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Abstract. 

Part I . 
A study has been carried out on the effect of a pentafluorophenyl 

subBtituent i n promoting carbanion rearrangements i n a simple ethyl 
system. Analogous non-fluorinated systems are reported to have produced 
rearrangement only with caesium or a l k a l i metal alloys. The reactions 
of 1-bromo-2-pentafluorophenylethane with magnesium and l i t h i u m have 
been studied under various conditions. The major product i n the case of 
lith i u m was the corresponding ethene, formed by decomposition of the 
l i t h i u m compound. With magnesium the expected ethane was formed on 
hydrolysis. Isotopic l a b e l l i n g studies indicated that no rearrangement 
occurred i n this system. The evidence suggests that a single pentafluoro-
phenyl group i s i n s u f f i c i e n t l y activating to cause rearrangement to 
occur with the less active a l k a l i metals. 

Part I I . 
The reactions of an " i n t e r n a l " fluoroalkene (perfluoro-3,4-dimethyl-

3-hexene) with various carbon and nitrogen nucleophiles have been 
investigated. Unusually, a terminal alkene has been produced as the 
major product with a carbon nucleophile, rather than the more highly 
substituted isomer. The reactions with nitrogen nucleophiles have 
resulted i n products being formed from each of the three isomers of 
p erfluoro-3,4-dime thyl-3-hexene. 

An interesting series of fluorinated furans has been prepared, with 
a variety of substituents at the 2-position. These are related to the 
internal fluoroalkene discussed above. This series has provided a 
useful probe f o r the investigation of the photochemistry of fluorinated 
furans. The expected products (cyclopropenylketones) were obtained i n a l l 
cases except where the substituent was perfluoro-1-H-T-H-propyl, where 
the only observed products resulted from loss of HP from the side chain. 
Specificity i n r i n g opening was only observed for one furan - perfluoro-
3,4,5-trimethylfuran. 

Perfluorotetramethylfuran has proved to be largely i n e r t to 
nucleophilic attack and reaction with addition reagents. 



Conventions. 

The following conventions have been used i n t h i s thesis; 

1. The p r e f i x perfluoro i s used before a name to denote that the 
compound or the part of the compound following the prefix i s f u l l y 
fluorinated. 

2. F i n a ri n g (e.g. ) denotes that the r i n g and i t s 

unspecified substituents are f u l l y fluorinated. 

19 

3. F chemical s h i f t s are quoted as ppm rel a t i v e to external CPC1 
and 1H chemical s h i f t s are quoted as ppm rel a t i v e to external TMS. 

4. [X ] indictates the reference to the work quoted. 
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-PENTAFLUOROPHENYLETHYL ANION. 



Chapter I 

Introduction -

Carbanion Rearrangements and Related Topi 



1 

1.1. Carbanion Rearrangements. 

Since the o r i g i n a l preparation of the m a j o r i t y of t h i s s e c t i o n 1 

the f i e l d has been comprehensively reviewed by an a u t h o r i t y , 
2 

E. Grovenstein J r . , i n a g r a t i f y i n g l y s i m i l a r manner to the author. 

1.1.A. I n t r o d u c t i o n . 

R e l a t i v e l y few rearrangements are known which are i n i t i a t e d 

by carbanion formation, compared w i t h s i m i l a r rearrangements of 

carboniun. ions and free r a d i c a l s and of these many involve molecules 

containing heteroatoms^. Molecular o r b i t a l c a l c u l a t i o n s on various 
4 

systems have shown that i n 1,2-aryl migrations the s i t u a t i o n i s 

favourable to rearrangement but t h a t t h i s i s not the case f o r 

migration of an a l k y l group. The f o l l o w i n g survey gives a general 

review of 1,2- and r e l a t e d rearrangements of a r y l groups and i n d i c a t e s 

the possible mechanisms proposed f o r these migrations. 

I.1.B. 1,2-Aryl Migrations. 

The f i r s t reactions of t h i s type t o be observed were the 

reactions of 2-caloro-1,1,1-triphenylethane (jT) w i t h sodium i n dioxane^. 

A red-coloured carbanion was formed which gave 2,2,3-triphenyl-

propanoic acid on carbonation. The r e a c t i o n was thought to occur 

v i a the 2,2,2-triphenylethyl anion (£) but a f r e e r a d i c a l pathway 

was also considered f e a s i b l e (Scheme The d r i v i n g force f o r the 

rearrangement may w e l l be the resonance d e l o c a l i s a t i o n of the charge 

i n the intermediate. The r e a c t i o n was c a r r i e d out w i t h d i f f e r e n t 

cations* 3 - f o r example potassium reacted to give rearrangement products 

immediately at low temperatures ( -50° to -60°C ), while l i t h i u m 

only produced rearrangement products at higher temperatures. The 

order of r e a c t i v i t y towards rearrangement was found to be 

v. S C I E N C E 

S E C T I O N 

L-b-arY 



RMg (no rearrangement) < RLi < RNa < RK, 

which would i n d i c a t e some carbanionic character i n the mechanism, 

since t h i s order i s t h a t of the i o n i c character of the carbon-metal 

bond. 

Na - + 
Prt 3CCH 2CI — * > P h 2 C C H 2 N a * P h 2 C C H 2 P h Na* I 

Ph 

(!) (2) 

| C 0 2 / H 4 

P h ^ C O L P h 

COOH 

fcO / H + 

P h 2 C C H 2 P h Na* 

tNa* 

\ln* 
P h 3 C C H 2 C i — N a C l + P h 3 C C H 2 — » P h 2 C C H 2 P h 

Scheme 1.1. 

7 
Later work snowed a possible competition between anionic and 

r a d i c a l mechanisms i n t h i s rearrangement. When (1.) was reacted w i t h 

l i t h i u m metal i n THF at temperatures below -65°C and the red s o l u t i o n 

formed Wc3 allowed t o warm up, a s i g n a l was observed i n the esr 

spectrum of the mixture. Subsequent work-up produced the 

rearranged product 1,1,2-triphenylethane Q ) . I f , however, n - b u t y l -

l i t h i u m and bis-(2,2,2-triphenylethyl)-mercury were used t o produce 

the 2 , 2 , 2 - t r i p h e n y l e t h y l l i t h i u m (£) and no free metal was present, 

no esr signals could be obtained. No paramagnetic species were 



3 

observed i n a CIDNP study of the mixture. Work-up produced the same 

products as i n the r e a c t i o n w i t h free metal (Scheme 1.2.). 

Ph 3 CCH 2 Cl 

(1) 

Li 
-65°C 

esr signal 
observed 

[ Ph 3 CCH 2 Li ] 

(4) 

•* Ph 2 CHCH 2 Ph 

(3) 

no esr signal observed 

n BuLi + ( P h 3 C C H 2 ) 2 H g 

Scheme 1.2. 

Further support f o r carbanionic mechanisms i n a r y l migration 

reactions was found i n the rearrangement of 2,2-diphenylpropyllithium 

and 2 - p h e n y l - 2 - ( p - t o l y l ) - p r o p y l l i t h i u m ^ . Rearrangement of the p - t o l y l 

group occurred much less r e a d i l y than rearrangement of phenyl. This 

was thought to support an anionic mechanism, since an anionic 

intermediate would be less stable f o r p _ ~ t o l y l migration than f o r 

phenyl migration, but f r e e - r a d i c a l migratory aptitudes f o r the two 
Q 

groups would not be expected to be widely d i f f e r e n t . 

CH 3 \ 

< 
stability 

CH 3 -Ph' 

CH. 

No f u r t h e r studies were c a r r i e d out at t h i s stage (e.g. replacement 

of p-methyl by t r i f l u o r o m e t h y l or n i t r o groups to enhance the r a t e 

of migration) i n order t o t e s t the theory. I n l a t e r work^ p-phenyl 
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groups were used* 

Radioactive t r a c e r studies on two rearrangements led to the 

p o s t u l a t i o n of two separate mechanisms f o r these systems^'^*^ 1, 

Compound (4.) rearranged at 5°C to give 1 , 1 , 2 - t r i p h e n y l e t h y l l i t h i u m 

by a phenyl migration and when the r e a c t i o n was c a r r i e d out i n the 

presence of l a b e l l e d p h e n y l l i t h i u m no i n c o r p o r a t i o n of l a b e l l e d 

m a t e r i a l was observed. The intramolecular nature of t h i s r e a c t i o n 

was f u r t h e r confirmed by c a r r y i n g out the rearrangement i n the 

presence of b e n z y l l i t h i u m 1 ^ . This i s known to react more r a p i d l y 
10 

than p h e n y l l i t h i u m with 1,1-diphenylethene ( j j ) and therefore i f 

p h e n y l l i t h i u m were eliminated as a solvent separated ion p a i r , 

which could then recombine w i t h (£) (equation 1.1.), some products 

from i n c o r p o r a t i o n of b e n z y l l i t h i u m would be expected. Ho such products 

were observed. 

