H5 CoF 3 I (24) 
-N-COOC2H5 160°C 

F 2 

F 2 

(25) 

The nature o f t h i s r e a c t i o n i s i n t e r e s t i n g since compounds co n t a i n i n g 

-N=N- groups have been shown to lead e x c l u s i v e l y t o loss o f n i t r o g e n 

on f l u o r i n a t i o n w i t h CoF3. (See Chapter 3 sect i o n E.) 

IB.3 Azacyclopentenes 

Perfluoro-l-azacyclopent-l-ene (26) was f i r s t prepared by reductive 

c h l o r i n a t i o n o f t e t r a f l u o r o s u c c i n i m i d e (27) followed by r e a c t i o n w i t h 

an AgF/AgF2 m i x t u r e . 3 3 

PCI. F 2 AgF/AgF2 

O^k N A 0 OR PhPCl, C l z ^ N ^ C 1 

F 
.N: 

(27) (26) 



A more convenient method was electrochemical f l u o r i n a t i o n o f p y r r o l e 

followed by thermolysis t o give (26). 

ELECTROCHEMICAL 
FLUORINATION 

-N' 
I 
H 

•N' 
i 

F 
Fe 

(26) (50%) 

Electrochemical f l u o r i n a t i o n has also been used t o prepare various 

s u b s t i t u t e d d e r i v a t i v e s and re d u c t i v e d e f l u o r i n a t i o n w i t h d i c y c l o -

p e n t a d i e n y l i r o n used to ob t a i n the s u b s t i t u t e d perfluoroazacyclo-

pentenes 3 \ 

H 1 7 c 8 

E.F. 
F l 7 C 8 N 

F 

(C 5H 5) 2Fe F 
_ > ^ , 

F 1 7C 8 N 

F 1 7C 8 N 

- f CFc 
E.F. (C 5H 5) 2Fe 

S C F . 

N̂" 
i 

H 
-N' 

i 

F 

F 
CF: 



Examples o f f l u o r i n a t e d 1,2-diazacyclopentenes are r a r e . P e r f l u o r o -

1,2-diazacyclopent-l-ene (28) can be prepared from the f l u o r i n a t i o n 

o f CF 2(CN) 2 w i t h A g F 2
3 5 . 

CF 2(CN) 2 

AgF 2 

100°C 
AUTOCLAVE 

Various methods f o r the preparat i o n of diazacyclopentadienes have been 

repo r t e d . The diketone (29) gives the p e r f l u o r i n a t e d diene (30) on 

r e a c t i o n w i t h [N 2H 5
+][CF 3COO~]. 3 6 

HN N 
(N 2H 5) +(CF 3COO) 

(C 6F 5C0) 2CHF — - F 5 L 5 ^ ^ C 6 F 5 

20°C 

(29) (30) (100%) 

Reaction of hexafluoro-2-butyne w i t h (CF 3) 2CN2 has been used to 

prepare the diazadiene ( 3 1 ) . 3 7 

150°C 
CF3C=CCF3 + (CF 3) 2CN 2 • 

(31) (35%) 

A convenient s y n t h e t i c route to perfluoro-1,3-diazacyclopentenes 

involves the f l u o r i d e ion induced isomerization of perfluoro-2,5-

d i a z a h e x a d i e n e s 3 8 ' 3 9 , the preparat i o n o f which was described i n sect i o n 

1A.7. The iso m e r i z a t i o n o f perfluoro-2,5-diazahexa-1,5-diene (32) to 

perfluoro-2,5-diazahexa-2,4-diene (16) i s accompanied by in t r a m o l e c u l a r 



c y c l i z a t i o n t o give the diazacyclopentenes (33) and (34) 

C F 2 = N - C F 2 C F 2 - N = C F 2 — C F 3 N = C F C F = N C F 3 

(32) (16) 

0 
C F 2 V C F 3 

CF 
2 ^ C F 2 
\r// 2 

N 

• N - C F 3 N - C F 3 

0 
J 

(33) (34) 

Y i e l d s o f (33) and (34) are low since c y c l i z a t i o n i s followed by 

d i m e r i z a t i o n . The chemistry o f (32) and (16) w i t h f l u o r i d e ion i s 

discussed i n more d e t a i l l a t e r . S i m i l a r l y i n t r a m o l e c u l a r c y c l i z a t i o n 

occurs d u r i n g the i s o m e r i z a t i o n o f perfluoro-2,5-diaza-3,4-dimethyl-

hexa-1,5-diene (35) t o give (37). 

F 

C F 2 = N C F ( C F 3 ) C F ( C F 3 ) N = C F 2 • C F 3 N = C — C = N C F 3 + 

C F 3 C F 3 

F CFc 

N 

(35) d * / F 2 

f F o 
3 (37) (30%) 

I n t e r e s t i n g l y d i m e r i z a t i o n does not occur i n t h i s system due to the 

'blocking' e f f e c t o f the v i n y l i c C F 3 group. 



]9 

IB.4 Azacyclohexenes 

Perfluoro-1-azacyclohex-1-ene (38) has been prepared by numerous 

methods. Many o f these involve thermolysis o f p e r f l u o r o p i p e r i d i n e , 

(39) prepared by electrochemical f l u o r i n a t i o n o f p y r i d i n e , i n the 

presence o f various metal c a t a l y s t s . 1 4 0 - 1 + 2 Yields are ge n e r a l l y low. 

D e f l u o r i n a t i o n o f (39) w i t h Ph3P'43 or di c y c l o p e n t a d i e n y l i r o n 1 * 4 gives 

e x c e l l e n t y i e l d s o f (38) . 

T 
F 

Ph^P, 20°C 
TOLUENE 

(C 5H 5) 2Fe 

86% 

93% 

(39) (38) 

Electrochemical f l u o r i n a t i o n has provided a route to many p e r f l u o r o -

a l k y l p i p e r i d i n e s from p y r i d i n e precursors 1* 5 and some o f these have been 

s u c c e s s f u l l y d e f l u o r i n a t e d to give s u b s t i t u t e d perfluoroazacyclo-

hexenes. P e r f l u o r o - 2 , 6 - d i m e t h y l p i p e r i d i n e f o r example y i e l d s 

perfluoro-l-aza-2,6-dimethylcyclohex-l-ene on d e f l u o r i n a t i o n w i t h 

Ph3P.k3 

Ph3P 
20" C 

r^^CF CF N N 

(86%) 

F l u o r i n a t i o n w i t h high valency metal f l u o r i d e s , p a r t i c u l a r l y CoF 



has provided an i n t e r e s t i n g s y n t h e t i c route to f l u o r i n a t e d aza-

alkenes from aromatic precursors. Compound (38) can be prepared by 

f l u o r i n a t i o n o f p e n t a f l u o r o p y r i d i n e w i t h a CoF 3/CaF 2 m i x t u r e . 4 6 

F 
CoF 3/CaF 2 

120°C CF3N=CFC3F7 

(38) (63%) (10%) 

The r e a c t i o n can be used t o prepare f l u o r i n a t e d azacyclohexadienes, 

however the r e a c t i o n w i t h p e n t a f l u o r o p y r i d i n e , even under c o n d i t i o n s 

o f heavy CoF 3depletion , gave only a small amount o f a 1,3-diene (40). 

F 

V 

CoF3/CaF2 

DEPLETED 
REAGENT 

120°C 

F 

(40) (2%) (38) (61%) 

Only when c h l o r i n e i s introduced i n t o the - 4 - p o s i t i o n are s u b s t a n t i a l 

amounts of dienes observed i n the product mixture. 

CI CI CI CI 

CoF3/CaF 

120°C 
N N N N 

(45%) (2%) (12%) 



The f l u o r i n a t i o n o f t e t r a f l u o r o p y r a z i n e w i t h CoF 3 gave a 1,4-diaza-

1,3-diene (41) but, i n t e r e s t i n g l y , t e t r a f l u o r o p y r i m i d i n e gave a dimer 

(42) . 

F 
CoF 3/CaF 2 • 
80°C F 

V 
(41) (29%) 

CoF 3/CaF 2 

F ) | -»• | F | | F 
N ^ _ / N 175°C N < ^ ^ N — N \ ^ N 

(42) 

The proposed mechanism f o r CoF3 f l u o r i n a t i o n involves the intermediacy 

o f r a d i c a l cations i n the f l u o r i n a t i o n process 1* 5 > 4 7 i n i t i a t e d by a 

1-electron t r a n s f e r . 

l e 

(CoF 3) 
' + • \ +F 

(CoF 3) 

F 

F 2 

+ F 

(CoF 3) 

F 2 

F 2 

- l e 

CoF. 

etc v 
(38) 
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The production o f the dimer (42) from t e t r a f l u o r o p y r i m i d i n e i s strong 

support f o r t h i s type o f mechanism. 
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CHAPTER 2 

THE CHEMISTRY OF FLUORINATED AZA-ALKENES 

2A INTRODUCTION 

The f l u o r i n e atom, although i t has seven valence e l e c t r o n s , i s 

only s l i g h t l y l a r g e r than the hydrogen atom, and since i t i s also 

the most e l e c t r o n e g a t i v e element the d i f f e r e n c e s between the chemistry 

o f fluorocarbon and hydrocarbon systems a r i s e l a r g e l y from e l e c t r o n i c , 

r a t h e r than s t e r i c , e f f e c t s . 

In view o f t h i s i t i s possible to p r e d i c t some of the p r o p e r t i e s o f 

f l u o r i n a t e d aza-alkenes. The s u b s t i t u t i o n o f hydrogen i n an aza-alkene 

by f l u o r i n e or p e r f l u o r o a l k y l groups reduces the e l e c t r o n d e n s i t y 

at the C=N bond which makes the aza-alkene even more e l e c t r o p h i l i c i n 

character and t h e r e f o r e very r e a c t i v e towards n u c l e o p h i l i c a t t a c k . 

2B REACTIONS WITH NUCLEOPHILES 

2B.1 0 Nucleophiles 

The a f f i n i t y o f f l u o r i n a t e d aza-alkenes towards nucleophiles i s 

i l l u s t r a t e d by the r e a c t i o n o f perfluoro-2-azapropene (5) w i t h 

w a t e r . 5 ' 6 Uncontrolled h y d r o l y s i s leads to complete degradation. 

H 20 
CF3N=CF2 >- C0 2 + NH4F + HF 

(5) 

However the isocyanate (43) i s obtained when (5) i s reacted w i t h a 

d e f i c i t o f water. 
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CF3N=CF2 

(5) 

H 20 -2HF 
CF,N-CF, 

3 H 6H 2 

CF3N=C=0 

(43) 

Compounds not co n t a i n i n g a ter m i n a l difluoromethylene group show a 

more moderate r e a c t i o n w i t h n u c l e o p h i l e s , which i s i l l u s t r a t e d by 

the h y d r o l y s i s o f the diaza-diene (16) g i v i n g N , N * - b i s t r i f l u o r o m e t h y l 

oxamide ( 4 4 ) 1 + 8 . 

2H 20 
CF3N=CFCF=NCF3 • CF3NHCOCONHCF3 

-2HF 
(16) (44) 

Reactions w i t h alcohols also proceed v i a a s i m i l a r a d d i t i o n - e l i m i n a t i o n 

mechanism, and r e a c t i o n o f (5) w i t h alcohols i n the presence o f 

Et 3N leads to d i s u b s t i t u t e d products 1* 9. 

2R0H ^OR 
CF3N=CF2 • CF3N=C 

(5) " 2 H F ^ 0 R 

(60-69%) 

R = CH3, C 2H 5, (CH 3) 2CH 

A d d i t i o n o f ROH followed by e l i m i n a t i o n of HF leads to a mono-

s u b s t i t u t e d species which i s i t s e l f a c t i v a t e d towards f u r t h e r 

n u c l e o p h i l i c a t t a c k hence d i s u b s t i t u t i o n occurs r e a d i l y . Compounds 

co n t a i n i n g the C=NF group tend to favour monosubstitution. A d d i t i o n o f 

ethanol to the imine (45) leads t o (46) only since e l i m i n a t i o n of HF 

i s impossible, however, compound (47) gives monosubstitution and 

e l i m i n a t i o n of HF t o give ( 4 8 ) 5 0 on r e a c t i o n w i t h methanol. 



C2H5OH CF 3 ? C 2 H s 

• ^C-NHF 
CF 3 

"•C=NF • 
CF 3" Et 3N CF 3 

(45) (46) 

CF 3^ CH3OH 
C=NF 

(47) 

CF. OMe 
I 
C-NHF 

-HF CF 3 

MeO" 

(48) 

C=NF 

Compounds co n t a i n i n g the C=NR group (R = phenyl, s u b s t i t u t e d phenyl) 

re a c t w i t h alcohols but c o n d i t i o n s are more harsh since the e l e c t r o n 

donating e f f e c t o f the phenyl s u b s t i t u e n t renders the C=N bond less 

r e a c t i v e towards n u c l e o p h i l e s . 5 1 

KOH ^NHR 
(CF 3) 2C=NR >• (CF 3) 2C (20-51%) 

BOILING "̂ OMe 
MeOH 

The r e a c t i o n o f perfluoro-l-azacyclohex-l-ene (38) w i t h nucleophiles 

i s i n t e r e s t i n g since loss of f l u o r i n e from both C2 and C6 s i t e s occurs, 

indeed, a d d i t i o n o f an excess o f sodium methoxide or phenoxide to 

(38) leads to t r i s u b s t i t u t i o n . 5 2 > 5 3 

0 NaOR 
RO OR RO N N 

(38) 

(R = Me, Ph) 

Monosubstitution can be achieved under mi l d c o n d i t i o n s w i t h a 

1 molar p r o p o r t i o n o f a s u i t a b l e nucleophile and r e a c t i o n o f 
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sodium pentachlorophenoxide or sodium b i s t r i f l u o r o m e t h y l n i t r o x i d e 

w i t h (38) y i e l d s the i m i d i c esters (49) and (50) r e s p e c t i v e l y . 5 2 

(38) 

NaOC 6Cl 5 

ROOM TEMP. 
NaON(CF 3) 2 

ROOM TEMP. 

F (49) (79%) 
0C6C1, 

(50) (70%) 
-ON(CF 3) 2 

An i n t e r e s t i n g example o f e l i m i n a t i o n o f f l u o r i n e from the C6 p o s i t i o n 

only occurs when the s u b s t i t u t e d azacyclohexene (51) i s reacted w i t h 

sodium methoxide or caesium b i s t r i f l u o r o m e t h y l n i t r o x i d e g i v i n g 

compounds (52) and (53) r e s p e c t i v e l y . 5 1 * Further r e a c t i o n o f (52) 

w i t h an excess o f methanol provides the p i p e r i d i n e d e r i v a t i v e (54). 

MeOH 

F 
CF3 

(51) 

NaOMe 

•CF3 

ROOM TEMP. 

^0N(CF 3) : 

ROOM TEMP, 

MeO 

(52) (68%) 

(CF 3) 2NO 
CF 

F 

(53) (93%) 

CF: 

MeO. 
C F 3 > k N / < 

H 

(54) (85%) 

.OMe 
CFq 



The r e a c t i o n o f perfluoro-2,5-diazahexa-2,4-diene (16) w i t h n u c l e o p h i l 

has received much a t t e n t i o n . Reaction can occur v i a standard a d d i t i o n -

e l i m i n a t i o n or a l t e r n a t i v e l y by i n t e r n a l c y c l i z a t i o n g i v i n g an 

azacyclopropane d e r i v a t i v e . 

Nu NCF X ADDITION 
ELIMINATION FqCN 

Nu N - C F Nu N - C F 

F c C - N FqC-N 

(16 INTERNAL 
CF CYCLIZATION Nu 

N CF 

Products a r i s i n g from i n t e r n a l c y c l i z a t i o n have only been observed 

i n r e a c t i o n s w i t h l a c t a m s 5 5 , i n p a r t i c u l a r p i p e r i d i n e and caprolactam 

which react w i t h (16) to give the azacyclopropane d e r i v a t i v e s (55) 

and (56) . 

A H C H 3 C N " > T - N - C F 3 

(16) +^C • A V f -10°C fl 

J \CH2Y N ^ C F 3 
(CH 2) n 

n = 4 (55) (77%) 

n = 5 (56) (78%) 

In a l l remaining r e a c t i o n s w i t h alcohols and phenols i n t e r n a l 

c y c l i z a t i o n does not occur and monosubstituted s t r a i g h t chain products 

are obtained i n good y i e l d s 5 5 . 



-40°C R % ^ N C F 3 
(16) + ROH -»• 

F 3CN > F 

(65-85%) 

(R = Me, Et, Ph, 2,4-C 6H 3Cl 2, 4-C6H4C1 , 4-C6H1<N02) 

S u b s t i t u t i o n i s achieved a t both unsaturated s i t e s i n the molecule 

when a 2:1 excess o f nucleophile i s u s e d . 5 6 

(16) + 2R0H 
-30° - -40°C 

(CH 3) 2C0 

R(k .NCF3 X 
F 3Chr OR 

(75-100%) 
(R = Me, Et, 2,4-C 6H 3Cl 2) 

2B.2 S Nucleophiles 

Reactions o f f l u o r i n a t e d aza-alkenes w i t h sulphur nucleophiles 

have been less widely e x p l o i t e d , however, the chemistry shows a 

p a r a l l e l w i t h t h a t o f oxygen nucleophiles w i t h a d d i t i o n - e l i m i n a t i o n 

being the main mode o f r e a c t i o n . Perfluoro-2-azapropene (5) reacts 

w i t h hydrogen sulphide to give t r i m e t h y l i s o t h i o c y a n a t e 5 7 , 

H2S -2HF 
CF3N=CF2 -y CF3N-CF2 • CF3N=C=S 

-78°C H SH 
(5) (60%) 

and r e a c t i o n o f (5) w i t h t h i o e t h a n o l and thiophenol proceeds v i a a 

s i m i l a r a d d i t i o n - e l i m i n a t i o n mechanism g i v i n g (57) and (58) 
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r e s p e c t i v e l y . 57 

CF3N=CF2 

(5) 

EtSH 

150° C 

PhSH 

CF3N=CFSC2H5 

(57) (30%) 

CF3N=CFSC6H5 

(58) (44%) 

I n t e r e s t i n g l y , d i s u b s t i t u t e d products are not observed which i n d i c a t e s 

t h a t (57) and (58) are not as susceptible t o n u c l e o p h i l i c attack as 

t h e i r oxygen analogues. 

Compounds c o n t a i n i n g the C=NR group (R = phenyl, s u b s t i t u t e d phenyl) 

also react w i t h t h i o l s 5 1 but c o n d i t i o n s , as w i t h corresponding al c o h o l s , 

are more harsh and, i n t e r e s t i n g l y , r e a c t i o n w i t h HSCH2C00H leads t o an 

i n t e r n a l c y c l i z a t i o n w i t h e l i m i n a t i o n o f water g i v i n g a novel series 

o f five-membered h e t e r o c y c l i c compounds. 

(CF 3) 2C=NR 
C2HgSH 

KOH 
HSCH2CO0H 
Et 2N 
BOILING BENZENE 

(CF 3) 2C 
.NHR 

SCHoCOOH 

.NHR 
(CF 3) 2C; 

V S C 2H 5 

(21-61%) 

(CF 3) 2C V 
(46-85%) 

Perfluoro-2,5-diazahexa-2,4-diene (16) w i l l r e a c t w i t h thiophenols 

t o give the corresponding a d d i t i o n e l i m i n a t i o n products and r e a c t i o n 

o f (16) w i t h an equimolar amount o f 4-chlorothiophenol gives the 



monosubstituted product ( 5 9 ) . 5 5 D i s u b s t i t u t i o n occurs to give (60) 

when a 2:1 excess o f 4-chlorothiophenol i s u s e d . 5 6 

F ^NCF: 

F3CN F 

(16) 

EXCESS 
4-ClC 6lVSH 
-70°C E t 2 0 

4-ClCgH^SH 

-40°C 
(CH 3) 2C0 

F ^ N C F 3 

CF3N 

(59) (82%) 

CF3N 

(60) (68%) 

2B.3 N Nucleophiles 

Reactions o f amines w i t h f l u o r i n a t e d aza-alkenes lead t o a v a r i e t y 

o f products depending mainly on the nature o f the amine. P e r f l u o r o -

2-azapropene (5) reacts w i t h secondary amines to give monosubstituted 

or d i s u b s t i t u t e d products v i a e l i m i n a t i o n o f HF. 4 9 

XH F 
CF3N=CF2 CF3N=C (70-72%) 

^ X 
(5) 

(X = NEt 2, NMe2, p i p e r i d i n o , morpholino) 
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R2NH ^NMe 2 

CF3N=CFNMe2 • CF3N=C (49-51%) 
NR2 

(R = Me, Et) 

Reactions w i t h primary amines are more i n t e r e s t i n g since there are now 

two hydrogen atoms a v a i l a b l e f o r e l i m i n a t i o n , indeed, compound (5) 

reacts w i t h a n i l i n e g i v i n g almost equimolar amounts o f (61) and ( 6 2 ) . 5 8 

The formation o f the carbodi-imide (62) i s e a s i l y explained by the 

e l i m i n a t i o n o f a second mole of HF from (61) . 

E t 2 0 
(5) + C6H5NH2 • CF3N=CF-NHC6H5 + CF3-N=C=N-C6H5 

-35°C 
(61) (62) 

S i m i l a r r e a c t i o n s c a r r i e d out i n the presence o f KF t o f a c i l i t a t e 

removal o f a l l a v a i l a b l e HF lead to the exclusive formation o f 

carbodi-imides. 

E t 2 0 2KF 
(5) + ArNH 2 >• CF3N=C=NAr (70-80%) 

-35°C 

(Ar = C 6H 5, p-MeO-C6H^) 

The removal o f a second mole o f HF i s more d i f f i c u l t i n r e a c t i o n s 

w i t h a l i p h a t i c amines and f u r t h e r d i s t i l l a t i o n from KF i s required 

to o b t a i n the c a r b o d i - i m i d e s . 5 e 

E t 2 0 KF KF 
(5) + RNH2 • CF3N=CFNHR • CF3-N=C=N-R 

-35°C DISTILLATION 
(46-72%) 

(R = C 2H 5, C(CH 3) 3, C 6 H n , CH2CH=CH2) 
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This i s probably due to the d i f f e r e n t i n f l u e n c e o f a l k y l and a r y l 

groups on the proton e l i m i n a t i o n . 

Reactions of (5) w i t h various a n i l i n e d e r i v a t i v e s i n the presence 

o f Et 3N lead to the formation o f dimers and t r i m e r s of the carbodi-

i m i d e 5 9 and compound (5) reacts w i t h 4-methoxyaniline to give the 

dimer (63a) ( 7 2 % ) , whereas a n i l i n e gives the t r i m e r (64a) (6 7 % ) , and 

2,6-di m e t h y l a n i l i n e gives a mixture o f (63b) and (64b). 

ArNH 2 

CF3N=CF2 • CF3N=C=NAr 
THF 

(5) EtoN 
2CTC 

CF3 

ArN^ CFo ArNL .N .NAr 
C — N 

FoC ^ N A r ^C'" 
N—C FoC N N CF. 

(63) NAr 
(64) 

a: Ar = 4-MeOC6H4 a: Ar = Ph 

b: Ar = 2,6-Me2C6H3 b: Ar = 2,6-Me2C6H3 

E l i m i n a t i o n o f two moles o f HF t o give carbodi-imides i s only possible 

w i t h aza-alkenes c o n t a i n i n g a te r m i n a l difluoromethylene group. 

I n t e r n a l f l u o r i n a t e d aza-alkenes react w i t h amines t o give s u b s t i t u t e d 

products v i a the usual a d d i t i o n - e l i m i n a t i o n r e a c t i o n which i s shown 

w i t h perfluoro-4-aza-2,2-dimethylpent-3-ene (65). 

R2NH 
C F 3 N = C F C ( C F 3 ) 3 • CF 3N=C-C(CF 3) 3 (52-78%) 

(65) l!|R2 

(R = Me, Et) 



N-Fluoroimines behave d i f f e r e n t l y i n t h e i r r e a c t i o n s w i t h amines. 

Compounds co n t a i n i n g a v i n y l i c f l u o r i n e atom react as expected, and 

compound (47) reacts w i t h ammonia and dimethylamine g i v i n g products 

due to n u c l e o p h i l i c a t t a c k followed by e l i m i n a t i o n o f HF 6 1, 

CF3 R2NH 
X=NF 1 

CF 3 \ C=NF 
F 
(47) 

-78°C R2N 

(R = H, Me) 

whereas compounds not c o n t a i n i n g a v i n y l i c f l u o r i n e atom e l i m i n a t e 

HF i n a d i f f e r e n t manner leading t o some i n t e r e s t i n g products. 

Compound (45) reacts w i t h ammonia and primary amines t o give novel 

diazacyclopropane d e r i v a t i v e s . 6 2 

CF; 

•C=NF 
RNH2 F3C 

C?f 20°C F3C 

(45) 

(R = H, Et, Ph) 

NH I 
NR 

The proposed mechanism f o r t h i s involves e l i m i n a t i o n of HF to give 

a n i t r e n e intermediate. 

RNH2 RNH2 N-H INSERTION F3C .NH 
(45) • (CF3)2C-NHF • (CF 3) 2C-N: • " X T I 

NHR -HF NHR F3C ^NR 

A d i f f e r e n t mode o f behaviour i s displayed i n rea c t i o n s w i t h 

secondary amines, and the rea c t i o n s of (45) w i t h dimethylamine and 

d i e t h y l amine lead to the formation of products i n which an N-N bond 
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i s f o r m e d . 6 1 ' 6 2 

CF3 R2NH 
^C=NF • (CF 3) 2C=N-NR 2 

CF 3' / 20°C 

(45) 

(R = Me, Et) 

This i s explained by a s i m i l a r n i t r e n e formation followed by a 

1 , 2 - s h i f t . 

R2NH R2NH 1,2-SHIFT 
(45) • (CF3)2C-NHF • (CF 3) 2C-N: • (CF 3) 2ON-NR 2 

NR2 -HF lfjR2 

The r e a c t i o n o f perfluoro-l-azacyclohex-l-ene (38) w i t h secondary 

amines has been the subject o f recent i n v e s t i g a t i o n 5 2 , and mono-

s u b s t i t u t e d products a r i s i n g from replacement o f the i m i n o - f l u o r i n e 

atom are observed when a two molar p r o p o r t i o n o f amine i s used. 

R2NH 
F 
^ 0°C-ROOM TEMP. i 

"NT ^ N ^ ^ N R 2 

(38) (61-81%) 

[R 2 = Me2, E t 2 , ( C H 2 ) 2 0 ( C H 2 ) 2 ) CH 2(CH 2) 3CH 2, XPh (X = Me, E t ) ] 

(A two molar p r o p o r t i o n o f amine i s required since HF reacts w i t h 

amines to give a l k y l ammonium f l u o r i d e s . ) 

The r e a c t i o n o f (38) w i t h excess ammonia leads t o loss o f f l u o r i n e 

from both C2 and C6 p o s i t i o n s , however, t h i s i s not observed i n reactions 

w i t h other amines. 
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(38) 
2NH: 

-3HF 
HN 

When the corresponding 2 , 6 - d i s u b s t i t u t e d compound (51) i s reacted 

w i t h an excess o f ammonia e l i m i n a t i o n o f only two moles o f HF i s 

possible and the p i p e r i d i n e d e r i v a t i v e (66) i s formed. 5 1* 

F3C N CF3 

(51) 

2NH-

• 2HF H2N 
F3C 

,NH' 
^ N ^ C F 3 

H 

(66) (84%) 

Perfluoro-2,5-diazahexa-2,4-diene (16) reacts w i t h amines t o give 

the expected a d d i t i o n - e l i m i n a t i o n products. Diethylamine and 

morpholine react w i t h (16) t o give the monosubstituted products (67) 

and (68) r e s p e c t i v e l y . 5 5 

CF3N=CFCF=NCF3 

(16) 

Me2NH 

E t 2 0 
-40°C 

E t 2 ° \ o NH 
-40°C X " 

Me2N /NCF3 X 
F3CN F 

(67) (75%) 

0 

N NCF, 

F3CN^ F 

(68) (87%) 
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Reaction o f (16) w i t h an excess o f amine leads to r e a c t i o n at the 

second unsaturated s i t e g i v i n g d i s u b s t i t u t e d p r o d u c t s 5 6 . 

(16) 
R2NH 

-30 - -70°C 
E t 2 0 

RNH2 

-90°C 
Et 2 0 

H 
R-lil ,NCFc 

R
2N^.NCF 3 

FgCN^" NR2 

(85-100%) 

[R 2 = H 2, Me2, ( C H 2 ) 2 0 ( C H 2 ) 2 ] 

F 3CN^ N-R 
H 

(65-85%) (R = Ph, Me) 

The reactions o f (16) w i t h nucleophiles having e l e c t r o n i c p e c u l i a r i t i e s 

are p a r t i c u l a r l y i n t e r e s t i n g 6 3 , and the novel b i s - t e t r a z o l e (69) i s 

formed when (16) i s reacted w i t h sodium azide. 

NaN, 
(16) 

N J^N -V (I 2 
F3CN // 

N = : N 
I I 
N^. ,N-CF3 I 

F3C-N 
N N 

(69) 

The r e a c t i o n o f (16) w i t h i s o n i t r i l e s i s even more i n t e r e s t i n g since 

t h i s leads to compound (70) which i s formed wit h o u t e l i m i n a t i o n o f 

HF. 
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RNC 
(16) • 

ROOM 
TEMP. 

+ 
RN=C 

RNC 

F3CN^ F 

[R = (CH 3) 3C, 2,6-MeC6H3, cyc l o h e x y l ] 

RN=C NCF3 

FoCIT C=NR 
F 

(70)(51-61%) 

2B.4 C Nucleophiles 

Reactions o f f l u o r i n a t e d aza-alkenes w i t h carbon nucleophiles have 

not been w e l l e x p l o i t e d , however, the h e p t a f l u o r o i s o p r o p y l anion, 

prepared from hexafluoropropene and f l u o r i d e i o n , has been used to 

ob t a i n the s u b s t i t u t e d azacyclohexene (71) from perfluoro-1-aza-

cyclohex-l-ene (38) 

C 3F 6 

CsF 
[ C 3 F / ] 

(38) (71) 

In general t h i s i s not a good method since many f l u o r i n a t e d aza-alkenes 

and dienes r e a d i l y oligomerize i n the presence o f f l u o r i d e ion 

(see Section 2C). 

2B.5 B i f u n c t i o n a l nucleophiles 

The r e a c t i o n o f perfluoro-2,5-diazahexa-2,4-diene (16) w i t h 

b i f u n c t i o n a l nucleophiles has been thoroughly i n v e s t i g a t e d 6 5 " 6 9 

since many o f the products formed have been found u s e f u l as fungicides 

and i n s e c t i c i d e s . In view o f the v i r t u a l l y u n l i m i t e d number of 

b i f u n c t i o n a l n u c l e o p h i l e s , an a r b i t r a r y break down i n t o three groups 

i s necessary. An example o f each type o f r e a c t i o n i s given. 



1) Urea d e r i v a t i v e s react r e a d i l y w i t h (16) to form h e t e r o c y c l i c 

r i n g systems w i t h two hetero atoms. 

R l R l 
NH F \ z N C F 3 -2HF / k ^ ^ } i C F 3 

0=C + + 0=C j [ 
^NH F ^NCF 3

 X N - ^ ^ N C F 3 

R2 R2 

(16) 

This i s i l l u s t r a t e d by the r e a c t i o n o f the urea d e r i v a t i v e (72) w i t h 

(16) to give imidazolone d e r i v a t i v e (73). 

NH NCF N NCF BENZENE X o=c o=c 
F ^NCF NH NaF NCF N 

CoH CoH REFLUX 

(72) (16) (73) 

2) Thiourea d e r i v a t i v e s react w i t h (16) through t h e i r isomeric form 

to produce h e t e r o c y c l i c r i n g systems w i t h two d i f f e r e n t hetero atoms. 

Z-H SH 2HF NCF NCF X N N-H NH NCF NCF N 
R R R 1 1 1 (16) 

(Z = 0, NR) 

The r e a c t i o n of dip h e n y l t h i o u r e a w i t h (16) to give (74) i s a good 

example o f t h i s r e a c t i o n . 
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N=f 
SH 

NH 

F\^NCF 3 ACETONE 

F"^NCF 3 NaF 
ROOM 
TEMP. 

NCF3 

NCF3 

(16) (74)(85%) 

3) Amidines re a c t w i t h (16) through t h e i r isomeric form g i v i n g various 

p o l y c y c l i c products. 

• z \ z \ 
I N-H F\.NCF 3 -2HF \̂  ^ N \ / N C F 3 

N-H F ^ N C F 3 N-"̂  ̂ N C F i 

(16) 

An example of t h i s i s given by the r e a c t i o n o f (16) w i t h 2-amino-

benzothiazole (75) to give the t r i - c y c l i c compound (76). 

NH ^ N \ ^ N C F r r O NH "^NCF 
75) 

CHoCN (76)(92%) 

NaF 0"C NCF 

F ^^rJCF 3 

(16) 



A d i f f e r e n t mode o f r e a c t i o n i s shown when the stereochemistry 

o f the b i f u n c t i o n a l n u c l e o p h i l e i s not id e a l f o r i n t e r n a l c y c l i z a t i o n 5 5 

f o r example hexan-1,6-diol reacts w i t h two moles o f (16) to give 

compound (75a) . 

ACETONE F^^NCF 3 F 3CN\^F 
(16) + H0(CH 2) 60H 

F3CN-^ 0 ( C H 2 ) 6 0 ' ^NCF 3 

(75a)(82%) 

An i n t e r e s t i n g example o f t h i s i s provided by the r e a c t i o n o f 

perfluoro-2-azapropene (5) w i t h the pyrazine d e r i v a t i v e (76a) t o give 

compound (77) . 1 + 9 

/ \ 
CF3N=CF2 + HN NH 

\ / 

/ \ F3CN=CFN^ ^NCF=NCF3 

(5) (76a) (77)(30%) 

I n t e r e s t i n g l y , a v a r i a t i o n on the r e a c t i o n o f perfluoro-2,5-diaza-

hexa-2,4-diene (16) w i t h b i f u n c t i o n a l nucleophiles occurs when two 

d i f f e r e n t nucleophiles are used. This type o f r e a c t i o n has been w e l l 

e x p l o i t e d 6 7 and can be generalized i n the f o l l o w i n g sequence: 

,NCF RlXH R l ) % ^ N C F 3 R 2 Y H ^K-NCF, 3 D l 

-HF F 3CN^ F F3CN>^ F 
(16) 

(X = 0, S, NR3) (Y = 0, S, NR1*) 

-HF FqCN 



41 

An example o f t h i s i s provided by the 'one pot* r e a c t i o n o f (16) w i t h 

ethanol followed by dimethylamine to give the d i s u b s t i t u t e d product 

(78) . 

(16) 

C2H5OH 
IN ACETONE 

NaF 
-20°C 

C 2H 5O^NCF 3 

F 3CN- / F 

(CH 3) 2NH C 2H 50^/NCF 3 

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

(78)(68%) 

2C REACTIONS WITH FLUORIDE ION 

The f l u o r i n a t e d diazadienes ( 1 2 ) , ( 3 2 ) , ( 7 9 ) , and (35) (see 

Section 1A.7 f o r synthesis) r e a d i l y isomerize i n the presence o f 

a l k a l i metal f l u o r i d e s t o give the corresponding i n t e r n a l l y 

unsaturated compounds. 3 9 

CF2=NCF2N=CF2 

(12) 

CF2=NCF2CF2N=CF2 

(32) 

CF2NCF2CF(CF3)N=CF2 

(79) 

CF 2NCF(CF 3)CF(CF 3)N=CF 2 

(35) 

CF3N=C=NCF3 

CF3N=CFCF=CF3 

CF3N=CFC(CF3)=NCF3 

CF 3N=C(CF 3)C(CF 3)=NCF 3 

This was thought to occur v i a an S^2' mechanism i n v o l v i n g i n i t i a l 

a t t a c k by f l u o r i d e ion leading t o a n i t r a n i o n intermediate. 

Perfluoro-2,5-diazahexa-2,4-diene (16) shows i s o m e r i z a t i o n and 
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d i m e r i z a t i o n i n the presence o f f l u o r i d e ion i n s u l p h o l a n e 2 1 . 3 8 

according t o scheme 1. Compound (16) reacts e i t h e r d i r e c t l y w i t h 

f l u o r i d e i o n to give the anion (80) which f u r t h e r reacts w i t h (16) 

followed by i n t r a m o l e c u l a r c y c l i z a t i o n t o give ( 8 2 ) , or v i a i t s 

isomeric form (32) which i n t e r n a l l y c y c l i z e s t o the anion (84) which 

on e l i m i n a t i o n o f f l u o r i d e ion gives the diazacyclopentenes (33) and 

(3 4 ) . Further r e a c t i o n o f (84) w i t h (33) leads to the dimer ( 8 6 ) , and 

the p r o p o r t i o n o f each product i n the mixture depends upon r e a c t i o n 

c o n d i t i o n s . Although none o f the n i t r a n i o n intermediates could be 

observed, various t r a p p i n g experiments have proved successful, 

indeed the extremely e l e c t r o p h i l i c hexafluoroacetone reacts w i t h 

(80) followed by i n t e r n a l c y c l i z a t i o n t o give the novel h e t e r o c y c l i c 

compound (87). 

(16) 

CF, CF, 

(CF 3) 2CO / I 

C F 3 / 3 

C-CF, 

F3CN 

F2C ^ - 0 -
WN-CF. 

(80) 

CF. CF 3 

CF3 f ' 
0 

NCF. 

(87) 



CF 3 (81) 

(16) 

C F-

CN 
(80) 

NCF: 

F3CN 

(16) 

NCF 3 

(82) 

F ^ ^ 

2\N=CF 2 

(32) 

F 

(34) 

,CF, 

-N^CF3 

(33) 

F 

\ N -

(84) 
(33) 

F3 C^N 
F N—/ 

/ F 

F 2 

F 2 

CF3 

CF2 

(83) 

/CF3 

F 

(85) 

F 3 C x . 
F N 

-CF 3 

(86) 

SCHEME 1 
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The less e l e c t r o p h i l i c cyanuric f l u o r i d e reacts w i t h the n i t r a n i o n 

(84) to give the t r i a z i n e d e r i v a t i v e s ( 8 8 ) and (89). 

( 1 6 ) ( 3 2 ) ( 8 3 ) 

F 

(84) 

F 3C-N N N N „ N-CFo + 

( 8 8 ) 

^ N N C N-CFQ 

(89) 

There are examples of more stable n i t r a n i o n s which can be observed by 

n.m.r. spectrometry. The b i s t r i f l u o r o m e t h y l a z a anion, (CF 3) 2N ( 9 0 ) , 

prepared from perfluoro-2-azapropene (5) and CsF i n a c e t o n i t r i l e , i s 

reported to show a broad s i n g l e t a t 112.2 p.p.m. ( C F C 1 3 r e f e r e n c e ) . 7 0 

The r e a c t i v i t y o f (90) as a nucleophile has been demonstrated i n 

various t r a p p i n g e x p e r i m e n t s 7 0 , and s u b s t i t u t i o n o f bromine occurs w i t h 

e t h y l bromoacetate and a l l y l bromide . 

CF3N=CF2 

(5) 

CsF 

CH3CN 
(CF 3) 2N 

(90) 

BrCH2C00C2H5 

BrCH2CH=CH2 

0 
(CF 3) 2NCH 2C (45%) 

^0C 2H 5 

(CF3)2NCH2CH=CH2 (43%) 

A l l three c h l o r i n e atoms are replaced when (90) i s reacted w i t h 

cyanuric c h l o r i d e . 7 0 
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N^ C 1A N 

CF3N=CF2 

CH3CN 

CsF 

N(CF 3) 2 

N/ AN 

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

(62%) 

The aza-anion (90) i s also very r e a c t i v e towards fluo r o a l k e n e s , and 

re a c t i o n w i t h perfluorocyclobutene gives the d i s u b s t i t u t e d product 

(91). 

CF3N=CF2 N(CF 3) 2 

CsF 

DIGLYME 
N(CF 3) 2 

(91)(82%) 

More r e c e n t l y (90) has been i s o l a t e d as a sta b l e s a l t from the r e a c t i o n 

of b i s ( t r i f l u o r o m e t h y l ) a m i n e w i t h t r i e t h y l a m i n e . 7 1 

(CF 3) 2NH + Et 3N — • (CF 3) 2N NHEt 3 

An i n t e r e s t i n g r e a c t i o n between perfluoro-4-aza-2,2-dimethylpent-

3-ene and CsF has been r e p o r t e d 6 0 to give the anion (90) together 

w i t h the p e r f l u o r o t e r t i a r y b u t y l carbanion (92) which are trapped 

w i t h PhCH2Br. 

CF 3N=CFC(CF 3) 2 

CsF _ 
(CF 3) 2N 

L + CCF3) 3C" 

PhCH2Br 
(90) • PhCH 2N(CF 3) 2 (52%) 

(92) + PhCH 2C(CF 3) 3 (39%) 

The r e a c t i o n o f perfluoro-l-azacyclohex-l-ene (38) w i t h caesium 

f l u o r i d e i n a c e t o n i t r i l e has been reported t o give the p e r f l u o r o - 1 -aza-
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cyclohexyl anion ( 9 3 ) 7 2 , which can be observed by n.m.r. spectroscopy 

and shows broad s i g n a l s a t 66.1, 129.4, and 133.3 p.p.m. fCFCl 3 

r e f e r e n c e ) . The anion (93) seems t o be a remarkably stable species 

since an appreciable amount o f d i m e r i z a t i o n occurs only a f t e r a 

number o f days which i s i n c o n t r a s t t o the more r a p i d d i m e r i z a t i o n 

o f perfluoro-2-azapropene ( 5 ) . 7 3 Trapping of (93) w i t h methyl iodide 

gives the N-methyl d e r i v a t i v e (94a). 

F 

CsF 
CH3CN 

>-
20°C 

F 

Mel 

F 

I 
CH3 

(93) 
20 DAYS 
ROOM TEMP. 

F / N 
V 

(13%) 

(94a)(69%) 

2D MISCELLANEOUS 

2D.1 Cycloadditions o f hexafluoroacetone-azine 

Due t o the s t r u c t u r e of the molecule and the e l e c t r o n withdrawing 

e f f e c t o f the t r i f l u o r o m e t h y l groups, hexafluoroacetone azine (9) 

(see se c t i o n 1A.5 f o r synthesis) would be expected t o undergo 

c y c l o a d d i t i o n r e a c t i o n s w i t h e l e c t r o n r i c h alkenes and alkynes. 

Compound (9) reacts w i t h numerous e l e c t r o n r i c h and e l e c t r o n d e f i c i e n t 

alkenes and a l k y n e s 7 " 4 " 8 2 , and i n view o f the v i r t u a l l y u n l i m i t e d 

number of p o s s i b i l i t i e s i t is necessary t o present a general r e a c t i o n 
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r e a c t i o n scheme. This i s shown i n scheme 2. 

Compound (9) w i l l r eact w i t h an alkene t o give the 1,3-dipolar 

imine (94) which can be reacted w i t h the same alkene t o give ( 9 6 ) , 

a d i f f e r e n t alkene to give ( 9 7 ) , or an alkyne t o give ( 98). 

S i m i l a r l y (9) w i l l r e a c t w i t h an alkyne t o give the eneimine (95) 

which can be reacted w i t h the same alkyne t o give (99) , a d i f f e r e n t 

alkyne t o give (100), or an alkene t o give (101). The r e a c t i o n i s 

described as a " c r i s s - c r o s s " c y c l o a d d i t i o n [ ( 1 , 3 - 2 , 4 ) - a d d i t i o n ] and has 

been shown to occur v i a two ( 3 + 2 ) - c y c l o a d d i t i o n s since the 

intermediate 1,3-dipolar imines (94) and (95) can i n many cases be 

i s o l a t e d . 7 7 The r e a c t i o n i s a v e r s a t i l e one since alkenes and alkynes 

c o n t a i n i n g a wide range o f f u n c t i o n a l groups can be used, and t h i s 

i s i l l u s t r a t e d by the r e a c t i o n o f (9) w i t h 1-ethoxypropyne followed 

by r e a c t i o n w i t h the dimethyl e s t e r (102) t o give (103) . 

J HcCoO 
HoC-C^C-OCoH N CF CF N HEXANE 

\ CH N 
N CF ROOM TEMP 

9 CF 

CF HcCoO H.,CC0oC-C=C-C0oCH CF 
N (102 HoC COoCH 
N 

COoCH CF 

(103)(52%) 

An i n t e r e s t i n g a p p l i c a t i o n of t h i s r e a c t i o n i s i n the synthesis o f 

the aromatic pyrazole d e r i v a t i v e s (104) from the r e d u c t i o n o f the 

intermediates (95) by r e a c t i o n w i t h l i t h i u m aluminium hydride 
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R1 RJ R̂  

C C:F 

CF 
N R3. R3 (96) 

R3 R4 N 
R2 R F3C 3 R1 

CF Rl R2 R5 R6 R 1 R< R2 CF 3/CF CF R3 R7 R8 R3 N R5 N 
(97) R6 N R N 

F 3C CF CF R 3R8 ( 9 4 ) 
R9 10 R R1 R2 

CF Rl R2 

^^^^^^^ 
CF N R3 Rh R 

CF3 (98) R 

i R CF 
CF CF N 
R R2 (99) R1 

Rl R2 II F ,C 1 R2 R CF 

1 R CF CF Rl CF \ R3 R4 CF N N 
R2 R3 (100) 

N 
CF3 CF R R5 R6 (95) 

7H 8 Rl CF 
CR 
R5 

(101) R6 N 
R8 7 

SCHEM1E 2 
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followed by p y r o l y s i s . 8 3 

3 LiAlH 

(95) 

/7-NCH(CF 3) 2 

V_NH 
3 CF3 

NCH(CF 3) 2 

A novel route t o pyrazole d e r i v a t i v e s has been found v i a the r e a c t i o n 

o f ethoxyalkynes w i t h hexafluoroacetone azine (9) t o give (105), 

which on standing at room temperature isomerize t o give pyrazole 

d e r i v a t i v e s ( 1 0 6 ) . 8 k 

RCsCOEt 
(9) 

1-2 DAYS 
ROOM TEMP. 

R OEt 

^- C f C F 3 ) 3 

(106)(52-87%) 
(R = H, Me) 

An i n t e r e s t i n g f e a t u r e o f the r e a c t i o n i s t h a t formation o f (106) 

from (105) must in v o l v e a 1,4-migration o f a t r i f l u o r o m e t h y l group. 



2D.2 Reactions w i t h diazomethane 

The d i p o l a r a d d i t i o n o f diazoalkanes t o s u i t a b l y a c t i v a t e d alkenes 

has been w e l l established i n the hydrocarbon f i e l d f o r many y e a r s . 8 4 3 

Dipolar a d d i t i o n t o fluoroalkenes has received l i t t l e a t t e n t i o n and 

there are few examples o f a d d i t i o n t o f l u o r i n a t e d aza-alkenes. 

Hexafluoroacetone azine (9) reacts w i t h CH2N2 to give the N,N'-

b i c y c l i c t r i a z o l i n e (107), however, the intermediate 1:1 adduct i s 

not i s o l a t e d . 8 5 

CF 

CF 

(9) 

CF. 

CF, 

CH2N2 

E t 2 0 

ROOM 
TEMP. 

CF 3 CF3 

/CF 3 

N-N=C 
N N C F 3 

' L H 2 N J 

F3 Cs./C F3 N—N 

H 
N = N 

/ H 

F3C CF 3 

(107)(48%) 

Reactions w i t h other f l u o r i n a t e d aza alkenes have proved more complex. 

The 2-azahex-2-ene d e r i v a t i v e (108) reacts w i t h CH2N2 to give the 

azacyclopropane d e r i v a t i v e (110) v i a an e l i m i n a t i o n o f n i t r o g e n from 

the intermediate (109). 

CF3N=CFCF2CHFCF3 

(108) 

CH2N2 

E t 2 0 

0°C 
CF3N CFCF2CHFCF3 

(109) 
-N, 

/ V 
F3C-N —CFCF 2CFHCF 3 

(110) 
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However, r e a c t i o n o f the octafluoro-2-azahexa-2,4-diene (111) w i t h 

diazomethane i s more complex; an azacyclopropane d e r i v a t i v e (116) i s 

the major product and t h i s i s accompanied by the corresponding d e r i v a t i v e 

(115) but now c o n t a i n i n g a CH2F group ( r a t i o 71:29). This apparent CH2 

i n s e r t i o n i n t o a C-F bond has been explained by a 1, 2 - f l u o r i n e s h i f t 

w i t h e l i m i n a t i o n o f n i t r o g e n from the intermediate (112) to give (113), 

which f u r t h e r reacts w i t h CH2N2 g i v i n g (115) v i a e l i m i n a t i o n of n i t r o g e n 

from (114) (see Scheme 3 ) . 