1.1. Ph-CCH_Li i 2 
Ph 

Ph 
C=CI-L + PhLi 

PbT 2 

(5) 

Ph 
Ph-CCH^Ph 

Li 

Two possible intramolecular pathways were therefore proposed: 

( i ) by e l i m i n a t i o n of p h e n y l l i t h i u m as an i o n p a i r to which (£) i s 

bound as a l i g a n d of the l i t h i u m atom (equation 1.2.) 

1.2. P h - C T C H . 

Ph 

Ptf 

? C—CH n 

L i + Ph' 

Ph 
->Ph-CCHUPh 

I 1 

Li 



5 

A v a r i a t i o n on t h i s i n v o l v i n g r a p i d e l i m i n a t i o n of phenyl anion to 

give (£) and phe n y l l i t h i u m i n a solvent cage, followed by recombination 
14 

before d i f f u s i o n of l a b e l l e d m a t e r i a l i n t o the cage, was dismissed 

since ordinary p h e n y l l i t h i u m i s known to react slowly w i t h ( £ ) 1 0 . 

( i i ) v i a a spiroanion (_6) 

P h - C CH 
X 

Li 

(6) 

The second study involved the rearrangement of 2,2,3-triphenyl-

p r o p y l l i t h i u m (X) 1° , 1 1» I n t h i s case benzyl migration was observed 

g i v i n g 1 , 1 , 3 - t r i p h e n y l p r o p y l l i t h i u m . I n the presence of l a b e l l e d 
14 

be n z y l l i t h i u m some inc o r p o r a t i o n of C was observed i n the product. 

This l e d to the p o s t u l a t i o n of the f o l l o w i n g intermolecular 

e l i m i n a t i o n - r e a d d i t i o n mechanism (equation 1.3.). 

Ph + ^ 
1.3. PhCH 2 - -C J QH 2 L i + - » PhCH 2 Li + + P h 2 C = C H 2 - > P h 2 C C H 2 C H 2 P h 

Ph " Li 

17) (5) 

Lack of competition by the organolithium compound (7) f o r alkene (£) 

i s explained by the observed higher r e a c t i v i t y of b e n z y l l i t h i u m 

f o r (£) than n - a l k y l l i t h i u m compounds, to which compound (J_) i s 

likened. The higher r e a c t i v i t y can be accounted f o r by the lower 

degree of association of be n z y l l i t h i u m i n s o l u t i o n ( i t i s monomeric 

w h i l s t n - a l k y l l i t h i u m B tend to be o l i g o m e r i c ) , i t s h i g h e r p o l a r i s a b i l i t y 

and the greater i o n i c character of the carbon-metal bond than i n 



n - a l k y l l i t h i u m s 1 °. 

I n both of these studies r a d i c a l mechanisms were not excluded 

from consideration although anionic routes were more favoured. 

The rearrangements of orgaaometallic compounds such as (7) 
12 

were observed under a v a r i e t y of conditions and i t was found that 

both benzyl and phenyl migrations could be achieved, the choice of 

route being c r i t i c a l l y dependent upon such conditions as solvent, 

temperature and the nature of the c a t i o n . The two routes are o u t l i n e d 

i n Scheme I . "3. 

PhCH 2 CPh ? CH 2 M — PhCH 2M + P h 2 C = C H 2 — P h 2 C C H 2 C H 2 P h 

loose or separated 
ion pairs 

[ Ph 
1 P h C H 2 C < — ^ C H j 

J 
tight or contact 

ion pairs 

M 

P h C H X P h C H - P h 2j 2 
M 

Scheme 1.3. 

Souto ( i ) involves benzyl migration w h i l s t ( i i ) r e s u l t s i n phenyl 

migration. Low temperature conditions i n solvents which are good 

f o r s o l v a t i n g c, tiona (e.g. crown ethers) and small cations (e.g. L i * , 

Na +) were found to favour route ( i ) w h i l s t higher temperatures, 

poorly s o l v a t i n g solvents and large a l k a l i metal cations (K +,Cs +) 

promoted route ( i i ) . This i n d i c a t e d the formation of "loose" or 

separated i o n pairs i n the case of benzyl migration ( i ) and " t i g h t " 

or contact ion p a i r s f o r route ( i i ) . 
13 

I n a s i m i l a r r e a c t i o n Grovenstein has shown the e f f e c t of 
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varying the conditions mentioned on the competition between a l l y l 

and phenyl migration i n 2,2-diphenyl-4-pentenyl-alkali metal compounds 

( 8 ) . Reaction of the corresponding chloro-compound w i t h l i t h i u m 

metal i n THF at -75°C yielded (8) (M = L i ) and on warming to 0°C 

the f o l l o w i n g rearrangement occurred (equation 1.4.). 

H 2 C=CHCH 2 CPh 2 CH 2 M ~Ph 

(8) -allyl 

* PhCH 2CM(Ph)CH 2CH=CH 2 

(9) (3%) 

M = Li 

CH 2 =CHCH 2 CH 2 CPh 2 M 

(1Q) (97%) 

The a d d i t i o n of l i t h i u m t e r t - b u t o x i d e to the mixture exerted no 

c a t a l y t i c e f f e c t at -75°C and appeared to r e t a r d rearrangement at 

0°C. However, a d d i t i o n of potassium or caesium tert-butoxideB catalysed 

rearrangement at -75°C and promoted phenyl migration over a l l y l 

(e.g. f o r Cs, (2.) : (.10) =16 : 84). This l a t t e r i s believed to occur 
12 

by interchange of cations (equation 1.5.) 

1.5. L i R + MOtBu > MR + UOtBu 

When 18-crown-6 was added to a mixture containing potassium t e r t -

butoxide the amount of phenyl migration was reduced, owing to the 

e f f i c i e n t s o l v a t i o n of the metal i o n which diminished the a v a i l a b i l i t y 

of s u i t a b l e ligands about the metal ion f o r coordination w i t h the 

organic moeity. As w i t h the rearrangement o f compound ( 7 ) , the two 

routes f o r compound (8) have been described i n terms of "loose" and 

" t i g h t " ion p a i r s , phenyl migration once again r e s u l t i n g from a 
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t i g h t " i o n p a i r intermediate (e.g. (JM), equation 1.6.). 

Ph 
C-CH / \ 2 

CH 
;C-CH2CH=CH 

1.6. • (9) 

(11) 

The a l l y l rearrangement i s enhanced under conditions which promote 

the presence of loose ion p a i r s . The mechanisms described adequately 

account f o r observations made, but a r a d i c a l mechanism was not dismissed 

at t h i s stage, p a r t i c u l a r l y from the a l l y l migration as i t also 

could account f o r the data obtained. 
14 

Grovenstein and Wentworth have c a r r i e d out studies on the 

migratory a p t i t u d e of m- versus p-biphenylyl groups i n the r e a c t i o n 

of compound (1_2) w i t h l i t h i u m i n THP, i n order to c l a r i f y the 

mechanism of rearrangement (Scheme 1.4.). No evidence was observed 

fo r m-biphenylyl migration. Rearrangement of a 2 , 2 , 2 - t r i a r y l e t h y l -

l i t h i u m compound occurring v i a e l i m i n a t i o n of an a r y l anion would 

require t h a t a m-biphenylyl anion be eliminated a l i t t l e more 

r e a d i l y than a p-biphenylyl anion (from deuterium exchange 

experiments). I n e l i m i n a t i o n and r e a d d i t i o n , the unshared pa i r o f 

electrons i n the phenyl anion, or the unpaired e l e c t r o n i n a phenyl 
2 

r a d i c a l i s i n an sp o r b i t a l which i s orthogonal to the aromatic 

K - o r b i t a l s of the migrating phenyl group, therefore the presence of 

a substituent at the m- or p-p o s i t i o n of the phenyl group should 

not g r e a t l y a f f e c t the e l i m i n a t i o n of the group as an anion or a 

r a d i c a l . However, i f the intermediate i s a spiroanion, the 

p-biphenylyl group should migrate more r e a d i l y than a m-biphenylyl 

group because of greater charge d e l o c a l i s a t i o n i n the former: 



o 

CJ o CJ 

CD 

o o 
/ 
o CJ 

o o o (J 

(N X CM 

< 
/ CJ O CJ CJ o » CJ —I CJ lD 

t — 
o o 

CJ 
CM 

3 < 

CJ Q_ Q_ o 

o 
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c J 
etc. i 

etc. 

I n t h i s case, t h e r e f o r e , the formation of a spiroanion intermediate 

i s p e r f e c t l y f e a s i b l e w h i l s t e l i m i n a t i o n - r e a d d i t i o n or r a d i c a l 

mechanisms seem u n l i k e l y . 

A l l of the reactions discussed so f a r have involved migration 

of an a r y l group from a carbon atom which i s s u b s t i t u t e d w i t h at l e a s t 

one other large unsaturated group. This s t a b i l i s e s the system towards 

rearrangement by pr o v i d i n g d e l o c a l i s a t i o n of electrons in the t r a n s i t i o n 

s t a t e f o r rearrangement and also by pr o v i d i n g release of s t e r i c 

s t r a i n i n the t r a n s i t i o n s t a t e . I n the reactions where these conditions 

do not hold, e.g. i n the r e a c t i o n of 1-chloro-2-methyl-2-phenylpropane 
15 

wi t n l i t h i u m and i n the reactions of phenyl s u b s t i t u t e d p e n t y l -

methane sulphonates w i t h potassium or sodium i n ammonia^ very l i t t l e 

rearrangement ( < 6 % ) was seen to occur. The former r e a c t i o n i s believed 

to involve rearrangement v i a a r a d i c a l intermediate formed p r i o r 

to the formation o f the organolithium compound, since on warming up 

no rearrangement of the organolithium compound occurred (Scheme I . 5 . ) . 

PhC(CH 3) 2CH 2CI PhC(CH 3 ) 2 CH 2 Li - ^ ^ P h C I C H ^ C H ^ O O H 

6.̂ °/o (i) 

CC(CH0)-,CH0-^ PhCH 0 C(CH 0 k PhCH-C(CHj 

[L)THF/Li,-65°C 
t i i )C0 2 /H + 

' 2 ^ " 3 ' 2 
*Li 

2 | 1 '3 '2 
COOH 

Scheme 1.5. 



t1 

The l a t t e r r e a c t i o n i s also believed to involve one e l e c t r o n t r a n s f e r , 

i n t h i s case from the a l k a l i metal to the phenyl group to produce 

a r a d i c a l anion which i s then believed to act as a powerful nucleophile 

to displace the methane sulphonate group. The r e s u l t i n g phenyl-

bridged r a d i c a l can then react w i t h the metal atom and abstract a 

proton from the solvent to give the rearranged product. 

1,2-Rearrangements i n a simple a r y l e t h y l anionic system have 
17 

been i n v e s t i g a t e d by Grovenstein i n order to see i f rearrangement 

could be e f f e c t e d w i t h no s t a b i l i s i n g groups present on the carbon 

atom from which migration should occur. I n THP at -70°C w i t h l i t h i u m , 

no rearrangement was observed w i t h 1-chloro-2-(p-biphenylyl)ethane, 

n e i t h e r was any observed when the mixture was warmed t o 0°C. With 

caesium or potassium i n r e f l u x i n g THP, however, about a 50:50 

mixture of rearranged to non-rearranged products was observed. 

ter t - B u t a n o l was used as a trap f o r anion ( b e f o r e rearrangement 

took place, since when the r e a c t i o n was c a r r i e d out i n the presence 

of a small q u a n t i t y of t h i s , the amount of rearrangement was g r e a t l y 

reduced. This was also taken to imply l i t t l e r a d i c a l c o n t r i b u t i o n 

to the rearrangement, since any r a d i c a l s formed would have been 

expected to react much more r e a d i l y w i t h the solvent (THF) than 

w i t h tert-butanol.The f a c t that rearrangement d i d not occur w i t h 

l i t h i u m but did with the more reactive metals implies that s u b s t i t u t i o n 

of the carbon atom from which migration occurs i s important with 

l i t h i u m but not very s i g n i f i c a n t ( i f at a l l ) w i t h the more re a c t i v e 

cations. 

Ph 
113) 
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No examples have been observed of 1,2-aryl migrations from 

carbon atoms i n organomagnesium compounds. This i s probably due to 
27 

the greater covalency of the carbon-magnesium bond . 

I.1.C. A r y l Migrations other than to an adjacent carbon atom. 
18 

In v e s t i g a t i o n s have also been c a r r i e d out i n t o 1 ,4- and I m ­

migrations o f a r y l groups w i t h 4-chloro-1,1,1-triphenylbutane and 

5-chloro-1,1,1-triphenylpentane and a l k a l i metals i n order to 

determine whether any spiro-intermediates of the type (J_£) or (1)j>) 

e x i s t . 

hue/ HCH 

Rearrangements were observed w i t h caesium a l l o y s but only 10% 

of the t o t a l r e a c t i o n was observed under any of the conditions studied 

(Scheme 1.6.). 

M 
P h 3 C ( C H 2 ) n C l — p - » Ph 3 C(CH 2 ) n M 

H + 

more 
important 
pathway 

M= Cs-K-Na alloy 
n = 4,5 

Ph~C(CH~) H 3 2 n 

M" 

{ C H2>n 

Ph 2 CM(CH 2 ) p Ph 

Scheme 1.6. 

Reactions where n = 1 , 3 have also been observed w i t h l i t h i u m metal. 
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The r e a c t i o n of 4-chloro-1-(p-biphenylyl)-1,1-diphenylbutane (16) 

w i t h caesium-potassium-sodium a l l o y , potassium or sodium takes place 

v i a the intermediate (17) r a t h e r than by a r a d i c a l mechanism, as has 

been shown by trapping experiments w i t h t e r t - b u t a n o l . I t has, however, 

P h - ^ ~ ^ ) - C P h 2 ( C H 2 ) 3Cl P h - ^ " ^ — C P h 2 ( C H 2 ) 3 M 

(16) (17) 

been suggested th a t the r e a c t i o n w i t h l i t h i u m metal, which i s much 

less f a c i l e , occurs v i a a r a d i c a l mechanism, followed by reduction 

of the r a d i c a l on the metal surface, 
2 

No 1,3-aryl migrations have been observed . 

I.1.D. Recent Developments. 

I n many of the rearrangements c i t e d above spiro-intermediates 

have been suggested where carbanionic pathways have been proposed. 
19 

Grovenstein and co-workers have prepared and characterised by 

carbonation spiroanions of the type (18) and (,19_) from 2- and 

3- ( g - b i p h e n y l y l ) a l k y l chlorides with caesium-potassium-sodium a l l o y . 

(CHo 

i 

Ph Ph 
(18) (19) 

The f a c t t h a t these can be formed ind i c a t e s that they could w e l l be 

intermediates, or t r a n s i t i o n s tates, i n 1 , 2 - a r y l rearrangements 

under appropriate c o n d i t i o n s . 
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Some evidence has, i n f a c t , r e c e n t l y been found f o r the presence 
20 

of spiroanions i n a rearrangement of the type under review , the 

r e s u l t s of which are i l l u s t r a t e d i n equation 1.7. 

The y i e l d of s p i r o a c i d decreased w i t h time of the r e a c t i o n and the 

amounts of spiroanion decreased on standing and w i t h increased temperature. 

These data implied the intermediacy of a spiroanion. No appreciable 

amount of rearrangement was observed i n a s i m i l a r r e a c t i o n i n v o l v i n g 

l i t h i u m metal. 

Unusually, however, less than 1% ( i f any) of a spiroanion was 

detected i n the r e a c t i o n of 2-(p-biphenylyl)-1-chloropropane under 

s i m i l a r conditions, even although the t o t a l r i n g s t r a i n s i n the 

cyclopropyl and c y c l o b u t y l r i n g s produced would not be expected to 
22 20 be appreciably d i f f e r e n t . A cyclopropyl spiroanion was detected 

i n a system where the r i n g was s t a b i l i s e d by geminal methyl groups . 

This l a t t e r r e a c t i o n i s shown i n Scheme 1.7. together w i t h f u r t h e r 

evidence of the e f f e c t of the nature of the c a t i o n on r e a c t i o n pathways 

i n these systems 2 0. Prom l a b e l l i n g experiments and other evidence 2 0, 

the f o l l o w i n g e q u i l i b r i u m was believed to be set up (equation 1.8.). 

1.7 

< 
V \ u Ph CHoC00H+others C H - L C l Ph / ii 

( i )Cs-K-NaJHF. 75°C 
(it)C0 2 /rf 

Ph COOH 
36% 14% 

CHgCH 
(CML ICHJ CHoC-C-CH 0 1.8. Cs 

Ph C s + Ph 

4 1 



With l i t h i u m as the counterion the l o c a l i s e d open form of the anion 

was p r e f e r r e d , leading to the covalent l i t h i u m compound. 

9H3 9H3 O U J H F , - ? ^ pH3 ? H 3 1 A 
* ' a i i ) c o , / H * 

l 
Ph 

-* C H j - C — 9 ~ C H 3 
' COOH 

l)Cs-K-Na iTHF J-75°C 
i i )C0 2 /H + 

V 
Ph no rearrangement 

(2Q) 

(20) + (CH 3 ) 2 G——;C(CH 3 ) 2 + invoiatile acids 
7% f̂ Ŝ 28°/o 

Ph COOH 
Scheme 1.7. 

I.1.E. Related Rearrangements. 

Several rearrangements analogous to those discussed above are 

known, which involve heteroatoms and which are believed to proceed, 

at l e a s t i n p * r t , v i a carbanionic mechanisms. Examples of these are 
3 

given but w i l l no: be discussed i n d e t a i l . 
The Smiles rearrangement i s i l l u s t r a t e d i n equation 1.9."*a. 

19. 
R 

R 2 ' l 

YH 

base, A * 
protic solvent 

R 
R 

3v 

R2- -XH 

This i s believed t o involve r.ucleophilic a t t ack of Y on the r i n g 

w i t h e l i m i n a t i o n o f X. The intermediate or t r a n s i t i o n state i s 
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believed to involve the aromatic r i n g , f o r example i n the manner 

shown below: 

or 
Y 

For rearrangement to occur r e a d i l y Y must be s t r o n g l y n u c l e o p h i l i c 

and X a good leaving group. S t a b i l i s a t i o n of the r i n g by e l e c t r o n -

withdrawing group8 also aids rearrangement. 