Perfluoro-2-azahex-2-ene (117) reacts w i t h diazomethane g i v i n g three 

compounds, (118), (119), and (120), showing t h a t a l l three types o f 

re a c t i o n are t a k i n g place (see Scheme 4 ) . 

I n t e r e s t i n g l y , the r e a c t i o n o f perfluoro-l-azacyclohex-l-ene (38) 

w i t h diazomethane gives products due to e l i m i n a t i o n o f N 2 (121) and 

HF (122) ( r a t i o 1:10) only and no product formed by a CH2 i n s e r t i o n i s 

observed. 

N 

(38) 

CH2N2 

-N, 
X N = N 

pi2 

-HF 

F 

CH, X N = N 
.CH 

(121) (122) 
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CF3N=CFCF=CHCF3 

(111) 

CH2N2 

E t 2 0 

0°C 

N x CH2 \ / 
CF3N-—CFCF=CHCF3 

(112) 

CH2 / \ 

F3CN — CFCF=CHCF3 

(116) 

1,2-SHIFT 
-N2 

CHoF 
I 

CF3N=C-CF=CHCF3 

(113) 

CH2N2 

CF 3N—C 

^CF=CHCF3 

(115) 

N CHo 
CF3N—C-CF=CHCF3 

CH2F 

(114) 

SCHEME 3 



CH? 

/ \ 2 

CF3N CF(CF 2) 2CF 3 

(118) 

E t 2 0 v / z 

CF 3N=CF(CF 2) 2CF 3 • CF3N CF(CF 2) 2CF 3 

0°C 
(117) (119) 

+ 

/ \ 2 / C H 2 F 

CF 3N—C. 

(120) 

[(118):(119):(120) = 6:2:1] 

(CF 2) 2CF 3 

SCHEME 4 
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2D.3 Organometal1ies 

Reactions of f l u o r i n a t e d aza-alkenes w i t h organometal1ic compounds 

have not been well i n v e s t i g a t e d . The s y n t h e t i c use o f p e r f l u o r o -

isopropenylimino l i t h i u m (123), prepared from n - b u t y l 1 i t h i u m and 

p e r f l u o r o i s o p r o p y l inline ( 8 ) 8 7 , has however been demonstrated. 

nBuLi + (CF 3) 2C=NH >• nBuH + (CF 3) 2C=NLi 

(8) (123) 

The m a j o r i t y o f the chemistry o f (123) has been concerned w i t h exchange 

rea c t i o n s w i t h various inorganic halides 8 8» 8 9, however some i n t e r e s t i n g 

compounds c o n t a i n i n g N=S have been p r e p a r e d . 9 0 

(CF3)2CFN=SFCF3 CF 3SF 3 

(CF 3) 2SF 2 (CF 3) 2CFN=S(CF 3) 2 

+ (CF 3) 2C=NC(CF 3) 2N=S(CF 3) 2 

The r e a c t i o n o f (123) w i t h f l u o r i n a t e d a c i d c h l o r i d e s has provided a 

route to f l u o r i n a t e d aza-alkenes c o n t a i n i n g a carbonyl group. 9 1 

RpCOCl j | 
(123) • (CF3)2C=N-C-R 

-196°C 

(R p = CF3, C 2F 5) 

More r e c e n t l y the r e a c t i o n o f f l u o r i n a t e d aza-alkenes w i t h Grignard 

reagents has been described. 9 2 Perf luoro-2-azapropene (5) reacts w i t h 
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phenyl magnesium bromide to give the s u b s t i t u t e d aza-alkene [124) 

PhMgBr ^.F 
CF3N=CF2 CF3N=C 

E t 2 0 ^"Ph 
-70--20°C 

(5) (124)(50%) 

Under s i m i l a r c o n d i t i o n s the r e a c t i o n o f (5) w i t h propyl and bu t y l 

magnesium bromides gave only the h y d r o l y s i s product of the intermediate 

s u b s t i t u t e d aza-alkene. 

RMgBr H 20 
(5) • [CF3N=CFR] • CF3NHC0R 

(78-80%) 

(R = Pr, Bu) 

An i n t e r e s t i n g example o f the use of a mercury d e r i v a t i v e i s i n the 

re a c t i o n o f perfluoro-1-azacyclohex-l-ene (38) w i t h mercury(11)bis-

t r i f l u o r o m e t h y l n i t r o x i d e t o give the mono- and d i - s u b s t i t u t e d products 

(50) and (125) . 

N 

(38) 

[(CF 3) 2N0] 2Hg 

SEALED TUBE 
ROOM TEMP. ^•W ON(CF 3) 2 

(50)(59%) 

(CF 3) 2N0 ̂ ^ V"N^ N'ON(CF 3) 2 

(125)(6%) 
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2D.4 Stereochemistry 

Stereochemistry about the C=N bond i n f l u o r i n a t e d aza-alkenes has 

been the subject o f much d i s c u s s i o n . 9 3 - 5 6 Studies by n.m.r. spectroscopy 

have shown t h a t compounds o f the type CF2=NRp (Rp = branched p e r f l u o r o -

a l k y l ) show separate f l u o r i n e s i g n a l s a t low temperatures which, on 

warming, merge i n t o a s i n g l e broad signal due to r a p i d i s o m e r i z a t i o n 

about the C=N bond. Perfluoro-2-aza-3-methylbut-1-ene [126) shows an 

AB type p a t t e r n i n i t s 1 9 F n.m.r. spectrum at -42°C which collapses 

i n t o a s i n g l e broad peak on warming 9 4 consistent w i t h r a p i d i s o m e r i z a t i o n , 

/CF 3 

F ^ 3 kJ/mol F CF 
^C=N ^CF 3' . N>N ^CF 3 

F CF F 
^CF 3 

(126) 

(The b a r r i e r to in v e r s i o n estimated from the v a r i a t i o n o f peak widths 

w i t h temperature.) 

In c o n t r a s t t o these branched systems, compounds o f the type F2C=NRp 

(Rp = n - p e r f l u o r o a l k y l ) do not d i s p l a y r a p i d i s o m e r i z a t i o n at room 

te m p e r a t u r e . 9 6 The h e p t a f l u o r o i s o p r o p y l imine o f hexafluoroacetone (127) 

has been o f p a r t i c u l a r i n t e r e s t because o f the low b a r r i e r to i n v e r s i o n 

(54 ± 12 kJ i n o l " 1 ) . 9 3 I t has been suggested t h a t s t e r i c e f f e c t s alone 

cannot account f o r t h i s and a l i n e a r t r a n s i t i o n s t a t e s t a b i l i z e d by 

negative hyperconjugation has been proposed. 9 7 
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F,C. 

F3C C-F 
CF 3 

^C=N'"' CF, ^ 
F^C 

C=N-C-F 
F3C CF3 

t 
(127) 

F 3C CF 3 

C=N=C F 
FqC^ CFo 

F3C. 
^ _C = N CF: 

C-F 
NCF, 

This has led t o a study o f various N - f l u o r o a l k y l and N-alkyl imines o f 

the type (CF 3) 2C=NR [R = CF(CF 3) 2, CH(CF 3) 2, CC1(CF 3) 2, CH3, CH(CH 3) 2, 

C ( C H 3 ) 3 ] , the c a l c u l a t e d b a r r i e r s t o in v e r s i o n o f which have been found 

to be more co n s i s t e n t w i t h s t e r i c i n t e r a c t i o n s than negative hyper-

c o n j u g a t i o n . 9 8 



DISCUSSION 
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CHAPTER 3 

SYNTHESIS OF P1:RFLUORO-AZA- AND -DIAZA-CYCLOHEXADIENE DERIVATIVES 

BY COBALT TRIFLUORIDE FLUORINATION 

3A INTRODUCTION 

In t h i s chapter the f l u o r i n a t i o n o f a series o f p e r f l u o r o a J k y l -

p y r i d i n e , - p y r i m i d i n e , -pyrazine, and -pyridazine d e r i v a t i v e s i s described. 

For comparative purposes the f l u o r i n a t i o n of various perf1uorotoluene 

d e r i v a t i v e s i s also described. 

Precursors were prepared from a l k y l a t l o n r e a c t i o n s between the 

appropriate parent aromatic compound and hexafluoropropene in the 

presence o f f l u o r i d e ion using an atmospheric pressure s t a t i c gas 

system developed by workers at t h i s 9 9 . 1 0 0 and o t h e r 1 0 1 l a b o r a t o r i e s . 

F l u o r i d a t i o n s were c a r r i e d out using cobalt t r i f l u o r i d e c o n t a i n i n g 

calcium f l u o r i d e i n order t o moderate the r e a c t i v i t y and i t i s possible 

t h a t calcium t e t r a f l u o r o c o b a l t a t e i s formed i n the system, since formation 

o f s i m i l a r s a l t s and t h e i r use as f l u o r i n a t i n g agents has been demon­

s t r a t e d . 1 0 2 , 1 0 3 

The proposed mechanism f o r f l u o r i n a t i o n s o f t h i s type involves a 

series o f r a d i c a l - c a t i o n intermediates (see Section IB.4) and i s 

w e l l described i n the l i t e r a t u r e . 1 * 6 In general the nature o f the 

products described i n t h i s chapter are co n s i s t e n t w i t h t h i s type of 

mechanism. 
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3B PYRIDINE DERIVATIVES 

3B.1 F l u o r i n a t i o n of p e r f l u o r o - 4 - i s o p r o p y l p y r i d i n e 

F l u o r i n a t i o n o f p e r f l u o r o - 4 - i s o p r o p y l p y r i d i n e (128) w i t h a 1:1 

mixture of CoF 3 and CaF 2 at 118°C gave a complex mixture o f products 

w i t h two major components i d e n t i f i e d as perfl u o r o - 1 - a z a - 4 - i s o p r o p y l -

cyclohexa-1,3-diene (129) and perfluoro-1-aza-4-isopropylcyclohexa-

1,4-diene (130) from t h e i r n.m.r. spectra. 

X X X 20 Hz 26 Hz CoFo/CaF / / 
118°C 

N N N 

(128) (129)(60%) (130)(18%) 

Compound (129) showed a s i g n a l a t 52.5 p.p.m. ( I n t . 1 ) , c h a r a c t e r i s t i c 

o f an imino (-CF=N-) f l u o r i n e 4 6 , which was s t r o n g l y coupled (J = 20 Hz) 

w i t h a s i g n a l a t 107.2 p.p.m. ( I n t . 1), c h a r a c t e r i s t i c o f a v i n y l i c 

f l u o r i n e . The s t r u c t u r e o f (130) was deduced on the basis o f a 

t r i p l e t (J = 26 Hz) at 57.8 p.p.m. ( I n t . 1) (-CF=N-) due to coupling 

w i t h an adjacent -CF2- group. The i . r . spectra o f (129) and (130) 

showed both compounds t o contain two unsaturated s i t e s . Remaining 

n.m.r. and other spectroscopic data agreed w i t h the assigned s t r u c t u r e s . 

A t h i r d component was obtained from a mixture o f the minor 

components c o l l e c t e d from a series o f s i m i l a r r e a c t i o n s and was 

i d e n t i f i e d as per f l u o r o - l - a z a - 4 - i s o p r o p y l c y c l o h e x - l - e n e (131). 

X 
N 

(131) 
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The n.m.r. spectrum o f (131) showed a sign a l at 55.9 p.p.m. ( I n t . 1) 

and three AB type signals c h a r a c t e r i s t i c o f CF 2 groups w i t h 

non-equivalent f l u o r i n e atoms. The presence of signals at 181.3 

( I n t . 1) and 184.3 ( I n t . 1) p.p.m.. c h a r a c t e r i s t i c o f ' t e r t i a r y ' 

f l u o r i n e atoms confirmed t h i s s t r u c t u r e . 

The formation o f dienes as the major products i s i n contra s t t o 

the f l u o r i n a t i o n o f pentaf luoropyr i d i n e 1* 6 , where a 1,3-diene i s 

formed as a minor product and only under c o n d i t i o n s o f heavy C0F3 

d e p l e t i o n . This i s understandable since the replacement o f f l u o r i n e 

by a p e r f l u o r o a l k y l group would be expected to in f l u e n c e s t a b i l i t y 

i n such a way as to make the intermediate dienes more e a s i l y i s o l a t e d . 

I t i s i n t e r e s t i n g t h a t a diene corresponding to the s t r u c t u r e (132) 

was not observed although there i s no reason to suggest any inherent 

F I 

(132) 

d i f f e r e n c e i n s t a b i l i t y between the s k e l e t a l s t r u c t u r e s o f (129) and 

(132), t h e r e f o r e the absence o f (132) must be a t t r i b u t e d to the e f f e c t 

o f f l u o r i n e . I t i s w e l l establ i s h e d 1 ot*» 1 0 5 that an isomer having 

f l u o r i n e attached to an o l e f i n i c centre i s less s t a b l e than isomers 

of the same compound, having only p e r f l u o r o a l k y l groups attached to 

the centre, due to e l e c t r o n p a i r repulsions i n v o l v i n g non-bonding 

e l e c t r o n p a i r s on f l u o r i n e and ir - e l e c t r o n s . 

F - C = C 



Isomer (132) has three v i n y l i c f l u o r i n e atoms and, t h e r e f o r e , would 

be expected to be o f higher energy than (129) and (130) which contain 

only two such f l u o r i n e atoms. 

3B.2 F l u o r i n a t i o n o f pe r f l u o r o - 2 , 4 - d i - i s o p r o p y l p y r i d i n e 

F l u o r i n a t i o n o f p e r f l u o r o - 2 , 4 - d i - i s o p r o p y l p y r i d i n e (133) at 118°C 

gave an inseparable mixture o f p e r f l u o r o - l - a z a - 2 , 4 - d i - i s o p r o p y l -

cyclohexa-1,3-diene (134) and p e r f l u o r o - l - a z a - 2 , 4 - d i - i s o p r o p y l c y c l o -

hexa-1,4-diene (135) but, s u r p r i s i n g l y , these were accompanied by 

per f l u o r o - l - a z a - 2 , 4 - d i - i s o p r o p y l c y c l o h e x - l - e n e (136) as the major 

product. F l u o r i n a t i o n o f (133) at 170°C gave an e x c e l l e n t y i e l d o f 

(136) only. 

7 Hz 26 Hz X CoF3/CaF 

118 uc F 2 \ F 2 \ N N 

(133) (134)(26%) (135)(26%) 

N 

(136)(45%) 

CoF3/CaF2 

(133) 1 7 Q o c > (136) (89%) 
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The s t r u c t u r e o f (136) followed from i t s n.m.r. spectrum; signals at 

72.3 ( I n t . 6) and (76.1) ( I n t . 6) p.p.m. showed the presence o f two 

pe r f l u o r o i s o p r o p y 1 groups and signals at 179.6 ( I n t . 1), 183.2 ( I n t . 1 ) , 

and 191.0 ( I n t . 1) p.p.m. were c h a r a c t e r i s t i c of ' t e r t i a r y ' f l u o r i n e 

atoms. The remaining three AB type s i g n a l s between 90.8 and 130.2 p.p.m. 

confirmed the s t r u c t u r e . Signals i n the n.m.r. spectrum of (134) and 

(135) were more d i f f i c u l t to assign. Four m u l t i p l e t s , each o f i n t e n s i t y 

6, i n the region 75 to 78 p.p.m., together w i t h four ' t e r t i a r y ' 

f l u o r i n e s i g n a l s between 184 and 192 p.p.m. i n d i c a t e d the presence of 

four p e r f l u o r o i s o p r o p y 1 groups. The absence of signals i n the low 

f i e l d region o f the spectrum i n d i c a t e d t h a t there were no imino 

f l u o r i n e atoms present. A doublet (J = 26 Hz) at 91.1 p.p.m. ( I n t . 2) 

was assigned to the 1,4-diene (135) since the f i n e s t r u c t u r e 

i n d i c a t e d coupling to an adjacent v i n y l i c f l u o r i n e atom. S i m i l a r l y a 

t r i p l e t (J = 7 Hz) at 110.1 p.p.m. ( I n t . 2) was assigned to the 

1,3-diene (134) since the f i n e s t r u c t u r e i n d i c a t e d coupling t o an 

adjacent CF2 group. Signals a t 101.2 ( I n t . 1) and 103.0 ( I n t . 1) p.p.m. 

were i n d i c a t i v e of two v i n y l i c f l u o r i n e atoms but could not be 

unambiguously assigned due to lack o f f i n e s t r u c t u r e . The i n f r a r e d 

spectrum o f the mixture showed absorptions at 1642, 1688, 1718, and 

1740 cm'1 showing the presence o f two compounds each c o n t a i n i n g two 

unsaturated s i t e s . 

The absence o f an isomer o f type (132) i s f u r t h e r evidence o f the 

s t a b i l i t y gained by having a p e r f l u o r o i s o p r o p y 1 group, r a t h e r than 

a f l u o r i n e atom, attached to an o l e f i n i c centre. 

The 1:1 r a t i o of (134) and (135) produced i n t h i s r e a c t i o n i s 

in c o n t r a s t w i t h the r a t i o o f dienes produced from the f l u o r i n a t i o n 

o f p e r f l u o r o - 4 - i s o p r o p y l p y r i d i n e (128) where the 1,3-diene i s the 
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major isomer and i t i s not immediately c l e a r why t h i s should occur. 

I t i s pos s i b l e t h a t the r e a c t i o n may simply involve k i n e t i c , rather 

than thermodynamic, c o n t r o l . 

3B.3 F l u o r i n a t i o n of p e r f l u o r o - 2 , 4 , 5 - t r i - i s o p r o p y l p y r i d i n e 

Reaction of p e r f luoro-2,4,5-tri-isopropylpyridine (137) over CoF3/CaF2 

at 138°C gave one major product i d e n t i f i e d as perfluoro-1-aza-

2 , 4 , 5 - t r i - i s o p r o p y l c y c l o h e x a - l , 4 - d i e n e (138). This i s understandable 

on the basis o f s t a b i l i t y i nfluences already discussed i . e . compound 

(138) contains no v i n y l i c f l u o r i n e atoms and would t h e r e f o r e be 

expected to be the most st a b l e isomer. 

CoF3/CaF2 0 138°C 
N N 

(137) (138)(62%) 

The n.m.r. spectrum o f (138) was complex and i n d i c a t e d a 2:1 r a t i o 

o f r o t a t i o n a l isomers at room temperature. 

176 Hz 58 Hz AB .CF 
VF ^CF CF CF / 

/ 
^ N - > ^ C F ( C F 3 ) 2 

J = 75 Hz 

(138a) (138b) 

2:1 at room temperature 
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The s t r u c t u r e s were assigned on the basis of coupling constants of 

the ' t e r t i a r y ' f l u o r i n e atoms attached to the two adjacent 

p e r f l u o r o i s o p r o p y l groups. A high f i e l d AB type signal centred at 

159.6 and 164.7 p.p.m. (J^g = 176 Hz) i n d i c a t e d the presence o f two 

st r o n g l y i n t e r a c t i n g ' t e r t i a r y ' f l u o r i n e atoms and was assigned to 

s t r u c t u r e (138a), whereas a t r i p l e t at 161.8 p.p.m. (coupling w i t h 

CF 2) and a septet at 170.9 p.p.m. (coupling w i t h CF(CF 3) 2) were 

assigned to the ' t e r t i a r y ' f l u o r i n e atoms o f s t r u c t u r e (138b). A 

broad signal a t 67.9 p.p.m. ( I n t . 2) in d i c a t e d the presence o f a 

CF2 group adjacent to n i t r o g e n and the remaining CF2 group was 

observed as two separate signals a t 98.9 and 99.9 p.p.m. ( t o t a l 

i n t e n s i t y 2 ) . 

The presence o f r o t a t i o n a l isomers o f (138) i s not s u r p r i s i n g 

as s t e r i c i n t e r a c t i o n s between p e r f l u o r o i s o p r o p y l groups attached 

to p o s i t i o n s C4 and C5 must be considerable, indeed, the parent 

compound (137) has also been shown t o d i s p l a y r o t a t i o n a l isomerism. 1 0 

3B.4 F l u o r i n a t i o n o f p e r f l u o r o - 2 , 4 , 6 - t r i - i s o p r o p y l p y r i d i n e 

F l u o r i n a t i o n of p e r f l u o r o - 2 , 4 , 6 - t r i - i s o p r o p y l p y r i d i n e (139) at 

145°C gave a complex mixture o f products from which no s i n g l e 

compound could be i s o l a t e d , however, a study by g.l.c.-m.s. i n d i c a t e d 

t h a t the mixture contained a mono-ene d e r i v a t i v e (M + = 695) and 

several diene d e r i v a t i v e s (M + = 657). 
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CoF3/CaF2 

y 

142°C 

Complex mixture c o n t a i n i n g 
mono-ene and various dienes 

(139) 

F 

-N' 

(140) (141) 

F 
• N" 

(142) 

I t i s l i k e l y t h a t a l l three dienes (140), (141), and (142) were present 

since each contains one v i n y l i c f l u o r i n e atom and t h e r e f o r e , on the 

basis o f s t a b i l i t y i nfluences already discussed, have very l i t t l e 

d i f f e r e n c e i n s t a b i l i t y . 

3C PYRIMIDINE DERIVATIVES 

3C.1 F l u o r i n a t i o n o f p e r f l u o r o - 4 , 6 - d i - i s o p r o p y l p y r i m i d i n e 

F l u o r i n a t i o n of p e r f l u o r o - 4 , 6 - d i - i s o p r o p y l p y r i m i d i n e (143) at 

172°C gave an e x c e l l e n t y i e l d o f perfluoro-1,3-diaza-4,6-di-isopropy1 -

cyclohexa-3,6-diene (144). 

CoF3/CaF2 

172°C N 

(143) (144)(83%) 

The s t r u c t u r e o f (144) followed simply from i t s n.m.r. spectrum. A 

sharp s i n g l et at 73.2 p.p.m. ( I n t . 2) was assigned to the CF2 group 

adjacent to both n i t r o g e n atoms. The remaining CF2 group appeared 

as a t r i p l e t (J = 30 Hz) i n d i c a t i n g coupling to two equivalent 
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f l u o r i n e atoms and, i n t e r e s t i n g l y , the same coupling constant was 

shown by a sign a l at 193.5 p.p.m. ( I n t . 2) a t t r i b u t a b l e to two 

equivalent ' t e r t i a r y ' f l u o r i n e atoms. 

The exclusive formation o f (144) provides f u r t h e r evidence f o r 

the preference of a p e r f l u o r o a l k y l group, r a t h e r than a f l u o r i n e 

atom, attached to an o l e f i n i c c e n t r e . 

The r e a c t i o n i s i n t e r e s t i n g because o f the s t r i k i n g d i f f e r e n c e 

in the nature o f the product formed i . e . (144), i n comparison w i t h 

the dimer (42 ) , which i s obtained from the f l u o r i n a t i o n o f the parent 

compound t e t r a f l u o r o p y r i m i d i n e ( 1 4 5 ) . u 6 

CoF,/CaF ®1 rX 
N N N N N N 

(145) (42) 

The d i f f e r e n c e can be accounted f o r by a consideration o f the nature 

o f the r a d i c a l c a t i o n intermediates (146) and (147) . 

(145) 

(143) 

le COUPLING N N (42) 
CoF N N 

(146) X X l e N N (144 J CoF IC0F3] 3 N 

(147) 



67 

Transfer o f f l u o r i d e ion t o the r a d i c a l c a t i o n intermediate (146) 

can occur at a p o s i t i o n para to n i t r o g e n leading to coupling through 

n i t r o g e n - s t a b i l i z e d d e l o c a l i z e d r a d i c a l s . However, t r a n s f e r o f 

f l u o r i d e ion to the r a d i c a l c a t i o n (147) at a p o s i t i o n para to 

nit r o g e n i s obviously i n h i b i t e d by p e r f l u o r o i s o p r o p y l groups, there­

f o r e t r a n s f e r meta to n i t r o g e n i s more l i k e l y . 

3C.2 F l u o r i n a t i o n o f p e r f l u o r o - 2 , 4 , 6 - t r i - i s o p r o p y l p y r i m i d i n e 

F l u o r i n a t i o n o f p e r f l u o r o - 2 , 4 , 6 - t r i - i s o p r o p y l p y r i m i d i n e (148) a t 

183°C gave only one major product i d e n t i f i e d as perfluoro-1,3-diaza-

2,4,6-tri-isopropylcyclohexa-3,6-diene (149) . 

The s t r u c t u r e o f (149) was obvious from i t s n.m.r. spectrum which 

showed remarkable s i m i l a r i t y to t h a t of the d i - i s o p r o p y l d e r i v a t i v e 

(144). Signals at 76.5 ( I n t . 12), 110.6 ( I n t . 2 ) , and 191.7 ( I n t . 2) 

p.p.m. i n d i c a t e d the presence of two equivalent p e r f l u o r o i s o p r o p y l 

groups and a CF2 group and signals at 73.7 ( I n t . 6) and 184.7 

( I n t . 1) p.p.m. confirmed a t h i r d p e r f l u o r o i s o p r o p y l group. The 

remaining ' t e r t i a r y ' f l u o r i n e atom was observed at 113.0 p.p.m. 

which at f i r s t s i g h t seems at very low f i e l d , however, t h i s can be 

a t t r i b u t e d to the presence o f two adjacent n i t r o g e n atoms. 

The exclusive formation o f (149) i s i n t e r e s t i n g since a 1,3-diene 

o f the type (150) should now be possible as n e i t h e r (149) nor (150) 

CoF3/CaF 0 183°C N N N N X 
(148) (149)(63%) 
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have f l u o r i n e atoms attached to an unsaturated s i t e . 

N N X 
not observed 

(150) 

This s t r i k i n g s e l e c t i v i t y , t h e r e f o r e , reveals another f a c t o r which 

almost c e r t a i n l y governs the choice between these two isomers. 

Isomer (150) would have severe e c l i p s i n g i n t e r a c t i o n s which are 

obviously minimized i n isomer (149) . 

3D PYRAZINE DERIVATIVES 

3D.1 F l u o r i n a t i o n o f 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 a z i n e 

Reaction 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 a z i n e (151) over 

CoF3/CaF2 at 156°C gave p e r f l u o r o - 1 , 4 - d i a z a - 2 , 5 - d i - i s o p r o p y l c y c l o -

hexa-1,4-diene (152) e x c l u s i v e l y . 

CoF3/CaF2 

156°C 

(151) (152)(87%) 

The n.m.r. spectrum o f (152) was simple showing only three s i g n a l s . A 

t r i p l e t (J = 29 Hz) o f septets (J = 6 Hz) at 191.7 p.p.m. in d i c a t e d 

t e r t i a r y f l u o r i n e atoms coupled to both CF2 and ( C F 3 ) 2 groups and a 

doublet (J = 29 Hz) at 88.5 p.p.m. was assigned to r i n g CF2 groups. 

A remarkable feature o f the spectrum is the complex f i n e s t r u c t u r e 

e x h i b i t e d by the ' t e r t i a r y ' f l u o r i n e atoms i n d i c a t i n g that the 
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perf1uoroisopropyl groups must be in a f i x e d p o s i t i o n w i t h the CF3 

groups o r i e n t a t e d towards n i t r o g e n . This phenomenon i s not 

observed i n the m a j o r i t y o f the dienes already discussed where 

' t e r t i a r y * f l u o r i n e atoms u s u a l l y appear as high f i e l d broad s i g n a l s , 

however, i t i s not unknown since the p e r f l u o r o t r i - i s o p r o p y l p y r i d i n e 

d e r i v a t i v e s (137) and (139) also e x h i b i t t h i s b e h a v i o u r . 1 0 5 

The formation o f (152) i s i n c o n t r a s t w i t h the product formed from 

the f l u o r i n a t i o n o f t e t r a f l u o r o p y r a z i n e i t s e l f since t h i s is reported 

to y i e l d a 1,3-diene ( 4 1 ) . 4 6 

The e f f e c t of s u b s t i t u t e n t s i n the C2 and C5 p o s i t i o n s thus provides 

f u r t h e r evidence t h a t products which minimize the number o f f l u o r i n e s 

d i r e c t l y bonded to an unsaturated s i t e are p r e f e r r e d . 

3E PYRIDAZINE DERIVATIVES 

3E.1 F l u o r i n a t i o n o f p e r f l u o r o - 4 , 5 - d i - i s o p r o p y l p y r i d a z i n e 

F l u o r i n a t i o n of p e r f l u o r o - 4 , 5 - d i - i s o p r o p y l p y r i d a z i n e (153) showed 

a marked c o n t r a s t to the r e a c t i o n s o f r e l a t e d systems. rFour products 

were obtained, the formation o f which involved loss o f n i t r o g e n 

from (153). These were i d e n t i f i e d as perfluoro-2,3-dimethylpentane 

(154), perfluoro-2,3,4,5-tetramethylhexane (155), and a mixture o f 

ais(lS6)- and irans-perfluoro-2,3,4,5-tetramethylhex-3-ene (157). 

N 0 CoFq/CaF 

80°C 

N 

N 

(41)(29%) 
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CoF3/CaF2 

(CF 3) 2CFCFCF 2CF 3 

163°C n „ 
C F 3 

(154) (12%) 

+ (CF 3) 2CFCFCF 3 

(CF 3) 2CFCFCF 3 

(155) (9%) 

(CF 3) 2CF. .CF(CF 3) 2 (CF 3) 2CF. .CF3 

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

(156) (157) 

Inseparable 1:2.5 mixture (53%) 

The n.m.r. spectrum o f (154) showed a broad s i g n a l at 71.9 p.p.m. 

( I n t . 9) i n d i c a t i n g three t r i f l u o r o m e t h y l groups i n s i m i l a r chemical 

environments. Signals at 82.4 ( I n t . 3 ) , and 115.1 ( I n t . 2) p.p.m., 

c h a r a c t e r i s t i c o f a p e r f l u o r o e t h y l group, and sig n a l s at 177.9 ( I n t . 1) 

and 181.8 ( I n t . l ) p.p.m., c h a r a c t e r i s t i c o f two ' t e r t i a r y 1 f l u o r i n e 

atoms, were i n agreement w i t h the proposed s t r u c t u r e . The mass 

spectrum (M-F = 369) and the absence o f absorptions above 1300 cm"1 

i n the i n f r a r e d spectrum showed (154) to be a perfluoroheptane 

d e r i v a t i v e . 

The n.m.r. spectrum o f (155) showed four s i g n a l s at 69.0 ( I n t . 6 ) , 

72.1 ( I n t . 12), 166.6 ( I n t 2 ) , and 170.3 ( I n t . 2) p.p.m. i n 

agreement w i t h the proposed s t r u c t u r e , which was confirmed as a 

perfluorodecane d e r i v a t i v e from i t s i n f r a r e d and mass (M-F = 519) 

spectra. 

Isomers (156) and (157) were inseparable and were characterized 

as a mixture. A q u a r t e t at 161.4 p.p.m. (J = 50 Hz) was assigned 
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to the ' t e r t i a r y ' f l u o r i n e atoms o f the trans isomer (157) due to the 

magnitude o f the coupling w i t h adjacent CF3 groups, whereas the 

' t e r t i a r y ' f l u o r i n e atoms o f the ois isomer (156) were observed as 

a broad signal at 159.3 p.p.m. Signals at 56.6 and 57.6 p.p.m. 

( t o t a l i n t e n s i t y 6) were assigned t o the c i s ( 1 5 6 ) and trans(157) 

isomers r e s p e c t i v e l y on i n t e n s i t y grounds. Assignments are supported 

by a co n s i d e r a t i o n o f s t a b i l i t y since the trans isomer (157) should 

be the p r e f e r r e d form on stereochemical grounds. Absorptions i n the 

i n f r a r e d spectrum a t 1725 and 1740 cm"1 i n d i c a t e d t h a t two d i f f e r e n t 

unsaturated compounds were present. 

The r e a c t i o n obviously provides a novel s y n t h e t i c route to some 

unusual f l u o r i n a t e d alkenes; indeed the f l u o r i n a t i o n o f p e r f l u o r o -

3 , 5 - d i - i s o p r o p y l p y r i d a z i n e (158) leads to the alkenes (159) and (160) 

v i a a s i m i l a r loss o f n i t r o g e n . 1 0 7 

N CoF3/CaF2 F ^ C F 2 C F ( C F 3 ) 2 (CF 3) 2CF 
F 

X T / N 132°C ( C F 3 ) 2 C F / ^ C F 3 F' ^ CF 
(CF 3) 2CF CF3 

(158) (159)(25%) (160)(25%) 

I t i s reasonable to assume the formation o f the diene (161) as an 

intermediate d u r i n g the f l u o r i n a t i o n of (153), since t h i s would be 

the p r e f e r r e d isomer on the grounds t h a t i t contains no v i n y l i c 

f l u o r i n e atoms. Thermal e l i m i n a t i o n of n i t r o g e n from 1,2-diazines 

i s w e l l known i n hydrocarbon c h e m i s t r y 1 0 9 ; 1 1 0 and can lead to e i t h e r 

r i n g opened or c y c l i c products; t h e r e f o r e loss o f n i t r o g e n from (161) 

could give the cyclobutene d e r i v a t i v e (163), or the diene (162), 



72 

e i t h e r o f which would give compounds (156) and (157) on f u r t h e r 

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

(153) 

CoF: 
•.CF, 

CF. 

(161) (162) 

* CoF3 

Lx 
CoF- F3C CF(CF 3) 2 (CF 3) 2CF^ ^ C I ^ 

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

(163) (156) 

F3C^ ^ C F ( C F 3 ) 2 

( 157) 

3F TOLUENE DERIVATIVES 

3F.1 F l u o r i n a t i o n of p e r f l u o r o t o l u e n e 

F l u o r i d a t i o n o f p e r f luorotoluene (164) at 68°C gave a mixture c o n t a i n i n g 

one major and three minor components. The major component was i d e n t i f i e d 

as perfluoro-1-methylcyclohexene (166) and the minor components as 

perfluoromethylcyclohexane (165) , perfluoro-1-methylcyclohexa- 1,3-diene 

(167), and perfluoro-1-methylcyclohexa-1,4-diene (168). 

CF CF CF x: CoFo/CaF 0 68 °C 

(164) (165)(11%) (166)(48%) 

CF CF 3 

(167)(9%) (168)(15%j 
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The s t r u c t u r e o f (165) was obvious from i t s n.m.r. spectrum; signals 

observed at 71.8 ( I n t . 3) and 190.8 ( I n t . 1) were c h a r a c t e r i s t i c of a 

t r i f l u o r o m e t h y l group and a ' t e r t i a r y ' f l u o r i n e atom r e s p e c t i v e l y . 

The remainder o f the r i n g CF2 groups showed three d i s t i n c t AB type 

s i g n a l s (4:4:2) between 122 and 145 p.p.m. S i m i l a r l y the s t r u c t u r e 

o f (166) followed from i t s n.m.r. spectrum which showed a doublet 

(J = 21 Hz) o f t r i p l e t s (J = 8 Hz) ( I n t . 3) at 61.2 p.p.m., i n d i c a t i n g 

a CF3 group coupled to both CF2 and CF, confirming the p o s i t i o n o f the 

unsaturated s i t e . This i s f u r t h e r confirmed by the f a c t t h a t the 

chemical s h i f t occurs a t %10 p.p.m. to lower f i e l d than t h a t o f the 

corresponding CF3 group i n the saturated compound (165). A s i n g l e 

absorption at 1710 cm - 1 i n the i n f r a r e d spectrum showed (166) to contain 

only one unsaturated s i t e . 

I d e n t i f i c a t i o n o f the dienes (167) and (168) was more d i f f i c u l t . 

Both gave s i x d i s t i n c t s i g n a l s i n the r a t i o 3:2:2:1:1:1 i n t h e i r n.m.r. 

spectra but f i n e s t r u c t u r e was complicated and assignments could not 

be made on t h i s basis. The f a c t t h a t both showed two absorptions 

between 1680 and 1780 cm - 1 i n t h e i r i n f r a r e d spectra and both showed 

parent ions a t M+ = 274 i n t h e i r mass spectra was enough t o e l i m i n a t e 

a l l s t r u c t u r e s other than (167) and (168). Structures were f i n a l l y 

assigned on the basis o f u l t r a v i o l e t spectra i n which the 1,3-diene 

(167) showed a strong absorption (loge = 3.68) at 255 nm, i n d i c a t i n g 

the presence o f conjugation, whereas the 1 ,4-diene (168) showed a 

much weaker absorption (loge = 2.08) at 264 nm. 

I n t e r e s t i n g l y the e f f e c t o f a t r i f 1 u o r o m e t h y l group attached to the 

r i n g seems to be very s i m i l a r to the e f f e c t o f a hetero-atom i n the 

r i n g since the r e a c t i o n i s somewhat p a r a l l e l to t h a t o f p e n t a f l u o r o -

p y r i d i n e , which gives a mono-ene (38) as the major product, together 
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w i t h a minor amount o f the 1,3-diene (40) under mild c o n d i t i o n s . 1 * 5 

C0F3/CaF 2 

>• 

DEPLETED 
REAGENT 

(40)(2%) 

F 

(38)(50%) 

The formation o f a f u l l y saturated d e r i v a t i v e (165) from the 

f l u o r i n a t i o n o f p e r f l u o r o t o l u e n e (164) and no saturated d e r i v a t i v e 

from p e n t a f l u o r o p y r i d i n e i s understandable since the l a t t e r would 

involve a r e l a t i v e l y weak 1 1 1 N-F bond. 

3F.2 F l u o r i n a t i o n o f p e r f l u o r o - 4 - i s o p r o p y l t o l u e n e 

Reaction of p e r f l u o r o - 4 - i s o p r o p y l t o l u e n e (169) over CoF 3/CaF 2 at 83°C 

gave a mixture c o n t a i n i n g two minor and two major components. The major 

components were i d e n t i f i e d as perf1uoro-1-methyl-4-isopropylcyclohexa-

1,3-diene (170) and perfluoro-1-methyl-4-isopropylcyclohexa-1,4-diene 

(171). Only one o f the minor products was i s o l a t e d and was i d e n t i f i e d 

as perfluoro-1-methyl-4-isopropylcyclohex-3-ene (172). 

£F 3 

F CoF3/CaF2 

CF 3 

F 

CF(CF 3) 2 

(169) 

83°C 
CF(CF 3) 2 

(170)(25%) 

CF, 

CF(CF 3) 2 

(172)(10%) 

C F ( C F 3 ) 2 

(171)(25%) 

CF, 

CF(CF 3) 2 

(173)(3%) 
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The i d e n t i f i c a t i o n o f the dimers (170) and (171) was again d i f f i c u l t . 

Both displayed seven d i s t i n c t s i g n a l s i n the r a t i o 6:3:2:2:1:1:1 i n 

t h e i r n.m.r. spectra but examination o f f i n e s t r u c t u r e gave l i t t l e 

i n f o r m a t i o n . Both compounds showed two absorptions between 1670 and 

1750 cm"1 i n t h e i r i n f r a r e d spectra and each gave a parent ion of 

M+ = 424 i n t h e i r mass spectra; i n f o r m a t i o n which was enough to exclude 

a l l s t r u c t u r e s other than (170) and (171). S t r u c t u r e s were assigned 

on the basis o f u l t r a v i o l e t spectra i n which the 1,3-diene (170) showed 

a strong absorption (loge = 3.84) at 251 nm i n d i c a t i n g c o njugation, 

whereas the 1,4-diene (171) showed a much weaker absorption (loge = 2.24) 

at 275 nm. The s t r u c t u r e o f the mono-ene (172) followed from i t s n.m.r. 

spectrum. A s h i f t a t 73.1 p.p.m. ( I n t . 3 ) , i n d i c a t i v e of a CF3 group 

attached at a saturated p o s i t i o n , confirmed the l o c a t i o n o f the double 

bond. A broad s i g n a l at 106.6 p.p.m. ( I n t . 1) and three AB type signals 

between 100 and 137 p.p.m. showed the presence of a v i n y l i c f l u o r i n e 

atom and three CF2 groups and a m u l t i p l e t at 188.7 p.p.m. ( I n t . 1) was 

c h a r a c t e r i s t i c of a ' t e r t i a r y ' f l u o r i n e atom. The presence of only one 

unsaturated s i t e was confirmed by an absorption at 1702 cm"1 i n the 

i n f r a r e d spectrum. The f o u r t h and most minor component, although not < 

f o r m a l l y i d e n t i f i e d , was probably p e r f l u o r o - 1 - m e t h y l - 4 - i s o p r o p y l c y c l o -

hex-l-ene (173) since examination o f the product mixture by g.l.c.-m.s. 

showed a parent ion at M = 462 and a mass spectrum s i m i l a r to t h a t o f the 

isomer (172). 

In t h i s case the r e a c t i o n shows a p a r a l l e l w i t h the f l u o r i n a t i o n o f 

p e r f l u o r o - 4 - i s o p r o p y l p y r i d i n e (128) i n t h a t dienes are produced as the 

major products w i t h mono-enes present i n only minor amounts. Moreover, 

the preference of p e r f l u o r o a l k y l groups over f l u o r i n e atoms attached to 

unsaturated s i t e s i s again demonstrated. 
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The f a c t t h a t (172) i s formed i n preference to i t s isomer (173) i s 

probably due to the greater s t e r i c b a r r i e r presented by the p e r f l u o r o -

i s o p r o p y l group t o a d d i t i o n of a f l u o r i n e atom. 

3F.3 F l u o r i n a t i o n o f perfluoro-m-xylene 

Perfluoro-m-xylene (174), prepared by d e f l u o r i n a t i o n o f p e r f l u o r o -

1,3-dimethylcyclohexane over heated i r o n f i l i n g s 1 1 2 , gave one major 

component on f l u o r i n a t i o n a t 80°C. This was not unambiguously i d e n t i f i e d 

as spectroscopic data were consistent w i t h e i t h e r perfluoro-1,3-dimethyl-

cyclohex-l-ene (175) or perfluoro-1,3-dimethylhex-3-ene (176). 

CF3 CoF3/CaF2 F 3 C ^ ^ , C F 

80°C 

(174) . (175) 

OR 

(66%) 
(176) 

The n.m.r. spectrum showed signals at 62.3 ( I n t . 3) and 74.4 ( I n t . 3) 

p.p.m. i n d i c a t i n g the presence o f a CF3 group attached to an unsaturated 

p o s i t i o n and a CF3 group attached t o a saturated p o s i t i o n ; a broad si g n a l 

at 176.3 p.p.m. ( I n t . 1) showed the presence o f a ' t e r t i a r y ' f l u o r i n e atom. 

A s i g n a l a t 103.6 p.p.m. ( I n t . 1) and three AB type signals between 104 

and 149 p.p.m. i n d i c a t e d the presence o f a v i n y l i c f l u o r i n e atom and 

three CF2 groups r e s p e c t i v e l y . D i s t i n c t i o n between e i t h e r s t r u c t u r e 

could not be made on the basis o f an examination o f the f i n e s t r u c t u r e . 

An absorption at 1704 cm - 1 i n the i n f r a r e d spectrum and a parent ion o f 
+ 

M = 343 (M-F) i n the mass spectrum was consistent w i t h both (175) and 

(176) . 

I t i s not immediately obvious why dienes are not produced i n t h i s 

r e a c t i o n , however, a p a r a l l e l does occur in the f l u o r i n a t i o n o f a mixture 

of 3- and I - subst i.tuted p y r i d i n e d e r i v a t i v e s to give the dicoc (177) 
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and the mono-ene (178). 

CF 0 CF N CoFo/CaF 
CF 

120°C 
CF 

( 1 7 8 ) ( 177 0 
N 

Obviously a t r i f l u o r o m e t h y l group at the 4 - p o s i t i o n has i n h i b i t e d 

r e a c t i o n . This i s consistent w i t h the r a d i c a l c a t i o n mechanism since 

i t i s est a b l i s h e d t h a t an o l e f i n i c p o s i t i o n w i t h f l u o r i n e attached i s 

much more susceptible t o n u c l e o p h i l i c a t t a c k than a corresponding 

p o s i t i o n attached t o p e r f l u o r o a l k y l . 1 0 5 C l e a r l y , on t h i s basis, t r a n s f e r 

of f l u o r i d e ion to the intermediate (179) would occur more r e a d i l y 

than a s i m i l a r t r a n s f e r to intermediate (179a). 

l e 
/V X 

179 

^X 
F 

F 

(179a) 

(X = p e r f l u o r o a l k y l ) 
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CHAPTER 4 

THE CHEMISTRY OF SOME PERFLUORO-AZA- .AND -DIAZA-CYCLOHEXADIENE DERIVATIVES 

4A PHOTOCHEMISTRY 

4A.1 I n t r o d u c t i o n 

Fluorine and p e r f l u o r o a l k y l groups have been used s u c c e s s f u l l y as 

su b s t i t u e n t l a b e l s f o r the study of s k e l e t a l rearrangements in aromatic 

s y s t e m s 1 1 3 ' 1 1 4 and an unusual mechanism has been established t o explain 

the photochemically induced 1 , 3 - s h i f t s in f l u o r i n a t e d p y r i d i n e s and 

p y r i d a z i n e s 1 1 5 , i n v o l v i n g the intermediacy of para-bonded species. 

The formation o f para-bonded species could, i n p r i n c i p l e , o c c u r 

during the i r r a d i a t i o n o f aza- and diazacyclohexadiene d e r i v a t i v e s in 

an analogous manner. 

hv 

N N 

The photochemistry o f the new f l u o r i n a t e d aza- and diazacyclohexa-

diene d e r i v a t i v e s was, t h e r e f o r e , o f considerable i n t e r e s t . S u r p r i s i n g l y , 

i r r a d i a t i o n s lead to a d i f f e r e n t group of rearrangements which were 

analogous t o those shown by corresponding hydrocarbon systems. 

4A.2 I r r a d i a t i o n o f perfluoro-1-aza-4-isopropylcyclohexa-1,3-diene 

I r r a d i a t i o n o f perfluoro-1-aza-4-isopropylcyclohexa-1,3-diene (129) 

gave one major component i d e n t i f i e d as p e r f l u o r o - 1 -(methylimino)-3-

isopropylcyclobut-2-ene (180), present as a 1:2 mixture o f isomers 
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(180a, b ) , which were assigned on the basis o f chemical s h i f t s and 

hv 
F^F 254 nm F 2< F y F 

VAP PHASE N N N 
CF3 F3C 

(129) ^ (180a) (180b) ̂  
1:2 (87%) 

coupling constants. The n.m.r. spectrum o f the mixture showed a t r i p l e t 

(J = 8 Hz) at 62.7 p.p.m. and a doublet (J = 18 Hz) at 62.1 p.p.m. 

( t o t a l i n t e n s i t y 3) i n d i c a t i n g the presence of two CF3 groups, i n 

s l i g h t l y d i f f e r e n t chemical environments, coupled to adjacent CF 2 

and =CF groups and were assigned to s t r u c t u r e s (180b) and (180a) 

r e s p e c t i v e l y . Four signals a t 80.9 and 112.2 p.p.m. (180a), and at 

89.8 and 104.4 p.p.m. (180b) displayed i n d i s t i n c t f i n e s t r u c t u r e but 

were assigned on i n t e n s i t y grounds. Geometric isomers a r i s i n g from 

the stereochemical i n t e g r i t y of n i t r o g e n i n fluorocarbon imines i s wel l 

known 9 8 and was discussed i n section 2D.4. B a r r i e r s to i n v e r s i o n are 

thought t o be mainly influenced by s t e r i c e f f e c t s but heating the mixture 

o f (180a) and (180b) up t o 90°C d i d not reveal any degree of coalescence 

between the n.m.r. s i g n a l s . I t i s not s u r p r i s i n g t h a t the b a r r i e r to 

in v e r s i o n would be a f f e c t e d by i n c o r p o r a t i o n o f the carbon o f the imine 

group i n t o a 4-membered r i n g . 

In an e a r l i e r e x p e r i m e n t 1 1 6 the i r r a d i a t i o n o f (129) gave a compound, 

to which the s t r u c t u r e (181) was o r i g i n a l l y assigned, but i t now seems 

more l i k e l y t h a t t h i s was i n f a c t compound (182) . However, i n subsequent 

repeats of t h i s experiment the major product has always been (180) together 

w i t h (182) i n minor p r o p o r t i o n s . 
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F ( C F 3 ) 2 X F2C 
hv 

FoC=N N N 

181) (182) 129 

X 
F F 

FoC-N N 
CF3 

(180b) (180a) 

The s t r u c t u r e o f (182) has now been assigned on the basis o f a 

si g n a l a t 136.7 p.p.m. ( I n t . 1) i n the n.m.r. spectrum which i s 

con s i s t e n t w i t h a ' t e r t i a r y ' f l u o r i n e atom t h a t has been s h i f t e d to 

lower f i e l d , due to the presence o f adjacent n i t r o g e n . The f a c t t h a t 

the s i g n a l d i s p l a y s a doublet (J = 19 Hz) of t r i p l e t s (J =7.5 Hz) i s 

also more con s i s t e n t w i t h s t r u c t u r e (182) since i t shows coupling to 

CF2 and =CF groups which would be u n l i k e l y f o r any f l u o r i n e atom i n 

s t r u c t u r e (181). Two very broad si g n a l s at 32.9 p.p.m. ( I n t . 1) and 

51.2 p.p.m. ( I n t . 1) were c h a r a c t e r i s t i c o f an N=CF2 group and signals 

at 96.1 p.p.m. ( I n t . 1) and 114.0 p.p.m. ( I n t . 2) were assigned to r i n g 

f l u o r i n e atoms. 