The Stevens Rearrangement involves migration of an a l k y l group 

from a t e r t i a r y ammonium group to an adjacent carbanionic centre 

(equation 1.10.). 

1.10. P h C - O L - N C H - L II 2 i 3 2 
0 I 

CH 2 Ph 

OH PhC-CH—N(CH 3 ) 2 

0 I 
CH 2 Ph 

As w i t h the rearrangements discussed above several mechanisms have 

been suggested t o account f o r t h i s r e a c t i o n , i n c l u d i n g carbanionic 
24 

mechanisms, but i t has rec e n t l y been found t h a t a r a d i c a l process 

i s involved. 

The Sommelet - Hauser rearrangement involves 1,4-migration of 

an a l k y l group from a quaternary n i t r o g e n i n benzyltrimethylammonium 

s a l t s (equation 1.11.). 

111 f ^ v Y C H 2 N ( C H 3 ) NaNH. 

NHo 

CH 2 N(CH 3 ) 2 



17 

The W i t t i g rearrangement involves 1,2-rearrangement of a benzyl 

or a l l y l ether i n a strong base to give an alkoxide (equation 1.12.). 

1.12. PhCH 2 0CH 3 ^[PhCH0CH 3 ]—>Ph(pHOLi -22>PhCH0H 

(i) = PhLi 

I n some of the above cases the mechanisms have not yet been 

f u l l y e l u c i d a t e d . 

I . 1 . F . Conclusion. 

Even a t t h i s stage very few f i r m conclusions can be drawn as to 

the mechanism of 1,2-aryl and r e l a t e d rearrangements. Obviously 

evidence i n favour of spiroanion intermediates or t r a n s i t i o n s t a t e s 

i n many of these rearrangements i s more concrete than previously 

and i t i s l i k e l y that these species are present i n some i n s t a n c e s . 

The d i f f i c u l t i e s involved i n e l u c i d a t i n g a mechanism are large owing 

to the c r i t i c a l dependence of r e a c t i o n products on conditions such 

as temperature and time of r e a c t i o n , the nature of the solvent and 

p a r t i c u l a r l y the nature of the counter i o n . With l a r g e r c a t i o n s 

(caesium, potassium) the l i k e l i h o o d of rearrangement v i a a 

carbanionic mechanism i n v o l v i n g a spiroanion intermediate or 

t r a n s i t i o n s t a t e i s quite high. With smaller c a t i o n s (e.g. l i t h i u m ) 

rearrangement i s more d i f f i c u l t to e f f e c t and s p e c i e s other than 

spiroanions may w e l l be involved. R a d i c a l co n t r i b u t i o n s must a l s o be 

considered. R a d i c a l rearrangements have been observed during the 
20 21 formation of both l i t h i u m and magnesium compounds. 

I t should be s t a t e d , f i n a l l y , that the p r a c t i c a l d i f f i c u l t i e s 

involved i n c a r r y i n g out r e a c t i o n s of the type under review often 

make i t d i f f i c u l t to achieve meaningful r e s u l t s . 
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1.2.A. The E f f e c t of F l u o r i n e on Carbanions. 

Although f l u o r i n e as a s u b s t i t u e n t attached d i r e c t l y to a 

carbanionic centre may be d e s t a b i l i s i n g because of the d e s t a b i l i s i n g 

I - * e f f e c t competing with the s t a b i l i s i n g I -<f e f f e c t : 

C — * — F - cf. C — C - * — P 
l-<r -

strongly stabilising 

f l u o r i n e s i t u a t e d on a carbon atom adjacent to a carbanionic centre 
25 

i s strongly s t a b i l i s i n g , presumably because of the inductive e f f e c t , 

Thus f l u o r i n e , or fluorocarbon s u b s t i t u e n t s attached to the carbon 

atom adjacent to an anionic s i t e w i l l s t a b i l i s e the anion and enhance 

i t s formation. 

1.2.B. The Fentafluorophenyl group as a s u b s t i t u e n t . 

The pentafluorophenyl group d i f f e r s from the phenyl group i n the 

d i s t o r t i o n of i t s e l e c t r o n density by the i n d u c t i v e withdrawal of 

the f i v e f l u o r i n e atoms through the </- framework. The e f f e c t of t h i s 

i s shown by the ease of n u c l e o p h i l i c a t t a c k on the r i n g and i t s 

s t a b i l i s a t i o n of carbanions. There may be s l i g h t counteraction of 

t h i s cf - i n d u c t i v e e f f e c t by i n t e r a c t i o n of the lone p a i r s on the 
26 

f l u o r i n e atoms and the ^ - framework of the r i n g ( c f . 1.2.A. 

above). 

The e f f e c t of f l u o r i n e atoms on the r i n g i s i l l u s t r a t e d by the 
27 

b e n z i l - b e n z i l i c a c i d rearrangement , A r a t e enhancement of the 

rearrangement of decafluorobenzil over b e n z i l was estimated at 

TO . The a c t i v a t i n g i n f l u e n c e of f i v e f l u o r i n e atoms on the r i n g 

can be accommodated by assuming a t r a n s i t i o n s t a t e which i s s i m i l a r 

to the i n i t i a l s t a t e (equation I . 1 3 . ) . 
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1.13. C 6 F 5 C - C C 6 F 5 

OH 
O'O 
l II 

C . F^ C - C C F_ 
6 5 i 6 5 

OH 

0 o-
ll I 

H O - C - C - C c F c \ 6 5 
C 6 F 5 

However, the v e r y l a r g e r a t e enhancement l e d Chambers and co-workers 

to p o s t u l a t e a mechanism i n v o l v i n g a t i g h t i o n p a i r i n t e r m e d i a t e 

or t r a n s i t i o n s t a t e (2M), or a s t r u c t u r e such as (22), which would 

r.:ore i n t i m a t e l y i n v o l v e the a r y l group and more e f f e c t i v e l y a c c o u n t 

f o r the huge r a t e d i f f e r e n c e . 

27 

F^NF 
F^JF 

0 H-!rS - c 6 Fs 
0 0 
"M'+ 

(21) 

F < 

O H - C — b - C . Fe­ll ;i 6 5 
-SO Os-

(22) 

1.3. The p - 1 ' e n t a f l u o r o p h e n y l e t h y l a n i o n . 

V e r y l i t t l e work a p p e a r s to have been u n d e r t a k e n w i t h t h i s 

a n i o n but f o r t h e r e a s o n s o u t l i n e d below i t would seem i d e a l l y s u i t e d 

to a s t u d y of 1 , 2 - a r y l m i g r a t i o n w i t h a l k a l i m e t a l s . 

P e n t a f l u o r o p h e n y l groups have been shown to be s u p e r - m o b i l e 
27 

a l r e a d y i n one i n s t a n c e ( b e n z i l - b e n z i l i c a c i d r e a r r a n g e m e n t ) and 

i f t h i s c o u l d be extended to o t h e r s i t u a t i o n s i t seems r e a s o n a b l e to 

suppose t h a t r e a c t i o n s o f , f o r example, p e n t a f l u o r o p h e n y l e t h y l b r o m i d e 

w i t h l i t h i u m or even magnesium c o u l d produce r e a r r a n g e m e n t . So f a r 

r e a r r a n g e m e n t s o f analogous s y s t e m s have o n l y been a c h i e v e d w i t h 

v e r y h i g h l y r e a c t i v e a l k a l i m e t a l a l l o y s . 
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I t i s a l s o p o s s i b l e t h a t the s t a b i l i s i n g i n f l u e n c e o f a 

p e n t a f l u o r o p h e n y l group would be s u f f i c i e n t to a l l o w o b s e r v a t i o n o f 

s t a b l e i n t e r m e d i a t e s i n 1,2-rearrangement r e a c t i o n s . An i n t e r m e d i a t e 

s u c h a s ( 2 3 ) c o u l d be e n v i s a g e d f o r t h i s type of s y s t e m and the 

e f f e c t o f the f l u o r i n e atoms on t h i s would be s t r o n g l y s t a b i l i s i n g 

and would promote i t s f o r m a t i o n . 

CH x 
Li 

(23) 

I t would a l s o be e x p e c t e d t h a t the p r e s e n c e o f the f l u o r i n e 

atoms on the pheny l r i n g would show up an u n u s u a l enhancement of 

a c i d i t y ( e q u a t i o n 1.14.) of t h e p r o t o n oc to the r i n g . 

CHLChL 
2 3 

r.u. F base-catalysed 

D-exchange 

CHDCH 

F 

I n view of the i n t e r e s t i n g p o s s i b i l i t i e s c o n c e r n e d w i t h 

1,2-rearrangements i n s u c h a system, an i n v e s t i g a t i o n was u n d e r t a k e n 

and i s t h e s u b j e c t of the work d i s c u s s e d i n t h i s s e c t i o n o f t h i s t h e s i s 



Chapter I I 

Discussion -

R e a c t i o n s o f 1 -;oromo-2-Pentafluorophenylethane ar-.d R e l a t e d Compounds. 



11.1. Introduction. 

I n the following s e c t i o n s the r e a c t i o n s of 1-bromo-2-

pentafluorophenylethane (24) with metals and organometallies under 

v a r i o u s conditions are d i s c u s s e d . The i n i t i a l aim was to determine 

whether the pentafluorophenyl group was s u f f i c i e n t l y mobile to 

undergo rearrangement with l i t h i u m or magnesium (which have not 

produced rearrangement i n analogous, non-fluorinated systems) and 

i f i t was s u f f i c i e n t l y s t a b i l i s i n g of the intermediate i n t h i s rearrangement 

to allow observation and trapping. 

11.2. Preparation of 1-bromo-2-pentafluorophenylethane. 

This compound was prepared v i a the Grignard reagent formed from 
28 

bromopentafluorobenzene according to a l i t e r a t u r e method . The 

y i e l d s quoted i n the following scheme are the maximum obtained 

during a s e r i e s of r e a c t i o n s . 

C 6 F 5 B r M g ' T H - f [C f iF,,MgBr] l ) / ^ > C f i F R C H 7 C H 9 O H (73%) b b u ) H C l 6 5 2 2 3°C 
HBi\H 2SO^ 

C 6 F 5 C H 2 C H 2 B r 

(24) (80%) 

Scheme 11.1. 

I I . 3 . Reactions of Compound (24) with Magnesium. 

No 1,2-aryl rearrangements have yet been observed i n r e a c t i o n s 
29 

i n v o l v i n g magnesium but for the reasons i n d i c a t e d e a r l i e r the 

Grignard r e a c t i o n of compound (24) was i n v e s t i g a t e d and the products 

i d e n t i f i e d . 
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I I . 3 . A . Products from the Grignard Reaction. 

Compound (24) reacted r e a d i l y with magnesium i n d i e t h y l ether 

at room temperature and yielde d a s i n g l e product on h y d r o l y s i s . 

C h a r a c t e r i s a t i o n by s p e c t r a l techniques and microanalysis i d e n t i f i e d 

t h i s as pentafluorophenylethane (2_5_) (equation I I . 1 . ) . 

No evidence was obtained f o r any other s p e c i e s having been trapped. 

Reaction i n THF a l s o y i e l d e d g r e a t e r than 99% conversion to ( 2 5 ) . 

Attempts were made to prepare the Grignard reagent i n other s o l v e n t s 

but i t proved impossible to get the same l e v e l s of y i e l d s as with 

ether and THF. This was because of s o l u b i l i t y problems r e s u l t i n g 

i n deposition of m a t e r i a l (presumably magnesium bromide) on the metal 

s u r f a c e which i n h i b i t e d f u r t h e r r e a c t i o n . Various d i f f e r e n t methods 

were t r i e d with 1,4-dioxane but i n no case was product obtained. 

Nmr a n a l y s i s of the Grignard complex was c a r r i e d out to see 
19 

i f t h i s would give any i n d i c a t i o n of i t s s t r u c t u r e . The F nmr 

spectrum was not very c l e a r but the s i g n a l s obtained were a t i d e n t i c a l 

chemical s h i f t s and of s i m i l a r i n t e n s i t i e s to those of the parent 

compound, i n d i c a t i n g that the r i n g played no d i r e c t part i n the r e a c t i o n . 

Proton nmr s i g n a l s f o r ether and THF masked the proton s i g n a l s of 

the Grignard complex and as stated above no s a t i s f a c t o r y r e a c t i o n 

could be achieved with other solvents so no meaningful data could 

be obtained from the nmr spectrum. 

On carbonation of the Grignard reagent an a c i d , Ĉ .F.-CH.CĤ COOH, 
o p Z Z 

was obtained which was r e c r y s t a l l i s e d from water (mp 92°C, lit.^° 95-6°C). 

I L L Cj .F .CH-CH^Br - ^ [ C c F - C H 0 C H 0 M g B r ] 6 5 2 2 Ft n 6 5 2 2 3 

H_0 

* C 6 F 5 C H 2 C H 3 

(24) (25) (99%) 
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Methylation of t h i s and the r e a c t i o n r e s i d u e s with methanol and 

concentrated s u l p h u r i c a c i d r e s u l t e d i n the formation of an e s t e r 

which has not pre v i o u s l y been reported. This was not i s o l a t e d from 

ether s o l u t i o n but composite spectra were obtained and these i n d i c a t e d 

that the e s t e r was C.-F.-CH-CH-COOCH,. No other isomeric compounds were 
b 5 c. & } 

detected, e i t h e r i n the methylated a c i d or methylated r e s i d u e s . 

The r e s u l t s above i n d i c a t e that the pentafluorophenyl r i n g i s 

l a r g e l y unaffected i n t h i s r e a c t i o n and therefore that no rearrangement 

occurs, the r e a c t i o n g i v i n g the expected products. The r e s u l t s are 

co n s i s t e n t with the magnesium bond having a f a i r l y l a r g e amount of 

covalent c h a r a c t e r and the pentafluorophenyl group not being 

s u f f i c i e n t l y a c t i v a t i n g to produce rearrangement. 

I I . 3 . B . Decomposition of the Grignard Reagent. 

The decomposition of the Grignard reagent described above was 

in v e s t i g a t e d to see whether the side chain would attack the r i n g to 

give a product such as compound (26) which would cccur as a r e s u l t 

of n u c l e o p h i l i c displacement of f l u o r i d e . Attempts were made to 

CH 
^ C H 

(26) 

decompose the complex by r e p l a c i n g the solvent used i n i t s formation 

(THT) by one of higher b o i l i n g point (o-xylene, bp T44°C). The products 

of h y d r o l y s i s of t h i s showed one major s i g n a l on g l c , and mass 

s p e c t r a l data i n d i c a t e d that t h i s was compound (2£). The r e a c t i o n 

was repeated i n a sealed tube using THP as the solvent, the l i q u i d 

above the magnesium surface being t r a n s f e r r e d to, and seale d i n the 

Carius tube. A f t e r heating, the mixture was hydrolysed and g l c and 
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t i c evidence showed that the v o l a t i l e component contained two 

products. A n a l y s i s by MS-glc i n d i c a t e d that these were (25) (M + 196) 

and C6P^CH=CH2 (M + 194 ) . These mat e r i a l s were not i s o l a t e d f u r t h e r . 

Comparisons can be drawn between t h i s r e a c t i o n and the decomposition 

of the corresponding l i t h i u m compound ( S e c t i o n I I . 5 . D . ) . 

I I . 4 . R e a c t i o n s of Compound (24) with n - B u t y l l i t h i u m . 

The i n v e s t i g a t i o n was extended to consider the formation and 

p o s s i b l e rearrangement of 2-pentafluorophenylethyllithium ( 2 7 ) . 

T h i s was thought l i k e l y to enhance the p o s s i b i l i t y of rearrangement 

s i n c e the lithium-carbon bond i s l e s s covalent than the magnesium-

carbon bond. I n i t i a l attempts to form (2J_) involved metal-halogen 

exchange between compound (2_4_) and a s o l u t i o n of n - b u t y l l i t h i u m i n 

hexane. 

I I . 4 . A . Reaction Conditions. 

The r e a c t i o n of compound (24). with n - b u t y l l i t h i u m s o l u t i o n 

was c a r r i e d out under a v a r i e t y of d i f f e r e n t conditions to f i n d 

those most s u i t a b l e for the study being considered. The r e s u l t s are 

summarised i n Table I I . T . 

The following r e a c t i o n would be a n t i c i p a t e d for the s t r a i g h t ­

forward metal-halogen exchange r e a c t i o n (equation I I . 2 . ) . 

nBuli H 3 0 + 

II.2. C R F . C H 0 C H 0 B r = ± C_ F c C F L C h L L i — * C c F c CH-CH-b b 2 2 6 5 2 2 6 5 2 3 

(24) (25) 

The pentafluorophenylethane formed was detected by g l c a n a l y s i s of 

a hydrolysed a l i q u o t of r e a c t i o n mixture and comparison with a standard 
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Table I I . 1 . Reaction Conditions f o r the Metal-Halogen Exchange 

Reaction of Compound (24 j with n - B u t y l l i t h i u m 

S o l v e n t 1 Temp. °C (nBuLi)/ (Subs t r a t e) Time h Extent of 3 

Reaction % 

Hexane -20 1 2 Small 

Hexane -20 2.1 1.5 Very small 

Hexane 0 1 3 4 

Ether -78 T 2 3 

Ether -78 2 1 15 

Ether -20 1 1 5 

Ether -20 1.9 1 1 0 0 4 

Ether -20 1.2 0.16 3 

Ether 0 2.1 0.58 100 4 

THP -78 1 1.75 55 

THP 0 1 3 S m a l l 4 

1. Solvent contains some hexane from nBuLi s o l u t i o n . 

2 . (reagent) means t o t a l s t o i c h i o m e t r i c concentration of the reagent. 