The r i n g opening o f cyclohex-1,3-dienes, g i v i n g t r i e n e s i s w e l l 

k n o w n 1 1 7 * 1 1 8 and analogous processes i n v o l v i n g some h e t e r o c y c l i c 

systems have also been r e p o r t e d . 1 1 9 
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N 
H 
Ph 

hv Ph 
JPh \ H 

Ph 

C l e a r l y , analogous r i n g opening of (129) to the t r i e n e (181) 

occurs, followed by r i n g closure t o give (182). Further conversion o f 

(182) to (180) could i n v o l v e an a l l y l i c rearrangement induced by the 

presence o f ' a d v e n t i t i o u s ' f l u o r i d e i o n , or a photochemically induced 

1 , 3 - s h i f t o f f l u o r i n e . The l a t t e r seems more l i k e l y since the 

conversion of (182) to (180) occurs very r e a d i l y and the amounts of 

f l u o r i d e ion a v a i l a b l e could only be very small. The ready r i n g closure 

o f (181) to give (182) i s understandable, i n view of the known propensity 

o f f l u o r i n a t e d dienes to give corresponding c y c l o b u t e n e s . 1 2 0 

The behaviour o f (129) upon i r r a d i a t i o n i s thus understandable, 

although i n c o n t r a s t t o the i r r a d i a t i o n o f perfluorocyclohexa-1,3-diene 

(183) , where formation o f the para-bonded species (184) has been observed. 

4A.3 I r r a d i a t i o n o f perfluoro-1,4-diaza-2,5-diisopropyleye 1ohexa-1,4 -

In c o n t r a s t , i r r a d i a t i o n of p e r f l u o r o - 1 , 4 - d i a z a - 2 , 5 - d i i s o p r o p y l -

cyclohexa- 1,4-diene (152) gave > 90% conversion i n t o a mixture c o n t a i n i n g 

equimolar amounts o f p e r f l u o r o i s o b u t y r o n i t r i 1 e (185) and a compound 

i d e n t i f i e d as perfluoro-2-aza-3-isopropylbutadiene (186). No products 

hv /US ILV. 

(183) (184) 

diene 
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a r i s i n g from rearrangement o f (152) were observed 

hv 
J^NN 254 nm 

F ^ VAP PHASE ( C F3) 2C(CN + 
1 (185) (CF 3) 2CF 

(152) (35%) (186)(58%) 

The s t r u c t u r e o f (186) followed simply from spectroscopic data; two 

very broad s i g n a l s at 42.6 p.p.m. ( I n t . 1) and 55.9 p.p.m. ( I n t . 1) 

showed the presence of N=CF2 and sign a l s a t 83.1 ( I n t . 1) and 93.0 

( I n t . 1) p.p.m., c h a r a c t e r i s t i c o f v i n y l i c f l u o r i n e atoms, were 

observed. Two absorptions a t 1732 and 1805 cm"1 i n the i n f r a r e d spectrum 

and a parent ion of M+ - 295 i n the mass spectrum confirmed t h i s s t r u c t u r e . 

Formation o f (185) and (186) from (152) represents a rare example of 

a photochemical 1y induced r e t r o - D i e l s - A l d e r r e a c t i o n . 

4A.4 I r r a d i a t i o n o f perfluoro-1,3-diaza-4,6-diisopropylcyclohexa-3,6-

diene 

I r r a d i a t i o n o f perfluoro-1,3-diaza-4,6-diisopropylcyclohexa-3,6-

diene (144) gave both 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 (185) and p e r f l u o r o -

2-aza-3-isopropylbutadiene (186) together w i t h a t h i r d product, i d e n t i f i e d 

as perfluoro-3,5-diaza-2-isopropyl-7-methylocta-1,3,5-triene (18 7 ) . 

J=26 Hz \ 
CF(CF 3) 2 J=62 Hz c hv X N 254 nm 

N N VAP PHASE (CF 3) 2C N 

(144) (187)(48%) 

+ (185)(11%) + (186)(17%) 
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The s t r u c t u r e o f (187) was deduced from spectroscopic data. Absorptions 

at 1678, 1731, and 1799 cm"1 i n the i n f r a r e d spectrum and a parent ion 

o f M+ = 490 in the mass spectrum showed i t to be a t r i e n e d e r i v a t i v e 

which was isomeric w i t h the s t a r t i n g m a t e r i a l (144). 

Two signals at 77.7 ( I n t . 1) and 91.3 ( I n t . 1) p.p.m., which could 

be d i s t i n g u i s h e d on the basis o f observed co u p l i n g constants, were 

assigned to the =CF2 group and a very broad s i g n a l at 41.8 p.p.in. 

( I n t . 2) was assigned t o both i m i n o f l u o r i n e atoms. I t i s not s u r p r i s i n g 

t h a t these should be c o i n c i d e n t a 1 l y equivalent due t o the nature o f 

t h e i r chemical environment and the broad nature o f the s i g n a l . 

Obviously a r e t r o - D i e l s - A l d e r r e a c t i o n i s t a k i n g place s i m i l a r t o 

t h a t which occurred during the i r r a d i a t i o n o f (152), however, (187) 

must be formed i n a competing r e a c t i o n which i s p a r t i c u l a r l y i n t e r e s t i n g 

since i t must i n v o l v e r i n g opening i n c o r p o r a t i n g a 1,3- f l u o r i n e s h i f t . 

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

N N N 

CF(CF 3) 2 

(144) (187) 

The nature of the stereochemistry about the imine groups i s a p o i n t o f 

p a r t i c u l a r i n t e r e s t but no i n f o r m a t i o n on t h i s was a v a i l a b l e from the 

n.m.r. spectrum. 

4A.5 I r r a d i a t i o n o f other r e l a t e d compounds 

I r r a d i a t i o n o f the r e l a t e d f l u o r i n a t e d aza-alkenes (136), (42), and 

(130) under s i m i l a r c o n d i t i o n s d i d not lead to product formation and i n 

a l l cases > 95% recovery of s t a r t i n g m a t e r i a l was obtained. 
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N / N N 
N 

(136) (42) (130) 

The f a c t t h a t (136) and (42) do not react i s understandable since q u i t e 

d i f f e r e n t r e t r o - D i e l s - A l d e r r e a c t i o n s would need to occur. A comparable 

r e t r o - D i e l s - A l d e r r e a c t i o n could, i n p r i n c i p l e , occur w i t h (130) but 

t h i s would involve the e l i m i n a t i o n o f a f l u o r o - a l k y n e , which are known 

to be high energy s p e c i e s . 1 2 2 

4B THERMAL REACTIONS 

4B.1 I n t r o d u c t i o n 

The thermal rearrangement o f p e r f l u o r o a l k y l s u b s t i t u t e d p y r i d a z i n e 

d e r i v a t i v e s , g i v i n g p y r i m i d i n e and pyrazine d e r i v a t i v e s , has been 

r e c e n t l y r e p o r t e d . 1 2 3 Various crowded f l u o r i n a t e d compounds, used as 

a source o f free r a d i c a l s , were found to promote these rearrangements 

and a f r e e r a d i c a l promoted formation o f valence isomers has been 

proposed. (See o v e r l e a f ) 

S i m i l a r thermal r e a c t i o n s were attempted w i t h the f l u o r i n a t e d 

diazacyclohexadienes (144) and (152) i n order to promote analogous 

rearrangement. This, however, d i d not occur. 



85 

l 1 R 1 R R 0 N N F / X̂  N N R2 R2 

Rl 
R Rl 

R2 N N 
/ I N 

R2 ^ N 
R1 

R2 

N R1 

R2 N Rl R1 N 0 0 N N R 

R2 

A 
N N 

1 R 

1 R R F, various p e r f l u o r o a l k y l ) 
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4B.2 P y r o l y s i s o f perfluoro-1,3-diaza-4,6-di-i sopropylcyc1ohexa-3,6-diene 

P y r o l y s i s of perfluoro-l,3-diaza-4,()-di-isopropylcyclohexa-3,6-diene (144) 

at 275°C i n a sealed n i c k e l tube gave a mixture c o n t a i n i n g mainly 

s t a r t i n g m a t e r i a l and a minor amount o f one other component, i d e n t i f i e d 

spectroscopical1y as the d e f l u o r i n a t i o n product (143). 

A s i m i l a r experiment using perfluoro-3,4-dimethylhexane as a source of 

r a d i c a l was found to give ^50% conversion to (143). I t i s not s u r p r i s i n g 

t h a t t h i s type o f r e a c t i o n should occur since d e f l u o r i n a t i o n o f 

saturated and p a r t i a l l y saturated c y c l i c fluorocarbon systems over hot 

metal surfaces i s well known 1 1 2, but i t i s not obvious why a greater 

conversion was achieved w i t h perfluoro-3,4-dimethylhexane. I t is more 

l i k e l y t h a t t h i s i s simply a r e s u l t of unobserved d i f f e r e n c e s i n r e a c t i o n 

c o n d i t i o n s . 

4B.3 P y r o l y s i s o f perfluoro-1,4-diaza-2,5-di-isopropyleye 1ohexa-1,4-diene 

P y r o l y s i s o f p e r f l u o r o - 1 , 4-diaza-2,5-di-isopropyl eye lohexa- 1,4-diene 

(152) gave a 72% recovery o f s t a r t i n g m a t e r i a l only. No products due 

to rearrangement or d e f l u o r i n a t i o n were observed. 

N \ / N 

27S"C 

N Ni TUBE 
16 hrs 

(144) (143) (^io% conversion) 



87 

4C REACTIONS WITH FLUORIDE ION 

4C.1 Reaction o f perfluoro-1,1'-bis-1,3-diazacyclohex-2-enyl w i t h f l u o r i d e 

ion 

The r e a c t i o n o f f l u o r i n a t e d aza-alkenes w i t h f l u o r i d e i o n , g i v i n g 

i s o m e r i z a t i o n and o l i g o m e r i z a t i o n v i a n i t r a n i o n intermediates, i s w e l l 

known and i s described i n section 2C. 

The r e a c t i o n o f perfluoro-1,1 1-bis-1,3-diazacyclohex-2-eny1 (42) w i t h 

caesium f l u o r i d e i n the absence o f a solvent at 150°C gave, apart from 

recovered s t a r t i n g m a t e r i a l , one other product which has been i d e n t i f i e d 

as p e r f l u o r o - 4 - m e t h y l - 1 , 2 , 5 , 7 - t e t r a a z a t r i c y c l o [ 3 . 3 . 1 . 0 2 - 5 ] u n d e c - 4 - e n e (188) . 

^ ^ N - N ^ N - 1 6 h r s V4/W^/ 

(42) (188)(42%) 

I d e n t i f i c a t i o n o f (188) was d i f f i c u l t due to the unusual and unexpected 

nature o f the molecule. A parent ion a t M+ = 418 i n the mass spectrum 

and elemental a n a l y s i s showed i t to be isomeric w i t h the s t a r t i n g m a t e r i a l 

(42) and a s i n g l e absorption a t 1720 cm - 1 i n the i n f r a r e d spectrum 

i n d i c a t e d the presence o f only one unsaturated s i t e . The n.m.r. spectrum 

displayed a se r i e s o f AB type signals between 89 and 118 p.p.m. and a 

s i n g l e t at 127.1 p.p.m. ( I n t . 2) showing (188) to contain f i v e CF2 groups. 

A s i n g l e t a t 107.5 p.p.m. ( I n t . 1) was consistent w i t h a ' t e r t i a r y ' 

f l u o r i n e atom s h i f t e d downfield by the in f l u e n c e o f three adjacent 

n i t r o g e n atoms and the remaining signal at 60.5 p.p.m. ( I n t . 3) was 

c h a r a c t e r i s t i c o f a CF3 group attached to an unsaturated s i t e . The presence 

of a CF3 group i s a c l e a r i n d i c a t i o n t h a t r i n g c o n t r a c t i o n has taken place 

d u r i n g the r e a c t i o n and the absence o f any other s i g n a l s i n the low 

f i e l d region o f the spectrum i n d i c a t e d t h a t there were no i m i n o - f l u o r i n e s 
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present. 

Spectroscopic evidence alone, however, does not discount the p o s s i b i l i t y 

o f other s i m i l a r s t r u c t u r e s . The signal a t 107.5 p.p.m. could be 

i n t e r p r e t e d as being due to a v i n y l i c f l u o r i n e atom and a s t r u c t u r e o f 

the type (189) could, i n p r i n c i p l e , be a p o s s i b i l i t y . However, t h i s would 

3~\ N N 

3 > 
N 

(189) 

imply the presence o f fo u r bridgehead n i t r o g e n atoms and i t i s d i f f i c u l t 

to see how such compounds could have formed from the s t a r t i n g m a t e r i a l 

(42) . 

The proposed mechanism f o r the formation o f (188) i s unusual i n t h a t 

i t i nvolves i n t e r n a l n u c l e o p h i l i c a t t a c k at a saturated p o s i t i o n . 

F n F 

1̂ 
N 

0> (42 
to N N 

N 
190) N 

191) 

w B 
B CF 3 F 3 C . J? 

c N N N N Y F \ F F 

(188) (193) (192) 
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The r e a c t i o n must proceed v i a i n i t i a l a d d i t i o n o f f l u o r i d e ion to (4 2 ) , 

g i v i n g the n i t r a n i o n (190), followed by i n t e r n a l n u c l e o p h i l i c a t t a c k to 

give (191) since t h i s i s the only possible r e a c t i o n pathway other than 

r e t u r n to (42). The r i n g c o n t r a c t i o n o f (191) to give (192) apparently 

occurs v i a an i n t e r n a l a t t a c k a t a saturated p o s i t i o n . C l e a r l y , f u r t h e r 

a t t a c k by f l u o r i d e ion could occur at p o s i t i o n A or B i n the intermediate 

(192), but attack at p o s i t i o n B would simply cause r e t u r n to (191), 

whereas a t t a c k a t A would give the n i t r a n i o n (193). Both processes could 

c l e a r l y be t a k i n g place simultaneously, but conversion of (192) to (193) 

i s n o n - r e v e r s i b l e . E l i m i n a t i o n o f f l u o r i d e ion from (193) would give the 

observed product (188) . 

A s i m i l a r r e a c t i o n c a r r i e d out using sulpholane as a solvent proved 

even more remarkable g i v i n g a product mixture c o n t a i n i n g three components, 

two o f which were r e a d i l y 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 (42) and the 

product obtained p r e v i o u s l y (188). The t h i r d and most major product (194) 

was not i d e n t i f i e d . 

N 0 
\ M 

CsF N N <5 N 
< 

SULPHOLANE 
16 hrs N N N 120°C 

(188)(14%) 
N 

CF3 + (194)(42%) 
s t r u c t u r e 
unknown 

(42) 

The mass spectrum o f (194) showed a parent ion o f M+ = 423 which i s 

con s i s t e n t w i t h a molecular formula C 8N 3F 1 5. This i s remarkable since 

i t would i n v o l v e a d d i t i o n o f a f l u o r i n e atom to,and e l i m i n a t i o n o f a 

ni t r o g e n atom from, the s t a r t i n g m a t e r i a l (42) (C 8N 4F 1 1 +) , moreover, 

elemental analysis and c h e m i c a l - i o n i z a t i o n mass spectrometry agreed 
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w i t h t h i s molecular formula. The n.m.r. spectrum o f (194) showed 

si x separate signals i n the r a t i o 3:2:2:4:2:2. A t r i p l e t (J = 13 Hz) at 

56.9 p.p.m. ( I n t . 3 ) , c h a r a c t e r i s t i c o f a CF3 group attached to e i t h e r 

an unsaturated s i t e or a n i t r o g e n atom, was the only s i g n a l showing any 

f i n e s t r u c t u r e ; a l l other s i g n a l s were f a i r l y sharp s i n g l e t s . This 

i n d i c a t e d t h a t compound (194) contained a CF3 group and s i x CF2 groups 

only. An absorption at 1688 cm - 1 i n the i n f r a r e d spectrum i n d i c a t e d 

the presence o f only one unsaturated s i t e . I t i s d i f f i c u l t t o see how such 

a compound could be produced from (42) hence no s t r u c t u r e i s proposed. 

Perfluoro-l-azacyclohex-l-ene (38) was also heated t o 150°C w i t h 

caesium f l u o r i d e since t h i s i s r e l a t e d t o (42) and could, i n p r i n c i p l e , 

show a s i m i l a r r i n g c o n t r a c t i o n v i a i n t e r n a l attack at a saturated 

p o s i t i o n . 

N 

(38) (93) (195) 

N N 

This d i d not occur and > 95% recovery o f (38) was obtained. I t i s not 

obvious why r e a c t i o n d i d not occur since compounds (42) and (38) are 

c l o s e l y r e l a t e d species, however, i t may be t h a t the i n t e r n a l c y c l i z -

a t i o n o f (93) i s a higher energy process and may be simply achieved by 

an increase i n r e a c t i o n temperature. 
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4C.2 Reaction o f perfluoro-1-azacyclohex-1-ene w i t h f l u o r i d e ion 

The r e a c t i o n o f perfluoro-l-azacyclohex-l-ene (38) w i t h f l u o r i d e ion 

has been reported t o give the st a b l e p e r f l u o r o c y c l o h e x y l anion ( 9 3 ) . 5 5 

The r e a c t i o n was c a r r i e d out i n a c e t o n i t r i l e and an n.m.r. spectrum 

o f the s o l u t i o n showed three broad signals at 66.1 ( I n t . 4 ) , 129.4 

( I n t . 4 ) , and 133.2 ( I n t . 2) p.p.m. i n d i c a t i n g t h a t the product was in 

e q u i l i b r i u m w i t h i t s precursors. 

A s i m i l a r r e a c t i o n was c a r r i e d out using sulpholane as a solvent and, 

a f t e r s t i r r i n g a s o l u t i o n o f (38) i n sulpholane w i t h an excess of caesium 

f l u o r i d e f o r 38 hours, an n.m.r. spectrum o f the s o l u t i o n showed three 

f a i r l y sharp si g n a l s a t 62.3, 127.1, and 131.1 p.p.m. C l e a r l y , chemical 

s h i f t s are w i t h i n experimental e r r o r o f those reported by Banks and 

co-workers 5 6 but, i n c o n t r a s t , the sharp nature o f the sig n a l s i n d i c a t e s 

t h a t the e q u i l i b r i u m i s i n favour o f the n i t r a n i o n (93). This provides 

an example o f the in f l u e n c e o f solvent on the s t a b i l i t y o f anionic 

species. 

Even on warming t o 50°C, signals i n the n.m.r. spectrum of (93) d i d 

not show any marked broadening. 

A f u r t h e r i n d i c a t i o n o f the s t a b i l i t y o f (93) was given when BF3-

etherate was added t o a sample o f t h i s s o l u t i o n . An n.m.r. spectrum 

showed th a t only a small amount o f the s t a r t i n g m a t e r i a l (38) had been 

regenerated and the presence o f new signals between 51 and 135 p.p.m. 

in d i c a t e d t h a t (93) had reacted w i t h BF3, po s s i b l y g i v i n g the 

p e r f l u o r o a z a c y c l o h e x y l t r i f l u o r o b o r a t e anion, i n preference to e l i m i n a t i o n 

N 

F-

N 
(38) (93) 
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of f l u o r i d e ion. 

BF-
(93) \ -

F N-BFo 
/ 

4C.3 Reaction of perfluoro-l-aza-4-isopropylcyclohexa-1,3-diene w i t h 

f l u o r i d e ion 

Perfluoro-l-aza-4-isopropylcyclohexa-l,3-diene (129), on s t i r r i n g 

w i t h caesium f l u o r i d e f o r 20 hours at room temperature in the absence 

o f a s o l v e n t , gave a mixture c o n t a i n i n g both the 1,3-diene (129) and 

the 1,4-diene (130). 

X 
N N 

(129)(83%) (130)(17%) 

The p o s i t i o n o f the e q u i l i b r i u m i s not s u r p r i s i n g since the s t a b i l i t y 

gained by conjugation would make (129) the favoured form. More i n t e r e s t i n g 

i s the mechanism o f i s o m e r i z a t i o n , since t h i s must involve a n i t r a n i o n 

intermediate which, i n p r i n c i p l e , could be observed by n.m.r. 

S t i r r i n g perfluoro-1-aza-4-isopropylcyclohexa-1,3-diene (129) i n 

a c e t o n i t r i l e w i t h an excess o f caesium f l u o r i d e gave a homogeneous 

s o l u t i o n from which a sample was removed and n.m.r. spectra were recorded 

at temperatures between -30°C and 50°C. At -30°C a series o f f a i r l y 

sharp s i g n a l s were observed at 48.5 ( I n t . 2 ) , 57.7 ( I n t . 2 ) , 74.0 ( I n t . 6 ) , 

101.2 ( I n t . 1), 108.3 ( I n t . 2) and 183.9 ( I n t . 1) p.p.m. I t was possible 

to assign these signals to the anion (196) on the basis of the d i f f e r e n c e s 
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i n chemical s h i f t s between perfluoro-1-azacyclohex-1-ene (38) and i t s 

corresponding anion ( 9 3 ) . 

136.5 
137.7 124.1 

95.1 2 ^N'^ -54.5 

(38) 

127.1 

131.1 
F 2 127.1 

62.3 2 \ N / 262.3 

(93) 

Taking i n t o account the change i n chemical s h i f t on going from (38) 

to (93) i t i s possible t o c a l c u l a t e a series o f expected chemical s h i f t s 

f o r the anion (196) . 

114.5 _ r 

102.8 p 2 ^ N ^ 

(129) 

107.2 

52.5 

(<\J04) 

(%70) 2 ( M30) 

(196) 

c a l c u l a t e d s h i f t s 

I t i s c l e a r t h a t the chemical s h i f t s observed are not f a r removed from 

those c a l c u l a t e d and can be assigned to (196) on t h i s b a s i s . 

74.0 (F 3C) 2CF 183.9 

108.3 F 2 

57. 2 

(196) 

F 101.2 
F2 48.5 
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On r a i s i n g the temperature, exchange broadening was observed 

which was more s i g n i f i c a n t i n the sign a l at 48.5 p.p.m. and was 

accompanied by the appearance of two a d d i t i o n a l s ignals at 56.4 and 104.0 

p.p.m. o f equal i n t e n s i t y . Total i n t e g r a t i o n s showed t h a t these were due 

to a species which d i d not con t a i n a ' t e r t i a r y ' f l u o r i n e atom, but d i d 

contain CF3 groups, which can only be c o n s i s t e n t w i t h the formation o f 

the isomeric ion (197) . 

Further increase i n temperature was accompanied by increased exchange 

broadening but f u r t h e r r e a c t i o n s o c c u r r i n g meant t h a t the anion (196) 

was not observed on c o o l i n g back t o room temperature. 

A d d i t i o n o f BF 3-etherate to a sample o f the s o l u t i o n gave an e q u i l i b r i u m 

mixture o f the 1,3- and 1,4-dienes (129) and (130) which were e a s i l y 

i d e n t i f i e d from t h e i r n.m.r. spectra. 

A d d i t i o n o f methyl iodide t o the remainder of the s o l u t i o n , followed 

by s t i r r i n g f o r a f u r t h e r 24 hours, gave one product which was i d e n t i f i e d 

as N-methyl-1-aza-4-perfluoroisopropyl-2,2,3,5,5,6,6-heptafluorocyclo-

hex-3-ene (198). 

N 

X 104.0 

/ 56.4 N 
(196) (197) 



95 

CHoI 
F 
N N N 
CH 

(129) (196) (198)(65%) 

B F 3 : O E t 2 

N N 

J129) MSO)^ 
V _ r r r . 

Signals i n the 1 9 F n.m.r. spectrum of (198) at 89.5 ( I n t . 2 ) , 103.7 

( I n t . 2 ) , 105.7 ( I n t . 1 ) , and 111.5 ( I n t . 2) p.p.m. were c h a r a c t e r i s t i c 

o f three C F 2 groups and a v i n y l i c f l u o r i n e atom and were assigned to 

r i n g f l u o r i n e s . A s i n g l e t a t 1.9 p.p.m., c h a r a c t e r i s t i c of a CH3 group, 

was observed i n the *H n.m.r. spectrum and absorptions i n the i n f r a r e d 

spectrum at 1723 and 2970 cm"1 i n d i c a t e d the presence o f a single 

unsaturated s i t e and C-H bonds r e s p e c t i v e l y . The s t r u c t u r e was confirmed 

by a parent ion o f M+ = 391 i n the mass spectrum. 

An i d e n t i c a l experiment was c a r r i e d out using sulpholane as a solvent. 

N.m.r. studies showed t h a t spectra were not s i g n i f i c a n t l y d i f f e r e n t from 

those obtained using a c e t o n i t r i l e at corresponding temperatures. 
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4D REACTIONS WITH DIAZOMETHANE 

4D.1 I n t r o d u c t i o n 

Reactions between f l u o r i n a t e d aza-alkenes and diazomethane were 

described f u l l y i n section 2D.2. 

In genera], products are obtained v i a one or more o f three mechanistic 

pathways 8 6: 

a) a d d i t i o n o f CH2N2 followed by e l i m i n a t i o n o f HF g i v i n g a t r i a z a c y c l o -

pentadiene d e r i v a t i v e , 

b) a d d i t i o n o f CH2N2 followed by e l i m i n a t i o n o f N 2 g i v i n g an azacyclo-

propane d e r i v a t i v e , 

c) a d d i t i o n o f CH2N2 accompanied by e l i m i n a t i o n o f N 2 and a 1,2-fluorine 

s h i f t , followed by f u r t h e r a d d i t i o n - e l i m i n a t i o n g i v i n g an azacyclopropane 

d e r i v a t i v e c o n t a i n i n g a CH2F group. 

A l l three modes o f behaviour are displayed i n the r e a c t i o n s o f 

diazomethane w i t h the various f l u o r i n a t e d azacyclohexadienes described 

i n t h i s s e c t i o n . 

4D.2 Reaction o f perfluoro-l-aza-4-isopropylcyclohexa-I,3-diene w i t h 

diazomethane 

The r e a c t i o n o f diazomethane w i t h perfluoro-1-aza-4-isopropylcyclo-

hexa-1,3-diene (129) gave a complex mixture o f viscous l i q u i d s c o n t a i n i n g 

f i v e components but only three o f these were separated. These were 

i d e n t i f i e d as 4-(perfluoroisopropyl)-2,2,3,3,5,6-hexafluoro-1-azabicyclo-

[4.1.0]hept-4-ene (199), 4 - ( p e r f l u o r o i s o p r o p y l ) - 2 , 2 , 3 , 3 , 5 - p e n t a f l u o r o -

1,8,9-triazabicyclo[4.3.0]nona-4,6,8-triene (200), and 4 - ( p e r f l u o r o -

i s opropyl)-6-(fluoromethyl)-2,2,3,3,5-pentafluoro-1-azabicyclo [4 .1.0]-

hept-4-ene (201) . 
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F 
•N' 

(129) 

CH2N5 

F 
-N' 

CH, 

(199)(9%) 

\ / 
NrzzN 

(200)(14%) 

F 

\ 

J = l l Hz 

CH2-F 
CH, J=44 Hz 

(201)(29%) 

The s t r u c t u r e o f (199) followed from spectroscopic data. A high 

f i e l d s i g n a l a t 169.5 p.p.m. ( I n t . 1) i n d i c a t e d the presence o f a 

second ' t e r t i a r y ' f l u o r i n e atom showing t h a t a d d i t i o n across a double 

bond had occurred and the presence o f a sign a l at 88.6 p.p.m. ( I n t . 1) , 

due t o a v i n y l i c f l u o r i n e atom was enough to confirm a d d i t i o n had 

taken place across the C=N bond, since a d d i t i o n across the C=C bond 

would have l e f t an i m i n o - f l u o r i n e atom (N=CF), the chemical s h i f t o f 

which would be expected to occur at much lower f i e l d . The *H n.m.r. 

spectrum showed two s i n g l e t s a t 2.47 and 2.63 p.p.m. i n d i c a t i v e o f a 

CH2 group. Absorptions at 1692, 3030, and 3120 cm - 1 i n the i n f r a r e d 

spectrum and a parent ion o f M+ = 271 i n the mass spectrum confirmed 

t h i s s t r u c t u r e . 

The 1 9 F n.m.r. spectrum of (200) was s i m i l a r to t h a t o f (199), the 

main d i f f e r e n c e being the absence o f a second ' t e r t i a r y ' f l u o r i n e type 

s i g n a l i n d i c a t i n g t h a t t h i s had been e l i m i n a t e d . The *H n.m.r. spectrum 

showed only one signal a t 7.88 p.p.m. c h a r a c t e r i s t i c o f a v i n y l i c 

hydrogen atom. The s t r u c t u r e was confirmed by the mass spectrum (M + = 

379) and absorptions at 1458 (C=C), 1677 (C=C) and 3150 (C-H) cm"1 i n 
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the i n f r a r e d spectrum. 

The n.m.r. spectra of (201) were more complex. The *H n.m.r. 

spectrum gave si g n a l s a t 2.48 and 2.63 p.p.m. which were assigned 

to the b r i d g i n g CH2 group and a doublet (J = 44 Hz) o f doublets (J = 11 Hz) 

at 4.40 p.p.m. i n d i c a t i v e o f a CH2 group coupled to two separate f l u o r i n e 

atoms. The 1 9 F n.m.r. spectrum showed a t r i p l e t (J = 44 Hz) at 225.6 p.p.m. 

( I n t . 1) which was obviously assigned t o the f l u o r i n e belonging to the 

CH2F group. Absorptions at 1688 (OC) and 2975 (C-H) cm-1 i n the i n f r a r e d 

spectrum and a parent ion o f M+ = 385 i n the mass spectrum confirmed 

t h i s s t r u c t u r e . 

The r e a c t i o n o f (129) w i t h diazomethane thus behaves i n an analogous 

manner t o reac t i o n s o f s i m i l a r f l u o r i n a t e d aza-alkenes reported by 

Coe and H o l t o n 8 6 ( s e c t i o n 2D.2). The f i r s t step seems to be the 1,3-

d i p o l a r a d d i t i o n o f CH 2N 2 t o give the intermediate (202). 

CHoN 1,2-F-SHIFT 
129 

<y CH^F N N N CH 

(202) (203 N HF \ 
I CH 2N r 

CH„F 

X N N CH 2 \ CH N 

(200) (204 199) 
1-N 

CHoF N 
\ 

CHo 

(201) 
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This then f o l l o w s three d i f f e r e n t competing r e a c t i o n pathways; e l i m i n a t i o n 

o f N 2 to give (199), e l i m i n a t i o n o f HF t o give (200), or e l i m i n a t i o n o f 

N 2 w i t h a 1, 2 - f l u o r i n e s h i f t t o give the intermediate (203), which then 

f u r t h e r reacts w i t h CH2N2 t o give (201) v i a e l i m i n a t i o n o f N 2 from (204). 

I n t e r e s t i n g l y , products due t o a d d i t i o n across the C=C bond are not 

observed. This i s probably an i n d i c a t i o n o f the lower energy o f the LUMO 

of the C=N bond, i n comparison w i t h t h a t o f the C=C bond, since the 

mechanism o f the i n i t i a l 1,3-dipolar a d d i t i o n involves i n t e r a c t i o n between 

the HOMO o f CH2N2 and the LUMO o f the a l k e n e . 8 l + a 

4D.3 Reaction o f perfluoro-l-aza-4-isopropylcyclohexa-1,4-diene w i t h 

diazomethane 

The r e a c t i o n o f perfl u o r o - l - a z a - 4 - i s o p r o p y l c y c l o h e x a - l , 4 - d i e n e (130) 

w i t h diazomethane gave a complex mixture c o n t a i n i n g two major, and at 

le a s t f i v e minor, components. Only the two major products could be 

separated and were i d e n t i f i e d from t h e i r n.m.r. spectra as the 

d e r i v a t i v e s (200) and (201) observed i n the previous experiment. 

CHoN 
CHoF 

CH \' N / CH N (130) N 

(201)(15%) (200)(7%) 

Obviously compounds (200) and (201) must be formed from the 1,3-diene 

(129), which i s understandable since the formation o f HF i n any r e a c t i o n 

of (130) would cause e q u i l i b r a t i o n t o take place g i v i n g the 1,3-diene 

(129) and, since t h i s i s the dominant isomeric form, the formation o f 

(200) and (201) would f o l l o w . However, the nature o f the remaining 

product mixture was unknown and i t could well be that t h i s contained 
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small amounts o f a d d i t i o n - e l i m i n a t i o n products derived from the 

1,4-diene (130). 

4D.4 Reaction of perfluoro-1,3-diaza-4,6-diisopropylcyclohexa-3,6-diene 

w i t h diazomethane 

Perfluoro-1,3-diaza-4,6-diisopropylcyclohexa-3,6-diene (144) reacted 

w i t h diazomethane to give one product which was i d e n t i f i e d as 4,6-bis-

( p e r f l u o r o i s o p r o p y l ) - 2 , 2 , 5 , 5 - t e t r a f l u o r o - 1 , 3 - d i a z a b i c y c l o [ 4 . 1 . 0 ] h e p t -

3-ene (205). 

vx CHoN 
I F F CH N N N 

(144) (205)(53%) 

The 1 9 F n.m.r. spectrum o f (205) contained an AB type signal centred 

a t 63.3 and 71.1 p.p.m. which was assigned t o the CF2 group adjacent 

t o the n i t r o g e n atoms due to i t s low f i e l d p o s i t i o n . Remaining 

sig n a l s i n d i c a t e d the presence o f a second CF2 group and two non-

equivalent p e r f l u o r o i s o p r o p y l groups. The *H n.m.r. spectrum displayed 

two s i n g l e t s a t 1.73 and 2.37 p.p.m. c h a r a c t e r i s t i c of a b r i d g i n g CH2 

group. Confirmation of the s t r u c t u r e was given by a parent ion o f 

M = 504 i n the mass spectrum and an absorption at 1700 cm - 1 (C=N) 

i n the i n f r a r e d spectrum. 

The f a c t t h a t r e a c t i o n d i d not take place at the second unsaturated 

s i t e i s s u r p r i s i n g , however, there i s no reason to believe that t h i s 

would not occur i n the presence o f an excess o f diazomethane. 
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CHAPTER 5 

THE CHEMISTRY OF PERFLUORO-2,5-DIAZAHEXA-2,4-DIENE 

5A INTRODUCTION 

The chemistry o f perfluoro-2,5-diazahexa-2,4-diene (16) t h a t has been 

developed so f a r i s described i n Chapter 2, but t h i s i s concerned 

e x c l u s i v e l y w i t h n u c l e o p h i l i c r e a c t i o n s and f l u o r i d e ion induced 

d i m e r i z a t i o n s . 

I n t h i s chapter the chemistry o f ( 1 6 ) , prepared by d e h y d r o f l u o r i n a t i o n 

o f N , N - b i s ( t r i f l u o r o m e t h y l ) t e t r a f l u o r o e t h y l e n e d i a m i n e using sodium 

f l u o r i d e 2 1 , i s f u r t h e r i n v e s t i g a t e d . Reactions w i t h f l u o r i d e ion are 

described, together w i t h a p r e l i m i n a r y i n v e s t i g a t i o n i n t o photochemical 

and thermal r e a c t i o n s . 

5B REACTIONS WITH FLUORIDE ION 

5B.1 Reaction w i t h a l k a l i metal f l u o r i d e s i n sulpholane 

Perfluoro-2,S-diazahexa-2,4-diene (16) reacts w i t h sodium f l u o r i d e 

g i v i n g the dimers (82) and (86) as major p r o d u c t s . 2 1 ' 3 8 The 

p r o p o r t i o n o f each i n the product mixture depends on r e a c t i o n c o n d i t i o n s , 

indeed at -30°C compound (82) i s formed e x c l u s i v e l y 2 1 , whereas at 120°C 

compound (86) i s the p r e f e r r e d p r o d u c t . 3 8 

MOV W 
SOlENCt 
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CF 
C=N 

\ 

(82)(85%) 
N NaF -30"C CF N CHoCN 
CF 

CFoN=CFCF=NCF 

N N NaF 120° (16) (86)(88%) SULPHOLANE 

CF 

Reactions o f (16) w i t h NaF, KF, and CsF i n sulpholane at room temperature 

were c a r r i e d out since, i n p r i n c i p l e , t h i s i s an i d e a l system f o r an 

i n v e s t i g a t i o n i n t o the e f f e c t o f a l k a l i metal c a t i o n on the a c t i v i t y 

o f f l u o r i d e i o n . In a l l cases dimers (82) and (86) were produced as 

the major products, but a t h i r d dimer, i d e n t i f i e d as perfluoro-spiro-1,3,6,9-

tetra-aza-3,6,9-trimethylnon-1-ene (206), has now been observed i n 

rea c t i o n s w i t h KF and CsF. 
C F 3 

CF N N 

N N 
CF 

The p r o p o r t i o n o f products from each r e a c t i o n i s shown i n Table 2. 
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MF (82 ) % ( 8 6 ) % (206)% 

NaF 76 24 0 

KF 43 50 7 

CsF 37 57 6 

TABLE 2 

The s t r u c t u r e o f compounds (82) and (86) followed from spectroscopic 

data which were consistent w i t h those reported i n the l i t e r a t u r e 2 1 , 3 8 , 

but i d e n t i f i c a t i o n o f the t h i r d and p r e v i o u s l y unknown dimer (206) was 

more d i f f i c u l t . A parent ion i n the mass spectrum at M+ = 456 and an 

absorption at 1742 cm"1 i n the i n f r a r e d spectrum i n d i c a t e d a dimeric 

species w i t h only one unsaturated s i t e . A broad m u l t i p l e t at 57.8 p.p.m. 

( I n t . 6) and two sig n a l s a t 90.7 ( I n t . 2) and 91.2 ( I n t . 2) p.p.m. i n 

the n.m.r. spectrum were co n s i s t e n t w i t h two CF3 groups and two CF2 groups 

i n s i m i l a r chemical environments. This i s c o n s i s t e n t w i t h s t r u c t u r e 

(206) due t o the symmetrical nature o f the saturated p a r t of the molecule. 

The mechanism of formation o f dimers (82) and (86) i s described i n 

d e t a i l i n se c t i o n 2C, but the proposed mechanism f o r the formation o f 

(206) i s more i n t e r e s t i n g (Scheme 5 ) , since i t must i n v o l v e a t t a c k by 

the anion (80) on the c y c l i c d e r i v a t i v e (34) g i v i n g the anion (207), 

which on e l i m i n a t i o n o f f l u o r i d e ion gives the intermediate (208) . A d d i t i o n 

o f f l u o r i d e ion t o (208) gives (209) which isomerizes t o (210), v i a an 

i n t e r e s t i n g i n t r a m o l e c u l a r c y c l i z a t i o n , and e l i m i n a t i o n o f f l u o r i d e ion 

from (210) gives the dimer (206). 
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CF 3N=CFCF=NCF 3 

(16) 
F 2C 

I 
F 2C 

N=CF 2 

N=CF 2 

(32) 

F 3CN=CFCF 2-NCF 3 

(80) F 

I 
CF, 

) 

(34) 

CYCLIZATION 

-N 
F I 
I 

C F 3 

(33) 

CF CF, 

J 
C F 3 C F 3 

(207) 

C F 3 
N S — | 

F y F 
— N . N — \ 

I 

C F 3 

(210) 

CF, 

-F CF, 

C F 3 CF; 

(208) r 
C F 3 

I 

CF 3 

(209) 

V CF: 

I 

C F 3 

(206) 

CFq 

SCHEME 5 
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The formation o f (206) has t h e r e f o r e occurred v i a r e a c t i o n o f (16) 

i n i t s s t r a i g h t chain form w i t h the c y c l i c analogue (34) , which i s 

reasonable since both compound (34) and the s t r a i g h t chain anion (80) 

are involved i n the formation o f dimers (82) and (86) and must be present 

i n s i g n i f i c a n t amounts. 

I t i s not c l e a r why (206) was not observed i n the r e a c t i o n o f (16) 

w i t h NaF, but the change i n a c t i v i t y i n f l u o r i d e ion w i t h d i f f e r i n g 

a l k a l i metal c a t i o n has been demonstrated and i n d i c a t e s CsF > KF > NaF. 

5B.2 Vapour phase r e a c t i o n w i t h caesium f l u o r i d e 

The c y c l i c products perfluoro-1,3-diaza-l-methylcyclopent-3-ene (33) 

and perfluoro-1,3-diaza-l-methylcyclopent-2-ene (34) were obtained 

e x c l u s i v e l y when compound (16) was passed over caesium f l u o r i d e at 

220°C i n a flow o f n i t r o g e n . 

CF3N=CFCF=NCF3 • I F 

220°C 
VAP PHASE 

(16) 

N 1 N 
I F I + 1 1 F 

N \N-" l I CF3 CF3 

(33)(16%) (34)(65%) 

The s t r u c t u r e o f (33) and (34) followed from spectroscopic data which 

were consistent w i t h those reported i n the l i t e r a t u r e 3 8 , but t h i s 

represents a new and convenient method o f preparat i o n since these 

compounds were p r e v i o u s l y i s o l a t e d only as minor products d u r i n g the 

di m e r i z a t i o n of ( 1 6 ) . 3 8 I t i s not s u r p r i s i n g t h a t (33) and (34) are 

formed e x c l u s i v e l y , since r e a c t i o n i n the vapour phase would be 

expected to i n h i b i t d i m e r i z a t i o n . 
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5B.3 Vapour phase r e a c t i o n o f a mixture o f dimers w i t h caesium f l u o r i d e 

A mixture o f dimers o f compound (16) c o n t a i n i n g (86) ( 2 7 % ) , (82) 

( 6 7 % ) , and (206) (6%) gave a four component mixture when passed over 

CsF a t 220°C i n a flow o f n i t r o g e n . These were s p e c t r o s c o p i c a l l y 

i d e n t i f i e d as dimers (82) (67%) and (206) ( 6 % ) , together w i t h the 

diazacyclopentene d e r i v a t i v e s (33) (10%) and (34) (17%) . 

TF3 

(86)(27%) 
CFc 

CsF CF 3 

220°C / N _ 

VAP PHASE 

(34)(17%) 

NCF, 

NCF, 
i 
NCF 3 

(82)(67%) 

C F 3 
N—| 

F 

N-=J 

(33)(10%) 

F 3 C N X / N C F 3 "X" 
N F ^ 

\ CFc 
(206)(6%) 

+ (82)(67%) + (206)(6%) 

C l e a r l y the dimers (82) and (206) have remained unchanged, whereas 

dimer (86) has been converted t o a mixture o f monomers (33) and (34) . 

This i s understandable since the nature o f compounds (82) and (206) 

obviously makes simple conversion to monomers impossible, whereas a 

simple process i s a v a i l a b l e f o r conversion of ( 8 6 ) . 

CF3 
-N 

// 
N F F-

• N 
,CF3 

\ 

F W7 
(86) 

CF3 

•V 
(33) (34) 

\ CF: 

The r e a c t i o n t h e r e f o r e provides another convenient route t o the 

diazacyclopentene d e r i v a t i v e s (33) and ( 3 4 ) , since compound (86) can 

be obtained e x c l u s i v e l y from the d i m e r i z a t i o n of (16) ( s e c t i o n 5 B . 1 ) . 
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5C DEFLUORINATION REACTIONS 

5C.1 I n t r o d u c t i o n 

Reactions o f fluorocarbon systems over heated metal surfaces have 

been mainly concerned w i t h the formation o f aromatic species from 

saturated and p a r t i a l l y saturated c y c l i c s y s t e m s 1 1 2 , although successful 

d e f l u o r i n a t i o n s using a c y c l i c precursors have been r e p o r t e d . 1 2 3 3 

The d e f l u o r i n a t i o n o f perfluoro-2,5-diazahexa-2,4-diene (16) could, 

i n p r i n c i p l e , give a convenient synthesis o f t e t r a f l u o r o p y r a z i n e v i a 

the carbene intermediate (211) . 

Nevertheless, various r e a c t i o n s w i t h heated i r o n , n i c k e l , and platinum, 

described i n the f o l l o w i n g s e c t i o n , d i d not achieve t h i s . 

5C.2 Reactions over hot metal surfaces 

The vapour phase r e a c t i o n of perfluoro-2,5-diazahexa-2,4-diene (16) 

over Fe f i l i n g s a t 340°C i n a flow o f n i t r o g e n gave, together w i t h 

unreacted s t a r t i n g m a t e r i a l , one other compound i d e n t i f i e d as p e r f l u o r o -

N-methylimidazole (212) . 

0 
F r ^ CF CF 

CF CF ^ N ^ N-" 

(16) (211) 

Fe 
CF3N=CFCF=NCF3 F 

N,\ N 
CF 3 

(16) (212)(30%) 
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The s t r u c t u r e o f (212) followed from spectroscopic data. Confirmation 

t h a t d e f l u o r i n a t i o n had taken place was given by a parent ion o f 

M+ = 190 i n the mass spectrum and absorptions i n the i n f r a r e d spectrum at 

1622 and 1730 cm"1 i n d i c a t e d t h a t two unsaturated s i t e s were present. 

The n.m.r. spectrum contained a signal at 58.6 p.p.m. ( I n t . 3) character­

i s t i c o f N-CF3, but the remaining three signals at 107.8 ( I n t . 1 ) , 

153.0 ( I n t . 1 ) , and 165.2 ( I n t . 1) p.p.m. were more c h a r a c t e r i s t i c o f 

f l u o r i n e atoms attached to an aromatic n u c l e u s . 1 2 4 

This r e a c t i o n t h e r e f o r e represents the f i r s t s y n t h e t i c route to a 

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

The formation o f (212) could occur v i a the carbene intermediate (213) 

which could undergo i n t r a m o l e c u l a r c y c l i z a t i o n g i v i n g (212), v i a the 

intermediate (214), or v i a i n t e r n a l n u c l e o p h i l i c a t t a c k at n i t r o g e n . 

CF. 

(16) 
Fe 

340°C 

N 

(214) 

i 

(212) 

I t i s not immediately obvious why (212) i s formed i n preference to 

t e t r a f l u o r o p y r a z i n e , but formation o f the l a t t e r would imply the 

di-carbene intermediate (211), and since t h i s r e q u i r e s removal o f four 

f l u o r i n e atoms from (16) would i n h e r e n t l y be a much higher energy 

species than the intermediate (213) . 

Another possible mechanism f o r the formation o f (212) could involve 
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isom e r i z a t i o n of (16) to the diazacyclopentene d e r i v a t i v e s (33) and (34) 

as the f i r s t step, followed by d e f l u o r i n a t i o n , however, the r e a c t i o n o f 

(33) and (34) over Fe f i l i n g s a t 340°C was attempted and led only t o 

recovery o f s t a r t i n g m a t e r i a l s , a r e s u l t which does not support t h i s 

mechanism. 

Although conversion t o (212) was reasonable (^60%), recovery was 

low (^50%), and i n view o f t h i s a series of reactions were attempted 

using Fe, Ni and Pt under various c o n d i t i o n s , the r e s u l t s o f which are 

summarised i n Table 3. In most cases compound (212) was obtained but 

only i n minor amounts, together w i t h s i g n i f i c a n t amounts o f recovered 

s t a r t i n g m a t e r i a l (16) and diazacyclopentene d e r i v a t i v e s (33) and (34). 

CF3N=CFCF=NCF3 

VARIOUS 
METALS 

A 
CF 

F 
N (16) (212) 

+ 

CF 
N 

N 
+ 

N 

N 
+ (16) 

(33) (34) 
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Reaction c o n d i t i o n s % recovery % i n product mixture 
(212) (33) (54) (16) 

Pt metal, 480°C, 
N 2 flow system 

Ni t u r n i n g s , 380°C, 
N 2 flow system 

Sealed Ni tube, 
290°C, 18 hours 

88 0 11 6 83 

93 0 0 0 100 

83 9 14 38 39 

Sealed Ni tube w i t h 
Ni t u r n i n g s , 300°C, 42 5 9 20 66 
18 hours 

Sealed Ni tube w i t h 
Fe f i l i n g s , 300°C, 67 6 13 28 53 
18 hours 

TABLE 3 

5D PHOTOCHEMISTRY 

5D.1 I n t r o d u c t i o n 

The photochemistry o f conjugated 1,3-dienes has been w e l l i n v e s t i g a t e d 

and various products are obtained, depending on the nature o f the substrate 

and r e a c t i o n c o n d i t i o n s . 

In many cases i r r a d i a t i o n o f dienes and polyenes leads t o eis-tvans 

i s o m e r i z a t i o n about one or more unsaturated s i t e 1 2 5 but the most 

common r e a c t i o n i s r i n g closure g i v i n g cyclobutene d e r i v a t i v e s 1 2 6 , 1 2 7 , 

as i l l u s t r a t e d by the i r r a d i a t i o n o f hexa-2,4-diene (215): 

J h v 

254 nm 1 
(215) 
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Bicyclobutanes are also f o r m e d 1 2 8 , although these are mostly 

observed as minor by-products o f r i n g closure r e a c t i o n s and, since 

such compounds are gene r a l l y unstable, a s u i t a b l e t r a p p i n g agent 

must be used c f . the i r r a d i a t i o n o f penta-1,3-diene (216). 