3 . Based on the disappearance of s t a r t i n g m a t e r i a l observed on g l c . 

4. I n these cases only i n v o l a t i l e products were obtained. 



sample. As can be seen from Table I I . 1 . very l i t t l e r e a c t i o n was 

observed with hexane even under what may be considered f a i r l y vigorous 

conditions f o r t h i s type of r e a c t i o n . Metal-halogen exchange r e a c t i o n s 
31 

are known to be slow i n hydrocarbon solvents and t h i s may e x p l a i n 

the very small conversions. I n other s o l v e n t s the e q u i l i b r i u m i n 

the r e a c t i o n s which give v o l a t i l e products was l a r g e l y found to be 
on the s i d e of s t a r t i n g m a t e r i a l s , r a t h e r than products, which i s 

31 

unexpected . The most s u i t a b l e conditions appeared to be those 

u s i n g THP as solvent at -78°C with equimolar amounts of n - b u t y l l i t h i u m , 

when approximately 55% r e a c t i o n was observed. The r e a c t i o n with 

THP at 0°C appeared to be anomalous f o r two reasons. F i r s t l y , the 

extent of r e a c t i o n was very low r e l a t i v e to that observed at -78°C 

and secondly, the products formed were not those a n t i c i p a t e d from 

equation I I . 2 . i . e . bromobutane was observed but none of compound (25). 

A s i m i l a r e f f e c t to t h i s l a t t e r point was observed with ether at 

0°C and so an excess of n - b u t y l l i t h i u m was added. The i n i t i a l t r a n s i e n t 

pink c o l o u r a t i o n p e r s i s t e d , r e s u l t i n g i n a pink-yellow colour j u s t 

p r i o r to h y d r o l y s i s of the bulk s o l u t i o n . A l l of the s t a r t i n g 

m a t e r i a l was consumed but again none of (2£) was observed, although 

a s m a l l amount of bromobutane was detected. An i n v o l a t i l e product 

was separated on preparative t h i n l a y e r chromatography, the i n f r a ­

red spectrum of which was s i m i l a r to that of the s t a r t i n g m a t e r i a l 
but with 'OppQx 2.8.7.5cm"1 (C-H s t r e t c h ) . Mass s p e c t r a l data showed 
+ 

IS 312, with M+ 2 314 of s i m i l a r i n t e n s i t y , i n d i c a t i n g the presence 

of bromine and the fragmentation p a t t e r n i n d i c a t e d that an n-butyl 

group was a l s o present. T h i s would imply that n-butylation of the 

r i n g i s very important under these conditions, the pentafluorophenyl 

r i n g being attacked i n preference to metal-halogen exchange. Since 

the temperature used was high f o r t h i s type of r e a c t i o n (0°C) t h i s 
11 

pathway i s c o n s i s t e n t with other observations (equation I I . 3 . ) . 
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11.2. 

CH 2 CH 2 Br 

n BuLi F 
Ch^CH^ Br 

C ^ H 9 
( p i n k ? ) (28) 

I t i s p o s s i b l e that the pink colouration observed was caused by 

an intermediate s i m i l a r to that i l l u s t r a t e d i n equation I I . 3 . 

The bromobutane observed was almost c e r t a i n l y present as a 

r e s u l t of metal-halogen exchange. The f a c t that no (25) was 

observed i m p l i e s that the 2-pentafluorophenylethyllithium (27) 

formed by exchange underwent f u r t h e r r e a c t i o n , p o s s i b l y n-butylation. 

T h i s p o s s i b i l i t y i s discussed l a t e r . 

I n a l l of the cases where ether was the solvent, higher 

temperatures and excess n - b u t y l l i t h i u m r e s u l t e d i n the formation 

of n-butylated s p e c i e s , and equimolar amounts of n - b u t y l l i t h i u m 

gave very l i t t l e r e a c t i o n . 

I I . 4 . B . Metal-Halogen Exchange Reaction i n THP. 

T h i s r e a c t i o n was i n v e s t i g a t e d f u r t h e r and attempts were made 

to enhance the equilibrium i n favour of the l i t h i u m compound. The 

temperature was kept low ( -78°C ) to discourage n-butylation of 

the s t a r t i n g m a t e r i a l . The r e a c t i o n was monitored at various stages 

of n - b u t y l l i t h i u m addition by h y d r o l y s i s and g l c a n a l y s i s of a l i q u o t s 

of m a t e r i a l . The n - b u t y l l i t h i u m was added f a i r l y slowly s i n c e i t 

had been observed that a pink colouration was only present with 

equimolar q u a n t i t i e s of reagents when a l o c a l i s e d excess was present 

because of rapid a d d i t i o n . The r e s u l t s are shown i n Table I I . 2 . 



Table I I . 2. Reaction of n-Butyllithium with Compound ( 2 4 ) i n THF at -78°C. 

(nBuLi) S t i r r i n g Time ^Reaction Products 
/ ( S u b s t r a t e ) time h h 

nBuflr (25) Other (24.) 

1 1.5 1.5 34 P P p 76% 

r.4 1.8 3.3 80 i d d 20% 

1.8 1 4.3 100 i d n n 

1.8 2.5 6.8 100 unchanged from previous 
r e s u l t . 

eagent) means t o t a l s t oichiometric concentration of the reagent. 

3 

2. Based on g l c o b s e r v a t i o n s . 

3. High b o i l i n g m a t e r i a l o b s e r v e d i n t h i s r e a c t i o n . 

4. C u m u l a t i v e t i m e , 

p p r e s e n t 

i i n c r e a s e d 

d d e c r e a s e d 

n none d e t e c t e d 
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I t can be observed that i n i t i a l l y the r e a c t i o n follows the 

expected pathway (equation I I . 2 . ) but one other product was present 

as w e l l as ( 2 5 ) . On a d d i t i o n of more n-b u t y l l i t h i u m the amount of 

r e a c t i o n increased, as did the proportion of bromobutane to other 

products. T h i s i m p l i e s that exchange was occurring to give (27) 

(and hence bromobutane) but that t h i s s p e c i e s was r e a c t i n g f u r t h e r . 

The two v o l a t i l e products disappeared gradually as more n- b u t y l l i t h i u m 

was added and towards the end of the r e a c t i o n very l i t t l e v o l a t i l e 

m a t e r i a l was l e f t although a l l of the s t a r t i n g m a t e r i a l had been 

consumed. Mass s p e c t r a l a n a l y s i s of the higher b o i l i n g m a t e r i a l 

showed M+ 234 and a fragmentation pattern c o n s i s t e n t with there 

being a butyl group present. Thus i t was i d e n t i f i e d as compound ( 2 9 ) . 

n-butylation of the s t a r t i n g m a t e r i a l was not s i g n i f i c a n t under 

those conditions, although i n a r e a c t i o n c a r r i e d out on a l a r g e r 

s c a l e and i n which about 34% r e a c t i o n occurred, some n-butylated 

s t a r t i n g m a t e r i a l was observed. 

Mass s p e c t r a l a n a l y s i s of the other v o l a t i l e component showed 

M+ 194, which i s c o n s i s t e n t with pentafluorophenylethene ( 3 0 ) . 

No other i d e n t i f i c a t i o n was attempted at t h i s stage (see Section I I . 5 . D . ) . 

The r e a c t i o n sequence would therefore appear to be as i l l u s t r a t e d 

i n Scheme I I . 2 . 

Routes ( i ) , ( i i i ) and ( i v ) are c o n s i s t e n t with the products 

observed and are expected i n t h i s type of r e a c t i o n . Pathway ( i i ) 

could occur v i a a v a r i e t y of mechanisms, the most reasonable of 

OUCH 

(29) 
None of compound (28) was detected i n t h i s i nstance, implying that 
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C H 2 C H 2 B r CH CH Li 
1 l £• 

CH=CH. 

(2L) 

nBuLi 

(0 ( i i ) 

(27) (30) 

( u i ) nBuLi 

H 2 CH 2 Br1 

(iv) 

e.9 

Xs nBuLi 

CH 2 CH 2 Li 

( v ) 

CH=CH. 

_ i L i + 

F C 4 H g 

H 2 0 H 2 0 H 2 0 

H 2 C H 2 B r H 2 C H 3 

F ' C 4 H 9 

CH=CH. 

F ^ H 9 

(28) (29) 

Scheme II. 2. 



these being 

a) decomposition of the l i t h i u m reagent (see l a t e r and r e f . 3 6 ) 

or b) e l i m i n a t i o n of HBr by n- b u t y l l i t h i u m . 

The former p o s s i b i l i t y i s discussed i n Section I I . 5 . D . and 

consideration of t h i s w i l l be l e f t u n t i l then. The second p o s s i b i l i t y 

may w e l l play a part i n the mechanism but i s probably not very 

s i g n i f i c a n t . No attempts were made to c o l l e c t the butane which would 

be formed i n t h i s case. Route ( v ) i s presumed to occur because of 

the disappearance of compound (^0) during the r e a c t i o n although 

no product from t h i s was i d e n t i f i e d . The ethenyl substituent would 

be expected to be more electron-withdrawing than an e t h y l group 

and hence b u t y l a t i o n would be expected to be f a s t e r . This i s 

c o n s i s t e n t with the observed disappearance of (,20) r e l a t i v e to that 

of compound (25_). 

I n view of the ease of n-butylation of both s t a r t i n g m a t e r i a l s 

and products, even at low temperatures and a l s o the f a c t that only 

a small amount of r e a c t i o n could be e f f e c t e d (maximum 55%) without 

excess n - b u t y l l i t h i u m , i t was decided that t h i s method was not the 

mo6t s a t i s f a c t o r y f o r observing compound ( 2 7 ) , the 2-pentafluoro-

ph e n y l e t h y l l i t h i u m reagent, and the r e a c t i o n with l i t h i u m metal 

was therefore proposed. 

I I . 5 . Reactions of Compound (24) with Lithium metal. 

I I . 5 . A . I n t r o d u c t i o n . 

I n a s i m i l a r manner to that described i n the previous s e c t i o n s , 

r e a c t i o n s of l i t h i u m metal with an organic h a l i d e are very dependent 

upon the conditions used. I n t h i s instance not only i s the nature 

of the solvent important but a l s o the s t a t e and p u r i t y (or perhaps 

i m p u r i t y l ) of the metal and the nature of the h a l i d e are very 
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s i g n i f i c a n t i n the e a s e of r e a c t i o n and t h e pathway f o l l o w e d . 

O b v i o u s l y i n any h e t e r o g e n e o u s r e a c t i o n t h e l a r g e r t h e s u r f a c e 

a r e a exposed the g r e a t e r the e x t e n t o f r e a c t i o n and l i t h i u m can 

be o b t a i n e d a s a w i r e o r a s a d i s p e r s i o n f o r u s e i n t h e s e r e a c t i o n s . 
33 

I t h a s been found t h a t pure l i t h i u m does not r e a c t w i t h o r g a n i c 
33 34 

h a l i d e s and t h a t t r a c e s o f sodium and copper o f t e n enhance the 

r e a c t i v i t y . Sodium i s , i n f a c t , o f t e n p r e s e n t i n c o m mercial s u p p l i e s 
32 

o f l i t h i u m . However, too much of t h e s e i m p u r i t i e s promotes s i d e 

r e a c t i o n s . 

R e a c t i o n s w i t h l i t h i u m a r e c a r r i e d out u n d e r an i n e r t atmosphere 

both to keep the m e t a l s u r f a c e c l e a n and a l s o to p r e v e n t r e a c t i o n 

o f the l i t h i u m r e a g e n t s formed w i t h oxygen from the a i r . A l t h o u g h 

n i t r o g e n and l i t h i u m r e a c t to form l i t h i u m n i t r i d e , t h i s r e a c t i o n 

i s s u f f i c i e n t l y slow t o a l l o w n i t r o g e n to be u s e d a s t h e i n e r t 

atmosphere i n many c a s e s . 

As s t a t e d above, o r g a n o l i t h i u m compounds r e a c t w i t h oxygen 

from the a i r t o form a l k o x i d e s . These can a l s o be formed by the 

r e a c t i o n of o r g a n o l i t h i u m compounds w i t h e t h e r s , which a r e f r e q u e n t l y 
32 

u s e d a s s o l v e n t s . I t i s b e l i e v e d t h a t the p r e s e n c e of the 

a l k o x i d e s may enhance t h e r e a c t i o n of l i t h i u m w i t h o r g a n i c h a l i d e s , 

a l t h o u g h l i t t l e d a t a are a v a i l a b l e . A l s o s i g n i f i c a n t may be the 

p r e s e n c e of l i t h i u m h a l i d e s formed d u r i n g the r e a c t i o n . The 

s o l u b i l i t y of t h e s e compounds i n d i f f e r e n t s o l v e n t s v a r i e s and 

w h i l e t h e p r e s e n c e of d i s s o l v e d h a l i d e may promote the r e a c t i o n , 

i n s o l u b l e h a l i d e s would i n h i b i t i t by the d e p o s i t i o n of m a t e r i a l 

on t h e c l e a n m e t a l s u r f a c e . 

E a c h of the f a c t o r s d i s c u s s e d above can a f f e c t t h e c o u r s e o f t h e 

r e a c t i o n , which can g i v e r i s e to s e v e r a l b y - p r o d u c t s ( e q u a t i o n I I . 4 . ) 

The n a t u r e of t h e s e b y - p r o d u c t s i n d i c a t e s some s o r t of r a d i c a l 

i n v o l v e m e n t i n t h e r e a c t i o n , a l t h o u g h the mechanism i s not c l e a r l y 



I U . R-X 
Li 

R—Li + R-H 

Alkenes derived f rom R—X 

R-R (Wur tz coupling) 

32 u n d e r s t o o d . 

The r e s u l t s o f a t t e m p t s to form compound ( 2 7 ) from (24.) and 

l i t h i u m metal under a v a r i e t y o f c o n d i t i o n s a r e d i s c u s s e d below. 

I I . 5 . B . R e a c t i o n s w i t h a L i t h i u m d i s p e r s i o n i n P a r a f f i n 'Wax. 

I t was d e c i d e d to i n v e s t i g a t e the r e a c t i o n o f compound ( 2 4 ) 

w i t h l i t h i u m d i s p e r s i o n i n p a r a f f i n wax , a s t h e m e t a l i n t h i s form 

p r e s e n t e d a g r e a t e r s u r f a c e a r e a than w i r e . I n v e s t i g a t i o n s were 

c a r r i e d out on the b e s t methods of u s i n g the m a t e r i a l under t h e 
35 

c o n d i t i o n s r e q u i r e d , by c a r r y i n g out s t a n d a r d r e a c t i o n s . n - B u t y l l i t h i u m 
35 

was p r e p a r e d a c c o r d i n g to p u b l i s h e d p r o c e d u r e s and the e x t e n t 

of r e a c t i o n a s s e s s e d by h y d r o l y s i s and t i t r a t i o n o f t h e pr o d u c t 

w i t h s t a n d a r d a c i d . The d i s p e r s i o n was e a s i l y h a ndled and pentane 

or hexane were s u i t a b l e s o l v e n t s f o r removal o f the wax. However, 

l i t h i u m bromide formed d u r i n g the r e a c t i o n i s i n s o l u b l e i n 

hy d r o c a r b o n s o l v e n t s and i n h i b i t i o n of the r e a c t i o n was c a u s e d by 

d e p o s i t i o n o f t h i s on the m e t a l s u r f a c e . A l l e v i a t i o n o f t h i s problem 

was a c h i e v e d i n p a r t by v i g o r o u s a g i t a t i o n o f t h e m i x t u r e . U s i n g 

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

wax which i n h i b i t e d the r e a c t i o n by r e d u c i n g t h e amount o f c l e a n 

m e t a l s u r f a c e p r e s e n t . 



E r r o r s were o b t a i n e d i n the t i t r a t i o n v a l u e s a s a l i q u o t s removed 

f o r t i t r a t i o n o f t e n c o n t a i n e d u n r e a c t e d m e t a l which tended t o remain 

a s a d i s p e r s i o n throughout t h e s o l u t i o n i n s t e a d o f s e t t l i n g on the 

s u r f a c e . Some p a r t o f t h e t i t r e was t h e r e f o r e due t o t h e h y d r o l y s e d 

l i t h i u m . V a r i o u s u n s u c c e s s f u l a t t e m p t s were made to overcome t h i s , 

i n c l u d i n g c e n t r i f u g i n g and f i l t r a t i o n o f u n r e a c t e d l i t h i u m . One 

o t h e r problem r e s u l t i n g from the s i z e o f t h e l i t h i u m p a r t i c l e s was 

t h a t on s t i r r i n g i n s o l v e n t they tended to " c r e e p " up the s i d e s 

o f t h e v e s s e l , t h u s r e d u c i n g the c o n t a c t w i t h t h e s u b s t r a t e . Once 

t h e s e problems had been d e a l t w i t h f a i r l y good y i e l d s o f l i t h i u m 

compounds c o u l d be o b t a i n e d (55 - 66%) a l t h o u g h t h e s e were not a s 

h i g h a s t h o s e quoted f o r r e a c t i o n s c a r r i e d out w i t h , f o r example, 

l i t h i u m w i r e . 

When t h i s d i s p e r s i o n was r e a c t e d w i t h (2£) i n hexane a t -10°C 

and i n THP/pentane a t -10° and -78°C, v e r y l i t t l e r e a c t i o n was o b s e r v e d 

(by m o n i t o r i n g t h e d i s a p p e a r a n c e o f s t a r t i n g m a t e r i a l on g l c ) . 

Sodium w i r e was added t o t h e m i x t u r e to s e e i f t h i s e f f e c t e d any 

enhancement upon t h e e x t e n t o f r e a c t i o n but no r e a c t i o n was 

ob s e r v e d i n t h i s e x p e r i m e n t . T h i s l a c k o f r e a c t i v i t y was presumably 

due to the d i f f i c u l t i e s e n c o u n t e r e d i n c l e a n i n g the metal s u r f a c e 

and s o l u b i l i t y problems o f any l i t h i u m h a l i d e produced. Thus, a l t h o u g h 

t h i s form o f the metal p r o v i d e d t h e g r e a t e s t s u r f a c e a r e a , t h i s 

was overshadowed by the o t h e r problems e n c o u n t e r e d i n i t s u s e . I t 

was t h e r e f o r e d e c i d e d to u s e l i t h i u m w i r e . 