CH hv CH,OH 

(216) 

The p o t e n t i a l photochemistry o f perfluoro-2,5-diazahexa-2,4-diene (16) 

i s t h e r e f o r e i n t e r e s t i n g since r e a c t i o n s o f the f l u o r i n a t e d aza- and 

diaza-cyclohexadiene d e r i v a t i v e s , described i n section 4A, have shown 

a p a r a l l e l w i t h reactions o f t h e i r hydrocarbon analogues. Another 

i n t e r e s t i n g p o s s i b i l i t y i s the occurrence o f 1 , 3 - f l u o r i n e s h i f t s 

g i v i n g the isomer ( 1 5 ) . 

CF3N=CFCF=NCF3 CF2=NCF2CF2N=CF2 

(16) (15) 

So f a r , however, none o f these processes has been observed. 

5D.2 I r r a d i a t i o n s o f perfluoro-2,5-diazahexa-2,4-diene 

The u l t r a v i o l e t spectrum o f compound (16) displayed a broad but 

f a i r l y weak band between 210 and 290 nm (A , 228 nm: log c , 2.54), 
v max ' 5 max' J ' 

but vapour phase i r r a d i a t i o n o f (16) at 254 nm gave a 93% recovery o f 

s t a r t i n g m a t e r i a l and no other product was observed. A s i m i l a r i r r a d i a t i o n 

using a medium pressure broad band Hg lamp and n-pentane as a solvent 

also f a i l e d to promote r e a c t i o n , and even on a d d i t i o n o f a 4:1 molar 

excess o f p-xylene as a p o t e n t i a l s e n s i t i z e r , products were not observed. 
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I t i s not c l e a r why compound (16) should be photochemically i n e r t , 

but a pos s i b l e explanation could be an i n i t i a l n -> T T * t r a n s i t i o n 

g i v i n g an unreactive intermediate which, upon decay, re t u r n s to (16) 

e x c l u s i v e l y . 

5D.3 I r r a d i a t i o n s i n the presence o f ketones 

Cycloadditions between ketones and alkenes g i v i n g oxetene d e r i v a t i v e s 

are well known and has been observed i n f l u o r i n a t e d s y s t e m s 1 2 9 , but vapour 

phase i r r a d i a t i o n s o f perfluoro-2,5-diazahexa-2,4-diene (16) a t 300 nm 

i n the presence o f acetone and hexafluoroacetone r e s p e c t i v e l y d i d not 

lead to product formation and i n both cases ^95% recovery of s t a r t i n g 

m a t e r i a l s was obtained. 

5E THERMAL REACTIONS WITH ALKENES 

5E.1 I n t r o d u c t i o n 

The p o s s i b i l i t y o f c y c l o a d d i t i o n s o f perfluoro-2,5-diazahexa-2,4-diene 

(16) w i t h alkenes i s i n t e r e s t i n g since the carbon-nitrogen skeleton o f 

the molecule i s i s o e l e c t r o n i c w i t h t h a t o f hexafluoroacetone azine (9) 

and could, i n p r i n c i p l e , undergo s i m i l a r [3 + 2] cy c l o a d d i t i o n s (see 

sec t i o n 2D.1). 

CF N N 
N N 

CF 
(16) (9) 

A l t e r n a t i v e l y , since compound (16) i s an e l e c t r o n d e f i c i e n t 1,3-diene, 

[4 + 2] c y c l o a d d i t i o n s w i t h e l e c t r o n r i c h alkenes should be po s s i b l e , i n 

an inverse e l e c t r o n demand Diels-Alder r e a c t i o n . 
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CF, 

I 
CF. 

CFc 

i 
CF3 

In p r a c t i c e , however, n e i t h e r o f these re a c t i o n s was observed. 

5E.2 Attempted c y c l o a d d i t i o n s 

An equimolar mixture o f compound (16) and cyclohexene gave a product 

mixture c o n s i s t i n g o f two layers when heated to 80°C f o r 100 hours. The 

lower layer was i d e n t i f i e d as unreacted (16) onl y , more i n t e r e s t i n g l y 

the upper layer was shown t o contain one major component, the mass 

spectrum o f which was consistent w i t h a dimer o f cyclohexene, (M + = 164). 

No other products were observed. 

A s i m i l a r r e a c t i o n of (16) w i t h 2-methylbut-2-ene at 80°C f o r 140 hours 

showed p a r a l l e l behaviour i n t h a t a lower l a y e r , c o n s i s t i n g of unreacted 

(16) only, and an upper layer were observed. The l a t t e r contained 

several components, the mass spectra o f which were consistent w i t h dimers 

o f 2-methylbut-2-ene, (M + = 140). 

Obviously c y c l o a d d i t i o n r e a c t i o n s have not occurred and the formation 

of the hydrocarbon products can be explained by an acid catalysed 

d i m e r i z a t i o n , since compound (16) i s very su s c e p t i b l e to h y d r o l y s i s w i t h 

subsequent e l i m i n a t i o n o f HF, and even a minor amount o f water would 

produce enough HF to promote d i m e r i z a t i o n . 

Both reactions were repeated at 150°C f o r 24 hours using c a r e f u l l y 

d r i e d precursors and, i n both cases, a dry black residue was obtained 

from which no products could be i s o l a t e d . 

I t i s understandable t h a t compound (16) does not behave i n a manner 
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s i m i l a r t o hexafluoroacetone azine (9) i n i t s r e a c t i o n s w i t h alkenes since 

t h i s would i n v o l v e the formation o f an unusual intermediate (217), but 

i t i s not c l e a r why [4 + 2] cy c l o a d d i t i o n s do not occur. 

CF CF 

^ CF N 
F 3C\ N N r CF3 CF 9 

N-CF N-CF 

X ' F V N 
CF CF (16 (217) 

etc. 

5F HYDROLYSES 

5F.1 Reaction w i t h a 2:1 molar r a t i o of water 

The r e a c t i o n o f compound (16) w i t h a 2:1 molar r a t i o o f water i n 

sulpholane gave one product i d e n t i f i e d as N,N'-histrifluoromethyloxamide 

(44) from spectroscopic data, which were c o n s i s t e n t w i t h those reported 

i n the l i t e r a t u r e . 1 4 8 

2H 20 
CF3N=CFCF=NCF3 • CF 3NHCOCONHCF 3 

SULPHOLANE 
(16) ROOM TEMP. (44)(82%) 

SF.2 Reaction w i t h a 1:1 molar r a t i o o f water 

A s i m i l a r r e a c t i o n o f (16) w i t h a 1:1 molar r a t i o of water again 

gave compound (44) as the only product. 

The h y d r o l y s i s o f f l u o r i n a t e d aza-alkenes i s w e l l known (see section 

2B.1) and proceeds via i n i t i a l a t t a c k o f H 20 followed by e l i m i n a t i o n o f 

HF. C l e a r l y the formation o f (44) from (16) i s q u i t e consistent w i t h t h i s , 
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although i t i s not immediately obvious why r e a c t i o n w i t h an equimolar 

amount o f water does not lead to the p a r t i a l l y hydrolysed product (218). 

I t i s probable, however, t h a t the e l e c t r o n withdrawing e f f e c t o f the 

adjacent carbonyl group i n the intermediate (218) makes the remaining 

ON bond even more susc e p t i b l e t o n u c l e o p h i l i c a t t a c k . 

(16) 
H 20 0 F 

CF3NH-fi-C=NCF3 

H 20 
(44) 

-HF 
(218) 
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CHAPTER 6 

THE CHEMISTRY OF PERFLUORO-1,3-DIAZA-l-METHYLCYCLOPENT-2-ENE AND 

PERFLUORO-1,3- PIAZA-1-METHY LCYCLOPENT-3-ENE 

6A INTRODUCTION 

The diazacyclopentene d e r i v a t i v e s (33) and (34) were p r e v i o u s l y 

only obtained as minor products from the d i m e r i z a t i o n o f p e r f l u o r o -

2,5-diazahexa-2,4-diene (16) (see sec t i o n IB.3) and consequently, t h e i r 

chemistry has not been explored. However, the new route t o (33) and 

(34) v i a the vapour phase r e a c t i o n o f (16) w i t h CsF (see s e c t i o n 5B.2) 

now makes t h i s study p o s s i b l e . 

In t h i s chapter a p r e l i m i n a r y i n v e s t i g a t i o n i n t o the chemistry 

o f compounds (33) and (34) i s described. 

6B FLUORIDE ION INDUCED REACTIONS 

6B.1 Reaction o f perfluoro-1,3-diaza-l-methylcyclopent-2-ene w i t h caesium 

f l u o r i d e 

The r e a c t i o n o f compound (34) w i t h caesium f l u o r i d e i n sulpholane 

gave complete conversion to a s i n g l e dimer (86) . An examination o f the 

solvent layer by 1 9 F n.m.r. gave no i n d i c a t i o n o f the intermediate 

n i t r a n i o n (84) , but a d d i t i o n o f methyl i o d i d e gave one product which was 

i d e n t i f i e d as 1-methyl-3-trifluoromethyl-2,2,4,4,5,5-hexafluoro-1,3-

diazacyclopentane (219) . 
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CF 3 CF CsF N N 
N SULPHOLANE 

N 
84) (34 

V Mel 
CF N 4 F 3 C CH3 N 

N (219)(93%) 

N CF 
(86) 

The s t r u c t u r e o f (219) followed simply from spectroscopic data. 

Four si g n a l s i n the 1 9 F n.m.r. spectrum i n the r a t i o 3:2:2:2 and a 

s i n g l e t i n the *H n.m.r. spectrum a t 2.43 p.p.m., c h a r a c t e r i s t i c o f 

a CH3 group, were observed. A parent ion at M+ = 262 i n the mass spectrum 

and a s i n g l e absorption at 2960 cnr 1 i n the i n f r a r e d spectrum confirmed 

the s t r u c t u r e . 

The formation of (219) c l e a r l y demonstrates the existence o f the 

n i t r a n i o n intermediate ( 8 4 ) , but the f a c t t h a t t h i s was not observed 

due to the r a p i d formation o f the dimer (86) i s i n contrast to the 

r e l a t e d perfluoroazacyclohexyl anion (93) (see section 4C.2), where 

s i g n i f i c a n t d i m e r i z a t i o n occurs only a f t e r a number of days. 

The reason f o r t h i s d i f f e r e n c e i s not obvious, but i t may be an 

i n d i c a t i o n o f the d i f f e r e n c e i n p o s i t i o n o f e q u i l i b r i u m between the 

two systems, since t h i s was shown ( s e c t i o n 4C.2) to be g r e a t l y i n 

favour o f the anion ( 9 3 ) , which would make dimerLzation d i f f i c u l t as 

the amount o f (38) present must be minimal. 



11 

F 
• N' 

(38) 

(38) (93) 

3 3 ^ 

3̂ 
N N N 

N N 

(34) (84) (33) 

S i m i l a r d i f f e r e n c e s i n s t a b i l i t y have been observed i n c y c l i c 

carbanion systems and are a t t r i b u t e d t o e c l i p s i n g i n t e r a c t i o n s . 1 3 0 

C l e a r l y , such i n t e r a c t i o n s would be minimised i n the n i t r a n i o n (93). 

I n t e r e s t i n g l y , the r e a c t i o n has f u r t h e r demonstrated the use o f 

dimer (86) as a convenient source o f compounds (33) and (34) i n f l u o r i d e 

i on induced r e a c t i o n s . 

6B.2 Reaction o f a mixture of perfluoro-1,3-diaza-l-methylcyclopentenes 

w i t h hexafluoropropene i n the presence of caesium f l u o r i d e 

A 1:4 mixture o f compounds (33) and (34) gave a complex mixture o f 

products when reacted w i t h an excess o f hexafluoropropene, i n the 

presence o f caesium f l u o r i d e i n sulpholane a t 50°C. Separation gave 

dimers and t r i m e r s o f hexafluoropropene, together w i t h two other 

components i d e n t i f i e d from spectroscopic data as perfluoro-1,3-diaza-

l-methyl-2-isopropylcyclopent-2-ene (220) and p e r f l u o r o - 1 , 3 - d i a z a - l -

methyl-4-isopropylcyclopent-3-ene (221). 
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M 

3^X 3^N 3^\ 3"-\ A. N N N A 
N ^ 

CsF 

SULPHOLANE N N N 5(TC 

(221) (220) (34 33 

1 

(74% t o t a l y i e l d ) 

The n.m.r. spectrum o f (220) was s i m i l a r t o t h a t o f the parent 

compound (34). The absence o f any sign a l due t o a v i n y l i c f l u o r i n e atom 

and the presence o f si g n a l s a t 77.0 ( I n t . 6) and 189.6 ( I n t . 1) p.p.m. 

in d i c a t e d t h a t t h i s had been replaced by a p e r f l u o r o i s o p r o p y l group. 

A parent ion of M+ = 378 i n the mass spectrum and an absorption at 

1648 cm - 1 in the i n f r a r e d spectrum supported t h i s s t r u c t u r e . These data 

could also be co n s i s t e n t w i t h the isomer (221), however, the s t r u c t u r e 

was unambiguously assigned on the basis o f coupling constants i n the 

n.m.r. spectrum. 

J=41.S Hz J = l l Hz 

A 3c 
F \ ^ 

F3C-£-V 
CF3 

(220) 

J=6.5Hz 

C-CF 3 

(221) 

S i m i l a r l y , the n.m.r. spectrum o f (221) was not s i g n i f i c a n t l y 

d i f f e r e n t from t h a t o f the parent compound ( 3 3 ) . Signals at 78.5 ( I n t . 6) 

and 196.6 ( I n t . 1) p.p.m. again i n d i c a t e d t h a t the v i n y l i c f l u o r i n e atom 

had been replaced by a p e r f l u o r o i s o p r o p y l group. Observed coupling 

constants, together w i t h a parent ion o f M+ = 378 i n the mass spectrum 
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and an absorption a t 1680 cm"1 i n the i n f r a r e d spectrum confirmed 

the s t r u c t u r e . 

6C HYDROLYSES 

6C.1 Hydrolysis o f perfluoro-1,3-diaza-l-methylcyclopent-3-ene 

The r e a c t i o n o f perfluoro-1,3-diaza-l-methylcyclopent-3-ene (33) 

w i t h an excess o f water i n sulpholane at room temperature gave one 

product i d e n t i f i e d as l - t r i f l u o r o m e t h y l - 5 , 5 - d i f l u o r o - 1 , 3 - d i a z a c y c l o -

penta-2,4-dione (222). 

N 
F 

H2O 
SULPHOLANE 

// ROOM TEMP. 
N 

J=12 Hz 

(222)(42%) (33) 

The s t r u c t u r e o f (222) followed simply from spectroscopic data, 

indeed the 1 9 F n.m.r. spectrum showed only two coupled signals at 58.3 

( I n t . 3) and 95.1 ( I n t . 2) p.p.m. and the JH n.m.r. spectrum showed 

only one broad s i g n a l a t 4.9 p.p.m., c h a r a c t e r i s t i c o f an N-H group. 

The s t r u c t u r e was confirmed by a parent i o n of M+ = 204 i n the mass 

spectrum and strong absorptions a t 1788, 1844 and 3100 cm - 1 i n the i n f r a ­

red spectrum. 

The probable mechanism f o r the r e a c t i o n must involve i n i t i a l attack 

by H 20, followed by e l i m i n a t i o n o f HF g i v i n g the intermediate (223), 

c l e a r l y t h i s i s f u r t h e r a c t i v a t e d towards n u c l e o p h i l i c attack by a 

second molecule o f water followed by f u r t h e r e l i m i n a t i o n o f HF g i v i n g 

(222). 



121 

3^\ 3^\ 
N N N 

OH 
N N OH OH H 

33 2HF 

F3C 
N N N H 20 HF 

0 OH N N 0 0 0 H H 

(222) (223) 

I n t e r e s t i n g l y the r e a c t i o n has demonstrated a d d i t i o n - e l i m i n a t i o n 

i n v o l v i n g loss o f f l u o r i n e from both C2 and C4 p o s i t i o n s , behaviour 

which i s also shown by perfluoro-1-azacyclohex-1-ene (38) i n i t s r e a c t i o n s 

w i t h n u c l e o p h i l e s 5 2 (see section 2B). 

6C.2 Hydrolysis o f perfluoro-1,3-diaza-l-methylcyclopent-2-ene 

S i m i l a r l y , the r e a c t i o n o f perfluoro-1,3-diaza-l-methylcyclopent-2-ene 

(34) w i t h an excess o f water i n sulpholane at room temperature gave one 

product which was i d e n t i f i e d s p e c t r o s c o p i c a l l y as compound (222), 

p r e v i o u s l y obtained from the h y d r o l y s i s o f (33). 

I t i s understandable t h a t the same product is obtained from the 

h y d r o l y s i s o f (33) and ( 3 4 ) , since a d d i t i o n - e l i m i n a t i o n at both C2 and 

C4 p o s i t i o n s in compound (34) would be expected t o lead t o (222) v i a a 

s i m i l a r mechanism. 



N \ SULPHOLANE 
/ F \ • 

ROOM TEMP. 

(34) (222)(38%) 
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INSTRUMENTATION 

Spectroscopic data were obtained using the f o l l o w i n g spectrometers: 

i . r . , Perkin-Elmer 457 or 577; u.v., Pye Unicam S.P. 800; mass, 

A.E.I. MS9 or V.G. Micromass 12B l i n k e d w i t h g . l . c ; n.m.r., Varian 

A56/60D, EM 360L, or Briiker HX90E. Chemical s h i f t s are quoted r e l a t i v e to 

ex t e r n a l t r i c h l o r o f l u o r o m e t h a n e and t e t r a m e t h y l s i l a n e . G.i.c was c a r r i e d 

out using a Varian Aerograph 920 f i t t e d w i t h a gas d e n s i t y balance 

d e t e c t o r or a Pye 104 f i t t e d w i t h a flame i o n i z a t i o n d e t e c t o r . Three 

columns were used: Column 0, 30% SE30 on Chromosorb G60-80; Column A, 

20% d i - i s o d e c y l p h t h a l a t e on Chromosorb P; and Column Z, 17% 2-cyano-

e t h y l m e t h y l s i l i c o n e on Chromosorb P. Fischer-Spaltrohr MMS 200 and 

HMS 500 columns were used f o r f r a c t i o n a l d i s t i l l a t i o n . Carbon, hydrogen, 

and n i t r o g e n analyses were obtained using a Perkin-Elmer 240 Elemental 

Analyser. Fluorine analyses were obtained using the l i t e r a t u r e method. 1 3 1 



124 

CHAPTER 7 

EXPERIMENTAL TO CHAPTER 3 

7A COBALT TRI FLUORIDE FLUORINATIONS - GENERAL PROCEDURE 

A l l f l u o r i n a t i o n s were c a r r i e d out i n a small s t i r r e d n i c k e l r e a c t o r 

c o n t a i n i n g c o b a l t t r i f l u o r i d e (150 g) and calcium f l u o r i d e (150 g ) . 

Reactants were dropped from a s u i t a b l y modified b u r e t t e d i r e c t l y i n t o 

the r e a c t o r , through which a steady stream o f ni t r o g e n was f l o w i n g . 

Products were c o l l e c t e d i n a l i q u i d a i r cooled t r a p . 

7B PYRIDINE DERIVATIVES 

7B.1 P e r f l u o r o - 4 - i s o p r o p y I p y r i d i n e (128) 

Compound (128) (20.0 g, 62.7 mmol) was f l u o r i n a t e d at 118°C. The 

product (22.5 g) was shown by g . l . c . (Column A at 80°C) t o co n s i s t o f 

a complex mixture o f l i q u i d s w i t h two major components. Separation 

by p r e p a r a t i v e scale g . l . c . gave pe r f l u o r o - l - a z a - 4 - i s o p r o p y l c y c l o h e x a -

1,3-diene (129) (60%) (Found: C, 26.9; F, 68.9; N, 4.2%. C 8F 1 3N req u i r e s 

C, 26.9; F, 69.2; N, 3.9%). A (cyclohexane) 231 nm (e 5060), spectra 

no. 1, and perfluoro-1-aza-4-isopropylcyclohexa-1,4-diene (130) (18%) 

(Found: C, 26.7; F, 68.9; N, 4.3%. C 8F 1 3N requires C, 26.9; F, 69.2; 

N, 3.9%). Spectra no.2. Minor components from a series of s i m i l a r 

r eactions were c o l l e c t e d and separation by p r e p a r a t i v e scale g . l . c . gave 

perf l u o r o - l - a z a - 4 - i s o p r o p y l - c y c l o h e x - l - e n e (131) (Found: C, 23.7; F, 71.8; 

N, 5.9%. C 8F 1 5N req u i r e s C, 24.3; F, 72.2; N, 3.5%). Spectra no. 3. 
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7B.2 P e r f l u o r o - 2 , 4 - d i - i s o p r o p y l p y r i d i n e (133) 

(a) a t 118°C 

Compound (133) (9.5 g, 20.3 mmol) was f l u o r i n a t e d a t 118°C. The 

product (10.5 g) was not completely separable by g . l . c . (Column A at 

80°C and Column 0 a t 120°C) but f r a c t i o n a l d i s t i l l a t i o n gave a mixture 

o f perfluoro-1-aza-2,4-di-isopropylcyclohexa-l,3-diene (134) (26%) 

and pe r f l u o r o - l - a z a - 2 , 4 - d i - i s o p r o p y l c y c l o h e x a - l , 4 - d i e n e (135) ( 2 6 % ) , 

b.p. 142°C. (Found: C, 25.9; F, 70.7; N, 3.1%. Calculated f o r C n F 1 9 N : 

C, 26.0; F, 71.2; N, 2.8%.) Spectra no. 5, and perfluoro-1-aza-2,4-

d i - i s o p r o p y l c y c l o h e x - l - e n e (136) ( 4 5 % ) , b.p. 153°C. (Found: C, 23.9; 

F, 73.7; N, 2.9%. C n F 2 1 N requires C, 24.2; F, 73.2, N, 2.6%.) 

Spectra no. 4. 

(b) a t 170°C 

Compound (133) (17.1 g, 36.5 mmol) was f l u o r i n a t e d at 170°C. The 

product (17.5 g) was shown by g . l . c . (Column A at 80°C) to consi s t o f 

one major component. P u r i f i c a t i o n by f r a c t i o n a l d i s t i l l a t i o n gave 

pe r f l u o r o - l - a z a - 2 , 4 - d i - i s o p r o p y l c y c l o h e x - l - e n e (136) ( 8 9 % ) , i d e n t i f i e d 

by comparison o f spectroscopic data w i t h those o f a sample obtained i n 

a ) . 

7B.3 P e r f l u o r o - 2 , 4 , 5 - t r i - i s o p r o p y l p y r i d i n e (137) 

Compound (137) (8.1 g, 13.1 mmol) was f l u o r i n a t e d at 138°C. The 

product (6.3 g) was shown by g . l . c . (Column A at 80°C) t o consi s t o f 

one major component. P u r i f i c a t i o n by pre p a r a t i v e scale g . l . c . gave 

p e r f l u o r o - l - a z a - 2 , 4 , 5 - t r i - i s o p r o p y l c y c l o h e x a - 1 ,4-diene (138) (62%) 

(Found: F, 73.3%. C l l 4F 2 5N requires F, 73.8%). Spectra no. 6. 
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7B.4 P e r f l u o r o - 2 , 4 , 6 - t r i - i s o p r o p y l p y r i d i n e (139) 

Compound (139) (7.0 g, 11.3 mmol) was f l u o r i n a t e d at 145°C. The 

product (4.8 g) was not completely separable by g . l . c . (Columns 0 and 

A at various temperatures) and f r a c t i o n a l d i s t i l l a t i o n proved unsuccessful. 

A d e t a i l e d study by g.l.c.-m.s. showed two major components, the f i r s t 

o f which (M +, 657) was con s i s t e n t w i t h any o f the dienes (140), (141), 

and (142), but the complexity o f the mass spectrum suggested a mixture 

o f a l l three. The second component (M +, 695) was co n s i s t e n t w i t h a 

mono-ene. 

7C PYRIMIDINE DERIVATIVES 

7C.1 P e r f l u o r o - 4 , 6 - d i - i s o p r o p y l p y r i m i d i n e (143) 

Compound (143) (13.4 g, 29.6 mmol) was f l u o r i n a t e d at 172°C. The 

product (13.5 g) was shown by g . l . c . (Column A at 60°C) t o consist o f 

one major component. Separation by f r a c t i o n a l d i s t i l l a t i o n gave 

perfluoro-1 >3-diaza-4 >6-di-isopropylcyclohexa-3,6-diene (144) (83%) 

b.p. 129°C, (Found: C, 24.8; F, 69.2; N, 5.6%. C 1 0F 1 8N 2 requires 

C, 24.5; F, 69.8; N, 5.7%). X (cyclohexane) 263 nm (e 380), spectra 
1113. X 

no. 7. 

7C.2 P e r f l u o r o - 2 , 4 , 6 - t r i - i s o p r o p y l p y r i m i d i n e (148) 

Compound (148) (20.2 g, 33.6 mmol) was f l u o r i n a t e d a t 183°C. The 

product (18.5 g) was shown by g . l . c . (Column A at 90°C) t o consist o f 

a complex mixture o f l i q u i d s w i t h one major component. Separation by 

f r a c t i o n a l d i s t i l l a t i o n gave p e r f l u o r o - 1 , 3 - d i a z a - 2 , 4 , 6 - t r i - i s o p r o p y l -

cyclohexa-3,6-diene (149) (63%) (Found: F, 70.9%. C 1 3F 2 l +N requires 

F, 7-1.2%). A (cyclohexane) 257 nm (e 500), spectra no. 8. 
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7D PYRAZINE DERIVATIVES 

7D.1 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 a z i n e (151) 

Compound (151) (12.8 g, 28.3 mmol) was f l u o r i n a t e d at 156°C. The 

product (11.6 g) was c o l l e c t e d as a low m e l t i n g white c r y s t a l l i n e 

s o l i d . R e c r y s t a l l i z a t i o n (60°-80° petroleum ether) gave p e r f l u o r o -

1,4-diaza-2,5-di-isopropylcyclohexa-l,4-diene (152) (87%) (Found: 

C, 24.5; F, 69.3; N, 6.3%. C 1 0F 1 8N 2 requires C, 24.5; F, 69.8; 

N, 5.7%). X m a x(cyclohexane) 256 nm (e 220), spectra no. 9. 

7E PYRIDAZING DERIVATIVES 

7E.1 P e r f l u o r o - 4 , 5 - d i - i s o p r o p y l p y r i d a z i n e (153) 

Compound (153) (21.2 g, 46.9 mmol) was f l u o r i n a t e d at 163°C. The 

product (17.8 g) was shown by g . l . c . (Column A at 60°C) to be a 

mixture c o n t a i n i n g one major and two minor components. F r a c t i o n a l 

d i s t i l l a t i o n gave perfluoro-2,3-dimethylpentane (154) (12%) b.p. 83°C. 

(Found: C, 21.9; F, 78.2%. C 7F 1 6 r e q u i r e s C, 21.6; F, 78.4%), spectra 

no. 10, and perfluoro-2,3,4,5-tetramethylhex-3-ene (156, 1 5 7 ) ( o i s + 

trans isomers, 1:2.5) (53%) b.p. 126°C. (Found: C, 23.8; F, 76.2. 

Calculated f o r C 1 0F 2 0, C, 24,0; F, 76.0%). Spectra no. 12. Separation 

of the pot residue by p r e p a r a t i v e scale g . l . c . gave perfluoro-2,3,4,5-

tetramethylhexane (155) (9%) (Found: C, 22.4; F, 77.3%. C 1 0 F 2 2 r e q u i r e s 

C, 22.3; F, 77.7%). Spectra no. 11. 

7F TOLUENE DERIVATIVES 

7F.1 Per f l u o r o t o l u e n e (164) 

Compound (164) (16.1 g, 68.2 mmol) was f l u o r i n a t e d at 68°C. The 

product (18.0 g) was shown by g . l . c . (Column Z at 60°C) to cont a i n one 

major and three minor components. Separation by p r e p a r a t i v e scale g . l . c . 
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gave perfluoromethylcyclohexane (165) ( 1 1 % ) , (Found: C, 24.2; F, 75.7%. 

C7F11+ requires C, 24.0; F, 76.0%), spectra no. 13, perfluoro-1-methyl -

cyclohexene (166) ( 4 8 % ) , (Found: C, 27.0; F, 73.2%. C 7F 1 2 requires 

C, 26.9; F, 73.1%), spectra no. 14, perfluoro-1-methyleyelohexa-1,3-

diene (167) ( 9 % ) , (Found: C, 30.6; F, 69.2%. C 7F 1 0 requires C, 30.7; 

F, 69.3%), A (cyclohexane) 255 nm (e 4833), spectra no.15, and max 
perfluoro-l-methylcyclohexa-1,4-diene (168) (15%) (Found: C, 30.5; 

F, 69.1%. C 7F 1 0 r e q u i r e s C, 30.7; F, 69.3%), A (cyclohexane) 264 nm 
ins x 

(e 120), spectra no. 16. 

7F.2 P e r f l u o r o - 4 - i s o p r o p y l t o l u e n e (169) 

Compound (169) (20.1 g, 52.1 mmol) was f l u o r i n a t e d a t 83°C. The 

product (12.5 g) was shown by g . l . c . (Column Z a t 95°C) to c o n s i s t o f 

two major and two minor components. Separation by p r e p a r a t i v e scale 

g . l . c . gave perfluoro-l-methyl-4-isopropylcyclohex-3-ene (172) (10%) 

(Found: C, 26.0; F, 73.7%. C 1 0 F 1 8 requires C, 26.0; F, 74.0%), spectra 

no. 17, perfluoro-1-methyl-4-isopropylcyclohexa-1,3-diene (170) (25%) 

(Found: C, 28.5; F, 71.8%. C 1 0 F 1 6 requires C, 28.3; F, 71.7%), A 

(cyclohexane) 251 nm (e 6871), spectra no. 18, and perfluoro-1-methyl -

4-isopropylcyclohexa-1,4-diene (171) (25%) (Found: C, 28.3; F, 71.7%. 

C 1 0 F 1 6 requires C, 28.3; F, 71.7%), A (cyclohexane) 275 nm (e 172), 
nt3 x 

spectra no. 19. The f o u r t h and most minor component was not i s o l a t e d , 

however the mass spectrum was consistent w i t h p e r f l u o r o - l - m e t h y l - 4 -

isopropylcyclohex-l-ene (173) (3%) (M +, 462). 

7F.3 Perfluoro-m-xylene (174) 

Compound (174) (5.4 g, 18.9 mmol) was f l u o r i n a t e d at 80°C. Products 

(5.1) g) wore shown by g . l . c . (Column A ; i t room temperature) to consist 
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o f one major component. P u r i f i c a t i o n by p r e p a r a t i v e scale g . l . c . gave 

a compound which was not unambiguously i d e n t i f i e d but spectroscopic 

data were consistent w i t h perfluoro-1,3-dimethylcyclohex-1-ene (175) or 

perfluoro-1,3-dimethylcyclohex-3-ene (176) (66%) (Found: C, 25.1; 

F, 73.8%. Calculated f o r C^F^, C, 26.5; F, 73.5%). Spectra no. 20. 
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CHAPTER 8 

EXPERIMENTAL TO CHAPTER 4 

8A PHOTOCHEMISTRY 

8A.1 I r r a d i a t i o n s - General Procedure 

A l l i r r a d i a t i o n s were c a r r i e d out using a Rayonet R.P.R. 208 re a c t o r 

equipped w i t h e i g h t 15 W low pressure mercury lamps e m i t t i n g at 253.7 nm 

S t a r t i n g m a t e r i a l s were t r a n s f e r r e d under vacuum i n t o a 3 4 x 4 cm s i l i c a 

tube, degassed and sealed under high vacuum. A f t e r i r r a d i a t i o n products 

were s i m i l a r l y t r a n s f e r r e d i n t o a l i q u i d a i r cooled t r a p attached t o an 

i n f l a t a b l e bladder. 

8A.2 Perfluoro-1-aza-4-isopropylcyclohexa-l,3-diene (129) 

Compound (129) (4.3 g, 12.0 mmol) was i r r a d i a t e d f o r 72 hours. The 

product (3.9 g) was shown by g . l . c . (Column A at 80°C) to consi s t o f 

a mixture of l i q u i d s w i t h one major component. Preparative scale g . l . c . 

gave p e r f l u o r o - l - ( 2 - a z a - a l l y l ) - 3 - i s o p r o p y l c y c l o b u t - 2 - e n e (182) (70%) 

(Found: C, 27.0; F, 69.3; N, 4.1%. C 8F 1 3N requires C, 26.9; F, 69.2; 

N, 3.9%). Spectra no. 21. 

In a l l subsequent experiments compound (182) could not be obtained 

i n any s i g n i f i c a n t q u a n t i t y , and a new product (180) was obtained. A 

t y p i c a l example i s as f o l l o w s : 

Compound (129) (3.8 g, 10.6 mmol) was i r r a d i a t e d f o r 72 hours. The 

product (3.5 g) was shown by g . l . c . (Column A at 80°C) to consist o f 

one major component. Preparative scale g . l . c . gave perfluoro-1-methyl-

imino-3-i sopropylcyclobut-2-ene (180) (87%) (Found: C, 27.2; F, 68.7; 

N, 4.1%. C 8F 1 3N requires C, 26.9; F, 69.2; N, 3.9%). Spectra no. 22. 
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8A.3 P e r f l u o r o - 1 ̂ - d t a z a - Z ^ - d i i s o p r o p y l c y c l o h e x a - l ,4-diene (152) 

Compound (152) (3.2 g, 6.5 mmol) was i r r a d i a t e d f o r 340 hours. 

Products consisted o f a gas (1.1 g) , 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 (185) ( 3 5 % ) , by comparison o f spectroscopic data w i t h those o f 

an authentic sample, and a l i q u i d (1.9 g ) , shown by g. l . c . (Column A 

at 60°C) to c o n s i s t o f a minor amount o f (185) and one major component. 

Preparative scale g . l . c . gave perfluoro-2-aza-3-isopropylbuta-1,3-diene 

(186) (58%) (Found: C, 24.2; F, 70.5; N, 4.7%. C 6F nN requires C, 24.4; 

F, 70.8; N, 4.7%). Spectra no. 23. 

8A.4 Perfluoro-1,3-diaza-4,6-diisopropylcyclohexa-3,6-diene (144) 

Compound (144) (3.7 g, 7.6 mmol) was i r r a d i a t e d f o r 140 hours. The 

product (3.5 g) was shown by g . l . c . (Column A at 60°C) to co n s i s t o f 

four components. Preparative scale g . l . c . gave compounds (185) (11%) 

and (186) (17%) i d e n t i f i e d by comparison o f spectroscopic data w i t h 

samples obtained i n 8A.3, and perfluoro-3,5-diaza-7-methyl-2-isopropyl-

o c t a - l , 3 , 5 - t r i e n e (187) (48%) (Found: C, 24.7; F, 69.2; N, 6.2%. 

C 1 0F 1 8N 2 requires C, 24.5; F, 69.8; N, 5.7%). Spectra no. 24. The 

f o u r t h 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 (144) by comparison 

o f spectroscopic data ( y i e l d s based on amount o f (144) consumed). 

8A.5 Related compounds 

(a) Perfluoro-l-aza-2,4-diisopropylcyclohex-l-ene (136) 

Compound (136) (4.6 g, 8.4 mmol) was i r r a d i a t e d f o r 137 hours. The 

product (4.5 g) was shown by g . l . c . (Column A at 60°C) to consi s t o f 

one component, i d e n t i f i e d s p e c t r o s c o p i c a l l y as s t a r t i n g m a t e r i a l (136) 

(98% recovery) . 



(b) Perfluoro-N,N'-bis-1,3-diazacyclohex-2-enyl (42) 

Compound (42) (2.7 g, 6.5 mmol) was i r r a d i a t e d f o r 235 hours. The 

product (2.6 g) was shown by g . l . c . (Column A at 80°C) t o consist o f 

one component, i d e n t i f i e d s p e c t r o s c o p i c a l l y as s t a r t i n g m a t e r i a l (42) 

(96% recovery). 

(c) Perfluoro-l-aza-4-isopropylcyclohexa-l,4-diene (130) 

Compound (130) (2.0 g, 5.6 mmol) was i r r a d i a t e d f o r 70 hours. The 

product (1.9 g) was shown by g . l . c . (Column A a t 60°C) to cons i s t o f 

one component, i d e n t i f i e d s p e c t r o s c o p i c a l l y as s t a r t i n g m a t e r i a l (130) 

(95% recovery). 

8B THERMAL REACTIONS 

8B.1 General procedure 

S t a r t i n g m a t e r i a l s were added t o a 30x2.5 cm oven d r i e d n i t r o g e n 

purged n i c k e l tube which was sealed and heated t o the required temper­

ature i n a Carius furnace. Products were obtained by t r a n s f e r r i n g unde 

vacuum i n t o a l i q u i d a i r cooled t r a p . 

8B.2 Perfluoro-1,3-diaza-4,6-diisopropylcyclohexa-3,6-diene (144) 

(a) at 275°C 

Compound (144) (3.3 g, 6.7 mmol) was heated t o 275°C f o r 16 hours. 

The product (2.4 g) was shown by g . l . c . (Column A at 60°C) to cons i s t 

o f two components, 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 (144) and p e r f l u o r o 

4 , 6 - d i i s o p r o p y l p y r i m i d i n e (143) (^10% conversion) by comparison o f 

g.l.c.-m.s. data. 
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(b) a t 275°C w i t h perfluoro-3,4-diitiethylhexane 

Compound (144) (2.9 g, 5.9 mmol) and perfluoro-3,4-dimethylhexane 

(^0.2 g) were heated t o 275°C f o r 16 hours. The product (2.0 g) was 

shown by g . l . c . (Column A at 60°C) to consist o f two components 

s i m i l a r l y 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 (144) and per f l u o r o - 4 , 6 -

d i i s o p r o p y l p y r i m i d i n e (143) (%50% conversion). 

8B.3 Perfluoro-1,4-diaza-2,5-diisopropylcyclohexa-l,4-diene (152) 

Compound (152) (3.3 g, 6.7 mmol) was heated t o 275°C f o r 16 hours. 

The product (2.4 g) was shown by g . l . c . (Column A at 60°C) t o co n s i s t 

o f one component, i d e n t i f i e d s p e c t r o s c o p i c a l l y as s t a r t i n g m a t e r i a l 

(152) (72% recovery). 

8C REACTIONS WITH FLUORIDE ION 

8C.1 Perfluoro-1,1'-bis-1,3-diazacyclohex-2-enyl (42) 

(a) i n the absence o f a solvent 

Compound (42) (3.3 g, 7.9 mmol) was t r a n s f e r r e d under vacuum i n t o 

a 10 ml Carius tube c o n t a i n i n g dry CsF (^0.5 g ) . This was sealed under 

high vacuum and heated t o 150°C f o r 16 hours w i t h vigorous shaking. 

V o l a t i l e m a t e r i a l was vacuum t r a n s f e r r e d i n t o a l i q u i d a i r cooled t r a p . 

The r e s u l t a n t l i q u i d (2.3 g) was shown by g . l . c . (Column A at 80°C) 

to c o n s i s t o f two components. Separation by p r e p a r a t i v e scale g . l . c . 

gave s t a r t i n g m a t e r i a l (42) and perfluoro-4-methyl-1,2,5,7-tetra-

azatricyclo[3.3.1.0 2• 6]undec-4-ene (188) (42%) (Found: C, 23.0; F, 64.0; 

N, 13.2%. CsFmNt, r e q u i r e s C, 23.0; F, 63.6; N, 13.4%). Spectra no. 25. 

(b) i n sulpholane 

Compound (42) (1.1 g, 2.63 mmol) was t r a n s f e r r e d under vacuum i n t o 
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a 10 ml Carius tube c o n t a i n i n g dry CsF (^0.5 g) and sulpholane (3 m l ) . 

This was sealed under high vacuum and heated to 120°C f o r 16 hours 

w i t h vigorous shaking. V o l a t i l e m a t e r i a l was vacuum t r a n s f e r r e d i n t o 

a l i q u i d a i r cooled t r a p . The r e s u l t a n t l i q u i d (0.9 g) was shown by 

g . l . c . (Column A a t 80°C) to cons i s t of three components. Separation 

by p r e p a r a t i v e scale g . l . c . gave s t a r t i n g m a t e r i a l ( 4 2 ) , compound (188) 

( 1 4 % ) , and a new product (194) (42%) which was not i d e n t i f i e d . (Found: 

C, 22.8; F, 66.6; N, 9.9%. Calculated f o r C 8N 3F 1 5, C, 22.7; F, 67.3; 

N, 9.9%). Spectra no. 26. 

8C.2 Perfluoro-l-azacyclohex-l-ene (38) 

(a) i n the absence o f a solvent 

Compound (38) (2.0 g, 8.2 mmol) was t r a n s f e r r e d under vacuum i n t o 

a 5 ml Carius tube c o n t a i n i n g dry CsF (M.O g) . This was sealed under 

high vacuum and heated t o 150°C f o r 64 hours w i t h vigorous shaking. V o l a t i l e 

m a t e r i a l was vacuum t r a n s f e r r e d i n t o a l i q u i d a i r cooled t r a p . The 

r e s u l t a n t l i q u i d (1.9 g) was shown by g . l . c . (Column A at room temperature) 

to c o n s i s t o f one component, i d e n t i f i e d spectroscopical1y as s t a r t i n g 

m a t e r i a l (38) (95% re c o v e r y ) . 

(b) i n sulpholane 

Compound (38) (1.45 g, 5.9 mmol) was added t o a 10 ml f l a s k c o n t a i n i n g 

dry CsF (1.0 g, 6.6 mmol) and sulpholane (5 m l ) . This was s t i r r e d at 

room temperature f o r 38 hours. An n.m.r. spectrum o f the homogeneous 

s o l u t i o n showed f a i r l y sharp s i g n a l s at 62.3, 127.1, and 131.1 p.p.m. 

which were assigned to the perfluoroazacyclohexyl anion (93) . Exchange 

broadening was not observed on heating to 50°C. A d d i t i o n o f BF 3 etherate 

gave a s o l u t i o n which was shown by n.m.r. to contain only a small amount 
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o f ( 3 8 ) . Other s i g n a l s between 51 and 135 p.p.m. i n d i c a t e d t h a t another 

species was present but these were not assigned. 

8C.3 Perfluoro-1-aza-4-isopropylcyclohexa-1,3-diene (129) 

(a) i n the absence of a solvent 

Compound (129) (1.0 g, 2.8 mmol) was s t i r r e d w i t h dry CsF (%0.5 g) 

at room temperature f o r 20 hours. V o l a t i l e m a t e r i a l was vacuum t r a n s f e r r e d 

i n t o a l i q u i d a i r cooled t r a p . The r e s u l t a n t l i q u i d (0.9 g) was shown 

by n.m.r. to consist o f a mixture o f s t a r t i n g m a t e r i a l (129) (83%) and 

the isomeric 1,4-diene (130) ( 1 7 % ) . 

(b) i n a c e t o n i t r i l e 

Compound (129) (2.0 g, 5.6 mmol) was added to a 10 ml f l a s k c o n t a i n i n g 

dry CsF (1.0 g, 6.6 mmol) and a c e t o n i t r i l e (5 m l ) . This was s t i r r e d at 

room temperature f o r 25 hours and a sample o f the r e s u l t a n t homogeneous 

s o l u t i o n was taken f o r subsequent n.m.r. experiments. 

N.m.r. spectra were recorded a t various temperatures betweem -30° 

and 50°C and observed s i g n a l s were assigned to the n i t r a n i o n (196) 

(s e c t i o n 4C.3). A d d i t i o n o f BF 3 etherate gave a s o l u t i o n which was shown 

by n.m.r. t o contain an e q u i l i b r i u m mixture o f s t a r t i n g m a t e r i a l (129) 

and the isomeric 1,4-diene (130). 

Methyl iodide (0.92 g, 6.5 mmol) was added t o the remainder of the 

s o l u t i o n followed by s t i r r i n g f o r 24 hours. Water (5 ml) was added and 

the lower fluorocarbon l a y e r separated. The r e s u l t a n t l i q u i d (1.7 g) 

was shown by g . l . c . (Column A at 70°C) t o consist o f one major component. 

P u r i f i c a t i o n by p r e p a r a t i v e scale g . l . c . gave N-methyl-1-aza-4-perfluoro-

isopropy1-2,2,3,5,5,6,6-heptaf1uorocyc1ohcx-3-ene (198) (65%) (Found: 

C, 27.4; I I , 0.6; 67.7; N, 4.0%. C 9F l l 4H 3N requi r e s : C, 27.(,; !|, ().$• 
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F, 68.0; N, 3.6%). Spectra no. 27. 

(c) i n sulpholane 

An experiment i d e n t i c a l to t h a t described i n (b) was c a r r i e d out 

using sulpholane as solv e n t . N.m.r. studies showed t h a t spectra were 

not s i g n i f i c a n t l y d i f f e r e n t from those obtained using a c e t o n i t r i l e 

at corresponding temperatures. 

8D REACTIONS WITH DIAZOMETHANE 

8D.1 General procedure 

Diazomethane ether azeotrope, prepared from p - t o l y l s u l p h o n y l m e t h y l -

nitrosamide by the l i t e r a t u r e m e t h o d 1 3 2 , was added slowly to a neat 

sample o f the substrate a t room temperature u n t i l a permanent yellow 

colour was e s t a b l i s h e d . Excess diazomethane and ether were allowed 

to evaporate o f f and products were obtained from the r e s i d u a l o i l by 

vacuum subli m a t i o n . 

8D.2 Pe r f l u o r o - l - a z a - 4 - i s o p r o p y l c y c l o h e x a - l > 3 - d i e n e (129) 

Compound (129) (2.6 g, 7.3 mmol) gave a yellow viscous l i q u i d (1.8 g) 

on r e a c t i o n w i t h diazomethane. This was shown by g . l . c . (Column 0 at 

200°C) to co n s i s t o f f i v e components. Separation by p r e p a r a t i v e scale 

g . l . c . gave only three pure components i d e n t i f i e d as 4 - ( p e r f l u o r o i s o p r o p y l ) -

2,2,3,3,5,6-hexafluoro-1-azabicyclo[4.1.0]hept-4-ene (199) (9%) (Found: 

C, 29.3; H, 0.25; F, 66.2; N, 3.9%. C 9H 2F 1 3N r e q u i r e s : C, 29.1; H, 0.54; 

F, 66.6; N, 3.8%), spectra no. 28, 4-(perfluoroisopropyl)-2,2,3,3,5-

p e n t a f l u o r o - 1 , 8 > 9 - t r i a z a b i c y c l o [ 4 . 3 . 0 ] n o n a - 4 , 6 , 8 - t r i e n e (200) (14%) 

(Found: C, 28.5; H, 0.4; F, 60.6; N, 10.9%. C 9HF 1 2N 3 r e q u i r e s : C, 28.5; 

H, 0.26; F, 60.2; N, 11.1%), spectra no. 29, and 4 - ( p e r f l u o r o i s o p r o p y l ) -
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6-(fluoromethyl)-2,2,3,3,5-pentafluoro-l-azabicyclo[4.1.0]hept-4-ene (201) 

(29%) (Found: C, 31.3; H, 1.0; F, 63.8; N, 3.5%. C 1 0H 4F 1 3N r e q u i r e s : 

C, 31.2; H, 1.04; F, 64.2; N, 3.6%), spectra no. 30. 

8D.3 Perfluoro-l-aza-4-isopropylcyclohexa-l,4-diene (130) 

Compound (130) (2.6 g, 7.3 nunol) gave a yellow viscous l i q u i d (1.6 g) 

on r e a c t i o n w i t h diazomethane. This was shown by g. l . c . (Column 0 a t 

200°C) to be a complex mixture c o n t a i n i n g two major and at l e a s t f i v e 

minor components. Separation by pr e p a r a t i v e scale g . l . c . gave two 

major components which were i d e n t i f i e d as compounds (201) (15%) and 

(200) (7%) p r e v i o u s l y obtained from the 1,3-diene (129). 

8D.4 Perfluoro-1,3-diaza-4,6-diisopropylcyclohexa-3,6-diene (144) 

Compound (144) (1.5 g, 5.7 mmol) gave a pale yellow viscous l i q u i d 

(1.1 g) on r e a c t i o n w i t h diazomethane. This was shown by g . l . c . 

(Column 0 a t 150°C) t o co n s i s t o f two components. Separation by 

pre p a r a t i v e scale g . l . c . gave s t a r t i n g m a t e r i a l (144) and 4,6-bis-

( p e r f l u o r o i s o p r o p y l ) - 2 , 2 , 5 , 5 - t e t r a f l u o r o - 1 , 3 - d i a z a b i c y c l o [ 4 . 1 . 0 ] h e p t -

3-ene (205) (53%) (Found: C, 26.3; H, 0.3; F, 68.2; N, 5.3%. C U H 2 F 1 8 N 2 

r e q u i r e s : C, 26.2; H, 0.4; F, 67.9; N, 5.5%). Spectra no. 31. 
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CHAPTER 9 

EXPERIMENTAL TO CHAPTER 5 

9A REACTIONS WITH FLUORIDE ION 

9A.1 Reaction of perfluoro-2,5-diazahexa-2,4-diene (16) w i t h a l k a l i 

metal f l u o r i d e s i n sulpholane 

(a) NaF 

Compound (16) (3.2 g, 14.0 mmol) was s t i r r e d w i t h NaF (^1.0 g) i n 

sulpholane (5 ml) f o r 70 hours a t room temperature. V o l a t i l e m a t e r i a l 

was vacuum t r a n s f e r r e d i n t o a l i q u i d a i r cooled t r a p . The r e s u l t a n t 

l i q u i d (2.9 g) was shown by g . l . c . (Column A at 60°C) to contain two 

components. Separation by p r e p a r a t i v e scale g . l . c . gave the known dimers 

(82) (76%) (spectra no. 36) and (86) (24%) (spectra no. 35), i d e n t i f i e d 

by comparison o f spectroscopic data w i t h those reported i n the 

1i t e r a t u r e . 2 1 , 3 8 

(b) J<F 

A s i m i l a r experiment using KF gave the dimers (82) (43%) and (86) 

(50%) together w i t h a t h i r d component i d e n t i f i e d as p e r f l u o r o s p i r o -

l ^ ^ . g - t e t r a - a z a - S ^ g - t r i m e t h y l n o n - l - e n e (206) (7%) (Found: C, 21.0; 

F, 66.6; N, 12.1%. C 8F 1 6N 4 r e q u i r e s : C, 21.1; F, 66.7; N, 12.3%). 

Spectra no. 37. 

(c) CsF 

S i m i l a r l y , an experiment using CsF gave a mixture o f dimers (82) 

(3 7 % ) , (86) ( 5 7 % ) , and (206) ( 6 % ) . 
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9A.2 Vapour phase r e a c t i o n o f perfluoro-2,5-diazahexa-2,4-diene (16) 

w i t h caesium f l u o r i d e 

Compound (16) (10.9 g, 47.8 mmol) was passed through a s i l i c a tube 

c o n t a i n i n g caesium f l u o r i d e at 220°C i n a flow o f n i t r o g e n (contact 

time ^70s). The product was c o l l e c t e d i n a l i q u i d a i r cooled t r a p . The 

r e s u l t a n t l i q u i d (8.8 g) ( 8 1 % recovery) was shown by g . l . c . (Column A 

at room temperature) to cons i s t o f two components. Separation by pr e p a r a t i v e 

scale g . l . c . gave the known compounds (33) (16%) (spectra no. 33) and 

(34) (65%) (spectra no. 34), i d e n t i f i e d by comparison o f spectroscopic 

data w i t h those reported i n the l i t e r a t u r e . 3 8 

9A.3 Vapour phase r e a c t i o n o f a mixture o f dimers with caesium f l u o r i d e 

A mixture o f dimers o f compound (16) c o n t a i n i n g (86) ( 2 7 % ) , (82) 

( 6 7 % ) , and (206) (6%) (5.5 g) was passed through a s i l i c a tube c o n t a i n i n g 

caesium f l u o r i d e a t 220°C i n a flow o f n i t r o g e n (contact time M5 s) . The 

product was c o l l e c t e d i n a l i q u i d a i r cooled t r a p . The r e s u l t a n t l i q u i d 

(4.5 g) was shown by g . l . c . (Column A at 65°C) to co n s i s t of four 

components, i d e n t i f i e d as compounds (33) ( 1 0 % ) , (34) ( 1 7 % ) , (82) (67%) 

and (206) (6%) by comparison o f g.l.c.-m.s. data. 

9B DEFLUORINATION REACTIONS 

9B.1 Reactions o f perfluoro-2,5-diazahexa-2,4-diene (16) over hot metal 

surfaces 

(a) w i t h Fe f i l i n g s i n a flow system 

Compound (16) (4.7 g, 20.6 mmol) was passed through a s i l i c a tube 

c o n t a i n i n g Fe f i l i n g s a t 340°C i n a flow o f n i t r o g e n (contact time ^30 s ) . 

The product was c o l l e c t e d i n a l i q u i d a i r cooled t r a p . The r e s u l t a n t 

l i q u i d (2.3 g) was shown by g . l . c . (Column A at 70°C) t o consi s t of two 
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components. Separation by pr e p a r a t i v e scale g . l . c . gave s t a r t i n g 

m a t e r i a l (16) and perfluoro-N-methylimidazole (212) (30% based on g . l . c . 

a n a l y s i s ) (Found: C, 25.2; F, 59.7; N, 14.6%. C i t F 6 N 2 r e q u i r e s : C, 25.3; 

F, 60.0; N, 14.8%). Spectra no. 39. 

(b) w i t h Pt metal i n a flow system 

Compound (16) (6.0 g, 26.3 mmol) was passed over Pt metal at 480°C i n 

a s i m i l a r flow system (contact time ^35 s ) . The r e s u l t a n t l i q u i d (5.3 g) 

(88% recovery) was shown by g . l . c . (Column A at 60°C) t o consist o f three 

components, i d e n t i f i e d as compounds (33) ( 1 1 % ) , (34) ( 6 % ) , and (16) 

(83%) by comparison o f g.l.c.-m.s. data. 

(c) w i t h Ni tu r n i n g s i n a flow system 

Compound (16) (4.5 g, 19.7 mmol) was passed over Ni t u r n i n g s a t 

380°C i n a s i m i l a r flow system (contact time ^40 s ) . The r e s u l t a n t 

l i q u i d (4.2 g) (93% recovery) was shown by g . l . c . (Column A at 60°C) 

to c o n s i s t o f one component, i d e n t i f i e d s p e c t r o s c o p i c a l l y as s t a r t i n g 

m a t e r i a l (16) . 

(d) i n a sealed Ni tube 

Compound (16) (5.4 g, 23.7 mmol) was added to a 30x2.5 cm dry Ni 

tube, sealed and heated t o 290°C f o r 18 hours. V o l a t i l e m a t e r i a l was 

vacuum t r a n s f e r r e d i n t o a l i q u i d a i r cooled t r a p . The r e s u l t a n t l i q u i d 

(4.5 g) (83% recovery) was shown by g . l . c . (Column A at 60°C) to consist 

of f o u r components, i d e n t i f i e d as compounds (212) ( 9 % ) , (33) ( 1 4 % ) , (34) 

( 3 8 % ) , and (16) (39%) by comparison o f g.l.c.-m.s. data. 
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(e) i n a sealed Ni tube w i t h Ni tu r n i n g s 

A s i m i l a r r e a c t i o n o f compound (16) (5.5 g, 24.1 mmol) i n a sealed 

Ni tube w i t h Ni t u r n i n g s (^21 g) at 300°C f o r 18 hours, gave a product 

mixture (2.3 g) (42% recovery) c o n t a i n i n g compounds (212) ( 5 % ) , (33) 

( 9 % ) , (34) ( 2 0 % ) , and (16) ( 6 6 % ) . 

( f ) i n a sealed Ni tube w i t h Fe f i l i n g s 

S i m i l a r l y , compound (16) (5.5 g, 24.1 mmol) was heated to 300°C 

f o r 18 hours i n a sealed Ni tube c o n t a i n i n g Fe f i l i n g s (M8 g) . The 

product mixture (3.7 g) (67% recovery) was shown t o cont a i n compounds 

(212) ( 6 % ) , (33) ( 1 3 % ) , (34) (28%) and (16) ( 5 3 % ) . 

9C PHOTOCHEMISTRY 

9C.1 I r r a d i a t i o n o f perfluoro-2,5-diazahexa-2,4-diene (16) 

(a) i n the vapour phase 

Compound (16) (4.2 g, 18.4 mmol) was t r a n s f e r r e d under vacuum i n t o 

a 3 4 x 4 cm s i l i c a tube, degassed and sealed under high vacuum. This 

was i r r a d i a t e d f o r 46 hours (253.7 nm, low pressure Hg lamp). V o l a t i l e 

m a t e r i a l was vacuum t r a n s f e r r e d i n t o a l i q u i d a i r cooled t r a p . The 

r e s u l t a n t l i q u i d (3.9 g) (93% recovery) was shown by g . l . c . (Column A 

at 70°C) t o consi s t o f one component, i d e n t i f i e d s p e c t r o s c o p i c a l l y as 

s t a r t i n g m a t e r i a l ( 1 6 ) . . 

(b) i n n-pentane 

Compound (16) (4.0 g, 17.5 mmol) was dissolved i n n-pentane (100 ml) 

and i r r a d i a t e d using a broad band medium pressure Hg lamp. Samples were 

removed at 30 minute i n t e r v a l s and analysed by g . l . c . (Column A at 60°C). 

A f t e r 12.5 hours no s i g n i f i c a n t decrease i n the concentration o f (16) 
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could be observed. Examination o f the r e s u l t a n t s o l u t i o n by n.m.r. 

confirmed t h a t r e a c t i o n had not taken place. 

(c) i n n-pentane w i t h p-xylene 

A s i m i l a r i r r a d i a t i o n o f compound (16) w i t h a 4:1 molar excess o f 

p-xylene was c a r r i e d out. The r e s u l t a n t s o l u t i o n was shown by n.m.r. 

to contain only s t a r t i n g m a t e r i a l s . 

9C.2 I r r a d i a t i o n o f perfluoro-2,5-diazahexa-2 >4-diene (16) i n the 

presence o f ketones 

(a) w i t h acetone 

Compound (16) (4.7 g, 20.6 mmol) and dry acetone (1.2 g, 20.7 mmol) 

were t r a n s f e r r e d under vacuum i n t o a 3 4 x 4 cm s i l i c a tube, degassed and 

sealed under high vacuum. This was i r r a d i a t e d f o r 29 hours (300 nm, Hg 

phosphor lamp). V o l a t i l e m a t e r i a l was vacuum t r a n s f e r r e d i n t o a l i q u i d 

a i r cooled t r a p . The r e s u l t a n t l i q u i d (5.6 g) was shown by g.l.c.-m.s. 

t o contain only s t a r t i n g m a t e r i a l s (95% recovery). 

(b) w i t h hexafluoroacetone 

A s i m i l a r i r r a d i a t i o n o f compound (16) w i t h hexafluoroacetone was 

c a r r i e d out. This led t o a 94% recovery o f s t a r t i n g m a t e r i a l . 

9D THERMAL REACTIONS WITH ALKENES 

9D.1 w i t h cyclohexene 

(a) a t 80°C 

Perfluoro-2,5-diazahexa-2,4-diene (16) (4.0 g,17.5 mmol) was 

t r a n s f e r r e d under vacuum i n t o a 50 ml Carius tube c o n t a i n i n g cyclohexene 

(1.44 g, 17.6 mmol). This was sealed under high vacuum and heated t o 
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80°C f o r 100 hours. V o l a t i l e m a t e r i a l was vacuum t r a n s f e r r e d i n t o a 

l i q u i d a i r cooled t r a p . The r e s u l t a n t l i q u i d (4.4 g) consisted o f two 

la y e r s , the lower o f which was shown by g . l . c . (Column A at 60°C) 

to co n s i s t o f one component, i d e n t i f i e d s p e c t r o s c o p i c a l l y as 

s t a r t i n g m a t e r i a l (16) . The upper layer was s i m i l a r l y shown to c o n s i s t 

o f one major component, the mass spectrum o f which was con s i s t e n t w i t h 

a dimer o f cyclohexene (M + = 164). 

(b) at 150°C 

A s i m i l a r r e a c t i o n o f compound (16) (4.1 g, 18.0 mmol) w i t h cyclo­

hexene (1.5 g, 18.3 mmol) at 150°C using c a r e f u l l y d r i e d precursors 

gave a dry black residue (4.0 g) from which products were not obtained. 

9D.2 wi t h 2-methylbut-2-ene 

(a) a t 80°C 

A r e a c t i o n s i m i l a r to t h a t described i n 9D.1 (a) was c a r r i e d out 

using compound (16) (4.3 g, 18.9 mmol) and 2-methylbut-2-ene (1.33 g, 

19.0 mmol). The r e s u l t a n t l i q u i d (4.5 g) consisted o f two l a y e r s , the 

lower o f which was again i d e n t i f i e d as unreacted (16) only. The upper 

lay e r was shown by g . l . c . (Column A a t 100°C) to cons i s t o f several 

components, the mass spectra o f which were c o n s i s t e n t w i t h dimers o f 

2-methylbut-2-ene (M + = 140) 

(b) at 150°C 

A s i m i l a r r e a c t i o n o f compound (16) (4.1 g, 18.0 mmol) w i t h 2-methyl-

but-2-ene (1.3 g, 18.6 mmol) at 15()°C using c a r e f u l l y d r i e d precursors 

gave a dry black residue (3.9 g) from which products were not obtained. 
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9E HYDROLYSES 

9E.1 Reaction w i t h a 2:1 molar r a t i o o f water 

Perfluoro-2,5-diazahexa-2,4-diene (16) (2.1 g, 9.2 mmol) was s t i r r e d 

w i t h water (0.34 g, 18.9 mmol) i n sulpholane (10 ml) at 15°C f o r 85 

hours. The s o l u t i o n was ext r a c t e d w i t h ether ( 2 x 1 0 ml). Ether was 

allowed t o evaporate o f f l e a v i n g a white s o l i d (1.7 g) which, on vacuum 

sub l i m a t i o n , gave N,N'-bistrifluoromethyloxamide (44) (82%) (M +, 224) 

(spectra no. 40), i d e n t i f i e d by comparison of spectroscopic data w i t h 

those reported i n the 1 i t e r a t u r e . 1 + 8 

9E.2 Reaction w i t h a 1:1 molar r a t i o o f water 

A s i m i l a r r e a c t i o n o f compound (16) (2.1 g, 9.2 mmol) w i t h water 

(0.17 g, 9.4 mmol) again gave compound (44) (77%) as the only product. 
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CHAPTER 10 

EXPERIMENTAL TO CHAPTER 6 

10A FLUORIDE ION INDUCED REACTIONS 

10A.1 Reaction o f perfluoro-1,3-diaza-l-methylcyclopent-2-ene (34) w i t h 

caesium f l u o r i d e 

Compound (34) (2.1 g, 9.2 mmol) was s t i r r e d w i t h dry caesium f l u o r i d e 

(1.35 g, 9.5 mmol) i n sulpholane (3 ml) a t room temperature. A f t e r ^30 

minutes a lower fluorocarbon l a y e r was observed which was shown by 

n.m.r. t o contain the dimer (86) only. Examination o f the upper solvent 

l a y e r by n.m.r. gave no i n d i c a t i o n o f the intermediate n i t r a n i o n ( 8 4 ) . 

Methyl i o d i d e (1.35 g, 9.5 mmol) was added and the s o l u t i o n s t i r r e d f o r 

a f u r t h e r 22 hours. V o l a t i l e m a t e r i a l was vacuum t r a n s f e r r e d i n t o a 

l i q u i d a i r cooled t r a p . The r e s u l t a n t l i q u i d (2.2 g) was shown by g . l . c . 

(Column A at 80°C) to consist o f one major component. P u r i f i c a t i o n by 

pr e p a r a t i v e scale g . l . c . gave l-methyl-3-trifluoromethyl-2,2,4,4,5,5-

hexafluoro-1,3-diazacyclopentane (219) (93%) (Found: C, 23.1, H, 1.3; 

F, 64.8; N, 10.6%. C 5H 3F 9N 2 r e q u i r e s : C, 22.9; H, 1.2; F, 65.3; N, 10.7%). 

Spectra no. 38. 

10A.2 Reaction o f a mixture o f perfluoro-1,3-diaza-l-methylcyclopentenes 

(33) and (34) w i t h hexafluoropropene i n the presence of f l u o r i d e ion 

Caesium f l u o r i d e ( M g) and sulpholane (5 ml) were added to a n i t r o g e n 

purged 25 ml f l a s k which was evacuated and exposed to an atmosphere o f 

hexafluoropropene (3.8 g, 25.3 mmol) stored i n a bladder. The mixture 

was heated to 50°C w i t h s t i r r i n g . A f t e r ^15 minutes a 1:4 mixture of 

compounds (33) and (34) (1.5 g) was i n j e c t e d through a septum and 
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s t i r r i n g was continued f o r a f u r t h e r 20 hours. V o l a t i l e m a t e r i a l was 

vacuum t r a n s f e r r e d i n t o a l i q u i d a i r cooled t r a p . The r e s u l t a n t l i q u i d 

(3.4 g) was shown by g . l . c . (Column A at room temperature) to co n s i s t 

o f a complex mixture o f l i q u i d s w i t h s i x components. Separation by 

pr e p a r a t i v e scale g . l . c . gave dimers and t r i m e r s o f hexafluoropropene, 

together w i t h perfluoro-1,3-diaza-l-methyl-4-isopropylcyclopent-3-ene 

(221) (Found: C, 22.2; F, 70.2; N, 7.8%. C 7F 1 4N 2 r e q u i r e s : C, 22.2; 

F, 70.4; N, 7.4%), spectra no. 41, and perfluoro-1,3-diaza-1-methyl-

2-isopropylcyclopent-2-ene (220) (Found: C, 22.3; F, 70.6; N, 7.7%. 

C 7F 1 1 +N 2 r e q u i r e s : C, 22.2; F, 70.4; N, 7.4%), spectra no. 42. (1:3 

r a t i o , t o t a l y i e l d 74%). 

10B HYDROLYSES 

10B.1 H y d r o l y s i s of perfluoro-1,3-diaza-1-methylcyclopent-3-ene (33) 

Compound (33) (0.80 g, 3.51 mmol) was s t i r r e d w i t h water (0.2 g, 

11.1 mmol) i n sulpholane (3 ml) a t 15°C f o r 60 hours. The s o l u t i o n was 

extr a c t e d w i t h ether ( 2 x 3 ml) . Ether was allowed to evaporate o f f 

leaving a white s o l i d (0.3 g) . P u r i f i c a t i o n by vacuum sublimation gave 

1-trifluoromethyl-5,5-difluoro-1,3-diazacyclopenta-2,4-dione (222) (42%) 

(Found: C, 23.7; H, 0.6; F, 46.3; N, 13.6%. C 1 +HF 5N 20 2 r e q u i r e s : C, 23.5; 

H, 0.5; F, 46.6; N, 13.7%). Spectra no. 43. 

10B.2 H y d r o l y s i s o f perfluoro-1,3-diaza-l-methylcyclopent-2-ene (34) 

A s i m i l a r r e a c t i o n of compound (34) (1.16 g, 5.1 mmol) w i t h water 

(0.2 g, 11.1 mmol) gave compound (222) ( 3 8 % ) , i d e n t i f i e d by comparison 

o f spectroscopic data, as the only product. 



APPENDICES 



147 

COMPOUND INDEX 

Spectra no. 

1) Perfluoro-l-aza-4-isopropylcyclohexa-l,3-diene (129) 

2) Perfluoro-l-aza-4-isopropylcyclohexa-l,4-diene (130) 

3) Perfluoro-l-aza-4-isopropylcyclohex-l-ene (131) 

4) Perfluoro-l-aza-2,4-di-isopropylcyclohex-l-ene (136) 

5) Perfluoro-l-aza-2,4-di-isopropylcyclohexa-l,3-diene (134) and 

pe r f l u o r o - l - a z a - 2 , 4 - d i - i s o p r o p y l c y c l o h e x a - l , 4 - d i e n e (135) 

6) P e r f l u o r o - l - a z a - 2 , 4 , 5 - t r i - i s o p r o p y l c y c l o h e x a - l , 4 - d i e n e (138) 

7) Perfluoro-1,3-diaza-4,6-di-isopropylcyclohexa-3,6-diene (144) 

8) Perfluoro-1,3-diaza-2,4,6-tri-isopropylcyclohexa-3,6-diene (149) 

9) Perfluoro-1,4-diaza-2,5-di-isopropylcyclohexa-l,4-diene (152) 

10) Perfluoro-2,3-dimethylpentane (154) 

11) Perfluoro-2,3,4,5-tetramethylhexane (155) 

12) Cis(156)- and fcrans(157)-perfluoro-2,3,4,5-tetramethylhex-3-ene 

13) Perfluoromethylcyclohexane (165) 

14) Perfluoro-l-methylcyclohexene (166) 

15) Perfluoro-l-methylcyclohexa-1,3-diene (167) 

16) Perfluoro-l-methylcyclohexa-1,4-diene (168) 

17) Perfluoro-l-methyl-4-isopropylcyclohex-3-ene (172) 

18) Perfluoro-l-methyl-4-isopropylcyclohexa-l,3-diene (170) 

19) Perfluoro-l-methyl-4-isopropylcyclohexa-l,4-diene (171) 

20) Perfluoro-1,3-dimethylcyclohex-l-ene (175) or pe r f l u o r o - 1 , 3 - d i m e t h y l -

cyclohex-3-ene (176) 

21) P e r f l u o r o - l - ( 2 - a z a - a l l y l ) - 3 - i s o p r o p y l c y c l o b u t - 2 - e n e (182) 

22) Perfluoro-1-(methylimino)-3-isopropylcyclobut-2-ene (180) 

23) Perfluoro-2-aza-3-isopropylbutadiene (186) 
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24) Perfluoro-3,5-diaza-2-isopropyl-7-methylocta-l,3,5-triene (187) 

25) P e r f l u o r o - 4 - m e t h y l - 1 , 2 , 5 , 7 - t e t r a - a z a t r i c y c l o [ 3 . 3 . 1 . 0 2 • 6]undec-4-ene (188) 

26) Compound (194) . S t r u c t u r e unknown 

27) N-Methyl-l-aza-4-(perfluoroisopropyl)-2,2,3,5,5,6,6-heptafluorocyclo-

hex-3-ene (198) 

28) 4 - ( P e r f l u o r o i s o p r o p y l ) - 2 , 2 , 3 , 3 , 5 , 6 - h e x a f l u o r o - l - a z a b i c y c l o [ 4 . 1 . 0 ] -

hept-4-ene (199) 

29) 4 - ( P e r f l u o r o i s o p r o p y l ) - 2 , 2 , 3 , 3 , 5 - p e n t a f l u o r o - l , 8 , 9 - t r i a z a b i c y c l o -

[4.3.0]nona-4,6,8-triene (200) 

30) 4 - ( P e r f l u o r o i s o p r o p y l ) - 6 - ( f l u o r o m e t h y l ) - 2 , 2 , 3 , 3 , 5 - p e n t a f l u o r o - 1 -

azabicyclo[4.1.0]hept-4-ene (201) 

31) 4 , 6 - B i s ( p e r f l u o r o i s o p r o p y l ) - 2 , 2 , 5 , 5 - t e t r a f l u o r o - 1 , 3 - d i a z a b i c y c l o -

[4.1.0]hept-3-ene (205) 

32) Perfluoro-2,5-diazahexa-2,4-diene (16) 

33) Perfluoro-1,3-diaza-l-methylcyclopent-3-ene (33) 

34) Perfluoro-l,3-diaza-l-methylcyclopent-2-ene (34) 

35) P e r f l u o r o - 4 - ( 3 - m e t h y l - l - i m i d a z o l i d i n y l ) - 1 - m e t h y l - 2 , 5 - d i h y d r o i m i d a z o l e (86) 

36) Perfluoro-1,3-dimethyl-2-methyliminomethyl-5-methyliminotetrahydro-

imidazole (82) 

37) Perfluorospiro-1,3,6,9-tetra-aza-3,6,9-trimethylnon-l-ene (206) 

38) 1-Methyl-3-trifluoromethyl-2,2,4,4,5,5-hexafluoro-1,3-diazacyclo-

pentane (219) 

39) Perfluoro-N-methylimidazole (212) 

40) N,N'-Bistrifluoromethyloxamide (44) 

41) Perfluoro-1,3-diaza-l-methyl-4-isopropylcyclopent-3-ene (221) 

42) Perfluoro-1,3-diaza-1-methyl-2-isopropylcyclopent-2-ene (220) 

43) 1-Trifluoromethyl-5,5-difluoro-1,3-diazacyclopenta-2,4-dione (222) 



149 

APPENDIX I 

N.M.R. SPECTRA 

The f o l l o w i n g abbreviations are used i n t h i s appendix: 

S, s i n g l e t ; D, doublet; T, t r i p l e t ; Q, q u a r t e t ; Qu, q u i n t e t ; Sp, septet; 

M, m u l t i p l e t . 

Unless otherwise stated spectra were recorded as neat l i q u i d s using 

CFCI3 and TMS as e x t e r n a l references f o r 1 9 F and *H spectra r e s p e c t i v e l y . 

For 1 9 F spectra u p f i e l d s h i f t s are quoted as p o s i t i v e w h i l s t f o r *H 

spectra, downfield s h i f t s are quoted as p o s i t i v e ( d e l t a s c a l e ) . 
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S h i f t 
p.p.m. 

Fine s t r u c t u r e 
J values i n Hz 

Rel a t i v e 
i n t e n s i t y 

Assignment 

1. Perfluoro-l-aza-4-isopropylcyclohexa-l,3-diene (129) 

20 1 a 

6 d 

2 f 

20 o f M 1 b 

35 o f M 2 e 

1 c 

52.5 

76.8 

102.8 

107.2 

114.5 

185.0 

D ' J a b = 
Broad M 

Broad S 

D, J, = ba 
D, J = ' ec 
Broad 

d F 3 \ 
F 3C-C 

e F2 

f F, 

(129) 

b 
a 

1 F 3 \ 
F 3C-C 

e F 
f F 2 

(130) 

F 2 b 
F a 

2. Perfluoro-l-aza-4-isopropylcyclohexa-l,4-diene (130) 

57.8 T, J a b = 2 6 1 a 

77.6 Broad M 6 d 

88.6 D, J = 20 2 f 
ec 

100.2 Broad M 1 e 

103.0 Broad M 2 b 

188.2 Broad M 1 c 
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S h i f t 
p.p.m. 

Fine s t r u c t u r e 
J values i n Hz 

Rela t i v e 
i n t e n s i t y 

Assignment 

3. Perfluoro-l-aza-4-isopropylcyclohex-l-ene (131) 

55.9 

73.2 

89.9, 98.0 

112.1, 117.7 

120.1, 129.8 

181.3 

184.3 

T, J , = 29 ' ab 

AB 249 

JAB = 3 1 7 

JAB = 3 0 8 

Broad 

Broad 

1 

6 

2 

2 

2 

1 

1 

a 

e 

g 

b or f 

f or b 

c or d 

d or c 

(CF 3) 2CF d F C 

f F2 

g h 

(131) 

F 2 b 
F a 

(F 3C) 2CF C 

g F2 
h F 2 

(136) 

b 
'C(CF 3) 2 

F 

4. Perfluoro-1-aza-2,4-di-isopropylcyclohex-l-ene (136) 

72.3 Broad M 6 b or f 

76.1 M 6 f or b 

90.8, 101.0 J D =258 2 h AB 
103.5, 112.8 J A B =336 2 c or g 

119.6, 130.2 J A B = 2 9 0 2 g or c 

179.6 Broad 1 d or e 

183.2 Broad 1 e or d 

191.0 Broad M 1 a 
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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. J values i n Hz i n t e n s i t y 

5. Per f l u o r o - l - a z a - 2 , 4 - d i - i s o p r o p y l c y c l o h e x a - l , 3 -diene (134) 

and p e r f l u o r o -l-aza-2,4-di-isopropylcyclohexa -1,4-diene (135) 

75.5 M 6 b, e, b' or e* 

76.5 M 6 b, e, b* or e' 

76.8 M 6 b, e, W or e' 

77.6 M 6 b, e, b' or e' 

91.1 

98.4 

D, J g f , = 26 

Broad 

2 

2 c' 

101.2 Broad M 1 c or f ' 

103.0 Broad 1 c or f ' 

110.1 

119.2 

T, V - 1 

Broad M 

2 

2 

g 

f 

184.3 Broad 1 d or d' 

186.6 Broad 1 d or d' 

187.9 Broad 1 a or a' 

191.6 Broad 1 a or a' 

(CF 3) : 

f Fs 

g ?2 
N 

(134) 

b 
C(CF3)2 F 

(CF3)2CT 
f F c' 

F2 
g' <K b' 

N C(CF3)2 F 
(135) a ' 

Recorded as an inspeparable 1:1 mixture o f isomers. 



153 

S h i f t 
p.p.m. 

Fine s t r u c t u r e 
J values i n Hz 

Relative 
i n t e n s i t y 

Assignment 

6. P e r f l u o r o - 1 - a z a - 2 , 4 , 5 - t r i - i s o p r o p y l c y c l o h e x a - l , 4-diene (138) 

67.9 

70.8 

74.7 

98.9 

99.9 

159.6, 164.7 

161.8 

170.9 

190.3 

Broad 

Broad M 

Broad M 

D, J , = 3 8 a 'c ' 
D, J 

JAB 

ac 
= 176 

= 38 

T, J f h = 75 

Sp, J = 5 8 K eg 
= 38 

2 

12 

6 

1 

h and h' 

d, g, d' and 

b and b' 

e' and f 

f 

aca 'c 
Recorded as a 2:1 mixture o f r o t a t i o n a l isomers at room temperature 

a and a 1 

e' CF3 

d' F3C f. FF. 

CFc F 2 c 

h , F 2 \ N ^ - C ( C F 3 ) 
F 
a' 

3J 2 

\J > C F 3 j r C F 3 

C(CF 3) 2 

(138) 2:1 at room temperature 

(CF 3) 2C (CF 3) : 

7. Perfluoro-1,3-diaza-4,6-di-isopropylcyclohexa-3,6-diene (144) 

73.2 

77.2 

113.9 

193.5 

S 

M 

T, J = 30 dc 
T, J c d = 30 of Sp, 

2 

12 

2 

2 

a 

b 

d 

J . = 6 cb 
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S h i f t 
p.p.m. 

Fine s t r u c t u r e 
J values i n Hz 

Rel a t i v e 
i n t e n s i t y 

Assignment 

8. Perfluoro-1,3-diaza-2,4,6-tri-isopropylcyclohexa-3, 6-diene (149) 

73.7 

76.5 

110.6 

113.0 

184.7 

191.7 

Broad M 

Broad M 

Q. J f e = 32 

Broad 

Broad 

T, J _ = 32 o f Sp, J , ef ed 

f 
F F 2 F 6 F 

( C F 3 ) 2 C ^ \ ^ : ( C F 3 ) 2 r / N ^ , C ( C F 3 ) 2 

(CF 3) 2C" F n 

b 

(149) 

(CF 3) 2C^N^ 

(152) 

F 2 

6 

12 

2 

1 

1 

1 

a 

d 

f 

b d 
CF, CF, 
I I F3C-C C-CF2-CF3 

a F F f g 
c e 

(154) 

9. Perfluoro-1,4-diaza-2,5-di-isopropylcyclohexa-l,4-diene (152) 

76.6 

88.5 

191 .3 

M 

D, J = 2 9 ca 
T, J = 2 9 o f Sp, J . ac K ab 

Recorded as a s o l u t i o n i n d 6-acetone 

12 

10. Perfluoro-2,3-dimethylpentane (154) 

71.9 Broad M 

82.4 

115.1 Broad M 

177.9 Broad 

181.8 Broad 

D, J , = 19 

9 

3 

2 

1 

1 

a, b, and d 

g 

f 

c or e 

e or c 
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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. J values i n Hz i n t e n s i t y 

11. Perfluoro-2,3,4,5-tetramethylhexane (155) 

69.0 Broad 6 e 

72.1 Broad 12 a and c 

166.6 Broad 2 b or c 

170.3 Broad 2 d or b 

b d 

a F f I \ F3C .CF3 F3C CF(CF 3) 2 

CF3-C — C — C- C-CF3 / > = \ y X 
CFo CF, CF, CF, (CF 3) 2CF CF(CF 3) 2 (CF 3) 2CF CF3 <-r3 ^ r3 L r 3 ^ r 3 K hi , i c e b e b' c 

1:2.5 

(155) (156) (157) 

12. Cis(156)- and trans(157)-perfluoro-2,3,4,5-tetramethylhex-3-ene 

56.6 Broad ^ a 
6 

57.6 Broad J a* 

72.3 Broad M 12 b and b' 

159.3 Broad ^ c 
J 2 

161.4 Q, J = 5 0 J c* Recorded as a 1:2.5 mixture o f isomers 
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S h i f t 
p.p.m. 

Fine s t r u c t u r e 
J values i n Hz 

Rel a t i v e 
intens i t y 

Assignment 

13. Pe r f l u o r o methy lcyclohexane (165) 

71 .8 

122.8, 133.6 J 

125.2, 142.5 

126.7, 144.6 J 

190.8 

D, J , = 6 o f T, J ab ac 14 

AB 295 

JAB = 2 8 9 

AB 
Broad 

292 

3 

4 

4 

2 

1 

a 

c or d 

d or c 

e 

b 

f F 2 

e F 2 

CF, 

F b 
F 2 c 

F 2 d 
(166) 

14. Perfluoro-1-methylcyclohexene (166) 

61.2 D, J a b = 21 o f T, J = 8 3 a 

112.5 Broad 2 f 

114.4 Broad 1 b 

123.3 D, J c b = 1 9 2 c 
1 3 7 - 1 S 4 d and e 
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S h i f t 
p.p.m. 

Fine s t r u c t u r e 
J values i n Hz 

Relative 
i n t e n s i t y 

Assignment 

116.6 

124 .3 

149.1 

151.0 

D, J = 24 o f T, J = 7 ab ac 

15. Perfluoro-1-methylcyclohexa-1,3-diene (167) 

56.9 

108.0 Broad M 

Broad 

T, J 

M 

M 

ef 17 

a 

b 

f 

e 

c or d 

d or c 

e F, 

CF. 

F b 
F c 

F 
d 

(167) 

f F 2 

e F 

CFq 

F b 
F 2c 

F 
d 

(168) 

D, J = 18 o f T, J = 8 ab a f 

16. Perfluoro-1-methyleyelohexa-1,4-diene (168) 

61.2 

106.4 Broad M 

115.9 Broad M 

117.8 Broad M 

155.6 M 

161.4 M 

a 

f 

c 

b 

e or d 

d or e 
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S h i f t 
p . p. m. 

Fine s t r u c t u r e 
J values i n Hz 

Re 1 at i ve 
i n t e n s i t y 

Assignment 

17. Perfluoro-1-methyl-4-isopropylcyclohex-3-ene (1/2) 

73.1 

76.9 

78.2 

106.6 

100.3, 117.2 

114.2, 119.9 

120.7, 136.4 

185.5 

188.7 

M 

D, J 

M 

Broad 

JAB = 2 8 6 

28 o f M 

JAB 
D, J 

M 
ed 

296 

= 52 

3 

3 

3 

1 

2 

2 

g 

f 

d 

h 

f F 3C\ ( 

g F 3C< 
h F 2 

j F 2 

F 3C 
a I) 

(172) 

F 

F d 
F 2 c 

(CF 3) 2CF L 

f F. 

g F2 

F c 

F b 
CFc 

(170) 

18. Perf1uoro-1-methyl-4-isopropylcyclohexa-1, 3-d iene (17 0) 

61 .0 

77 .0 

105.5 

112.4 

118.1 

120.2 

184.2 

D, J , = 24 o f T, J . ab af 
D, J = 18 of M 

ec 

M 

M 

Broad 

Broad 

Broad 

3 

6 

1 

1 

2 

2 

1 
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S h i f t 
p.p.m. 

Fine s t r u c t u r e 
J values i n Hz 

Relative 
i n t e n s i t y 

Assignment 

19. Perf1uoro-1-methyl-4-isopropy1 eye 1ohexa-1,4-diene (171) 

60.7 

77.3 

103.5 

105.6 

106.0 

113.1 

187 .4 

e d 
(CF 3) 2CF 

f F 
g F. 

D, J ab 19 o f T, J = 8 

D, J . = 24 e l 
Broad 

Broad 

V. Broad 

Broad M 

T, J. = 37 of M dc 

F 2 c 
F b 

3 

6 

2 

2 

1 

1 

1 

g 

f 

b 

d 

(171) (175) (176) 

20. Perf1uoro-1,3-dimethyleyelohex-1-ene (175) or p e r f l u o r o - 1 , 3 - d i m e t h y l -

cyclohex-3-ene (176) 

62 .3 M 3 

74 .4 M 3 

103 .6 M 1 

104.9, 123 .8 JAB = 293 2 

127 .4, 137 0 
JAB = 304 2 

128.7, 148 6 JAB = 298 2 

176.3 Broad 1 
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S h i f t 
p.p.m. 

Fine s t r u c t u r e 
J values i n Hz 

Relative 
i n t e n s i t y 

Ass ignment 

21. Perfluoro-1 - ( 2 - a z a - a l l y l ) - 3 - i s o p r o p y l c y c l o b u t - 2 - e n e (18 2 ) 

32 .9 

51.2 

78.2 

96.1 

114 .0 

136.7 

186.4 

V. Broad 

V. Broad 

M 

Broad 

Broad M 

D, J , = 19 o f T, J 
' cd eg 

7.5 

Broad 

a or b 

b or a 

e 

d 

g 

fFC(CF 3) 2
 6 

(182) 

d c FC(CF 3) 2 

e F, / \\ F b 

d' c' FC(CF 3) 2 

(180) 1:2 

22. Perfluoro-1-(methylimino)-3-isopropylcyclobut-2-ene (180) 

18 -N 62.1 D, J 
ab 

62.7 T, J , a 'e 
79.9 M 

80.9 Broad 

89.8 Broad 

104.4 Broad M 

112.2 M 

187.7 Broad M 

a • 

c and c' 

b 

b' 

d and d ' 

Recorded as an inseparable mixture of isomers 
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S h i f t Fine s t r u c t u r e Relative Assignment 
p.p.m. J values i n Hz i n t e n s i t y 

23. Perfluoro-2-aza-3-isopropylbutadi ene (186) 

42.6 V. Broad 1 a or b 

55.9 V. Broad 1 b or a 

78.9 S 6 d 

83.1 D, J_ = 29 of T, J- , = 15 1 f 
fe fab 

93.0 D, J = 5 9 of D, Jc = 29 1 e 
ec fe 

187.0 D, J = 59 1 c 
ce 

e f 8FC(CF 3) 2 

F . /F h f F- N 

\ b
 a F N N 

(CF 3) 2CP ^ N ^ F a
 F ^ ^ [ : e 

(CF 3) 2CF d 

c 
(186) (187) 

24. Perfluoro-3,5-diaza-2-isopropyl-7-methylocta-1,3,5-triene (187) 

41.8 Broad 2 e and f 

76.6 Broad M 6 c or h 

77.7 D, J = 26 1 a 
ab 

77.9 Broad M 6 h or c 

91.3 D, J, , = 62 o f D, J = 26 1 b 
bd ba 

182.2 Broad M 1 g 

185.9 D, J , = 6 2 1 d 
db 
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S h i f t 
p.p.m. 

Fine s t r u c t u r e 
J values i n Hz 

Relative 
i n t e n s i t y 

Assignment 

25. Perfluoro-4 -methyl -1,2,5,7 - tetra-a zatr icyc l o [3 . 3 , . 0 2 " 6]undec-4-ene 

60.5 S 3 a 

89.9, 100.5 

105.8, 108.7 

JAB = 
JAB = 

230 

186 

2 

2 

d 

132.2, 141.0 
JAB = 259 2 

94.6 D, J = 146 1 b, e, f 

117 .5 D, J = 146 1 

127.1 S 2 
J 

107 .5 S 1 c 

N N 

(188) 

26. Compound (194). S t r u c t u r e unknown 

56.9 T, J = 13 3 

95.3 S 2 

99.5 S 2 

101.8 S 4 

139.0 S 2 

141.6 S 2 
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S h i f t Fine s t r u c t u r e R elative Assignment 
p.p.m. J values i n Hz i n t e n s i t y 

27 . N-Methyl -1 - a za-4- ( p e r f luoro isopropy 1) - 2,2,3,5,5,6, 6-hept.a f 1 uorocyclo-

hex-3-ene (198) 

1 % 

76.9 Q, J d e = 5 3 d or e 

77.3 Q, J g d = 5 3 e or d 

89.5 D, J . = 22 of T, J , = 7 2 g 
gf gh s 

103.7 Broad 2 h 

105.7 Broad M 1 c 

111.5 D, J, = 28 2 b 
DC 

186.1 Broad M 1 f 

1 .90 

8 F2 
h F, 

CF, 
/ ' 
C 

F 

(198) 
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S h i f t 
p.p.m. 

Fine s t r u c t u r e 
J values i n Hz 

Relative 
i n t e n s i t y 

Ass ignment 

28. 4-(Perfluoro isopropyl)-2,2,3,3,5,6-hexafluoro-1-azabicyclo[4.1.0] 

hept-4-ene (199) 
19 

76.4 

77.7 

88.4, 109.7 

88.6 

103.2 

169.5 

183.9 

AB 
Broad M 

Broad 

°> J c d : 

Broad 

207 

23 

e or f 

f o r e 

j 

d 

h 

2.47 

2.63 

S 

S 

a or b 

b or a 

(199) 
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S h i f t 
p.p.m. 

Fine s t r u c t u r e 
J values i n Hz 

Relative 
intens i t y 

Assi gnment 

29. 4-(Perfluoroisopropyl)-2,2,3,3,5-pentaf1uoro-1,8,9-triazabicyclo-

[4.3.0]nona-4,6,8-triene (200) 

19, 

75.8 

76.2 

101.1 

101.7 

109.1 

182.9 

Q, J 

Q, J 
cd 

dc 
Broad M 

T, J 

D, J fe 
T, J 

5.5 

5.5 

= 4 

ef 

30 o f M 

30 

c or d 

d or c 

b 

g 

f 

111 
7.88 

(200) 
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S h i f t Fine s t r u c t u r e Relative Assignment 
p.p.m. J values i n Hz i n t e n s i t y 

30. 4-(P e r f l u o r o isopropy1)-6-(f1uoromethy1)-2,2,3,3,5-pen taf1uoro-1-a za-

bicyclo[4.1.0]hept-4-ene (201) 

111 
75.3 M 3 g or f 

77.2 M 3 f or g 

80.8 Broad 1 e 

84.8, 106.1 J A„ =207 2 k 
AB 

96.9, 101.6 J = 284 2 j 
AB 

183.3 Broad 1 h 

225.6 T, J, = 44 1 d 
dc 

2.48 

2.63 

4.40 

S 

S 

D, J cd 44 o f D, J = 1 1 
ce 

a or b 

b or a 

CF 
<VCF 3 

J 
CHo-F 

N C-H b 
H 

(201) 
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S h i f t 
p.p.m. 

Fine s t r u c t u r e 
J values i n Hz 

Relative 
i n t e n s i t y 

Ass ignment 

31. 4,6-Bi s ( p e r f l u o r o i s o p r o p y l ) - 2 , 2,5,5-tetrafluoro-1,3-d i a zab i eye 1 o | 4. 1 . 0] 

hept-3-ene (205) 

19, 

63.3, 71.1 

74 .5 

76.4 

76.6 

99.5 

184 .7 

189 .6 

JAB = 2 1 1 

M 

M 

M 

Broad 

Broad M 

Broad M 

d or c 

j 

e or d 

g 

f 

h 

hi 

1 .73 

2.37 

S 

S 

c or b 

b or c 

J h 
(CF 3) 2QF 

g F 
F 2 \ ^ C F 3 e 

(MF3 D 

/ H c 

N "b 
F 2 

a 

CF3N=CF-CF=NCF3 

a b 

(16) 

(205) 

32. Perf1uoro-2,5-diazahexa-2,4-diene (16) 

27.5 

59.7 
Q> Jba = 1 4 

D, J = 14 ab 
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S h i f t Fine s t r u c t u r e Relative Assignment 
p.p.m. J values i n Hz i n t e n s i t y 

33. Perfluoro-1,3-diaza-1-methy 1cyclopent-3-ene (33) 

59.9 M 3 a 

73.7 Broad 2 b 

84.8 T, J , = 15 1 c 
cd 

93.6 Broad M 2 d 

d F' F c 

a F 3 ^ 

' : 2 
b 

(33) 

d FT FoC 

a F 3 C - N \ ^ N 

F 
b 
(34) 

a F 3 C - N ' N- CF 

(86) 

34. Perfluoro-1,3-diaza-1-methyleyelopent-2-ene (34) 

59.7 D, J . = 11 o f T, J , = 7 3 
ab ad 

75.2 Broad S 1 

98.8 Broad S 2 

102.0 Q, J, = 7 2 x da 

35. P e r f l u o r o - 4 - ( 3 - m e t h y l - l - i m i d a z o l i d i n y l ) - 1 - m e t h y l - 2 , 5 - d i h y d r o i m i d a z o l e (86) 

57.2 

58.1 

63.9 

70.4 

83.9 

93.6 

Qu, J d ec = 7.5 

Qu, J . =6.5 a-bg 
Broad S 

Jba = 6 ' 5 

Broad M 

M 

3 

3 

2 

2 

2 

4 f and g 
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S h i f t Fine s t r u c t u r e Re 1ative Assignment 
p.p.m. J values i n Hz i n t e n s i t y 

36. Perfluoro- 1 , 3-dimethy1 -2-methyliminomethyl -5-methylimi notetrahydro 

imida zole (82) 

24.2 Q. Jed = 14 1 e 

55 .4 D, J f e = 3 o f Q, J . 
v f-cg 

= 7.5 3 f 

55.6 T, J 
ag 

16 3 a 

57.9 D, Jbc = 6.5 3 b 

58.9 D, Jde - 14 3 d 

78.6 Broad M 2 g 

99.6 Broad M 1 c 

f F3C 
eF ^N-CF3 d 

C 

N-CF3 

(82) 

e F-

f F-

1 / 
I M . K ' / 

-N N-
CF3 

g 
(206) 

CF3 b 

F a 

37. Perfluorospiro-1,3,6,9-tetraaza-3,6,9-trimethylnon-1-ene (206) 

57.8 Broad M 6 d and g 

58.5 Broad S 3 b 

71.4 Broad S 2 c 

83.4 Broad S 1 a 

90.7 M 2 e 

91 .2 Q, J r =8.5 2 f 
fg 
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S h i f t Fine s t r u c t u r e Relative Assignment 
p.p.m. J values i n Hz i n t e n s i t y 

38. 1-Methyl-3-tr ifluoromethyl-2 , 2,4,4,5,5-hexafluoro-1,3-d iazacyc1opentane 

(219) 

19 p 

59.7 T, J , = 7 o f T, J , = 6 3 c 
cb cd 

72.3 Q, J b c = 7 2 b 

96.6 Q, J , = 6 o f T, J , = 8 2 d x dc de 
100.0 T, J , = 8 2 e 

ed 

2.43 

d F 2 , 1 F 2 e d F 
CFo-N-CO-CO-N-CFo 

^ V
N \ ^ ' ^ N a H H 

F3C F CH3 F3C F 

c b
2 a a b 

(219) (212) (44) 

39. Perfluoro-N-methyl imidazole (212) 

58.6 T, J , = 15 3 a 
a-bd 

107.8 Q, J. = 15 1 b 
ba 

153.0 Broad M 1 c or d 

165.2 Broad M 1 d or c 

40. N,N'-Bistrifluoromethyloxamide (44) 

19F 

59.1 S - a 

iM 
10.05 Broad S - b 
Recorded as a s o l u t i o n i n dg-acetone 
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S h i f t 
p.p.m. 

Fine s t r u c t u r e 
J values i n Hz 

Relative 
i n t e n s i t y 

Assignment 

41. Perf1uoro-1,3-diaza-1-methy 1-4-isopropylcyclopent-3-ene (221) 

60.0 

75.2 

78.5 

98.0 Broad 2 

196.6 Sp, J , = 6.5 1 
cd 

T, J = 6.5 o f T, J = 5.5 3 ae ' ab 
Q, J b a - 5.5 2 

D, J = 6.5 o f T, J . =2.5 6 dc de 

a 

b 

d 

e 

c 

a F 3 ^ 

b Fc 

F? e 

C(CF 3) 2 

F d 

a F3C-
bF 

(CF 3) 2C 

F 2 e 

F 2 d 

(221) (220) 

42. Perfluoro-1,3-diaza-1-methyl-2-isopropy1 eyelopent-2-ene (220) 

56.9 D, J = 41.5 o f T, J = 11 3 
ab ae 

77.0 D, J = 5.5 of Q, J = 2 6 
cb x' ca 

102.6 S 2 

103.9 Q, J = 1 1 2 
x ea 

189.6 Q, = 41.5 of Sp, J b c=S.5 1 
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S h i f t Fine s t r u c t u r e Relative 
K e i d t i v c Assignment 

P-P-m. J values in Hz i n t e n s i t y 
4 3 • l - T r i f l u o r o m e t h y l - S . S - d i f l u o r o - l . ^ - d i a z a c y c l o p e n t a ^ ^ - d i o n e (222) 
I 9 F 

58-3 T, J = 1 2 
ac 3 

95.1 Q, J = 12 ca ^ 

4.90 Broad S 

N N 

0 

(222) 
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RNB7 71 
C f l L i C f f l . 1 9 

2 0 

R.N.BARNES 

No.1 MW 3 5 7 
2 0 - J R N - 8 1 

3 0 3 3 

3 S 7 

2 8 8 

1 8 8 

i i 
1 3 8 

I,,I.J,,|I,.LI.^.,U..)LM 

2 4 3 

231 

3 3 8 

2 0 8 3 0 0 4 0 0 

P E A K 
N O . 

M A S S X H T . 
B A S E 

1 2 8 . 1 3 1 0 0 . 0 0 
2 2 8 . 2 2 3 . 6 9 
3 ' 2 9 . 0 0 1 . 2 5 
4 3 0 . 9 2 0 . 8 5 
5 3 2 . 0 2 2 1 . 2 9 
6 3 2 . 0 8 4 . 0 8 
7 3 9 . 8 4 
8 4 4 . 1 2 0 . 7 3 
9 4 9 . 8 6 0 . 3 9 

1 0 5 9 . OA 0 . 3 4 
11 6 8 . 5 8 0 . 2 9 
1 2 6 8 . 9 8 7 5 . 5 3 
1 3 6 9 . 1 8 2 . 7 1 
1 4 6 9 . 8 8 0 . 6 3 
1 5 7 6 . 0 2 0 . 6 8 
1 6 7 8 . 8 8 0 . 3 9 
1 7 8 0 . 9 0 0 . 3 7 
1 8 8 4 . 9 6 0 . 6 1 
1 9 9 2 . 9 8 2 . 5 6 
2 0 9 5 . 0 2 1 . 8 6 
2 1 9 5 . 2 0 0 . 3 2 
2 2 9 9 . 9 0 1 . 4 2 
2 3 1 1 4 . 0 2 7 . 6 9 
2 4 1 1 8 . 9 5 2 . 3 2 
2 5 1 2 4 . 0 2 0 , 5 4 
2 6 1 3 0 , 9 5 1 , 1 0 
2 7 1 3 7 . 9 7 3 . 5 2 
2 8 1 4 2 , 9 8 2 . 8 1 
2 9 1 4 3 . 9 2 0 . 2 4 
3 0 1 4 5 . 0 1 0 . 9 0 
3 1 1 4 9 . 9 4 0 . 7 8 
3 2 1 5 5 . 0 2 0 . 7 8 
3 3 1 6 1 . 9 7 0 . 5 1 
3 4 1 6 0 . 9 4 2 . 5 2 
3 5 1 7 3 . 9 9 0 . J 9 
3 6 1 7 6 . 0 1 0 . 6 3 
3 7 1 8 0 . 9 7 0 . 4 2 
3 8 1 8 7 . 9 0 9 . 1 6 
3 9 1 8 8 . 9 0 0 . 4 6 
4 0 1 9 2 . 9 4 3 . 4 4 
4 1 1 9 4 . 0 1 0 . 2 7 
4 2 1 9 9 . H 9 7 . 8 9 
4 3 2 0 0 . 9 4 0 . 5 9 
4 4 2 0 5 . 0 1 0 . ;S7 
4 5 2 0 ' / . 0 0 0 , 4 2 
4ft ;»t n . v / 2 . % 4 
4 7 2 2 4 . 0 3 0 . 2 7 
4 0 2 . ( 1 1 . 0 0 4 . 2 2 
4 9 2 . ( 1 1 . 9 : , 0 . 5 1 
r.o 2-1 2 . mi 0 . 2 V 
r . i 2 1 2 . v v n . r, / 

2 4 ( . ••• • 0 . V , 
5 3 2 4 V . 9 3 3 . 2 0 

P E A K M A S S X H T . 
N O . B A S E 

5 4 2 5 0 . 9 9 0 . 5 4 
5 5 2 6 8 . 9 5 2 . 1 2 
5 6 2 8 7 . 9 2 1 3 . 4 1 
5 7 2 8 8 . 6 3 3 . 4 4 
5 8 2 8 9 . 8 2 0 . 2 7 
5 9 2 9 3 . 0 2 0 . 5 9 
6 0 3 0 6 . 9 3 1 . 0 0 
6 1 3 3 0 . 0 0 7 . 6 7 
6 2 3 3 8 . 6 1 4 . 3 7 
6 3 3 5 6 . 9 1 1 9 . 8 8 
6 4 3 5 7 . 9 6 3 . 6 9 
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RNB7 41 R .N .BRBNES 
C H L l C f l L I 9 

X 3 
? P E 3 . 

N o . 2 MW 3 5 7 
20 -JHN-81 

2 4 7 3 

2 8 8 

1 9 3 

181 

1 8 8 
1 1 9 1 8 9 

' M S ^ 

M L 
1 0 8 

2 3 8 

k 

2 6 3 

II HI 11 fl). 

3 3 8 

X , k 

3 S 7 

"I I" 
4 8 8 

P E A K M A S S Z H T . 
N O . B A S E 

1 2 8 . 1 3 1 0 0 . 0 0 
2 2 8 . 1 9 1 3 . 4 5 
3 2 8 . 2 5 5 . 3 6 
4 2 8 . 3 4 0 . 9 9 
5 2 9 . 0 0 2 . 3 7 
6 2 9 . 0 6 0 . 4 1 
7 2 9 . 0 9 0 . 5 0 
B 2 9 . 8 3 0 . 8 6 
9 2 9 . 9 8 0 . 8 6 

1 0 3 0 . 9 3 1 . 5 5 
1 1 3 1 . 5 2 0 . 6 9 
1 2 3 2 . 0 2 2 3 . 9 6 
1 3 3 2 . 0 8 6 . 6 0 
1 4 3 5 . 3 9 0 . 5 2 
1 5 3 6 . 9 9 0 . 5 8 
1 6 3 9 . 8 5 2 . 5 1 
1 7 4 4 . 1 3 1 . 0 2 
1 8 4 5 . 1 8 0 . 6 1 
1 9 4 9 . 9 0 0 . 4 4 
2 0 6 8 . 0 6 0 . 4 7 
2 1 6 8 . 2 2 0 . 6 4 
2 2 6 8 . 4 5 1 . 1 3 
2 3 6 8 . 9 4 6 8 . 4 4 
2 4 6 9 . 0 6 1 3 . 6 4 
2 5 6 9 . 2 5 5 . 7 2 
2 6 6 9 . 7 7 1 . 6 8 
2 7 6 9 . 9 4 0 . 6 1 
2 8 7 0 . 0 4 0 . 5 2 
2 9 7 4 . 0 1 0 . 4 4 
3 0 8 1 . 2 0 0 . 5 5 
3 1 8 2 . 9 3 0 . 6 9 
3 2 9 2 . 9 5 1 . 6 0 
3 3 9 4 . 9 6 0 . 8 6 
3 4 9 9 . 8 3 2 . 1 3 
3 5 1 1 3 . 9 7 0 . 9 7 
36 1 1 4 . 2 2 0 . 3 0 
3 7 1 1 8 . 9 8 2 . 7 6 
3 8 1 1 9 . 4 9 0 . 9 7 
3 9 1 1 9 . 8 6 0 . 6 4 
4 0 1 2 4 . 0 5 0 . 6 6 
4 1 1 2 6 . 0 4 0 . 5 8 
4 2 1 2 7 . 7 0 0 . 4 1 
4 3 1 2 0 . 0 2 0 . 7 5 
4 4 1 .10 . VA 2 . 0 2 
4 5 1 3 1 . 2 9 0 . 7 2 
4 6 1 3 7 . 9 : . ' 0 . 9 1 
4 7 1 3 0 . 4 2 0 . 6 4 
4 0 1 4 0 . : ' 0 0 . 5 1 1 
4 V 1 4 2 . 9 / 1 . 7 4 
?i0 14 4 . 1 • 0 . 6 9 
5 1 1 4 4 . 9.1 2 . 3 / 
5 7 1 4 ! . . t,H 0 . /><•» 

1 4 1 1 . OV 0 . 5 2 

P E A K M A S S Z H T • 
N O . B A S E 

5 4 1 4 9 . 7 6 0 . 4 1 
5 5 1 5 4 . 0 2 1 . 4 4 
5 6 1 5 5 . 0 2 0 . 4 1 
5 7 1 6 0 . 8 9 2 . 8 7 
5 8 1 7 3 . 0 6 1 . 0 0 
5 9 1 7 7 . 5 2 0 . 8 3 
6 0 1 8 0 . 0 2 0 . 9 9 
6 1 1 0 7 . 9 3 6 . 7 6 
6 2 1 8 0 . 2 1 3 . 1 5 
6 3 1 8 0 . 8 4 0 . 4 7 
6 4 1 9 1 . 6 4 0 . 3 9 
6 5 1 9 2 . 0 4 9 . 2 8 
6 6 1 9 3 . 2 4 4 . 2 0 
6 7 1 9 3 . 9 2 0 . 5 0 
6 8 1 9 4 . 4 4 0 . 7 2 
6 9 1 9 4 . 8 3 0 . 6 4 
7 0 1 9 5 . 9 1 0 . 5 2 
7 1 1 9 4 . 5 3 0 . 6 6 
7 2 1 9 9 . 7 8 6 . 5 7 
7 3 2 0 0 . 2 0 6 . 2 7 
7 4 2 0 1 . 2 5 0 . 6 4 
7 5 2 0 1 . 7 7 0 . 5 8 
7 4 2 0 4 . 1 1 0 . 6 4 
7 7 2 1 8 . 0 9 3 . 9 2 
7 8 2 1 9 . 8 0 0 . 6 4 
7 9 2 2 0 . 5 1 0 . 4 7 
8 0 2 2 4 . 1 1 0 . 4 7 
8 1 2 3 0 . 1 4 0 . 3 6 
B 2 2 3 7 . 9 7 8 . 2 3 
8 3 2 3 0 . 5 4 5 . 1 6 
0 4 2 3 9 . 7 0 0 . 3 0 
OS 2 4 0 . 5 9 0 . 5 0 
OA 2 4 3 . 2 4 6 . 2 9 
8 7 2 4 4 . 6 9 0 . 4 1 
0 0 2 4 5 . 1 0 0 . 3 9 
0 9 2 5 0 . 1 7 2 . 4 0 
9 0 2 6 9 . 2 0 5 . 3 . 3 
9 1 2 7 1 . 0 1 0 . 7 2 
9 2 2 0 5 . 5 0 0 , 3 4 
9 3 2 0 6 . 1 5 0 . 5 2 
9 4 2 0 6 . 6 4 0 . 0 3 
9 5 2 1 1 7 . 7 0 1 9 . 0 2 
9 6 2 ! i f l . 6 9 11. 0 9 
9 7 2 9 2 . 7 9 0 . 511 
9 0 3 1 1 . 7IJ 0 . 4 / 
9 9 3 3 6 . 9 7 C . 6 1 

1 0 0 3 3 1 1 . 3 7 r. . 9 9 
1 0 1 3 4 0 . 3 9 O . 4 7 
1 0 2 3 5 / . 1 9 2 . 1 1 / 
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RNB7 27 R . N . BARNES 
C R L i C f l L l S 

2B G 3 

No.3 M W 3 9 5 2 0 - J R N - 8 I 
X 3 

1 4 5 

1 1 9 

i.i l.i 11 u,> 

1 7 6 

2 2 6 

r ' " "'I I 'l I" 
zee 

3 2 6 

ieee 

3 7 6 

1 0 8 3 B S 
I " ' I " I" 

4 B S 

P E A K M A S S X H T . 
N O . B A S E 

1 2 7 . 8 6 0 . 7 8 

2 2 7 . 9 9 1 . 1 9 
3 2 8 . 0 6 0 . 8 6 
4 2 8 . 1 3 1 0 0 . 0 0 
5 2 8 . 1 9 1 8 . 4 0 
6 2 8 . 2 4 8 . 2 2 
7 2 8 . 3 4 1 . 2 3 
e 2 9 . 0 6 0 . 7 B 
9 3 0 . 9 ! 1 . 1 0 

1 0 3 2 . 0 2 1 7 . 7 0 
n 3 2 . 0 8 7 . 1 5 
1 2 3 9 . 8 6 3 . 0 3 

1 3 4 4 . 1 2 1 . 5 9 
1 4 4 9 . 8 8 0 . 7 8 
1 5 4 9 . 9 9 0 . 5 3 
1 6 6 8 . 7 3 1 . 1 4 
1 7 6 9 . 0 6 4 3 . 3 4 
1 8 6 9 . 1 8 1 2 . 9 6 
1 9 6 9 . 3 2 7 . 1 5 
2 0 6 9 . 9 6 0 . 7 0 
2 1 7 0 . 1 3 1 . 1 4 
2 2 7 2 . 3 5 0 . 9 4 
2 3 7 6 . 0 2 1 . 3 1 
2 4 9 5 . 1 1 2 . 0 9 
2 5 9 9 . 9 2 1 . 5 1 
2 6 1 0 0 . 1 2 0 . 4 9 
2 7 1 1 4 . 0 4 3 . 0 7 
2 8 1 1 9 . 0 3 6 . 4 2 
2 9 1 3 1 . 0 4 2 . 2 5 
3 0 1 3 8 . 0 8 0 . 8 2 
3 1 1 4 4 . 9 9 4 2 . 0 3 
3 2 1 4 S . 2 0 1 5 . 3 3 
3 3 1 4 5 . B l 6 . 2 6 
3 4 1 4 6 . 9 9 1 . 0 2 
3 5 1 7 6 . 0 8 3 . 3 9 
3 6 1 B 1 . 0 2 1 . 3 5 
3 7 l £ l l . 3 6 0 . 6 1 
3 8 1 U D . 0 6 0 . 6 5 
3 9 1 V 2 . 9 3 0 . 9 4 
4 0 2 2 : > . V 9 4 . 6 6 
4 1 2 2 6 . 5 2 0 . 8 2 
4 2 2 . 5 7 . 9 3 1 . 0 0 
4 3 3 2 6 . 0 8 1 . 9 2 
4 4 3 2 6 . 7 3 1 . 0 2 
4 5 3 7 4 . H O 0 . 5 3 
4 6 3 7 6 . 3 3 4 . 2 5 
4 7 3 7 7 . 9 4 1 . 1 0 
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RNB9 28 fl.N.BflRNES 
a « . i o n u t z 3 No.4 MW 545 28-flPR-Bl 

LiJ 
a s s s a a 

PEAK M A S S Z H T . P E A K MASS X H T . 
N O . B A S E N O . B A S E 

1 2 0 . 1 3 2 . 4 2 5 4 2 1 3 . 3 3 0 . 3 2 
a 3 0 . 9 2 0 . 3 4 5 5 2 1 9 . 2 3 0 . 3 7 
3 3 2 . 0 2 0 . 5 6 5 6 2 2 3 . 0 3 0 . 3 7 
4 4 9 . 8 9 0 . 3 7 5 7 2 2 4 . O t 0 . .19 
5 6 8 . 4 7 0 . 2 V 5 8 2 2 6 . 1 1 4 1 . 5 6 
6 6 9 . 0 0 9 8 . U 3 5 V 2 2 4 . 9 0 4 . 6 6 
7 6 9 . 2 1 4 . 3 7 6 0 2 3 1 . 0 9 2 . 2 2 
a 6 9 . 4 4 0 . 4 9 6 1 2 3 8 . 0 5 0 . 4 4 
9 6 9 . 8 0 1 . 2 0 6 2 2 4 3 . 1 9 1 . 2 5 

10 7 6 . 1 0 1 . 0 7 6 3 2 4 5 . 0 7 i . r.A 
11. 8 0 . 9 7 0 . 8 5 6 4 2 5 0 . 0 8 0 . 8 1 } 
12 9 3 . 0 7 0 . 6 1 6 5 2 5 5 . 1 4 0 . 4 2 
13 9 5 . 0 9 0 . 3 2 66 2 6 2 . 0 9 0 . 3 9 
14 9 8 . 1 5 0 . 2 7 6 7 2 7 6 . 2 1 1 . 9 0 
I S 9 0 . 3 7 0 . 3 7 6 8 2 8 1 . 0 6 5 . 9 8 
14 9 8 . 6 2 0 . 3 9 6 9 2 8 1 . 6 4 3 . 9 3 
17 9 9 . 9 6 1 0 0 . 0 0 7 0 2 0 0 . t : . 1 . 5 4 
I S 1 0 1 . 0 0 2 . 5 9 7 1 2 9 5 . 0 3 3 6 . 7 5 
IV 1 1 2 . 0 7 0 . 4 V 7 2 2 9 6 . 0 6 5 . 0 3 
20 1 1 4 . 1 2 1 . 4 7 7 3 3 0 0 . 0 9 0 . 4 4 
21 1 1 9 . 0 1 6 . 4 0 7 4 3 0 7 . 2 7 0 . 2 4 
2 2 1 2 6 . 1 2 0 . Vf l 7 5 3 2 6 . 0 7 0 . 8 1 
2 3 1 3 0 . 9 9 1 7 . 7 3 7 6 3 3 1 . 1 3 4 . 2 2 
2 4 1 3 1 . 2 4 3 . 9 3 7 7 3 3 f l . l l 0 . 3 4 
2 5 1 3 1 . 6 1 0 . 3 2 7 8 3 4 3 . 1 3 0 . 2 4 
26 1 3 2 . 0 1 0 . 4 9 7 9 3 5 0 . 1 4 0 . 4 6 
27 1 3 7 . 9 9 1 . 6 4 0 0 3 5 7 . 3 2 0 . 4 9 
2 8 1 4 3 . 0 ? 0 . 9 3 8 1 3 7 6 . 3 0 4 . S 7 
2 ? 1 4 5 . 0 3 A . 1 8 8 2 3 0 0 . 1 4 0 . 9 3 
3 0 1 4 6 . 0 4 0 . 3 2 8 3 4 3 0 . 2 6 0 . 0 1 
3 1 1 4 9 . 9 3 1 . 9 3 0 4 4 5 7 . 1 9 0 . 7 6 
3 2 1 6 2 . 0 1 4 . OA 8 5 4 7 3 . 0 5 0 . 3 7 
3 3 1 6 3 . 1 4 0 . 2 7 8 6 4 7 6 . 2 0 7 . 0 1 
3 4 1 6 4 . 0 3 0 . 4 4 8 7 5 2 6 . 2 0 5 . 9 0 
3 5 1 6 9 . 0 3 0 . 1 4 8 8 5 4 4 . O V 2 . 1 7 
3 6 1 7 2 . 1 1 0 . 2 9 
3 7 1 7 2 . 3 7 0 . 4 4 
3 8 1 7 3 . B O 0 . 6 1 
3 9 1 7 A . O U 6 . HA 
4 0 1 7 7 . 0 1 0 . 5 1 
4 1 1 7 0 . 7 3 0 . 3 2 
4 2 1 7 9 . 6 1 0 . 4 4 
4 3 l l . l t . O f . 4 4 . : ; / 
4 4 1 0 1 . 0 2 4 . 7 V 
4 5 H i l l . 1 6 O . A I 
4 6 1 9 3 . 1 j 1 .MA 

• 4 7 I V 4 . 1 1 0 . 3 2 
4 f l I v . . . i r. I ) . 4 . ' 
4 9 2 0 0 . o:> 1 . .Ml 
r ,o :'<):...(:• 0 . 3 2 
: . i 2 0 , \ 10 1 ..A A 

. ' O H . 1 •) 0 . 
5 3 :•! :mv, i i . / I 

http://33fl.ll
http://ll.lt
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RNB1S 13 R.N.BRRNES 
C R L l G P U f U No.5 MW 507 2B-flPR-81 

P E A K M A S S X M T . 
N O . B A S E 

1 2 0 . 1 3 6 . 6 3 
2 3 2 . 0 2 2 . 2 ? 
3 6 9 . 0 1 1 0 0 . 0 0 
A 6 9 . 1 3 1 9 . 1 8 
5 6 9 . 9 0 1 . 9 3 
6 9 3 . 0 6 l . R t 

'7 9 9 . 9 9 3 . 9 8 
B 1 1 4 . 1 1 3 . 6 2 
9 1 1 9 . 0 2 2 . 6 5 

1 0 1 3 1 . 0 4 4 . 1 0 
11 1 4 3 . 1 3 3 . 9 8 
1 2 1 5 0 . 1 1 i . n i 
1 3 1 5 5 . 1 2 2 . 2 9 
1 4 1 6 2 . 0 6 1 . 5 7 
1 5 1 B 1 . 0 2 2 . 1 7 
i a 1 9 3 . 0 7 A . HO 
1 7 2 0 0 . 0 9 2 . 5 3 
1 8 2 0 5 . 0 9 1 . 3 3 
1 9 2 2 6 . 2 5 2 . 1 7 
2 0 2 3 1 . 0 9 1 . 8 1 
2 1 2 4 1 .113 2 . 0 5 
nn 2 4 3 . 15 A O . 5 5 
2 3 2 4 3 . i l l 1 6 . 2 1 1 
2 4 2 5 0 . 1 H 5 . 7 V 
2 5 2 5 5 . 1 1 2 . 0 5 
2 6 2 6 2 . O H 2 . 5 3 
2 7 2 8 1 . 2 1 3 . 5 0 
2 8 2 9 5 . 1 6 1 . 9 . 4 
2 9 3 0 0 . 1 9 9 . 6 5 
3 0 3 0 1 . 0 5 2 . 0 5 
3 1 J 1 2 . 0 1 3 1 . 2 4 
3 2 3 1 2 . Lit) 2 1 . 3 5 
3 3 3 1 9 . 1 1 2 . 1 / 
3 4 3 3 B . 0 6 . 1 . 1 4 
3 5 3 4 3 . 0 3 ' . ' . 4 1 
3 6 3 5 0 . 1 6 1H . 7 0 
3 7 .11111.00 . ! . 2 V 
3 8 4 0 0 . 1 2 1 6 . 6 5 
3 9 4 . M l . 3 4 2 V . 3 1 
4 0 4 : . 0 . . ! 3 1 . 9 3 
4 1 41111 . 42 1 0 . 911 
4 2 5 0 7 . 3 0 7 . 4 ( 1 
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RNB22 S R.N.BflRNES 
cn.icra.z3n No. 6 MW 6 5 7 

187 

23-JUN-81 

P E A K M A S S Z H T . P E A K MASS Z H T . 
NO. BASE NO. CASE 

1 2 0 . 1 3 2 . 3 3 5 4 3 4 2 . 9 3 1 . 4 6 
2 2 9 . 0 2 1 . 1 8 5 3 3 4 9 . 9 4 2 . 1 3 
3 3 0 . 9 3 2 . 8 2 5 6 3 5 1 . 0 6 0 . 4 5 
4 4 4 . 5 9 1 . 8 8 5 7 3 5 4 . 9 0 1 . 0 1 
S 4 5 . 1 8 0 . 6 6 5 8 3 6 1 . 0 7 0 . 5 6 
6 5 9 . 0 2 0 . 7 0 5 9 3 7 4 . 2 2 0 . 7 3 
7 6 8 . 5 7 1 . 0 1 6 0 3 7 2 . 9 6 0 . 7 0 
8 6 8 . 9 7 1 0 0 . 0 0 6 1 3 / 1 3 . 4 9 0 . 3 8 
9 6 9 . 4 0 0 . 4 5 6 2 3 8 y . u e 0 . 6 6 

1 0 6 9 . 8 9 1 . 2 5 6 3 3 8 9 . 4 9 0 . 4 5 
1 1 7 4 . 1 7 0 . 5 9 6 4 3 9 2 . 7 9 4 5 . 7 1 
1 2 1 1 3 . 9 8 0 . 6 6 6 5 3 9 4 . 2 0 7 . 4 9 
1 3 1 1 8 . 9 5 2 . 2 0 6 6 3 9 6 . 6 2 0 . 6 3 
1 4 1 3 0 . 9 3 0 . 6 6 6 7 3 9 9 . 8 7 3 . 4 1 
I S 1 4 4 . 9 7 0 . 6 6 6 8 4 0 0 . H 9 0 . 9 1 
1 6 1 4 V . 0 9 1 . 5 7 6 9 4 0 6 . 3 2 0 . 4 5 
1 7 1 6 8 . 9 6 0 . 5 9 7 0 4 0 8 . 3 0 0 . 5 6 
1 8 1 7 3 . 5 2 0 . 4 2 7 1 4 0 9 . 8 3 0 . 4 9 
1 9 1 7 5 . 9 8 1 • 2 2 7 2 4 1 2 . 0 1 1 . 1 1 
2 0 1 8 0 . 9 1 1 . 6 7 7 3 4 3 8 . 0 4 0 . 6 6 
2 1 1 9 9 . 9 8 0 . 4 5 7 4 4 4 2 . 9 2 0 . 8 0 
2 2 2 0 5 . 0 1 0 . 9 8 7 5 . 4 5 0 . 0 2 1 . 0 5 
2 3 2 2 3 . 9 7 0 . 5 2 7 6 4 6 1 , 9 0 2 0 . 0 3 
2 4 2 2 5 . 9 7 8 . 8 2 7 7 4 6 2 . 8 2 4 . 7 0 
2 5 2 2 6 . 9 9 0 . 7 3 7 8 4 6 4 . 0 0 0 . 3 5 
2 6 2 3 6 . 0 0 1 . 0 8 7 9 4 6 9 . 1 1 1 . 22 
2 7 2 3 7 . 0 6 0 . 5 2 8 0 4 7 3 . 9 2 0 . 4 9 
2 8 2 4 2 . 9 6 1 . 5 7 8 1 4 7 5 . 9 7 • 0 . 8 O 
2 9 2 4 4 . 9 3 0 . 5 2 8 2 4 8 / . 9 6 0 . 9 4 
3 0 2 5 3 . 7 5 0 . 4 5 U 3 5 0 0 . 1 3 5 . 1 2 
3 1 3 5 4 . 9 5 2 . 1 1 2 8 4 5 4 7 . (15 1 8 . 7 1 
3 ? 2 5 6 . 0 1 0 . 5 9 8 5 5 5 0 . 9 H 4 . 2 5 
3 3 2 6 6 . 9 1 0 . 6 3 He. 5 6 8 . 8 5 0 . 5 2 
3 4 2 1 1 0 . 0 7 0 . : . A 8 7 ; . 7 r . . v 9 2 . 2 0 
3 5 2 8 5 . 9 0 0 . 8 0 OH 5 8 7 . 9 0 1 . 0 1 
3 6 2 V 3 . 0 3 0 . 9 1 8 9 6 0 0 . 0 3 0 . 5 6 
3 7 2 9 3 . 8 2 0 . 4 V VO 6 1 9 . 0 5 0 . 8 7 
3 8 2 V 4 • 9 9 7 . 7 7 9 1 6 2 6 , 0 1 I . 0 5 
3V 2 9 5 . 9 7 0 . 7 0 9 2 6 3 4 . 9 4 0 . 5 2 
4 0 2 9 9 . V 4 0 . 6 6 9 3 6 3 7 . 0 1 ) 8 . 6 4 
4 1 3 0 4 . 1 ) 7 1 4 . 6 / 9 4 6 3 1 1 . ' . 4 6 . 9 3 
4 2 3 0 5 . 5 1 6 . 7 9 9 5 6 5 7 . 3 2 0 . 5 2 
4 5 306 . 1111 0 . 5 9 
4 4 3 0 9 . 0 4 0 . 5 2 
4 5 3 1 4 . 1 1 1 0 . 4 3 
4 6 3 3 4 . 0 5 0 . 1 1 0 
1 7 3 3 6 . 0 0 3 . 6 1 
411 ;v.>7..o\\ 0 . 4 5 
1 9 3 3 3 . f>:< 0 . 4 3 
• .•.> 3 3 3 . A 1 0 . 311 
'.: 1 3 3 1 . 3 2 , ( ! . : . : • 

( 3 4 .t.f, U . 4 3 
..1 :< . : • . 44 (I . 

http://cn.icra.z3n
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RNBG 7 R.N.BARNES M f\ 7 
OK.lCM.2S I N V . / MW Z>90 2S-FEB-B1 

I 4 

2sa ua 

P E A K M A S S X H T . P E A K M A S S Z H T . 
N O . B A S E N O . B A S E 

t 6 9 . 0 3 7 0 . 3 5 3 4 2 9 7 . 2 4 4 . 5 3 
2 1 4 5 . 2 1 1 6 . 2 6 5 5 2 9 9 . 4 1 0 . 3 9 
3 1 6 7 . 3 9 0 . 5 4 5 6 3 0 2 . 3 3 0 . 7 6 
4 1 6 7 . 7 5 0 . 4 4 5 7 3 1 6 . 4 0 0 . 4 2 
S 1 6 7 . 9 1 0 . 2 7 5 8 3 1 6 . 8 8 0 . 2 9 
6 1 6 8 . 7 6 0 . 5 6 5 9 3 1 7 . 7 2 0 . 2 7 
7 1 6 9 . 7 8 0 . 5 6 6 0 3 1 8 . 3 1 0 . 3 7 
8 1 7 3 . 7 2 2 5 . 2 3 6 1 3 2 0 . 9 7 7 . 3 0 

9 1 8 0 . 2 1 5 . 3 4 6 2 3 2 2 . 1 5 4 . 5 8 

1 0 1 8 8 . 1 8 1 . 5 2 6 3 3 2 8 . 8 2 0 . 2 4 

tl 1 8 9 . 6 0 0 . 3 9 6 4 3 3 1 . 2 8 0 . 2 7 
1 2 1 9 0 . 1 6 0 . 5 1 6 3 3 3 3 . 3 9 3 . 3 3 
1 3 1 9 0 . 7 1 0 . 4 7 6 6 3 6 4 . 4 3 0 . 9 8 
1 4 1 9 1 . 0 4 0 . 4 4 6 7 3 7 1 . 3 2 0 . 2 9 
I S 1 9 1 . 4 6 0 . 3 9 6 8 3 8 3 . 2 9 1 . 7 9 
1 6 1 9 1 . 7 8 0 . 2 9 6 9 4 2 1 . 6 6 0 . 4 4 
1 7 1 9 2 . 2 4 0 . 4 9 7 0 4 3 3 . 6 2 1 . 5 7 

I B 1 9 2 . 6 9 0 . 3 9 7 1 4 5 0 . 0 1 0 . 3 4 
1 9 1 9 3 . 4 4 0 . 5 6 7 2 4 5 2 . 5 2 1 . 5 4 
2 0 1 9 5 . 3 2 1 * 2 2 7 3 4 6 8 . 8 0 0 . 3 7 

2 1 1 9 7 . 6 6 0 . 7 1 7 4 4 7 1 . 3 2 1 . 7 6 
2 2 1 9 8 . 6 4 0 . 2 9 7 5 4 0 4 . 3 3 0 . 3 4 
2 3 2 0 0 . 2 4 1 . 0 9 7 6 4 9 0 . 2 3 6 . 9 0 

2 4 2 0 6 . 1 5 1 0 0 . 0 0 
2 5 2 2 7 . 1 1 9 . 8 7 
2 6 2 2 9 . H 9 5 . 6 3 
2 7 2 3 4 . 0 5 0 . 3 2 
2 8 2 3 4 . 8 0 0 . 4 V 
2 9 2 3 5 . 6 3 0 . 4 2 
3 0 2 3 6 . 2 6 0 . 4 9 
3 1 2 3 3 . 2 3 0 . 5 6 
3 2 2 3 9 . 8 8 0 . 4 7 

3 3 2 4 0 . 7 0 0 . 5 9 
3 4 2 4 1 . 6 0 0 . 3 4 
3 5 2 4 4 . 5 9 S . 9 3 
3 6 2 4 6 . 0 6 4 . 9 5 
3 7 2 4 8 . 0 3 0 . 6 4 
3 8 2 4 9 . 5 1 0 . 3 4 
3 9 2 5 0 . 5 1 O . S 6 -
4 0 2 5 1 . 2 7 0 . 5 1 
4 1 2 5 3 . 4 4 0 . 6 V 
4 2 2 5 5 . 1 0 0 . 4 7 
4 3 2 5 6 . 0 . 3 V 
4 4 2 : i 7 . 4 V 0 . 4 V 
4 5 2 5 1 1 . 6 0 0 . 4 4 
4 6 2 5 9 . 6 * 0 . 4 2 
4 7 . ' • A O . 0 9 0 . 3 ? 
4 0 2 6 0 . 4 V 0 . - I: 1 

4 V I ' A I . 4 6 0 . 4 7 
5 0 : , A 4 . : ; A 1 . (><> 
:.t /*. '. v:* :.y 

I ' . ' l l . A . ' : i 7 
.'INI. 1 4 

http://OK.lCM.2S
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RNB21 I S B.N.BWNES 
No. 8 MW 6 4 0 23-JUN-81 

P F f l h M A S S 
N U . HAUE 

I : ' ! ! . 13 2 2 . 1 / 
? 3 ? . 0 . - > 4 . 4 { 
3 I S B . V / 1 0 0 . 0 0 
4 6 9 . 9 1 3 . 1 2 

9 9 . 9 4 4 . 4 3 
h 1 3 0 . 9 7 3 . 6 1 
7 1 - 1 3 . 1 0 2 . 7 9 
tl 1 6 H . 9 8 4 . 2 7 
9 2 111 . 99 4 . 6 0 

1 0 2 ' . ' A . 0 ' » I 0 . B 4 
1 1 2 / 0 . 9 9 1 4 . 1 2 
1 2 3 . 1 2 
1 3 2 V 5 . 0 0 1 0 . 3 4 
1 4 3 : - ' * . 0 5 2 . 9 6 
1 5 3 7 : i . 9 V 1 1. 7 8 
16 3 9 4 . 9 3 2 . 6 3 
1 7 4 1 3 . 9 0 3 . 2 B 
18 4 2 3 . 9 4 1 8 . / 2 
I V 4 3 2 . 9 U 3 . 4 5 
2 0 4 4 4 . 9 3 2 0 . 2 0 
2 1 4 7 0 . 9 1 4 . 4 3 
2 2 4 0 2 . 8 7 1 8 . 3 9 
2 3 4 H 3 . 0 3 4 . 1 1 
2 4 4 V 4 . 9 6 4 . 1 1 
2 5 5 0 8 . 9 6 3 . 1 2 
2 6 f , 1 3 . 9 8 0 . 3 7 
27 5 3 3 . 0 5 1 2 . 8 1 
2 8 • j H ? . « H 1 6 . 4 2 
2 9 S 0 3 . 9 6 3 . 6 1 
3 0 6 0 2 . 1 4 1 8 . 2 3 
3 1 6 3 9 . 8 0 4 . 4 3 
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RNB200 1 R.N.BRBNES 
0m.tm.2an No. 9 

_22£. 
MW 490 24-JUN-81 

sae 

P E A K H A S S J t H T . 
N O . & A O E 

1 2 8 . 1 3 3 . 1 1 
i A V . O t A l . A l 
J 7 A . 1 2 3 . 
4 1 1 4 . 0 9 7.9f i" 
5 1 . 1 0 1 . HA 
A 1 3 1 . 0 2 4 . Ifi 
7 1 .It!. <> 7 2 . 4A 
8 i4r..i>H V . AO 
V I / A . 11 :•! . : .3 

10 l l l l .<lA t .E.A 
11 2 i . 12 3 .11 
i l ­ 2 . A . 1 j 1 0 0 . 0 0 
i a 22V.l>9 A . 49 
14 2 3 3 . 1 5 1 . 9 5 
15 2 4 5 . 1 4 / . 2t> 
16 2 A 4 . 0 7 A.3« . 
17 2 V S . 1 2 9 3 . 77 
l f i ? V A . 1 2 S . / I 
19 3 3 3 . 1 6 4 . I S 
2 0 3 5 9 . 2 0 h . 4 S 
21 3 B 3 . 1 1 U . t / 
2 2 4 2 1 . 1 / 2 . 9 8 
23 4 V 1 . 2 ) . 1 1 . 13 
24 4 / 1 . U O 24 . 25 
'J'I 1 V 0 . 2 A 3 . 1 1 

http://0m.tm.2an
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RNB13 6 R.N.BflRNES 
cm, i mm u No.10 MW 388 2B-RPR-B1 

^.. . . . . .JUii i • . j . i . m v 

P E A K M A S S Z H 1 . 
N U . B A S E 

1 2 1 1 . 1 3 I . 9 2 
>̂ 3 0 . V 2 0 . 5 3 

3 3 2 . 0 3 O . M 
4 6 9 . 0 0 1 0 0 . 0 0 
5 6 9 . 9 3 1 . l o 
6 1 0 0 . 0 0 1 . 6 7 
7 1 1 9 . 0 6 2 0 . 3 1 
R 1 2 0 . 0 2 0 . V O 
9 1 3 1 , 0 H / . . 1 3 

1 0 1 4 3 . 1 2 0 . 4 5 
1 1 I S O . 1 0 2 . ? 5 
1 ? 1 6 9 . 1 2 3 . 2 3 
1 3 1 8 1 . 1 2 1 9 . 5 7 
1 4 1 F I 2 . 0 7 0 . 0 2 
I S 1 9 3 . 1 1 1 . 7 2 
1 6 2 0 0 . 1 3 O . 5 3 
1 7 2 1 2 . 1 0 0 . 1 1 2 
1 8 2 1 9 . 0 7 1 . 7 2 
1 9 2 3 1 . 0 9 1 0 . 2 9 
2 0 2 3 2 . 0 4 0 . 7 4 
2 1 2 4 3 . 1 1 1 . 7 6 

2 5 0 . 0 6 0 . S 3 
2 3 2 6 2 . 1 1 0 . 9 0 
2 4 2 B 1 . 0 7 1 2 . 2 1 
2 5 2 8 1 . 6 4 6 . 6 6 
2 6 3 1 9 . 1 4 1 .144 
2 7 3 3 1 . 1 2 0 . 9 4 
2 8 3 6 9 . 1 7 0 . 9 0 
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RNB12 18 R.N.BRRNES 
0 K . I O U 1 2 3 No.11 

8 18 

MW 538 2 8 - R P R - 8 1 

P E A K M A S S ZHT. 
N O . P A R f 

1 2 8 . 1 3 1 . 0 0 

? 4 9 . 8 9 0 . 4 4 
3 67.2 J 0 . 3 7 
4 6 8 . 9 8 1 0 0 . O 0 
5 6 9 . . 4 1 4 . 2 7 
6 6 9 . 9 1 1 . 6 6 
7 9 3 . 0 1 1 0 . 4 6 
8 1 0 0 . 0 2 O . t . 6 
9 1 1 9 . 0 6 6 . 3 . ' 

1 0 1 3 1 . 0 1 1 5 . 2 0 
1 1 I S O . O U 1 . , 'A 
1 2 1 6 9 . 1 / 1 . » . \ 
1 3 1 H 1 . 1 3 1 5 . 5 6 
1 4 1 8 2 . 0 5 0 . B 5 
1 5 2 0 0 . 1 3 ( 1 . 3 4 
1 6 2 1 9 . 2 0 0 . 7 6 
1 7 2 3 1 . 1 3 2 . 3 7 
1 8 2 4 3 . 1 6 i . A n 
1 9 2 5 0 . 0 6 0 . 4 4 
2 0 2 5 5 . 0 8 0 . 3 2 
2 1 2 6 9 . 1 3 0 . 73 
2 2 2 B 1 . 1 A 2 . 7 1 
2 3 2 9 3 . 2 6 0 . 6 8 
2 4 2 9 5 . 2 9 0 . 2 2 
2 5 3 3 1 . 1 3 1 . 6 8 
2 6 3 4 3 . 1 1 1 . 1 2 
2 7 3 9 3 . 2 2 0 . 4 6 
2 B 4 3 1 . 2 7 
2 9 4 0 1 . 4 5 0 . 2 7 

http://No.11
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RNB14 11 R.N.BflflNES 2B-RPR-81 No. 12 MW 5 0 0 GRLiCfwna 
3> 8 1S61 

u_i I I.I.J.I,..;,.. J.J.i I i „ l 
ass sas' 

P E A K H A S S X H T . 
N O . B A S E 

1 2 8 . 1 3 5 . 3 8 
2 3 2 . 0 1 1 . 4 7 
3 4 7 . 1 0 1 . 0 2 
A 6 7 . 9 1 1 . 2 2 
3 6 0 . 2 8 1 . 1 5 
6 6 8 . 4 5 0 . 0 3 
7 6 0 . 9 4 1 0 0 . 0 0 
8 6 9 . 3 3 0 . 6 4 
9 6 9 . 0 9 0 . 9 0 

1 0 1 1 9 . 0 6 1 . 0 2 
1 1 1 3 1 . 1 0 1 . 0 2 
1 2 1 5 0 . 0 6 1 . 0 9 
1 3 1 8 1 . 1 4 1 . 5 4 
1 4 2 1 9 . 2 0 0 . 1 1 3 
1 5 2 3 1 . 0 5 0 . B 3 
1 6 2 4 3 . 1 9 1 . 0 6 
1 7 2 5 5 . 1 0 2 . 1 1 
1 8 2 9 3 . 2 1 3 . 6 5 
1 9 3 0 5 . 2 3 1 . 5 4 
2 0 3 2 1 . 1 3 1 . 7 * 
2 1 3 3 0 . 0 5 1 . 0 2 
2 2 3 4 3 . 0 8 1 0 . B V 
2 3 3 9 3 . 2 / I . 5 4 
2 4 4 5 9 . 1 6 0 . 6 4 

2 S 4 0 1 . 3 6 2 . 5 0 
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8 

RNB2S S R.N.BORNES 
cnuauoa 

sa No. 13 MW 350 

»3» 

tea 

' ff)• iiwUnCy. d.it.urjr.d wpnyntaJLi I I I M W J ^ H I ^ 
I B S 

, i U j 1 

23-JUN-81 

16*3 

i.i|im«ii)»|iijiiiiiî  

Pf f A K M A S S X H T . 
N i l . B A S E 

I 2 8 . 13 7 . 7 9 
;• 3 0 . 9 2 0 . 8 5 
J 3 2 . 0 3 2 . 0 1 
4 6 8 . 9 7 I O O . 0 0 
5 6 9 . 12 / . 00 
6 AV. 2V 0 . 9 1 
7 6 V . 43 0 . 6 7 
8 6 9 . 5 3 1 . 3 4 
9 6 9 , 8 2 1 . 5 2 

10 / 0 . 0 4 0 . 79 
11 9 2 . 9 3 1 . 8 9 
12 9 9 . 8 5 1 2 . t l 
1 J 1 1 0 . 9 3 5 . 6 0 
14 1 2 9 . 4 2 0 . 9 1 
15 1 2 9 . 8 3 0 . 7 3 
16 13<>. 9 2 6 5 . 3 7 
12 1 3 1 . 2 3 8 . 8 3 
18 1 3 1 , 8 7 2 . 5 6 
19 1 3 2 . 8 ? 1 . 1 0 
20 1 3 3 . 1 8 0 . 7 9 
21 1 4 2 . 9 4 0 . 9 1 
22 1 4 V . 8 B 2 . 6 2 
2 3 1 A 1 . 9 4 7 . 6 7 
24 1 8 0 . 9 3 41 . 0 2 
25 1 8 1 . 8 9 1 . 6 4 
26 1 9 2 . 9 3 3 . 2 3 
27 2 1 1 . 9 4 0 . 9 1 
28 2 3 0 . 9 3 5 . 5 4 
29 2 3 2 . 0 3 0 . 7 9 
30 2 4 2 . 9 0 5 . 4 2 
31 2 6 1 . 9 3 3 . 9 6 
32 2110.84 5 . 6 6 
33 3 3 0 . 0 0 2 . 5 6 



v *^ fiWaqsas^J M I X " 

RNB2G 7 R.N.BRRNES 
cm.icmji33 

i 

No U 
212. 

312 

195 

23-JUN-81 

tas 

LlLXDJ 

tsas 

• I >y 

sag 

P E A K H A S S Z H T . 
N O . B A S E 

1 2 8 . 1 3 1 3 . 1 5 
? 3 0 . 9 2 1 . 6 3 
3 3 2 . 0 2 3 . 1 1 
4 6 8 . 9 7 4 8 . 7 9 
S 6 9 . 0 6 8 . 0 9 
6 6 9 . 9 1 0 . B 6 
7 9 0 . 6 5 0 . 8 6 
8 9 2 . 9 R 8 . 4 8 
9 9 4 . 0 4 1 . 4 0 

1 0 9 6 . 5 9 0 . 8 6 
1 1 9 9 . 9 0 1 7 . 9 8 
1 2 1 0 0 . V 8 1 . 0 1 
1 3 1 1 2 . 0 0 1 . 6 3 
1 4 1 I B , 9 9 1 . t 7 
I S 1 2 4 . 0 2 2 . 0 0 
1 6 1 2 8 . 4 6 1 . 0 1 
1 7 1 3 0 . 9 4 1 5 . 8 0 
1R 1 4 2 . 9 6 2 7 . 5 5 
1 9 1 4 3 . 4 2 1 . 0 1 
2 0 1 4 4 . 0 0 1 . 6 3 
2 1 1 4 9 . 9 5 1 . 1 7 
2 2 1 5 4 . 5 3 1 . 0 1 
2 3 1 5 5 . 0 0 5 . 9 9 
2 4 1 6 1 . 9 3 5 . 2 1 
2 5 1 7 3 . 9 9 1 . 1 7 
2 6 1 H 0 . 9 S 6 . 6 1 
2 7 1 8 1 . 9 8 1 . 5 6 
2 8 1 9 2 . 9 3 9 . 3 4 
2 9 2 0 0 . 1 7 0 . / H 
3 0 7 0 0 . 5 4 1 .01 
3 1 2 0 2 . B 4 0.116 
3 2 2 0 4 . 4 3 1 . 1 7 
3 3 2 0 4 . 9 1 8 . 0 2 
3 4 2 0 5 . 7 0 1 . 0 1 
3 5 2 0 6 . 0 1 1 . 1 7 
36 2 1 0 . 4 6 1 . 2 5 
37 2 1 1 . 9 0 1 0 0 . 0 0 
3 8 2 1 2 . 6 6 1 4 . : . ' 4 
3 9 2 1 4 . 1 3 1 . 1 7 
4 0 2 1 5 . 5 4 1 . 0 1 
4 1 2 1 6 . 5 1 X . 40 
4 2 2 : ! 0 . H 0 1 . 1 7 
4 3 V:' 1 ' . ' 1 .01 
44 ••' • l . 1 . .<•. ' 
4:> •Mi.-n 0 . 70 
46 P .U . .'3 0 . 9 3 
4 .' •Ml .110 0 . 711 
411 242.H.1 54 .M6 
4 V i . f . o i::..<7 
: . o • o . i i e , 

0 . V .l 
i t 1 . " 4 

' r 1 

• o . i i e , 
0 . V .l 

i t 1 . " 4 

P E A K 
N O . 

5 4 3 1 1 . V 7 

X H T . 
B A S E 

1 . 7 1 

I . ' . I.' 
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RNB28 14 R.N.BRRNES 
GRMCRUOS No.15 MW 274 23-JUN-81 

8 

§ 

q « fra A? 

155 

8 7 4 

25S 

•BBu u "I uj|»|iyiiy«»yn' 

P E A K M A S S X H T . 
N D . B A K E 

1 2 0 . 1 3 1 3 . 2 3 
3 0 . 9 2 2 . 2 4 

3 3 2 . 0 3 3 . 9 4 
A 6 8 . 9 7 7 7 . 96 
3 6 9 . 0 8 1 2 . 3 0 
6 6 9 . 9 2 1 . 5 5 
7 9 2 . 9 8 1 3 . 9 2 
B 1 0 5 . 0 4 1 . 7R 
9 1 1 2 . 0 2 2 . 2 4 

10 1 1 7 . 0 4 9 . 5 1 
11 1 1 6 . 0 7 1 . 1 6 
1 ? 1 2 4 . 0 ? S. .14 
13 1 3 0 . 9 4 3 . 7 9 
14 1 3 6 . 0 1 .1 .09 
15 1 4 2 . 9 6 t . 7 8 
1 6 1 5 0 . 6 2 1 . 0 8 
17 1 5 3 . 4 7 0 . 9 3 
18 1 5 3 . 7 3 1 .01 
19 1 5 4 . 0 0 0 . 7 7 
20 t 5 4 . 4 7 0 . 7 7 
21 1 5 5 . 0 7 5 5 . 4 5 
22 1 5 6 . 0 2 3 . 5 6 
23 1 6 2 . 0 3 4 . 72 
24 1 6 3 . 0 8 o . ^ r i 
2 5 1 6 3 . 2 7 1 . 2 4 
26 1 6 7 . O l 2 . 0 9 
27 1 7 3 . 9 6 3 . 9 4 
20 1 8 0 . 9 2 1 . 3 9 
29 1 8 5 . 9 2 36 . 74 
30 1 8 6 . 1 / 1 4 . 7 / 
31 1 H 6 . 9 0 3 . 0 2 
32 1 9 4 . 6 8 1 .31 
33 2 0 1 . 4 3 0 . 9 3 
34 2 0 1 . 9 8 0 . 8 5 
35 2 0 2 . 4 6 1 . 39 
36 2 0 2 . 9 1 1 . 1 6 
3^ 2 0 3 . 6 7 1 . 3 1 
314 2 0 4 . H 7 1 0 0 . 0 0 
39 2 0 5 . 6 V 1 1 . 3 7 
40 2 0 7 . 1 4 1 . 4 7 
41 2011. 24 1 . 2 4 
42 2 0 9 . 6 9 1 .01 
43 2 1 0 . / . ' 1 .01 
44 2 1 1 . V I 1.01 
45 21 2 . 6 6 0 .115 
46 2 1 4 . . ' 5 1 .01 
47 2 1 5 . 6 4 1 . 0 1 
4(1 2 I 6 . V O 5 . 0 3 
49 2 1 / . i f 1 . » t 
5 0 ".''.\S . V t l 
5 1 1 . 1 1 
52 2 3 6 . " . ' 4.. 
53 2 '• i - . ••• t 

P E A K M A S S X H T . 
N O . B A S E 

54 2 4 2 . 9 9 1 .01 
55 2 5 4 . 9 7 4 2 . 6 1 
56 2 5 5 . 7 0 9 . 2 0 
5 7 2 5 9 . 0 8 1 . 0 8 
58 2 7 2 . 7 2 0 . 7 7 
5 9 2 7 4 . 0 8 5 0 . 3 5 
60 274.111 1 0 . 2 9 
61 2 7 5 . 8 2 0 . 8 5 
6 2 2 76 .1 V 1 .01 
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RNB27 12 R.N.BRRNES 
cnucnuiza No. 16 MW 274 23-JUN-81 

H I D I U J » I I I | H H J I I I U I U I . ) 

P E A K M A S S X H T . 
NO . n o a i : 

1 :.•»». 1 3 1 6 . 5 9 

2 3 0 . 9 1 1 . 6 1 
3 3 2 . 0 1 3 . 3 0 
4 A H . 9 H 7 5 . 5 6 
5 AV . V1 1 . 5 2 
A 9 2 . 9 H 1 0 . 3 5 
7 1 0 5 . 0 2 1 . 3 4 
8 1 1 2 . 0 0 3 . 0 3 
9 1 1 / . 0 0 7 . 2 3 

t o 1 2 4 . 0 2 4 . 0 2 
I t 1 3 0 . 9 2 3 . 1 2 
1 2 1 3 5 . 9 6 I . 9 6 
1 3 1 4 2 . 9 6 1 . 4 3 
1 4 1 5 4 . 9 7 5 2 . 9 0 
1 5 1 5 5 . 9 3 3 . 4 8 
1 6 1 6 2 . 0 4 1 . 5 2 
1 ? 1 6 7 . 0 1 1 . 2 5 
1 0 1 7 3 . 9 9 6 . 5 1 
1 9 1 8 5 . 9 3 3 3 . 2 7 
2 0 1 8 6 . 1 1 1 4 . 3 6 
2 1 1 0 6 . 9 2 3 . 5 7 
2 ? 1 9 5 . 0 5 0 . 9 8 
2 3 2 0 3 . 7 3 0 . 9 0 
2 4 2 0 4 . 9 5 1 0 0 . 0 0 
2 5 2 0 5 . 6 7 1 3 . 8 3 
2 6 2 1 6 . 9 4 4 . 1 9 
2 7 2 2 4 . 0 1 1 4 . 9 9 
2 8 2 2 5 . 0 3 1 . 4 3 
2 9 2 3 5 . 9 7 3 . 8 4 
3 0 2 5 4 . 9 3 5 2 . 0 1 
3 1 2 5 5 . 5 3 1 8 . 0 2 
3 2 2 7 3 . 9 3 4 8 . 9 7 
3 3 2 7 4 . 9 0 3 . 7 5 
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RNB29 6 R.N.BftftNES 
C f l L t C f U I Z S 

X s No. 17 MW 4 6 2 23-JUN-81 

oeas 

"J43 

3 9 3 

3 7 4 

3 5 5 

3 4 3 

P E A K M A R S X H T . P E A K M A S S Z H T . 
NO, B A S E Ni l . U A S E 

1 2 8 . 1 3 • J . 20 54 2 6 0 . 0 6 0 . 3 2 
2 3 0 . 9 2 0 . 3 2 5 5 2 8 0 . 9 4 0 . 2 9 
3 3 2 . 0 1 0 . 9 5 56 2 8 5 . 9 0 0 . 4 4 
4 4 9 . 8 / 0 . 3 2 5 7 2 9 0 . 1 9 0 . 3 9 
5 65.0/. . 0 . 2 7 SB 2 V 0 . 8 3 0 . 3 4 
6 6 6 . 6 9 0 . 2 7 5 9 2 9 1 . 0 ? 0 . 2 9 
7 6 6 . 0 2 0 . 3 7 60 2 9 2 . 9 6 2 . 0 8 
B 66 . 9 4 0 . 2 7 61 2 9 3 . 9 5 0 . 3 7 
V 6 7 . 4 7 0 . 3 4 6 2 2 9 4 . 8 4 0 . 3 2 
10 6 8 . 0 3 0 . 4 4 6 3 3 0 3 , 3 6 0 . 3 2 
11 6 8 . 16 0 . 3 7 64 3 0 4 . 8 9 1 0 , 8 2 
12 6 0 . 2 8 0 . 4 2 65 3 0 5 . 7 3 4 . 7 6 
13 6 8 . 9 7 1 O 0 . 0 0 66 3 0 9 . 1 2 0 . 2 / 
14 6 9 . 1 6 4 . 2 7 6 7 3 1 1 . 9 8 1 1 . 8 4 
15 6 9 . 5 4 0 . 7 6 68 3 1 2 . 6 6 5 . 45 
16 6 9 . 8 5 1 .61 69 3 1 4 . 0 3 0 . 3 4 
17 7 0 . 2 8 0 . 2 9 70 3 1 5 . 1 9 0 . 4 6 
18 7 2 . 1 5 0 . 3 2 71 3 4 2 . 9 1 2 . 1 7 
1 ? 7 2 . 4 6 0 . 3 7 72 3 5 5 . 0 5 4 . 8 6 
20 9 2 . 9 7 0 . 3 9 73 3 5 8 . 4 0 0 . 3 2 
21 9 9 . 9 2 0 . 4 2 74 3 7 0 . 5 6 0 . 3 4 
22 1 1 8 . 9 6 6 . 2 5 75 3 7 3 . 8 2 6 . 0 3 
23 1 1 9 . 9 4 0 , 4 2 76- 3 7 4 . 5 4 4 . 0 5 
24 1 2 4 . 0 2 0 . 4 9 77 3 7 6 . 1 9 0 . 2 7 
25 1 3 0 . 9 1 1 . 6 8 78 3 7 7 . 6 7 0 . 2 4 
26 1 4 2 . 9 6 0 . 8 1 79 3 9 3 . 7 5 7 . 9 4 
27 1 4 9 . 9 2 0 . 4 6 80 3 9 3 . 6 7 4 . Oil 
2B 1 5 5 . 0 0 0 . 9 5 81 3 9 5 . 9 7 0 . 2 7 
29 1 6 1 . 9 8 0 . 4 6 U2 4 0 1 . 1 8 0 . 2 4 
30 1 6 B . 9 7 0 . 3 7 8 3 4 3 8 . A O 0 . 2 2 
31 1 7 4 . 0 5 0 . 3 9 84 4 4 0 . 6 1 0 . 3 7 
32 I H O . 9 5 1 . 6 8 85 4 4 3 . 0 0 1 2 . 16 
33 1 8 1 . 9 4 0 . 3 2 86 4 4 4 , 0 9 3 . 79 
34 1 8 2 . 8 0 0 . 22 87 4 6 1 . 9 6 0 . 6 1 
35 1 8 5 . 9 8 0 . 4 2 
36 1 9 7 . 9 3 1 . 7 0 
3 / 1V3 .91 0 . 2 9 
38 7 0 4 . 9 4 1 . 10 
39 2 0 5 . 9 4 0 . 32 
40 2 0 0 . 2 4 0 . 3 7 
41 2 1 1 . 9 4 0 . 3 4 
42 2 1 6 . 9 0 0 . 7 B 
43 2 2 3 . 9 3 0 . 42 
44 23 .0 .97 0 . 2 9 
45 : 15. 97 1 . 72 
46 2 3 6 . 9 1 0 . 3 4 
4 / 243.112 9 , 5 0 
48 3 4 3 . 6 9 3 . VI) 
4v 3 5 3 . 4() 0 . 2 : 
50 3 V . 5 . 0 6 4 . 4 / 
'.1 . ' . 34 o . . : . ' 

•. 1 
36 1 .98 
' .'i •» , V i 

• U . 4 2 
1 . 1 3 . 
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§ ' 

8 

-8' 

RNB31 22 R.NoBflRNES 
No.18 U2k 

23-JUN-81 

1 9 9 7 

ass 
a n 

3 8 5 

ase 

P E A K M A S S Z H T . 
N O . B A S E 

1 2 8 . 1 3 3 . 7 4 
2 6 8 . 2 3 0 . 91 
3 6 8 . 2 5 0 . 91 
4 6 8 . 3 3 1 . 8 2 
S 6 8 . 8 1 1 0 0 .00 
6 6 8 . 9 9 1 8 . 3 2 
7 4 9 . 2 8 1 . 0 0 
8 6 9 . 3 5 1 . 0 0 
9 4 9 . 6 4 t . l ? 

10 6 V . 73 1 . 5 5 
11 1 1 H . 8 5 2 . 1 0 
12 1 4 2 . 8 2 1 . 3 7 
13 1 4 9 . 8 3 1 . 2 8 
14 1 5 5 . 0 3 1 . 0 9 
I S 1 6 7 . 0 5 1 . 1 ? 
16 1 8 0 . 9 7 2 . 8 3 
1 / 1 8 4 . 0 1 2 . 1 0 
18 2 0 4 . 9 6 2 . 8 3 
19 2 1 1 . 8 7 0 . 8 2 
20 2 1 6 . 9 0 5 . 2 9 
21 2 1 7 . 8 4 1 . 3 7 
22 2 3 4 . 0 0 7 . 6 6 
23 2 3 6 . 9 8 1 . 3 7 
24 2 4 2 . 9 7 2 . 2 8 
25 2 5 4 . 9 0 1 0 . 0 3 
26 2 5 6 . 0 6 1 . 3 7 
27 2 5 6 . 7 1 1 . 1 9 
28 2 6 S . 1 0 , 1 . 0 0 
29 2 6 6 . 0 4 1 . 0 0 
30 246 .HH 2 0 . 6 0 
31 2 6 7 . 4 9 1 8 . 6 0 
32 2 4 9 . 3 4 1 . 0 0 
33 2 8 5 . 9 3 11.11 
34 2 8 / . 0 7 1 . 3 7 
35 2 9 7 . 9 8 1 . Oi> 
36 3 0 3 . 7 0 1 . 
37 3 0 5 . 2 1 1 2.115 
38 3 1 7 . O H 4 . 6 5 
39 3 V . , .112 I t . 20 
40 336 .116 I . 5 5 
41 3 5 4 . 7fl 2 4 . VI I 
4 2 3 v . . /•;• 111,14 
43 3 ! . 7 . 5 7 1 .47. 
44 404 . V ) 2 4 . S . ' 
4:> 4<>5. 7.1 1 7 . or. 
46 406 .117 1 . 1 V 
•1 ' 4 24 . 1 .' 1 6 . 1 1 
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s 

RNB38 I S R.N.BflRNES >, A « 
oa..cnua3 NO. 1 9 MW 424 23-JUN-81 

3 7 3 

ass 

336 

4 8 5 

• >• if 

P E A K H A S S X H T . 
N O i B A S E 

1 2 8 . 1 3 1 5 . 2 8 
2 3 2 . 0 1 3 . 7 5 
3 6 B . 9 7 1 0 0 . 0 0 
4 2 0 4 . H B 3 . 7 5 
5 2 1 A . B 6 9 . 9 2 
6 7 3 5 . 9 2 1 7 . 3 3 

7 2 5 4 . 9 1 1 6 . 6 2 

e 7 6 6 . 0 9 3 2 . 7 1 
9 7 6 7 . 9 3 5 . 0 9 

1 0 2 H 5 . 9 0 8 . H 5 
1 1 3 0 4 . 8 9 2 9 . 4 9 
1 2 3 1 6 . 9 1 1 2 . 6 0 
1 3 3 1 7 . 1 1 6 3 . 4 9 
1 4 3 3 5 . B 2 1 5 . 3 5 
I S 3 5 4 . 8 7 4 2 . 6 3 
1 6 3 5 5 . 9 1 5 . 0 9 

1 7 4 0 4 . 9 3 2 0 . 1 5 
I B 4 0 5 . 9 4 4 . 8 3 

1 9 4 2 3 . 9 1 6 . 4 3 

1 
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RNB34 11 R.N.BWNES 
_ i t No. 20 MW 362 23-JUN-81 

P E A K M A S S X H T . 
N O . B A S E 

1 2 8 . 1 3 1 6 . 7 8 
2 3 0 . 9 2 3 . 7 0 

3 3 2 . 0 1 5 . 6 6 
A 3 8 . 4 6 B . 9 3 

5 6 0 . 9 7 1 0 0 . 0 0 
6 6 9 . 9 1 2 . 4 0 
7 V 2 . 9 7 3 . 7 0 
8 9 9 . 9 0 1 3 . 0 7 
9 1 3 0 . 9 4 3 . 7 0 

1 0 1 4 2 . 9 1 3 . 2 7 
1 1 1 0 0 . B 9 3 . 9 2 
1 2 1 9 2 . 9 2 2 . 6 1 
1 3 2 0 4 . 9 4 8 . 5 0 
1 4 2 1 1 . 9 3 8 . 9 3 
I S 2 4 2 . B 5 9 . 3 7 
1 6 2 5 4 . 9 1 1 0 . 4 6 
1 7 2 6 1 . 9 6 5 . 0 1 
1 8 2 7 3 . 0 / 9 . I S 
19 2 9 2 . B 7 3 . 9 2 
2 0 3 4 2 . 7 9 1 0 . 2 4 

1 
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RNB134 6 R.N.BRRNES cn.icm.ia 

S 

8 

NOo 21 MW 3 5 7 13-JRN-81 

t s t 

2 8 8 

t a a 2 8 8 "I " ' ' " I > " I | . . . . M . . l f 

4 0 8 ' 

PEAK M A S S XMT. 
NO. BASE 

1 2 8 . 1 0 4 1 . 3 6 
2 3 1 . 9 8 7 . 8 3 
3 6 8 . 9 9 1 0 0 . 0 0 
4 1 1 4 . 0 3 1 0 . 9 9 
S 1 8 8 . 1 0 1 1 . 3 3 
6 1 9 9 . 9 7 6 . 2 8 
7 2 4 3 . 0 1 1 0 . 9 9 
8 2 8 7 . 9 7 1 4 . 1 4 
9 3 S 7 . 0 4 8 . 9 0 

http://cn.icm.ia
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RNB134 9 R.N. BRBNES 
cn.iGm.i3 No. 22 MW 357 13-JflN-Bl 

2 7 3 3 

35*7 

3 8 8 

J L U - 4 i l l 
aaa 4 8 8 ' 

PEAK HA8S X H T . 
HO. BASE 

1 2 8 . 1 0 3 0 . 3 2 
2 3 0 . 8 7 0 . 5 1 
3 3 1 . 9 8 3 . 6 0 
4 3 9 . 8 3 0 . 5 1 
S 4 7 . 0 9 0 . 4 8 
6 4 9 . 8 8 0 . 4 4 
7 6 8 . 6 4 0 . 4 8 
8 6 8 . 9 8 1 0 0 . 0 0 
9 6 9 . 1 4 7 . 3 7 

1 0 6 9 . 8 9 1 . 4 6 
11 7 6 . 0 9 0 . 6 2 
1 2 9 2 . 0 1 O.BO 
1 3 9 3 . 0 3 3 . 6 6 
1 4 9 3 . 0 5 1 . 9 8 
13 9 9 . 9 1 1 . 4 3 
16 1 1 2 . 0 0 0 . 3 1 
1 7 1 1 4 . 0 3 1 0 . 3 3 
1 8 1 1 9 . 0 3 0 . 8 4 
19 1 2 4 . 0 9 0 . 4 8 
2 0 1 3 1 . 0 7 1 . 3 5 
2 1 1 3 8 . 0 9 5 . 2 7 
2 2 1 3 9 . 0 9 0 . 4 0 
2 3 1 4 3 . 0 7 3 . 3 3 
2 4 1 4 5 . 0 8 0 . 7 7 
2 9 1 4 9 . 9 2 0 . 3 1 
2 6 1 5 5 . 0 1 0 . 7 3 
2 7 1 6 9 . 1 0 2 . 2 0 
2 8 1 7 6 . 1 4 0 . 9 1 
2 9 1 8 8 . 0 0 1 1 . 6 7 
3 0 1 8 8 . 9 8 0 . 7 0 
3 1 1 9 2 . 9 7 3 . 7 0 
3 2 1 9 9 . B 9 3 . 9 6 
3 3 2 0 0 . 9 3 0 . 5 9 
3 4 2 0 4 . 9 8 0 . 4 8 
3 3 2 1 9 . 1 5 2 . 1 6 
3 6 2 3 8 . 0 4 3 . 7 7 
3 7 2 3 9 . 0 1 0 . 4 0 
3 8 2 4 3 . 0 8 3 . 9 3 
3 9 2 4 9 . 9 1 3 . 6 6 
4 0 2 6 8 . 9 7 1 . 0 2 
4 1 2 8 8 . 0 1 9 . 9 5 
4 2 2 9 2 . 9 4 0 . 6 2 
4 3 3 0 6 . 9 2 0 . 9 1 
4 4 3 3 7 . 8 5 1 . 1 7 
4 3 3 5 6 . 9 1 1 9 . 8 0 
4 6 3 3 7 . 8 5 4 . 7 9 

http://cn.iGm.i3
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RNB13 1 B.N.BWWES 

£3-
No.,23 MW 295 28-RPR-B1 

I T S 

IM 

. . . , • f I I 1,1 „ , 
1 8 8 

JLU. 

£ 7 3 

azc 

zas 

Tie 

IBB 
•> 
3 8 8 

PEAK HASS Z H T . 
NO. BASE 

1 2 7 . 9 1 1 . 7 9 
2 2 8 . 0 0 1 . 3 4 
3 2 8 . 1 3 2 1 . 2 8 
4 3 0 . 9 3 2 . 0 8 
S 3 2 . 0 3 7 . 5 9 

4 9 . 8 9 3 . 4 2 
7 6 9 . 0 2 1 0 0 . 0 0 
8 7 6 . 1 2 1 3 . 2 4 
9 8 4 . 3 1 1 . 3 4 

10 9 3 . 1 0 4 . 3 2 
11 1 0 0 . 0 0 2 . 8 3 
1 2 1 0 7 . 1 3 3 . 1 2 
13 1 1 4 . 1 1 6 . 4 0 
14 1 2 6 . 1 0 4 . 9 1 
I S 1 3 1 . 0 5 6 . 7 0 
16 1 3 8 . 0 6 1 1 . 1 6 
1 7 1 4 5 . 1 2 9 . 2 3 
18 1 5 7 - 1 6 1 . 6 4 
19 1 6 2 . 0 5 2 . 0 3 
2 0 1 7 6 . 1 2 7 3 . 8 1 
2 1 1 7 7 . 1 2 4 . 6 1 
2 2 m i . o i 4 . 3 2 
2 3 1 8 8 . 0 8 4 . 6 1 
2 4 1 9 5 . 0 6 2 . 9 8 
2 5 2 2 6 . 1 5 8 9 . 1 4 
26 2 2 6 . 7 5 2 2 . 3 2 
27 2 4 5 . 2 6 2 . V H 
2 8 2 7 6 . 2 3 1 2 . 5 0 
2 9 2 9 5 . 2 9 3 2 . 4 4 
3 0 2 9 6 . 2 3 2 . 5 3 
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Rh@8?3 R.N.BflRNES 
onu cruras 

* 4 KS 
No. 24 MW 490 28-BPR-81 

s 

s 

O T " 

1633 

<3?l 

3)3 

383 

2 S S 
1 1 * • •• 
s a g 

PEAK MASS X H T . 
NO. BABE 

1 2 8 . 1 3 2 . 1 4 
2 0 . 6 7 
3 6 9 . 0 0 1 0 0 . 0 0 
4 6 9 . 1 4 9 . 9 5 
5 6 9 . VO O . V i l 
6 1 1 4 . 1 7 0 . 8 5 
7 1.18.01) 1 . 1 6 
8 1 7 6 . 1 8 t . 2 8 
9 1 H 3 . 0 B 0 . U 5 

10 2 0 7 . 1 * 0 . 7 3 
I t 2 2 6 . 1 6 0 . 9 ? 
12 2 3 3 . 1 3 0 .9 ;? 
13 2 8 J . 2 8 i ' . 9V 
14 2 9 5 . 3 1 0 . 6 7 
15 3 1 4 . 0 9 0 . 6 7 
16 3 3 3 . 0 9 6 . 1 0 
17 3 3 4 . 1 4 1 . 1 6 
18 3 7 1 . 2 4 1 . 5 9 
19 3G.1 .11 2 . 5 6 
2 0 4 2 1 . 0 0 1 9 . 2 f l 
2 1 4 2 1 . 7 7 1 3 . 4B 
2 2 4 7 1 . 4 3 1 2 . 5 7 
2 3 4 9 0 . 3 7 7 . 7 b 
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RNB32 11 
Cn.«CRU«3 

N.BHRNES 23-JUN-81 

iki,,nil..bjjii,A, t 

PEAK MASS XHT • PEAK MASS XHT . 
NO. BASE NO. BASE 

1 2 1 . 7 9 1 . 2 9 54 2 6 0 . 9 3 3 . 3 5 
2 2 8 . 1 3 5 . 4 1 5 5 2 9 8 . 8 9 3 . 0 9 
3 3 0 . 9 1 2 . 3 2 5 6 2 9 9 . 4 6 1 . 4 2 
4 4 9 . 8 7 l . B O 5 / 3 0 8 . 1 7 1 . 4 2 
S 6 8 . 9 4 4 8 . 2 6 5 8 3 0 0 . 8 9 4 . 8 V 
6 6 9 . 2 8 1 . 9 3 5 9 3 0 9 . 9 4 1 . 2 9 
7 7 5 . 9 S 3 . 3 5 6 0 3 1 1 . O V 1 . 9 3 
B 9 4 . 8 9 1 . 9 3 6 t 3 1 2 , 0 3 1 . 6 7 
9 9 9 . B6 2 4 . 5 8 6 2 3 1 3 . 1 4 1 . 2 V 

10 1 0 8 . 9 3 1 . 6 7 6 3 3 1 3 . 5 8 2 . 1 9 
11 1 0 9 . 5 4 1 . 2 9 64 3 1 4 . 3 / ' 1 . 6 7 
12 1 1 1 . 9 6 1 . 1 6 6 5 3 1 / . 5 8 5 5 . 2 1 
13 1 1 4 . 0 0 8 . 11 6 6 3 1 9 . 2 6 i V . O : J 
14 1 1 8 . 9 0 3 . 73 6 7 3 4 H . 7 0 2 . 3 2 
15 1 2 0 . 9 3 2 . 1 9 * U 3 9 0 . 5 V 2 V . 4 7 
16 1 3 0 . 8 7 2 . 7 0 69 4 0 1 . 9 8 1 . 4 2 
17 1 4 4 . 9 5 2 . 3 2 70 4 1 7 . 7 7 1 2 . 7 4 
18 1 4 7 . 9 4 1 . 4 2 
19 1 4 8 . 3 5 1 . V 3 
2 0 1 4 8 . 7 2 1 . 6 7 
2 1 1 4 9 . 0 8 2 . 0 6 
2 2 1 4 9 . 9 3 1 . 2 9 
23 1 5 0 . 1 5 1 . 6 7 
24 1 5 4 . 0 0 3 . 7 3 
25 1 5 5 . 7 6 1 . 1 6 
26 1 5 8 . 9 8 6 . 5 6 
2 7 1 5 9 . 9 1 1 , 4 2 
2 8 1 7 3 . 0 1 2 . 4 5 
2 9 1 7 4 . 1 4 1 . 1 6 
3 0 1 7 5 . 9 2 1 . 4 2 
3 1 1 8 1 . 0 7 1 . 5 4 
3 2 1 8 6 . 6 3 1 . 2 9 
3 3 1 9 0 . 0 2 1 . 2 9 
34 1 9 5 . 0 0 2 . 8 3 
3 5 2 0 4 . 6 5 1 . 5 4 
3 6 2 0 5 . 0 3 1 . 2 V 
37 2 0 7 . 4 0 1 . 6 7 
38 2 0 U . 8 1 4 . 5 0 
3V 2 0 V . 9 9 1 . 9 3 
4 0 2 1 0 . 0 5 2 . 0 6 
41 2 1 2 . 2 2 1 . V 3 
42 2 1 7 . 1 6 1 0 0 . 0 0 
4 J 2 1 V . 2 4 2 4 . a u 
44 2 2 2 . 1 3 i . n o 
4:1 2 2 : ' . t i l 1 . 9 3 
46 2 2 . 1 . : ' J I . 6 / 
4 / . ' : ! . ( . I . 79 
411 2 2 4 . 2 1 . . ' .OA 
4V .'•.•4 . '4 1 . V . ( 
: .o 2 2 6 . 4 3 2 . 1 
%1 ; ' 4 H . '.'1 i . 

.".. 1 . 04 • 1 . . . 4 
t,.i . ' : . i ' . 0 3 1 . 1 6 

http://24.au
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RNB33 18 R.H.BfWES 
cn.ionLn33 N o . 2 6 MW 423 23-JUN-81 

PEAK MASS X H T . 
N O . B A S E 

1 2 8 . 1 3 6 . 0 8 
2 3 0 . 9 1 0 . H 6 
3 3 2 . 0 2 0 . 9 2 
4 6 8 . 9 8 1 6 . 9 4 
5 V V . 3 S 0 . 74 
6 9 9 . 4 8 0 . 9 B 
7 VV . 9 2 1 0 0 . 0 0 
8 1 0 0 . 9 2 2 . 3 V 
V 1 1 4 . 0 5 4 . 5 4 

10 1 1 8 . 9 7 1 . 1 0 
11 1 5 8 . 9 6 5 . 0 3 
12 1 6 4 . 0 0 1 . 2 9 
13 1 7 0 . 9 3 0 . VB 
14 1 n y . 9 4 0 . 6 B 
I S 2 1 3 . 9 2 2 . 2 1 
16 2 1 5 . 9 0 0 . 8 0 
17 2 2 1 . . 9 7 1 . 1 7 
18 2 6 5 . V 3 1 . 2 3 
19 3 0 3 . V O 2 . 3 3 
2 0 3 t 5 . 8 7 1 0 . 7 4 
21 3 1 6 . V O 1 . 3 1 , 
2 2 3 5 3 . 8 5 0 . 6 8 
2 3 4 0 3 . 9 2 1 2 . 0 9 
24 4 2 2 . 7 3 1 3 . 5 7 
2 5 4 2 3 . 3 6 11 . 6 6 
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RNB37 7 B.N.BWWES 

§ 

§ 

S 9 

N o . 2 7 MW 391 
2*3 

23-JUN-81 

tas 

• tlill̂ li..!ilnj 

S S I 

318 

3 7 2 

391 

Ma ' 

PEAK MASS X H T . 
NO. BASE 

1 2 8 . 1 3 2 5 . 9 0 
2 9 . 0 2 1 0 . 3 6 

3 . 40 .92 1 6 . 7 3 
4 3 2 . 0 3 6 . 3 7 
r> 3 3 . 1 3 3 . 9 8 

4 5 . 1 7 7 . 1 7 
7 5 9 . 0 3 V . V 6 
8 6 0 . 9 6 2 2 . 7 1 
9 1 3 0 . 9 0 5 . 9 0 

10 1 4 2 . 9 8 5 . 1 H 
11 l V j . O O 5 . 9 0 
12 I V ? . 8 6 t O . 76 
13 i . '4 . ' . I I5 1 0 0 . 0 0 
14 2 4 . 1 . 3 8 4 . 3 H 
I S 2 4 3 . 8 7 7 . 1 7 
16 2 5 ? . 9 2 6 . 3 7 
17 2 / 1 . 9 7 / . 5 7 
18 2 8 7 . H 4 6 . 3 7 
19 :••/ : ; . V4 S . 5 0 
2 0 3 0 3 . 0 3 5.113 
2 1 3 1 1 . 9 1 5 9 . 3 6 
2 2 3 1 2 . 9 6 A . 7 7 
2 3 3 ? 1 . 9 3 3 5 . 4 6 
24 3 ? : ! . 9 ; , 7 .1.7 
2 3 3 3 V . 7 H 6 . 37 
26 3 7 t . 9 4 1 7 . 1 3 
27 3 0 9 . ' / a 7 . 5 7 
211 3 9 0 . 7 6 1 2 . 7 3 



209 

RNB149 2S R.'N.BRRNES 
CRL<CnL13 

Hit 
N o . 2 8 MW 371 19-JRN-81 

6 

S 

8 

301 

133 

119 

Jill 
1B0 

3 4 3 

3S4 

LL 
480 

PEAK MASS X H T . 
NO. BASE 

1 2 7 . 9 9 1 . 4 4 
2 2 8 . 1 3 1 0 0 . 0 0 
3 2 8 . 2 6 2 . 2 9 
4 2 9 . 0 0 4 . 0 9 
5 2 9 . OS 1 . 6 8 
A 3 2 . 0 3 1 6 . 1 3 
7 3 3 . 1 2 3 . 7 3 
a 3 9 . 8 4 2 . 2 9 
9 S 7 . 1 S 3 . 4 2 

10 6 8 . 9 3 3 6 . 2 2 
11 6 9 . 0 6 2 3 . 9 5 
12 7 1 . 0 6 4 . 4 3 
13 7 1 . 2 1 1 . 3 2 
14 8 S . 0 7 3 . 7 3 
I S 9 1 . 9 3 2 . 2 9 
1 6 9 2 . 9 4 3 . 3 7 
17 9 9 . 0 2 1 . 9 3 
18 1 1 1 . 9 7 3 . 3 7 
19 1 1 3 . 9 8 1 . 9 3 
2 0 1 4 2 . 9 7 2 . 1 7 
2 1 1 4 8 . 9 6 7 . 2 2 
2 2 1 8 0 . 9 0 2 . O S 
2 3 1 9 3 . 0 0 1 1 . 4 3 
2 4 1 9 3 . 8 8 2 . 1 7 
2 5 2 1 2 . 0 3 2 . 6 3 
2 6 2 4 3 . 0 8 3 . 9 7 
2 7 2 6 2 . 1 1 1 3 . 0 4 
2 8 2 7 1 . 9 2 1 . 9 3 
2 9 2 8 9 . 0 9 1 . 8 1 
3 0 2 9 0 . O S 1 3 . 6 0 
3 1 3 0 0 . I S 9 . 3 9 
3 2 3 0 1 . 9 3 1 . S 6 
3 3 3 0 2 . 3 9 2 . 0 3 
3 4 3 1 1 . 8 6 1 . 8 1 
3 5 3 2 1 . 9 6 2 . S 3 
3 6 3 5 0 . 1 8 2 . 3 3 
3 7 3 3 4 . 1 7 8 . 5 4 
3 8 3 6 8 . 9 5 8 . 9 0 
3 9 3 7 0 . 3 4 1 . 3 2 
4 0 3 7 0 . 9 1 1 . 0 8 
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BG1493 8 R .N . BARNES - _ . . . . , „ _ 

«•-«-•» N o 0 2 9 MW 379 
03-FEB-81 

1272 

5? 

8 

832 

182 2 3 

l,l.A.i!Jj,..,j^ ,l,)L.l.Jj.. 

2 6 3 

1 8 8 2 8 8 400 

PEAK MASS X H T . 
NO. BABE 

1 2 8 . 1 4 3 0 . 9 4 
2 3 0 . 8 8 1 . 4 2 
3 3 0 . 9 4 1 . 6 3 
A 3 2 . 0 2 1 0 . 6 1 
3 3 9 . 8 6 1 . 1 8 
6 3 0 . 9 4 1 . 3 4 
7 6 8 . 9 8 7 5 . 9 4 
8 6 9 . 9 1 1 . 4 9 
9 7 5 . 0 3 2 . 2 0 

1 0 8 5 . 0 1 1 . 1 8 
1 1 9 3 . 0 0 3 . 0 7 
1 2 9 6 . 0 4 1 . 8 1 
1 3 9 8 . 9 7 1 . 8 1 
1 4 9 9 . 9 5 2 . 2 0 
I S 1 1 3 . 0 2 2 . 0 4 
1 6 1 1 4 . 0 3 3 . 9 7 
1 7 1 1 7 . 0 9 1 . 3 4 
1 8 1 1 8 . 9 3 1 . 2 6 
1 9 1 1 9 . 9 2 1 . 7 3 
2 0 1 3 6 . 9 7 6 . 1 3 
2 1 1 3 8 . 0 2 0 . 9 4 
2 2 1 4 2 . 8 6 1 . 8 1 
2 3 1 4 3 . 0 9 1 . 7 3 
2 4 1 4 4 . 0 1 3 . 5 4 
2 3 1 4 9 . 1 1 0 . 8 6 
26 1 3 4 . 9 3 4 . 8 0 
2 7 1 6 1 . 9 6 3 . 7 7 
2 8 1 6 2 . 8 4 1 . 7 3 
2 9 1 6 3 . 1 3 1 . 4 2 
3 0 1 6 7 . 9 2 2 . 4 4 
3 1 1 8 1 . 9 6 2 1 . 1 5 
3 2 1 8 3 . 0 2 1 . 6 5 
3 3 1 8 6 . 0 2 2 . 9 9 
3 4 1 8 6 . 9 8 1 3 . 6 0 
3 3 1 8 0 . 1 2 0 . 8 6 
3 6 1 9 3 . 0 0 1 . 7 3 
3 7 1 9 3 . 9 7 4 . 6 4 
3 8 1 9 8 . 7 5 0 . 8 6 
3 9 1 9 9 . 1 7 1 . 1 0 
4 0 2 0 4 . 9 2 1 4 . 8 6 
4 1 2 0 5 . 9 1 1 . 1 8 
4 2 2 1 2 . 7 4 2 0 . 8 3 
4 3 2 1 3 . 9 2 2 . 1 2 
4 4 2 1 6 . 0 3 0 . 9 4 
4 3 2 1 7 . 9 9 1 . 4 9 
4 6 2 2 S . 0 2 3 . 9 3 
4 7 2 3 1 . 9 9 4 7 . 0 1 
4 8 2 3 2 . 0 2 I S . 0 2 
4 9 2 3 7 . 0 6 3 . OS 
3 0 2 4 3 . 0 3 1 . 4 2 
3 1 2 4 4 . 0 5 1 . 7 3 
«i i 2 5 r i . 0 3 3 . 0 7 
3 3 '•• / .2.V4 V . / S 

PEAK 
NO. 

5 4 
5 3 
3 6 
3 7 
5 8 
5 9 

NABS X H T . 
BASE 

2 6 4 . 0 3 1 . 0 2 
2 8 2 . 1 0 1 0 0 . 0 0 
3 0 0 . 8 6 
3 3 2 . 0 7 
3 5 0 . 9 6 
3 7 8 . 9 5 

1 . 7 3 
8 . 5 7 

2 2 . 7 2 
3 . 0 7 



211 

RBI 492 69 R.N.BflRNES 
C R L I C R L Z ? N o . 3 0 MW 385 29-JHN-81 

4 8 8 

P E A K M A S S X H T . 

N O . B A S E 

1 2 8 . 1 4 6 9 . 4 3 

2 2 9 . 0 0 2 . 2 7 
3 3 0 . V I 1 . 4 7 

4 3 2 . 0 2 1 2 . 6 8 
3 3 3 . 1 3 1 3 . 4 8 
6 3 9 . 8 4 1 . 8 7 

7 4 4 . 1 1 2 . 0 0 

a 5 0 . 9 4 0 . 2 8 
9 5 9 . 0 2 2 . 9 4 

1 0 3 9 . 9 4 4 . 2 7 
1 1 6 3 . 1 4 2 . 0 0 
1 2 6 8 . 9 3 6 1 . 9 5 
1 3 6 9 . 9 0 1 . 4 7 
1 4 7 3 . 0 5 1 . 7 4 
1 3 7 3 . 0 3 2 . 0 0 

1 6 7 7 . 0 0 3 . 3 4 
1 7 7 7 . 9 6 8 . 0 1 
1 8 8 0 . 8 8 1 . 2 0 
1 9 8 1 . 9 7 1 . 4 7 

2 0 8 3 . 0 2 2 . 2 7 
2 1 8 8 . 9 9 1 . 2 0 

2 2 9 3 . 0 4 2 . 4 0 
2 3 9 5 . 0 7 2 . 3 4 
2 4 9 6 . 0 6 6 . 0 1 
2 3 9 8 . 0 4 1 . 4 7 
2 6 9 8 . 9 5 1 . 4 7 
27 9 9 . 9 2 1 . 6 0 
2 8 1 0 0 . 9 5 1 . 3 4 
2 9 1 1 2 . 9 1 2 . 3 4 
3 0 1 1 3 . 9 3 4 . 3 4 
3 1 1 1 8 . 9 6 4 . 0 1 
3 2 1 1 9 . 9 8 1 . 4 7 
3 3 1 3 1 . 0 0 1 . 3 4 
3 4 1 3 2 . 0 3 2 . 2 7 
3 3 1 3 7 . 0 3 3 . 8 7 
3 6 1 4 3 . 0 1 1 . 7 4 
3 7 1 4 4 . 0 4 2 . 0 0 
3 8 1 4 6 . 0 4 1 . 3 4 
3 9 1 4 9 . 9 3 2 . 3 4 

4 0 1 5 0 . 9 8 1 . 8 7 
4 1 1 5 5 . 0 3 2 . 0 0 
4 2 1 5 6 . 9 9 1 . 2 0 
4 3 1 6 2 . 0 3 1 . 8 7 
4 4 1 6 3 . 0 4 2 . 5 4 
4 5 1 6 4 . 0 3 3 . 7 4 
4 6 1 6 7 . 9 9 2 . 5 4 
4 7 1 6 0 . 9 8 4 . 1 4 
4 8 1 6 9 . 9 7 1 . 4 7 
4 9 1 7 4 . 9 7 1 . 3 4 
5 0 1 7 7 . 0 4 1 . 3 4 
5 1 1 7 0 . 0 1 1 . 0 7 

3 2 1 0 0 . 9 U 2 . 4 0 

5 3 1 0 2 . 0 0 V . O B 

F>EAK' M A S S X H T . 
N O . B A S E 

5 4 1 8 2 . 9 6 1 . 4 7 
5 3 1 8 5 . 9 8 1 . 7 4 
5 6 1 8 7 . 0 0 8 . 1 4 

3 7 1 8 0 . 0 2 1 . 4 7 
5 8 1 9 2 . 9 9 2 . 5 4 
3 9 1 9 4 . 0 0 2 . 5 4 
6 0 1 9 3 . 0 4 1 . 7 4 
6 1 1 9 6 . 0 5 3 . 0 7 
6 2 1 9 7 . 0 6 2 . 2 7 

6 3 1 9 8 . 9 8 1 . 7 4 
6 4 1 9 9 . 9 6 2 . 0 0 
6 3 2 0 0 . 9 9 2 . 8 0 
6 6 2 0 1 . 9 9 1 . 3 4 
6 7 2 0 4 . 9 8 6 . 1 4 
6 8 2 0 7 . 0 4 2 . 0 0 
6 9 2 0 8 . 0 0 1 . 4 7 
7 0 2 1 2 . 0 4 1 . 7 4 
7 1 2 1 3 . 0 4 8 . 9 5 
7 2 2 1 4 . 0 4 7 . 8 8 
7 3 2 1 S . 0 5 1 . 4 7 
7 4 2 1 6 . 0 5 4 . 4 1 
7 5 2 1 7 . 0 2 1 . 7 4 
7 6 2 1 8 . 0 2 1 . 8 7 
7 7 2 1 8 . 9 5 8 . 5 4 

7 8 2 1 9 . 9 6 2 . 0 0 
7 9 2 2 4 . 9 9 2 . 1 4 
8 0 2 2 6 . 0 5 2 . 4 0 
8 1 2 2 7 . 0 6 2 . 8 0 
8 2 2 2 8 . 0 4 1 . 7 4 
8 3 2 3 1 . 0 2 1 . 6 0 
B 4 2 3 2 . 0 0 1 7 . 4 9 
8 5 2 3 3 . 0 2 3 . 0 7 
8 6 2 3 7 . 0 0 9 . 2 1 
8 7 2 3 7 . 9 9 2 . 1 4 
8 8 2 4 3 . 0 5 2 . 0 0 
8 9 2 4 3 . 9 9 1 . 8 7 
9 0 2 4 6 . 0 3 4 . 6 7 
9 1 2 4 7 . 0 6 4 . 6 7 
9 2 2 4 9 . 9 5 1 . 3 4 

9 3 2 5 0 . 9 7 3 . 2 0 
9 4 2 5 4 . 9 5 1 . 7 4 
9 5 2 5 7 . 0 3 1 . 4 7 
9 6 2 6 1 . 9 9 1 . 3 4 
9 7 2 6 2 . 9 7 4 . 2 7 
9 8 2 6 3 . 9 9 3 . 3 4 
9 9 2 6 6 . 0 4 2 7 . 7 7 

1 0 0 2 6 0 . 9 7 2 . 0 0 
1 0 1 2 7 6 . 0 0 1 . 0 7 
1 0 2 2 7 7 . 0 1 1 . 2 0 
1 0 3 2 ( 1 1 . H i 3 0 , 3 2 
1 0 4 2 0 2 . :>A 2 / . 1 0 

1 0 5 2 0 4 . or. 2 . 0 0 
106 2 0 7 . 0 1 ' . 1 . 0 7 

P E A K M A S S X H T . 

N O . B A S E 

1 0 7 2 8 8 . 0 7 2 . 2 7 
1 0 8 2 9 6 . 1 1 2 . 8 0 
1 0 9 2 9 7 . 0 6 2 . B O 
1 1 0 3 0 1 . 0 1 1 . 6 0 
1 1 1 3 0 6 . 0 1 1 . 7 4 
1 1 2 3 0 6 . 9 2 1 . 3 4 
1 1 3 3 1 5 . 8 1 1 0 0 . 0 0 
1 1 4 3 1 7 . 1 7 2 4 . 4 3 
1 1 5 3 1 9 . 9 0 2 . 9 4 
1 1 6 3 3 2 . 0 2 3 . 8 7 
1 1 7 3 3 2 . 9 7 1 . 3 4 
1 1 8 3 3 4 . 0 8 1 . 8 7 
1 1 9 3 3 5 . 1 5 1 . 3 4 
1 2 0 3 3 7 . 0 7 1 . 3 4 
1 2 1 3 4 6 . 0 3 1 . 7 4 
1 2 2 3 5 1 . 3 7 8 . 4 1 
1 2 3 3 6 3 . 9 0 7 . 0 8 
1 2 4 3 6 6 . 9 4 1 . 7 4 
1 2 5 3 7 8 . 9 4 2 . 2 7 
1 2 6 3 8 5 . 0 9 2 0 . 9 6 
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RNB1S3 14 R.N.BRRNES 
cm.ioa.ta No. 31 MW 5 0 4 19-JHN-BI 

- 2 8 3 . 
X 3 . 

8 

S 
28 

14a 

0 

^ 4 t ^ y / t ^ 

24 I 

4 0 3 5 

4 9 4 

3 3 5 

zsa 

4 5 8 

4 8 S 

PEAK- MASS X H T . 
NO. BASE 

t 2 8 . 1 3 6 3 . 3 0 
2 2 9 . 0 0 0 . 6 6 
3 3 0 . 9 2 0 . 5 9 
4 3 2 . 0 2 1 1 . 5 8 
3 3 3 . 1 2 3 . 3 7 
6 3 9 . 8 4 1 . 2 3 
7 4 3 . 1 3 0 . 6 6 
e 4 4 . 1 3 0 . 7 1 
9 4 5 . 1 7 0 . 4 6 

1 0 4 6 . 1 4 0 . 3 6 
11 4 9 . 8 8 0 . 5 1 
12 3 0 . 9 5 6 . 0 8 
13 3 3 . 1 8 0 . 4 6 
14 5 6 . 1 5 0 . 4 9 
I S 5 7 . 1 5 1 . 1 2 
16 3 9 . 0 2 1 . 1 0 
17 6 4 . 1 3 0 . 8 5 
18 6 8 . 9 5 3 B . 0 5 
19 6 9 . 2 8 0 . 3 2 
2 0 6 9 . 3 7 0 . 3 2 
2 1 6 9 . 3 2 0 . 3 4 
2 2 6 9 . 9 1 1 . 0 5 
2 3 7 1 . 0 1 0 . 9 3 
2 4 7 3 . 0 3 0 . 2 9 
2 3 7 5 . 0 1 0 . 3 4 
2 6 7 6 . 0 0 3 . 9 3 
2 7 7 6 . 9 6 3 . 7 9 
2 8 7 7 . 9 4 6 . 4 7 
2 9 7 8 . 8 7 0 . 4 6 
30 8 2 . 9 9 0 . 4 2 
3 1 B S . 0 6 0 . 8 1 
3 2 8 9 . 8 8 2 . 0 8 
3 3 9 0 . 9 6 0 . 2 9 
34 9 2 . 7 4 0 . 2 7 
3 3 9 3 . 0 2 0 . 6 3 
3 6 9 3 . 3 3 0 . 2 2 
3 7 9 4 . 0 7 0 . 6 1 
3 8 9 3 . 0 7 1 . 6 6 
3 9 9 6 . 0 4 4 . 7 6 
4 0 9 7 . 0 5 0 . 4 9 
4 1 9 9 . 9 2 0 . 5 6 
4 2 1 0 2 . 0 1 0 . 4 9 
4 3 1 0 7 . 0 5 0 . 6 1 
44 1 0 8 . 9 9 1 . 0 5 
4 3 1 1 2 . 0 0 0 . 3 2 
4 6 1 1 3 . 0 0 2 . 3 7 
4 7 1 1 4 . 0 1 3 . 7 6 
4 0 1 1 5 . 0 4 0 . 2 9 
4 9 1 1 0 . 9 6 0 . 4 2 
5 0 1 1 7 . V 2 0 . 4 6 
5 1 l ; * 0 . 9 7 0 . 0 1 
5 2 K ' 5 . 0 5 0 . 4 4 
5 3 1 IV , . 0 7 O . A . I 

PEAK MA'S 8 3EHT. 
NO. BASE 

3 4 1 3 0 . 9 8 0 . 9 3 
3 5 1 3 1 . 9 7 0 . 3 9 
3 6 1 3 3 . 0 9 0 . 2 7 
5 7 1 3 3 . 0 9 0 . 2 9 
3 8 1 3 7 . 0 4 0 . 4 6 
3 9 1 3 8 . 0 0 0 . 7 1 
6 0 1 3 8 . 5 4 0 . 3 2 
6 1 1 3 9 . 9 1 4 9 . 4 0 
6 2 1 4 0 . 7 2 4 . 0 8 
6 3 1 4 2 . 1 0 0 . 4 2 
6 4 1 4 3 . 0 6 0 . 5 4 
6 3 1 4 3 . 0 7 6 . 3 7 
6 6 1 4 3 . 9 6 0 . 2 7 
6 7 1 4 6 . 1 5 0 . 4 9 
6 8 1 4 7 . 1 0 0 . 3 1 
6 9 1 4 9 . 0 5 1 . 3 4 
7 0 1 5 0 . 0 2 0 . 5 6 
7 1 1 5 2 . 0 5 1 . 2 3 
7 2 1 5 4 . 0 4 0 . 2 7 
7 3 1 5 7 . 0 7 1 . 0 3 
74 1 5 8 . 0 2 0 . 7 1 
7 3 1 5 9 . 0 6 0 . 9 8 
7 6 1 6 2 . 1 0 0 . 5 4 
7 7 1 6 3 . 0 2 2 . 4 2 
7 8 1 6 4 . 0 6 0 . 5 1 
7 9 1 6 6 . 1 0 0 . 3 4 
8 0 1 6 7 . 0 9 0 . 2 7 
8 1 1 6 9 . 9 9 0 . 3 2 
8 2 1 7 1 . 0 4 0 . 6 1 
8 3 1 7 4 . 3 4 0 . 2 2 
8 4 1 7 5 . 0 7 3 . 7 6 
8 3 1 7 6 . 0 4 2 . 9 5 
8 6 1 7 7 . 0 6 0 . 4 6 
8 7 1 8 0 . 9 7 4 . 4 2 
8 8 1 8 1 . 9 5 0 . 5 6 
8 9 1 8 3 . 0 6 0 . 3 9 
9 0 1 8 5 . 1 0 0 . 7 8 
9 1 1 8 8 . 0 4 0 . 3 2 
9 2 1 8 9 . 0 0 0 . 2 9 
9 3 1 8 9 . 9 8 3 . 3 9 
9 4 1 9 1 . 0 3 0 . 2 4 
9 5 1 9 3 . 0 0 0 . 5 6 
9 6 1 9 4 . 9 8 1 . 2 9 
9 7 1 9 6 . 0 2 0 . 7 6 
9 8 1 9 7 . 0 3 0 . 3 7 
9 9 1 9 9 . 9 8 0 . 3 2 

t o o 2 0 2 . 0 0 0 . 0 5 
1 0 1 2 0 4 . 3 6 0 . 2 9 
1 0 2 2 0 4 . 9 1 0 . 3 2 
103 2 0 0 . 8 2 1 0 0 . 0 0 
104 2 0 7 . 7 9 I t . 5 0 
105 21 I . 3 0 4 . OH 
IOA 2 i s . r o 0 . 2 : ' 

PEAK MASS X H T . 
NO. BASE 

107 2 2 0 . 0 4 1 . 2 7 
108 2 2 1 . 1 7 0 . 3 9 
109 2 2 3 . 6 B 2 . 3 7 
110 2 2 7 . 1 1 0 . 5 6 
1 1 1 2 2 8 . 0 2 0 . 2 9 
1 1 2 2 4 0 . 0 9 S . 0 1 
113 2 4 1 . 6 4 0 . 3 7 
114 2 4 5 . 0 3 3 3 . 7 0 
115 2 4 6 . 2 3 4 . 3 7 
116 2 4 7 . 9 9 0 . 3 7 
1 1 7 2 4 9 . 9 4 0 . 2 7 
118 2 3 4 . 0 1 0 . 2 9 
1 1 9 2 5 8 . 2 0 2 . 8 1 
120 2 6 3 . 8 8 0 . 4 2 
121 2 6 3 . 8 9 0 . 6 3 
122 2 6 9 . 8 7 0 . 3 9 
123 2 7 5 . 9 7 0 . 6 3 
124 2 8 3 . 0 5 0 . 3 2 
125 2 8 3 . O S 0 . 3 4 
126 2 8 8 . 0 5 0 . 2 9 
127 2 8 9 . 9 5 3 . 2 7 
128 2 9 4 . 9 8 0 . 6 3 
129 2 9 6 . 0 6 0 . 2 9 
130 2 9 6 . 9 5 0 . 4 4 
131 2 9 9 . 9 5 0 . 2 7 
1 3 2 3 0 8 . 1 8 1 . 5 4 
133 3 1 4 . 8 5 0 . 4 6 
134 3 1 5 . 9 6 1 . 1 0 
135 3 1 9 . 8 3 0 . 5 6 
136 3 3 5 . 1 3 4 . 4 7 
137 3 4 6 . 9 3 0 . 6 8 
13B 3 4 9 . 9 6 0 . 4 2 
139 3 6 4 . 9 0 0 . 5 1 
140 3 6 9 . 8 4 0 . 7 6 
141 3 8 7 . 7 8 0 . 3 2 
142 3 8 9 . 7 5 1 . 2 5 
143 4 0 8 . 0 0 0 . 3 2 
144 4 1 5 . 2 0 1 . 5 4 
145 4 3 4 . 3 4 B . B 4 
146 4 3 6 . 4 7 4 . 1 8 
147 4 5 1 . 7 2 0 . 3 2 
148 4 5 2 . 9 0 0 . 2 7 
149 4 5 4 . 5 3 0 . 3 2 
150 4 5 5 . 4 2 0 . 2 7 
151 4 5 5 . 9 4 0 . 2 9 
152 4 5 7 . 8 7 7 . 1 1 
153 4 6 0 . 2 0 0 . 3 4 
154 4 6 4 . 8 2 0 . A 6 
155 4 8 5 . 0 5 4 . 9 1 
I S A 5 0 3 . 5 7 5 . 7 9 
157 5 0 4 . 6 1 4 . 9 3 

http://cm.ioa.ta
http://is.ro
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RNB144 32 R.N.BRRNES 
C f o . i c n . i 9 

s a 

& 

St' 

l . h . i . L „ , | „ . i . . | . f 

H 3 N o . 3 2 MW 2 2 8 

213 

21-JRN-81 

i i * 1 

4 8 9 5 

183 

169 

140 

• I " t 
188 

2 2 8 

3 8 8 

PEAK MASS X H T . 
NO. BASE 

1 2 8 . 1 3 7 7 . 0 3 
2 2 8 . 2 2 2 . 1 3 
3 ' 2 9 . 0 0 0 . 6 6 
4 3 0 . 9 2 0 . 9 8 
3 3 2 . 0 3 1 4 . 9 0 
4 3 9 . 8 4 1 . 6 8 
7 4 4 . 1 2 0 . 9 0 
8 4 3 . 1 8 0 . 3 2 
9 4 9 . 8 8 1 . 6 4 

10 6 8 . 2 6 0 . 2 7 
11 6 8 . 9 8 1 0 0 . 0 0 
12 6 9 . 2 5 3 . 8 8 
13 6 9 . 8 3 2 . 0 3 
14 7 0 . 3 7 0 . 2 7 
I S 7 6 . 0 2 0 . 9 0 
16 8 0 . 8 7 0 . 4 2 
17 8 4 . 9 7 0 . 3 2 
18 9 1 . 9 6 0 . 2 4 
19 9 4 . 6 4 0 . 2 7 
2 0 9 3 . 0 3 2 1 . 7 6 
2 1 9 6 . 0 4 0 . 7 6 
2 2 1 1 4 . 0 3 6 0 . 7 6 
2 3 1 1 4 . 7 0 3 . 9 8 
24 1 1 9 . 0 4 0 . 2 7 
2 5 1 2 1 . 0 3 3 . 2 3 
2 6 1 2 1 . 3 6 0 . 2 2 
2 7 1 2 2 . 0 3 0 . 4 4 
2 8 1 4 0 . 0 1 4 . 2 7 
2 9 1 4 1 . 0 4 0 . 2 9 
3 0 1 5 2 . 1 0 0 . 3 2 
3 1 1 5 9 . 0 3 6 . 4 2 
3 2 1 5 9 . 3 9 0 . 2 9 
3 3 1 6 0 . 0 3 0 . 3 1 
34 1 8 3 . 0 8 8 . 7 7 
3 3 1 8 3 . 3 6 4 . 4 7 
3 6 1 8 4 . 1 0 0 . 4 6 
3 7 1 9 0 . 0 9 0 . 6 3 
3 8 2 0 6 . 0 1 0 . 4 6 
3 9 2 0 9 . 0 3 1 . 6 8 
40 2 2 8 . 1 0 4 . 6 9 
41 2 2 9 . 0 8 0 . 4 2 

http://Cfo.icn.i9
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RN8144 5 H.N.BARNES 
CRLlCm.19 

2B a s . 
No.33 MW 2 2 8 21-JRN-81 

r 

6 3 

ass 

"•ft-
tea 

2402 

' « l « » H « » » " | , l ' » I " " 

PEAK MASS X H T . 
NO. BASE 

1 2 7 . 9 9 0 . 3 7 
2 2 8 . 1 3 1 0 0 . 0 0 
3 2 B . 2 3 3 . 4 0 
4 2 9 . 0 0 1 . 0 9 
3 2 9 . 8 3 0 . 4 8 
6 3 0 . 9 2 1 . 3 6 
7 3 2 . 0 2 2 1 . 2 0 
8 3 9 . 8 4 2 . 5 5 
9 4 4 . 1 3 1 . 3 9 

1 0 4 5 . 1 4 O.SB 
11 4 9 . 8 8 6 . 3 5 
12 6 8 . 4 6 0 . 5 1 
13 6 8 . 9 9 7 0 . 1 0 
14 6 9 . 2 3 3 . 4 7 
13 6 9 . 8 7 1 . 5 3 
16 7 6 . 0 2 1 . 1 9 
17 8 4 . 9 9 0 . 4 4 
I B 9 4 . 0 1 0 . 4 1 
19 9 4 . 2 3 0 . 3 1 
2 0 9 4 . 9 7 8 1 . 6 2 
2 1 9 5 . 5 9 8 . 3 2 
2 2 96-. 3 0 0 . 3 7 
2 3 9 6 . 3 9 0 . 4 4 
2 4 1 1 3 . 9 7 1 4 . 8 1 
2 3 1 1 4 . 5 3 0 . 3 4 
2 6 1 1 4 . 9 7 0 . 6 3 
2 7 1 2 0 . 9 1 B . 8 7 
2 8 1 2 1 . 9 8 0 . 6 1 
2 9 1 4 4 . 9 7 0 . 5 1 
3 0 1 5 8 . 2 6 0 . 4 1 
3 1 1 5 8 . 9 1 1 9 . 7 1 
3 2 1 5 9 . 4 8 5 . 9 3 
3 3 1 6 3 . 9 9 0 . 4 4 
34 1 8 2 . 9 4 0 . 3 7 
3 3 2 0 8 . 8 9 5 . 2 3 
3 6 2 0 9 . 8 1 0 . 4 1 
3 7 2 2 7 . 9 9 1 . 5 6 



RNB144 8 R.N.BARNES 
CHLlCflUS 

e a 
N o . 3 4 MW 2 2 8 21-JHN-81 

W 

S 

S 

as 

1 1 4 

JUL 

2 7 3 4 

ICS 

J 
i s a 

PEAK 
NO. 

MASS Z H T . 
BASE 

1 
2 
3-
4 
3 
6 
7 
8 
9 

10 
11 
12 
13 
14 
I S 
16 
17 
10 
19 
2 0 
2 1 
2 2 
2 3 
2 4 
2 3 
26 
2 7 
2B 
2 9 
3 0 
3 1 
3 2 
3 3 
34 
3 3 
3 6 
3 7 
3 8 

2 8 . 1 3 
2 8 . 3 2 
2 8 . 9 9 
2 9 . 8 1 
3 0 . 9 0 
3 2 . 0 2 
3 9 . 8 3 
4 4 . 1 2 
4 9 . 8 7 
6 8 . 9 8 
6 9 . 3 8 
6 9 . 4 5 
6 9 . 9 1 
7 0 . 9 6 
7 6 . 0 2 
8 0 . 8 9 
8 5 . 0 2 
8 9 . 9 0 
9 2 . 0 1 
9 5 . 0 5 
9 5 . 7 6 
9 9 . 9 9 

1 1 4 . 1 0 
1 1 5 . 0 9 
1 1 9 . 0 1 
1 2 1 . 0 2 
1 2 2 . 0 6 
1 3 0 . 0 0 
1 4 0 . 0 2 
1 5 7 . 2 2 
1 5 7 . 8 7 
1 5 9 . 0 0 
1 5 9 . 7 8 
1 6 4 . 1 1 
2 0 8 . 9 6 
2 0 9 . 5 8 
2 2 8 . 0 2 
2 2 8 . 6 6 

9 7 . 8 5 
0 . 3 9 
1 . 4 0 
0 . 5 0 
2 . 4 7 

2 0 . 8 7 
2 . 7 2 
1 . 2 2 
6 . B 4 

1 0 0 . 0 0 
0 . 3 6 
0 . 3 6 
1 . 6 3 
0 . 3 9 
1 . 2 3 
0 . 8 2 
0 . 7 2 
O.SO 
0 . 6 4 

9 1 . 5 2 
6 . 3 7 
1 . 1 8 

1 3 . 2 8 
0 . 6 8 
3 . 9 0 
8 . 5 9 
0 . 5 0 
0 . 5 0 
0 . 4 7 
0 . 3 9 
0 . 3 9 

63- . 7 1 
7 . 6 2 
2 . 9 3 

1 4 . 7 1 
7 . 3 7 

1 3 . 7 5 
7 . 0 9 



BNB136 53 
cn.icn.i9 

B.N.BARNES 
No 0 35 MW 456 

216 

21-NOV-80 

6 9 

0 

IBS 

164 
254 394 

4 0 S S 

437 

250 

PEAK MAS8 Z H T . PEAK MASS X H T . 
NO. BASE NO. BASE 

1 2 8 . 1 3 4 8 3 7 . 7 0 3 4 2 1 6 . 0 1 8 0 1 . 7 6 
2 2 8 . 9 9 4 1 0 . 4 4 3 3 2 3 4 . 9 5 6 0 0 . 5 9 

•3 3 0 . 9 0 3 3 0 . 8 3 3 6 2 4 6 . 9 7 2 6 0 . 5 6 
4 3 2 . 0 2 3 9 1 2 . 3 1 3 7 2 5 3 . 9 5 5 0 2 2 . 1 5 
3 3 9 . 8 3 6 4 1 . 2 9 3 8 2 5 4 . 8 0 6 9 4 . 9 1 
6 4 3 . 1 1 3 2 0 . 4 2 5 9 2 5 8 . 7 6 9 0 0 . 2 4 
7 4 4 . 1 0 8 9 1 . 0 0 6 0 2 5 9 . 1 1 0 8 0 . 3 4 
0 4 9 . 8 6 8 2 1 . 3 7 6 1 2 7 3 . 1 0 2 5 0 . 2 9 
9 6 8 . 9 5 7 3 4 6 . 2 5 6 2 2 7 7 . 9 1 9 2 0 . 3 2 

10 6 9 . 5 2 1 5 0 . 3 4 6 3 2 8 5 . 0 6 7 7 0 . 3 7 
11 6 9 . 8 8 2 8 0 . 7 8 6 4 2 9 9 . 1 8 1 5 0 . 2 7 
12 7 0 . 9 7 4 1 1 . 0 0 6 5 3 0 3 . 9 6 4 2 2 2 . 3 4 
13 7 6 . 0 6 6 9 3 . 6 9 6 6 3 0 4 . 8 7 9 7 3 . 5 7 
14 8 0 . 9 3 5 0 0 . 3 2 6 7 3 2 0 . 0 2 6 9 0 . 2 7 
13 8 9 . 8 6 0 8 0 . 5 1 6 8 3 2 2 . 9 7 8 7 1 0 0 . 0 0 
16 9 5 . 0 4 7 1 3 . 9 3 6 9 3 2 3 . 9 9 9 1 9 . 0 6 
1 7 9 6 . 0 3 8 3 0 . 2 9 7 0 3 2 4 . 9 6 5 9 4 . 18 
18 9 8 . 8 5 3 3 0 . 2 9 7 1 3 2 7 . 1 1 6 8 0 . 2 4 
1? 9 9 . 9 0 5 5 1 0 0 . 0 0 7 2 3 4 2 . 0 5 0 9 4 . 9 3 
2 0 1 0 0 . 7 4 0 4 4 . 4 7 7 3 3 4 8 . 9 8 2 0 2 . 2 7 
2 1 1 1 1 . 0 4 2 1 0 . 2 7 7 4 3 8 6 . B 0 9 2 0 . 5 6 
2 2 1 1 1 . 1 7 6 4 0 . 2 7 7 3 4 3 3 . 9 5 4 2 0 . 2 4 
2 3 1 1 1 . 9 9 4 3 0 . 4 6 7 6 4 3 6 . 9 3 2 6 2 7 . 4 0 
2 4 1 1 4 . 0 6 9 3 1 0 0 . 0 0 7 7 4 S S . B 9 2 6 0 . 5 9 
2 3 1 1 4 . 9 4 6 0 4 . 3 0 
26 1 1 9 . 0 0 3 6 3 . 3 9 
2 7 1 2 1 . 0 0 0 6 3 . 9 1 
2 8 1 2 6 . 0 5 2 0 [ 1 . 2 0 
2 ? 1 3 3 . 0 2 7 0 ' 0 . 4 6 
3 0 1 3 9 . 9 7 0 4 "» 3 . 3 9 
3 1 1 4 1 . 0 6 6 6 , 0 . 2 9 
3 2 1 4 5 . 0 4 3 6 1 . 8 3 
3 3 1 5 8 . 9 9 1 4 9 . 0 6 
3 4 1 5 9 . 9 4 5 9 0 . 5 1 
3 3 1 6 4 . 0 0 1 1 1 9 . 7 1 
3 6 1 6 4 . 9 B 9 9 1 . 0 0 
3 7 1 6 6 . 0 0 7 9 1 . 6 6 
3 8 1 7 0 . 9 4 6 9 3 . 3 0 
3 ? 1 8 1 . 7 3 3 1 0 . 2 7 
4 0 1 8 2 . 9 6 8 4 6 7 . 2 8 
4 1 1 8 3 . 9 0 6 3 3 . 7 4 
4 2 1 8 7 . 9 9 7 6 0 . 2 4 
4 3 1 8 8 . 4 0 0 6 0 . 2 4 
4 4 1 8 9 . 9 1 1 8 8 0 . 3 6 
4 5 1 9 0 . 8 4 4 4 4 . 2 2 
4 6 1 9 1 . 7 6 2 4 0 . 4 6 
4 7 2 0 1 . 9 8 2 1 0 . 4 9 
4 8 2 0 4 . 0 0 3 3 0 . 5 1 
4 9 2 0 8 . 9 3 3 ; * 2 7 . 9 4 
5 0 2 0 9 . H 2 3 9 2 . 8 6 
5 1 2 1 0 . 1 I V 1 1 0 . 4 2 
5 2 21 J . 7 1 6 2 0 . X2 
5 1 2 1 2 . 5 7 S 6 0 . 2 7 

http://cn.icn.i9


RNB136 33 R.N.BflRNES 
cn.tcn.i9 

ea n* No. 36 MW 456 „ , 

217 

21-N0V-88 

1 

S 

S 

2$ 

T""1 

0 

I B S 

u i..,l) l..i|,.U)..il,.i< 

2 4 7 

4& 

['•••A h 

409S 

2se 
• 1 1 • ' • 

EBB 

PEAK MASS X H T . PEAK 
NO. BASE • NO. 

1 2 B . 1 3 4 8 6 5 . 0 8 3 4 
2 2 8 . 3 7 4 0 0 . 2 9 5 5 
3 2 8 . 9 9 9 0 0 . 6 6 5 6 
4 3 0 . 9 1 0 6 0 . 6 1 5 7 
S 3 2 . 0 1 9 0 1 3 . 3 3 5 8 
6 3 9 . 8 2 9 1 1 . 4 2 5 9 
7 4 3 . 1 1 5 2 0 . 2 7 6 0 

e 4 4 . 1 0 8 9 0 . 7 3 6 1 
9 4 9 . 8 6 0 8 0 . 5 6 

1 0 6 8 . 9 4 7 7 1 0 0 . 0 0 
1 1 6 9 . 4 7 7 3 0 . 4 9 
1 2 6 9 . 8 8 2 8 1 . 6 4 
1 3 7 6 . 0 6 6 9 1 . 4 2 
1 4 8 0 . 8 7 8 9 0 . 2 7 
1 3 8 0 . 9 9 1 2 0 . 2 7 
1 6 9 5 . 0 1 2 2 1 . 5 6 
1 7 9 9 . 8 5 5 9 1 . 9 3 
1 8 1 0 0 . 3 7 7 9 0 . 2 7 
1 9 1 0 0 . 8 1 2 4 0 . 2 9 
2 0 1 1 3 . 0 5 3 6 0 . 3 2 
2 1 1 1 3 . 9 8 B 7 1 0 0 . 0 0 
2 2 1 1 4 . 8 8 2 2 3 . 7 9 
2 3 1 2 0 . 9 4 7 0 1 3 . 6 5 
2 4 1 2 1 . 9 8 4 6 0 . 5 6 
2 3 1 2 6 . 0 3 9 7 1 . 0 7 
2 6 1 3 3 . 0 3 6 8 0 . 3 2 
2 7 1 3 9 . 9 3 6 2 0 . 6 1 
2 8 1 4 4 . 9 8 5 0 1 . 6 1 
2 9 1 5 8 . 9 3 0 4 1 2 . 4 3 
3 0 1 5 9 . 9 1 1 8 0 . 6 8 
3 1 1 6 3 . 9 6 7 0 0 . 8 1 
3 2 1 6 5 . 9 4 4 5 1 . 2 9 
3 3 1 7 8 . 0 7 5 9 0 . 7 1 
3 4 1 7 9 . 0 6 9 5 0 . 2 9 
3 3 1 8 2 . 9 6 3 6 0 . 3 2 
3 6 1 B 9 . B 4 5 9 6 . 1 5 
3 7 1 9 0 . 8 1 7 1 0 . 5 1 
3 8 2 0 3 . 9 8 0 4 1 . 0 5 
3 9 2 0 7 . 3 3 4 8 0 . 3 2 
4 0 2 0 7 . 6 0 B 3 0 . 2 7 
4 1 2 0 B . 9 4 6 2 7 4 . 9 0 
4 2 2 0 9 . 9 3 7 4 4 . 5 2 
4 3 2 3 4 . 9 2 2 7 1 . 0 7 
4 4 2 4 6 . V 0 0 3 6 1 . 1 0 
4 3 2 4 7 . 9 2 3 2 5 . 7 9 
4 6 2 5 3 . 0 0 0 2 1 0 . 2 3 

4 7 2 5 4 . 6 3 2 9 4 . 3 2 
4 8 2 7 7 . 8 6 7 7 2 . 2 2 
4 9 2 7 V . 0 4 H 2 0 . 2 4 
5 0 2 V S . H A 7 3 0 . 3 7 

. 3 1 3 2 2 . 0 7 6 3 1 . 1 0 
' 5 2 3 3 7 . 4 / 7 6 0 . 2 9 

5 3 3 3 7 . 9 2 4 4 0 . 2 2 

MASS X H T . 
BASE 

3 4 1 . 8 6 2 4 1 0 0 . 0 0 
3 4 2 . 9 7 5 7 1 1 . 9 9 
3 4 4 . 2 2 5 6 4 . 4 4 
3 4 8 . 8 8 6 1 0 . 8 1 
3 8 6 . 7 9 8 0 0 . 6 1 
4 3 4 . 3 1 1 8 0 . 2 2 
4 3 6 . 8 5 3 1 1 7 . 8 0 
4 3 3 . 7 7 1 9 0 . 4 9 

http://cn.tcn.i9
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RNB136 29 R.N.BARNES 
cra.icm.t9 

-2B taa 
No.37 MW 456 21-N0V-88 

1937 

PEAK MASS X H T . 
NO. BASE 

1 2 8 . 1 3 4 8 1 0 0 . 0 0 
2 2 8 . 1 9 3 4 2 . 5 2 
3 2 8 . 3 3 7 4 0 . 2 4 
4 2 8 . 9 9 9 0 1 . 1 0 
3 3 0 . 9 0 3 3 0 . 7 3 
6 3 2 . 0 1 9 0 2 2 . 3 0 
7 3 4 . 1 5 5 3 0 . 3 4 
8 3 9 . 8 2 9 1 2 . 4 7 
9 4 3 . 1 0 7 9 0 . 5 9 

10 4 4 . 1 1 6 2 0 . 5 1 
11 4 9 . 8 6 8 2 1 . 3 7 
12 6 8 . 9 5 7 5 1 8 . 2 9 
13 6 9 . 8 9 2 6 0 . 3 9 
14 7 6 . 0 4 9 8 0 . 4 4 
13 9 4 . 9 8 2 9 3 2 . 5 0 
16 9 5 . 9 8 8 8 0 . 9 0 
17 9 9 . 8 5 8 4 4 8 . 7 7 
18 1 0 0 . 9 0 4 4 1 . 3 4 
19 1 0 1 . 9 6 4 1 0 . 3 2 
2 0 1 1 3 . 9 9 5 3 1 7 . 1 4 
2 1 1 1 3 . 0 0 6 0 0 . 7 1 
2 2 1 1 8 . 8 9 0 4 0 . 3 2 
2 3 1 2 0 . 9 0 6 9 2 . 5 6 
24 1 5 8 . 8 7 0 8 2 3 . 3 7 
2 3 1 3 9 . 8 8 4 6 1 . 0 3 
2 6 1 6 3 . 9 6 8 6 1 1 . 4 3 
2 7 1 6 4 . 9 8 4 3 0 . 6 6 
2 8 1 6 5 . 9 7 5 5 0 . 2 9 
2 9 1 8 9 . 8 7 9 2 0 . 9 3 
3 0 2 0 4 . 0 3 0 7 0 . 2 7 
3 1 2 0 8 . 8 9 4 0 2 . 6 1 
3 2 2 1 0 . 0 4 B 3 0 . 2 7 
3 3 2 1 5 . 9 5 B 9 0 . 6 3 
34 2 3 3 . 0 3 3 1 0 . 3 2 
3 3 2 3 8 . 9 7 6 4 0 . 3 2 
36 2 S 3 . B 9 5 8 7 . 1 1 
3 7 2 3 4 . 9 4 5 0 0 . 7 6 
3 8 2 7 7 . 8 8 4 4 2 0 . 1 0 
3 9 2 7 8 . 6 9 2 2 3 . 0 1 
4 0 2 7 9 . 7 4 9 3 0 . 2 2 
41 2 9 6 . 9 2 2 2 1 . 9 8 
4 2 2 9 8 . 8 3 3 B 0 . 2 2 
4 3 3 0 3 . 9 1 2 0 1 . 1 0 
44 3 2 2 . 8 4 2 5 3 3 . 2 9 
4 5 3 2 3 . 9 3 6 2 4 . 6 6 
4 6 3 4 1 . H 9 3 1 1 . 5 4 
4 7 3 4 3 . 0 5 7 7 0 . 2 7 
48 3 4 8 . 9 0 9 8 0 . 9 3 
49 3 0 6 . 7 2 9 7 0 . 7 8 
S O 4 3 6 . 9 3 6 3 6 . 7 6 
5 1 4 5 5 . 0 9 6 3 1 . 2 5 

http://cra.icm.t9
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RNB1B6 IS B.N.BWWES . . _ n . . .. . .̂ _ „ 
«•""-» N o . 3 8 MW 2 6 2 

14-MflY-Ol 

IflB M B 3BB 

PEAK MASS XHT. 
NO. BASE 

1 20.13 4.93 
2 29.02 1.51 
3 . 30.93 0.46 
4 32.03 1 .03 
5 33.14 3.69 

49.90 0.56 
7 50.98 0.56 
B 59.03 0.37 
9 59.95 12.87 

10 61.05 0.42 
11 64.15 1 .51 
12 65.13 0.34 
13 68.9H 24.79 
14 6 9 . 10 2.B1 
15 69.92 0.44 
16 7B.04 27.96 
17 78.17 3.35 
18 70.30 0.34 
1? 7B.94 2.91 
20 95.02 2.71 
21 96.01 0.56 
22 99.86 9.45 
23 100.03 3.83 
24 100.59 0.42 
25 100.99 0.90 
24 105.10 0.27 
27 107. £16 0.39 
28 109.01 0.63 
2? 109.93 24.49 
30 110.52 0.24 
31 110.96 0.90 
32 112.3(1 0.37 
33 112.70 0.34 
34 112.93 0.29 
35 114.0.) 100.00 
36 114.33 4.S7 
37 115.04 2. VI 
nn 123.09 0.2V 
39 12A.:.lS 0.24 
40 127.04 2.H3 
41 I2H.04 10. 111 
42 12V.01 33. 2U 
43 129.24 4.13 
44 129.V3 1 .44 
45 i 4 / . v n 10. 4S 
46 14U.VJ. 0.61) 
47 i : , : . . o i 12.7/ 
411 I v v 0. 66 
4V 1 t i l l . V/, 0.63 
50 164 . <>0 
51 1 . 04 ( ) . • . " 

• 1 , 1 ii . ' . 0 1 i:,.A.i 
1114.ON 

PEAK HASS XHT. 
NO. BASE 

54 193.01 0.73 
55 202.00 0.39 
56 240.11 0.49 
57 242.98 22. 15 
58 243.7* 3 .113 
59 260.10 0. 27 
60 261.93 20.63 
61 262.77 4.03 



RNB144 19 
CRLICAU9 

R.N.BRRNES 
N o . 3 9 MW 190 

220 

21-JRN-81 

S 

28 

4 - ^ 

483S 

198 

121 

' I ' " 
isa 6S 109 

J I " 1 " 
288 

PEAK MASS 2HT. 
NO. BASE 

1 28.01 0.27 
2 28.13 78.36 
3 •28 .27 0 .22 
4 28.31 0.42 

- 3 29.00 0.83 
6 30.91 9.06 
7 32.02 13.97 
8 39.84 2 .03 

44.13 0.68 
10 49 .88 2.91 
11 37.10 0 .9S 
12 68 .42 0.34 
13 68.98 100.00 
14 69 .23 4 .22 
I S 69.86 1.83 
16 76.00 10.92 
17 76.22 0.22 
18 76.98 0.37 
19 80.86 0.66 
20 83,00 0.32 
21 93.06 8.23 
22 96.03 0.34 
23 99.94 0.34 
24 101.97 0.42 
25 110.94 2.32 
26 113.01 1.03 
27 114.04 3.59 
28 11B.99 0.81 
29 121.00 11.01 
30 122.04 0.61 
31 126.06 3 .42 
32 126.41 0.24 
33 127.03 0.37 
34 129.94 1.07 
33 132.00 0.37 
36 137.02 0.27 
37 139.00 3.00 
38 160.01 0.29 
39 171.00 3.13 
40 172.03 0.27 
41 183.06 0.66 
42 189.98 32.97 
43 190.83 3.49 



221 

RB1712 8" R.N. BARNES ... . 
c r l , c ^ 6 N o . 40 MW 2 2 4 

63 
tt a 

06-MRR-81 

e 

8 

2B V 

• 12 

J l , . , l 1,. ••„., I 
toe 

X3\ 

f*V*VWVH|UI I I I IUI<VI |Vf f l«mi | l l v i l U I U I * I U « I U I U I i y u l l R U I UUI|I I 

288 aae 

PEAK MASS XHT. 
NO. BASE 

1 20.59 4.26 
2 26.55 0.97 
3 27.43 1.53 
4 28.27 14.15 
5 29.12 2.17 

30.99 4.B7 
7 38.05 0.33 
e 30. V8 0.50 
V 39.87 0.31 

10 40.96 0.36 
n 41.98 1.70 
12 43.03 3.59 
13 44.06 14.37 
14 45.08 2.34 
I S 46.08 5.99 
16 47.04 7.(13 
17 4 9 . BB 3.93 
18 50.99 0.81 
19 S4.10 0.67 
20 64. I t 1,70 
21 65.10 6.79 
22 66.08 I B . 1 0 
23 68.07 0.53 
24 68.97 100.00 
25 69.93 3.51 
26 71 .01 0.81 
27 73.06 0.95 
28 76.00 0.B6 
29 77.09 1.00 
30 B4.05 0.70 
31 85.06 1.17 
32 89.00 0.45 
33 89.95 0.B4 
34 91 .98 6.21 
35 93.03 2.03 
36 95. 10 0.45 
37 96.11 0.45 
30 105.10 1.00 
39 111.03 0.31 
40 111.99 34. 4S 
41 113.03 19.69 
42 114.OA 2.03 
43 122.1* 0.47 
44 137.06 2.H4 
45 156.05 '.'. 9B 
46 224.15 2.09 
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RNB183 11 fl.N.BRRNES . „ ..... o n o 
No.41 MW 3 7 8 

69 : 

05-MRY-81 

U 
i a e 

neat 

IBS IS3 

188 488 

PEAK MASS XHT. 
NO. BASE 

1 20. 13 5.67 
2 30.92 1 .26 
3 32.00 1 .34 

49.87 1 .50 
5 68.96 100.00 
6 69.11 12.84 
7 69.211 1 .26 
8 69.81 1 .26 
V 7 6. 02 J.B6 

10 94.98 5.59 
11 112.62 t .65 
12 113.92 69.50 
13 114.21 9.06 
14 114.94 2.36 
I S 149.35 1.9/ 
16 156.99 1.18 
IV 175.93 14.18 
18 1 HO.90 8.59 
19 182.93 6.0/ 
20 194.98 4 .49 
21 220.94 0.95 
22 225.94 I .81 
23 243.92 1.18 
24 244.90 24,98 
25 245.86 1 .50 
26 263.93 16,47 
27 265.04 1 . 10 
28 270.94 4.09 
29 358.90 /.33 



223 

RNB183 B B.N.BARNES 
QRLI CFU 

ea HoA2 MW 3 7 8 BS-MflY-Bl 

• ,Jfl,.r.J, 

(14 

\0£> 

13G3 

84S 

3C4 

mnn*H»wwriW|WfwwmiwiiiHH 
4£9 

PEAK MASS ZHT . 
NO. RASE 

1 2 8 . 13 3.17 
2 30.90 2.51 
3 . 3 2 . 0 ^ 0.8/ 
4 49.87 4.42 
5 68.96 100.00 
6 69.08 9.34 
7 69.90 0.90 
8 76.05 6. an 
9 95.01 7.10 

10 99.92 1.97 
11 107.01 1.31 
12 113.99 51.72 
13 115.04 1.75 
14 130.96 0.98 
15 139.93 1 .91 
16 145.02 1 . I S 
17 149.90 4.42 
18 157.00 2.79 
19 158.94 2.73 
20 163.96 34.24 
21 164.68 0.87 
22 164.<?6 1.37 
23 175.96 30.42 
24 176.23 8.19 
25 176.90 1.47 
26 180.87 17.26 
27 189.97 0.76 
28 194.96 10.21 
29 208.91 1.42 
30 220.91 0.60 
31 225.V5 2.02 
32 244.H? 37.03 
33 245.64 8.47 
34 270.97 2.29 
35 3 0 8 . V J 4.S3 
36 3511.94 11 .36 
37 377.0.1 1 ,Z0 
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RNB18S0 n. N • BBBNES 
_S1 No.Z>3 MW 2 0 4 

22-tlflY-Bt 
art 

2J&B 

PEAK MASS ZHT. 
NO. BASE 

1 26.30 1 
2 27.24 12.55 
3 .28.13 58.99 
4 28.18 14.62 
5 29.01 19.60 
6 30.91 9.97 
7 32.01 1 .01 
8 38.99 12.98 
V 39.88 7»22 

10 40.96 100.00 
n 42.04 6.62 
12 43.08 16.08 
13 44.11 5.67 
14 45.14 4.73 
15 46.12 2 . 9 2 
16 47.07 3.87 
17 47.99 1.55 
18 49.84 5.25 
1? 53.09 2. 84 
20 54. 10 2.73 
21 55.13 33.71 
22 56.14 50.3V 
23 57.11 2.84 

. 24 58.99 5.42 
25 63.03 1.36 
26 65.08 1.29 
27 66.04 1 . 2 9 
28 68.95 94.15 
29 69.87 97.16 
30 70.02 11.18 
31 70.23 1.20 
32 70.92 3.96 
33 73.01 1 .98 
34 74.08 1 .29 
35 76.02 1.98 
36 77.93 1 .46 
37 8 4 . 9 8 1 .38 
38 VI .91 38.09 
39 '/?. . 95 1.03 
40 94.98 3.70 
41 113.V3 3U.95 
42 1) 4 . 9 7 1 .46 
•13 1 J 9 . I J 8 7.31 
44 120.94 1 .U9 
4 5 1 J 2 . 9 6 9. 37 
46 1 J J . 9 5 20.03 
4 V I 3 6 . 9 J 1 .63 
1 U 1 4 1 . 9 2 1 .o.l 
' 1 9 1 -J.6 . 96 1 . t i l 
50 I A O . 1 ' 9 1 1 . -i ' . i 
1,1 1 6 - 1 . . ' . I ' ' 

1 > M . V / 1 . '» ' ! ! 

PEAK 
NO. 

HA6S XMT. 
BASE 
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APPENDIX IV 

DEPARTMENTAL COLLOQUIA AND INDUCTION COURSE FOR POSTGRADUATES 

The Board o f Studies i n Chemistry r e q u i r e s t h a t each postgraduate 

research t h e s i s contains an appendix l i s t i n g 

a) a l l research c o l l o q u i a , research seminars and l e c t u r e s arranged by 

the department o f Chemistry d u r i n g the peri o d of the w r i t e r ' s residence 

as a postgraduate student; 

b) a l l research conferences attended and papers read out by the w r i t e r o f the 

t h e s i s d u r i n g the peri o d when the research f o r the t h e s i s was c a r r i e d out; 

and 

c) d e t a i l s o f the postgraduate i n d u c t i o n course. 

Events i n a) which were attended are marked *. 
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Research Co l l o q u i a , Seminars and Lectures 

1. U n i v e r s i t y o f Durham Chemistry Colloquia 

Academic Year 1978-1979 

* 12 Dec. Professor C.J.M, S t i r l i n g (U. o f Bangor), " P a r t i n g i s such 

sweet sorrow - the leaving group i n organic chemistry". 

* 31 Jan. Professor P.D.B. de l a Mare (U. o f Auckland, New Zealand), "Some 

pathways leading to e l e c t r o p h i l i c s u b s t i t u t i o n " . 

14 Feb. Professor B. Dunnel (U. o f B r i t i s h Columbia), "The a p p l i c a t i o n 

o f n.m.r. to the study o f motions o f molecules i n s o l i d s " . 

* 14 Mar. Dr. J.C. Walton (U. of St. Andrews), "Pentadienyl r a d i c a l s " . 

* 28 Mar. Dr. A. Reiser (Kodak L t d . ) , "Polymer photography and the mechanism 

o f cross l i n k formation i n s o l i d polymer matrices". 

* 25 Apr. Dr. C.R. P a t r i c k (U. o f Birmingham), "Chlorofluorocarbons and 

s t r a t o s p h e r i c ozone: an ap p r a i s a l o f the environmental problem". 

* 1 May Dr. G. Wyman (European Research O f f i c e , U.S. Army), "Excited 

s t a t e chemistry o f i n d i g o i d dyes". 

* 2 May Dr. J.D. Hobson (U. o f Birmingham), "Nitrogen-centred r e a c t i v e 

i ntermediates". 

8 May Professor A. Schmidpeter ( I n s t , o f Inorg. Chem., U. of Munich), 

"Five-membered phosphorus heterocycles c o n t a i n i n g d i c o o r d i n a t e phosphorus". 

* 9 May Professor G. Maier (Lahn-Geissen U.), " T e t r a - t e r t - b u t y l t e t r a -

hedrane". 

9 May Dr. A.J. Kirkby (U. o f Cambridge), " S t r u c t u r e and r e a c t i v i t y i n 

in t r a m o l e c u l a r and enzymie c a t a l y s i s " . 

* 16 May Dr. J.F. Nixon (U. o f Sussex), "Some recent developments i n 

plat i n u m metal phosphine complexes". 

23 May Dr. B. Wakefield (U. o f S a l f o r d ) , "Electron t r a n s f e r i n the r e a c t i o n 

o f metals and organometallic compounds w i t h p o l y c h l o r o p y r i d i n e d e r i v a t i v e s " . 
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13 Jun. Professor I . Ugi (U. o f Munich), "Synthetic uses o f super 

nucl e o p h i l e s " . 

25 Sep. Professor R. Soulen (Southwestern U"., Texas), " A p p l i c a t i o n s o f 

HSAB theory t o v i n y l i c halogen s u b s t i t u t i o n r e a c t i o n s and a few copper 

coupling r e a c t i o n s " . 

Academic Year 1979-1980 

21 Nov. Dr. J. M i i l l e r (U. o f Bergen), "Photochemical reactions o f ammonia 

28 Nov. Dr. B. Cox (U. o f S t i r l i n g ) , "Macrobicyclic c r y p t a t e complexes: 

dynamics and s e l e c t i v i t y " . 

5 Dec. Dr. G.C. Eastmand (U. o f L i v e r p o o l ) , "Synthesis and p r o p e r t i e s 

o f some multicomponent polymers". 

12 Dec. Dr. C.I. R a t c l i f f e , "Rotor motions i n s o l i d s " . 

18 Dec. Dr. K.E. Newman (U. o f Lausanne), "High pressure m u l t i n u c l e a r 

n.m.r. i n the e l u c i d a t i o n o f mechanism o f f a s t simple inorganic r e a c t i o n s " . 

30 Jan. Dr. M.J. Barrow (U. o f Edinburgh), "The s t r u c t u r e s o f some simple 

inorganic compounds o f s i l i c o n and germanium - p o i n t e r s t o s t r u c t u r a l 

trends i n group IV". 

6 Feb. Dr. J.M.E. Quirke (U. o f Durham), "Degradation o f c h l o r o p h y l l - a 

i n sediments". 

23 Apr. B. Grievson B.Sc. (U. o f Durham), "Halogen radio-pharmaceuticals" 

14 May Dr. R. Hutton (Waters Associates), "Recent developments i n 

m u l t i - m i l l i g r a m and multi-gram scale p r e p a r a t i v e high performance l i q u i d 

chromatography". 

21 May Dr. T.W. Bentley (U. o f Swansea), "Medium and s t r u c t u r a l e f f e c t s 

on s o l v o l y t i c r e a c t i o n s " . 

10 J u l . Professor D. Des Marteau (U. o f Heidelberg), "New developments i n 

organonitrogen f l u o r i n e chemistry". 
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Academic Year 1980-1981 

7 Oct. Professor T. Fehlner (Notre Dame U., In d i a n a ) , "Metalloboranes -

cages or co-ordination compounds". 

15 Oct. Dr. R. Alder (U. o f B r i s t o l ) , "Doing chemistry i n s i d e cages -

medium r i n g b i c y c l i c molecules". 

12 Nov. Dr. M. Gerloch (U. o f Cambridge), "Magneto-chemistry i s about 

chemistry". 

19 Nov. Dr. T. G i l c h r i s t (U. o f L i v e r p o o l ) , " N i t r o s o - o l e f i n e s as s y n t h e t i c 

i ntermediates". 

3 Dec. Dr. J.A. Connor (U. o f Manchester), "Thermochemistry o f t r a n s i t i o n 

metal compounds". 

18 Dec. Dr. R.F. Evans (U. o f Brisbane), "Some recent communications t o 

the e d i t o r o f A u s t r a l i a n Journal o f Failed Chemistry". 

18 Feb. Professor S.F.A. K e t t l e (U. o f East A n g l i a ) , " V a r i a t i o n s i n the 

molecular dance a t the c r y s t a l b a l l " . 

25 Feb. Dr. K. Bowden (1). o f Essex), "The transmission o f p o l a r s u b s t i t u e n t 

e f f e c t s " . 

4 Mar. Dr. S. Cradock (U. o f Edinburgh), "Pseudo-linear pseudohalides". 

18 Mar. Dr. P.J. Smith ( I n t . Tin Research I n s t i t u t e ) , "Organotin 

compounds - a v e r s a t i l e class o f organometallic d e r i v a t i v e s " . 

6 May Professor M. Szwarc, F.R.S., "Ions and ion p a i r s " . 

8 May Professor H.F. Koch (Bathaca College, U.S.A.), "Proton-transfer 

d u r i n g e l i m i n a t i o n r e a c t i o n s " . 

13 May Professor H. F r i t z e r (U. o f Graz), "Simple methods t o constru c t 

representations f o r d i s c r e t e symmetry groups". 

14 May Professor H. F r i t z e r (U. o f Graz), "The i n t e r p l a y o f permutational 

and geometrical symmetry o f c e r t a i n e l e c t r o n i c systems". 

10 Jun. Dr. J. Rose ( I . C . I . P l a s t i c s D i v i s i o n ) , "New engineering p l a s t i c s " . 

17 Jun. Dr. P. Moreau (U. o f M o n t p e l l i e r ) , "Recent r e s u l t s i n p e r f l u o r o -

organometallic chemistry". 
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24 Jun. Dr. S.A.R. Knox (U. of B r i s t o l ) , "Coordination and r e a c t i v i t y 

o f organic species at d i n u c l e a r metal centres". 

26 Jun. Professor A.P. Schaap (U.S. O f f i c e o f Naval Research, London), 

"Mechanisms o f chemiluminescence and photooxygenation". 

2. Durham U n i v e r s i t y Chemical Society 

Academic Year 1978-1979 

10 Oct. Professor H.C. Brown (Purdue U.), "The t o o l o f i n c r e a s i n g e l e c t r o n 

demand i n the study of c a t i o n i c processes". 

19 Oct. Mr. F.C. Shenton (Public Analyst, Co. Durham), "There i s death 

i n the pot". 

26 Oct. Professor W.J. Albery ( I m p e r i a l College, London), "Photogalvanic 

c e l l s f o r solar energy conversion". 

9 Nov. Professor A.R. K a t r i t s k y (U. o f East A n g l i a ) , "Some adventures 

i n h e t e r o c y c l i c s " . 

16 Nov. Dr. H.C. F i e l d i n g ( I . C . I . Mond D i v i s i o n ) , "Fluorochemical 

s u r f a c t a n t s and t e x t i l e f i n i s h e s " . 

23 Nov. Dr. C. White (U. o f S h e f f i e l d ) , "The magic o f chemistry". 

18 Jan. Professor J.C. Robb (U. o f Birmingham), "The p l a s t i c s r e v o l u t i o n " . 

8 Feb. Mr. C.G. Dennis (Vaux L t d . ) , "The a r t and science o f brewing". 

1 Mar. Professor R. Mason (Govt. S c i e n t i f i c A d v i s o r ) , "The s c i e n t i s t 

i n defence p o l i c y " . 

10 May Professor G. A l l e n (Chairman S.R.C.), "Neutron s c a t t e r i n g f o r 

polymer s t r u c t u r e s " . 

Academic Year 1979-1980 

18 Oct. Dr. G. Cameron (U. o f Aberdeen), "Synthetic polymers - t w e n t i e t h 

century polymers". 
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25 Oct. Professor P. Gray (U. o f Leeds), " O s c i l l a t o r y combustion r e a c t i o n s " . 

* 1 Nov. Dr. J. Ashby ( I . C . I . T o x i c o l o g i c a l Laboratory), "Does chemically-

induced cancer make chemical sense ?" 

* 8 Nov. Professor J.H. Turnbu l l (R.M.C. Shrivenham), "Luminescence of 

drugs". 

15 Nov. Professor E.A.V. Ebsworth (U. of Edinburgh), "Stay s t i l l you 

br u t e : the shape o f the simple s i l y l complexes". 

* 24 Jan. Professor R.J.P. Williams (U. o f Oxford), "On f i r s t l o o k i n g i n t o 

biology's chemistry". 

14 Feb. Professor G. Garnien (U. o f S a l f o r d ) , "A yarn w i t h a new t w i s t -

f i b r e s and t h e i r uses". 

* 21 Feb. Dr. M.L.H. Green (U. o f Oxford), "Synthesis o f h i g h l y r e a c t i v e 

organic compounds using metal vapours". 

* 28 Feb. Professor S.F.A. K e t t l e (U. o f East A n g l i a ) , "Molecular shape, 

s t r u c t u r e and chemical blindness". 

* 6 Mar. Professor W.D. O l l i s (U. o f S h e f f i e l d ) , "Novel molecular 

rearrangements". 

Academic Year 1980-1981 

* 1 6 Q c t - D r > D- Ma a s ( u- o f S a l f o r d ) , "Reactions a go-go". 

* 23 Oct. Professor T.M. Sugden (U. o f Cambridge), "Some reac t i o n s of metals 

i n high temperature flames". 

* 30 Oct. Professor N. Grassie (U. o f Glasgow), " I n f l a m m a b i l i t y hazards i n 

commercial polymers". 

6 Nov. Professor A.G. Sykes (U. o f Newcastle), " M e t a l l o - p r o t e i n s : An 

inorganic chemists approach". 

* 13 Nov. Professor N.N. Greenwood (U. of Leeds), "Metalloborane chemistry". 

* 4 Dec. Rev. R. Lancaster, "Fireworks". 

* 2 2 D e c - Professor E.A. Dawes (U. o f H u l l ) , "Magic and mystery through the 

ages". 
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29 Jan. Mr. H.J.F. MacLean ( I . C . I . A g r i c u l t u r a l D i v i s i o n ) , "Managing the 

chemical i n d u s t r y i n the 1980s". 

5 Feb. Professor F.G.A. Stone (U. o f B r i s t o l ) , "Chemistry o f carbon t o 

metal t r i p l e bonds". 

12 Feb. Dr. I.Fleming (U. o f Cambridge), "Some uses o f s i l i c o n compounds 

i n organic synthesis". 

17 Mar. Professor W.P. Jencks (Brandeis U., Massachusetts), "When i s an 

int e r f i l e d i a t e not an intermediate?". 

7 Ma/ Professor M. Cordon (U. of fissex), "Do s c i e n t i s t s have to count?" 

Research Conferences Attended 
3rd Annual Congress o f the Chemical Society, Durham, 9-11 A p r i l 1980. 

7th European Symposium on Fluorine Chemistry, Venice, 15-19 September 1980. 

Postgraduate I n d u c t i o n Course 

I n each p a r t o f the course, the uses and l i m i t a t i o n s o f the various 

services a v a i l a b l e were explained by those responsible f o r them. 

Departmental o r g a n i s a t i o n 

E l e c t r i c a l appliances and 

i n f r a r e d spectroscopy 

Chromatography and microanalysis 

Atomic absorption spectrometry 

and inorganic a n a l y s i s 

Mass spectrometry 

N.m.r. spectrometry 

Glassblowing techniques 

Safety matters 

Dr. E.J.F. Ross 

Mr. R.N. Brown 

Mr. T.F. Holmes 

Mr. R. Coult 

Dr. M. Jones 

Dr. R.S. Matthews 

Mr. W.H. F e t t i s and 

Mr. R. Hart 

Dr. D.L.H. Williams 
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