I I . 5 . C . R e a c t i o n s w i t h L i t h i u m Wire. 

The w i r e used was known to have both copper and sodium i m p u r i t i e s 

and i t was chopped up i n o r d e r to i n c r e a s e t h e s u r f a c e a r e a . T h i s 

p r o c e d u r e not o n l y d i s p e n s e d w i t h the p r e s e n c e o f t h e p a r a f f i n wax 
17 

but a l s o more c l o s e l y r e s e m b l e d the work o f G r o v e n s t e i n , where 



l i t h i u m - h a l o g e n exchange has been c a r r i e d out s u c c e s s f u l l y . The 

m e t a l was a c t i v a t e d w i t h iodomethane and a s m a l l q u a n t i t y o f t h e 

o r g a n i c h a l i d e b e f o r e t h e bulk was added, to e n s u r e t h a t t h e s u r f a c e 

was c l e a n . I t was o b s e r v e d t h a t a t -10°C i n THF s t i r r i n g f o r one 

hour r e s u l t e d i n o n l y 3% c o n v e r s i o n to p r o d u c t s ( d e t e r m i n e d by g l c 

a n a l y s i s o f h y d r o l y s e d a l i q u o t s , assuming no i n v o l a t i l e p r o d u c t s 

were f o r m e d ) . I n a s i m i l a r r e a c t i o n a l o n g e r r e a c t i o n time ( 3 h o u r s ) 

gave a c o n v e r s i o n o f 62%. I n o t h e r r e a c t i o n s , however, r e p r o d u c i b l e 

y i e l d s c o u l d not be o b t a i n e d and from o b s e r v a t i o n o f t h e l i t h i u m 

m e t a l , i t appeared t h a t t h i s was non-homogeneous. Thus d i f f e r e n t 

p o r t i o n s were more d i f f i c u l t to a c t i v a t e , o r l e s s r e a c t i v e than o t h e r s . 

There was no means of knowing beforehand the e x a c t c o m p o s i t i o n o f the 

s t r i p o f m e t a l used and hence r e p r o d u c i b i l i t y c o u l d not be e n s u r e d . 

O b v i o u s l y when h i g h e r t e m p e r a t u r e s were u s e d f o r l o n g p e r i o d s 

d e c o m p o s i t i o n of the s o l v e n t by the m e t a l was to be e x p e c t e d . 

I I . 5 . D . I d e n t i f i c a t i o n o f H y d r o l y s i s P r o d u c t s . 

I n a r e a c t i o n c a r r i e d out a t 5 ° - 10°C f o r 22.5 hours about 

53% r e a c t i o n was o b s e r v e d a f t e r h y d r o l y s i s . T h e p r o d u c t s were i s o l a t e d 

and i d e n t i f i e d a s (25) (16%)(by comparison o f mass s p e c t r a l d a t a 

and g l c r e t e n t i o n time w i t h those o f an a u t h e n t i c s a m p l e ) , 

p e n t a f l u o r o p h e n y l e t h e n e (^0) ( 6 2 % ) ( f r o m mass s p e c t r a l d a t a ) and 

a compound w i t h iV;+ 176 (22%). T h i s l a t t e r i s c o n s i s t e n t w i t h a 

s t r u c t u r e (^1.). The p r o t o n nmr spectrum o f the m i x t u r e gave s h i f t s 

and c o u p l i n g c o n s i s t e n t w i t h t h e s e p r o d u c t s . These d a t a l e a d to t h e 

p o s t u l a t i o n of t h e r e a c t i o n scheme i l l u s t r a t e d i n Scheme I I . 3 . 

I f pathway ( i i ) were the s o l e mechanism i n v o l v e d i n f o r m a t i o n 

of compound (29.)» the r e l a t i v e amount o f (25) formed would be 

e x p e c t e d to be h i g h e r , t h u s i m p l y i n g t h a t r o u t e ( i ) i s a t l e a s t 
16 

p a r t l y i n v o l v e d . T h i s has been s u g g e s t e d by o t h e r workers a s 
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b e i n g the r o u t e t a k e n on d e c o m p o s i t i o n of a l i t h i u m r e a g e n t . No 

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

( e . g . C 6 P 5 ( C H 2 ) 4 C g P 5 ) . 
19 

The low t e m p e r a t u r e P nmr spectrum o f t h e r e a c t i o n m i x t u r e 

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

T h i s i m p l i e s t h a t the m a j o r i t y of t h e l i t h i u m r e a g e n t i s r e a c t i n g 

( r o u t e ( i i i ) ) or decomposing ( r o u t e s ( i ) and ( i i ) ) soon a f t e r b e i n g 

formed. 

These r e s u l t s r e i n f o r c e the c o n c l u s i o n s a r r i v e d a t f o r t h e 

d e c o m p o s i t i o n of t h e G r i g n a r d r e a g e n t ( S e c t i o n I I . 3 . B . ) . 

I I . 5.B. R e a c t i o n of Compound (24.) w i t h L i t h i u m and quenched w i t h 

Bromine i n P e n t a n e . 

The o b j e c t o f t h i s experiment was t o c o r r o b o r a t e t h e f i n d i n g s 

d e s c r i b e d i n t h e p r e v i o u s s e c t i o n . I f Scheme I I . 3 . i s c o r r e c t , t h e n 

quenching w i t h bromine s h o u l d l e a d to s i m i l a r p r o d u c t s , except t h a t 

where ( 2 5 ) was o b s e r v e d , (2£) s h o u l d now be p r e s e n t . However, i n 

t h i s experiment t h e problems w i t h inhomogeneity of c o m p o s i t i o n o f 

t h e m e t a l , mentioned e a r l i e r , once more o c c u r r e d and a t -10°C i n 

THP a s s o l v e n t o n l y two hours* r e a c t i o n time was r e q u i r e d b e f o r e 

g l c a n a l y s i s o f a h y d r o l y s e d a l i q u o t i n d i c a t e d t h a t no s t a r t i n g 

m a t e r i a l was l e f t . A s u b s t a n t i a l amount o f r e d m e t a l , presumably 

copper, was o b s e r v e d i n t h e p i e c e s of l i t h i u m u s e d i n t h i s e x p e r i m e n t . 

G l c a n a l y s i s o f t h e m i x t u r e a f t e r b r o m i n a t i o n showed f i v e 

components, none o f which c o r r e s p o n d e d to s t a r t i n g m a t e r i a l ( 2 4 ) 

or any of t h e p r o d u c t s o b s e r v e d so f a r i n analogous r e a c t i o n s . I t 

may be concluded from t h i s t h a t t h e i n f l u e n c e o f copper on t h i s 

r e a c t i o n was s u c h a s to g r e a t l y enhance t h e p r o d u c t i o n o f s i d e 

r e a c t i o n s and a l t h o u g h i t speeded up the consumption of s t a r t i n g 

m a t e r i a l i t d i d not promote the r e a c t i o n b e i n g s t u d i e d h e r e . 



7.B 

I I . 5 . P . R e a c t i o n of Compound ( 2 4 ) w i t h L i t h i u m and quenched w i t h 

t e r t - B u t a n o l . 

The r e a c t i o n was c a r r i e d out a t about -10°C ( + 5°C) i n a 

m i x t u r e c o n t a i n i n g t e r t - b u t a n o l i n o r d e r to determine whether t h e 

l i t h i u m compound (27 ) c o u l d be t r a p p e d p r i o r to d e c o m p o s i t i o n , i n 

w h i c h c a s e ( 2 5) s h o u l d be the s o l e , o r major p r o d u c t . The r e a c t i o n 

went l a r g e l y to c o m p l e t i o n w i t h i n 3.5 hours and i t appeared from 

g l c a n a l y s i s o f the r e a c t i o n m i x t u r e t h a t t h e major product c o r r e s p o n d e d 

to compound (2 5). The o t h e r p r o d u c t s were formed but i n much l o w e r 

p r o p o r t i o n s than p r e v i o u s l y o b s e r v e d . T h i s i s t h e r e f o r e c o n s i s t e n t 

w i t h the mechanism proposed i n Scheme I I . 3 . 

I I . 5 . G . R e a c t i o n of Compound ( 2 4 ) w i t h L i t h i u m doped w i t h Copper. 

When the r e a c t i o n was c a r r i e d out w i t h added copper powder 

many p r o d u c t s were o b t a i n e d , a s i n the c a s e d e s c r i b e d i n S e c t i o n I I . 5 . E . , 

a l t h o u g h i n t h i s i n s t a n c e some s t a r t i n g m a t e r i a l was a l s o l e f t . 

A g a i n , the copper must have promoted s i d e r e a c t i o n s o v e r the r e a c t i o n 

under s t u d y . 

I I . 5 . H . R e a c t i o n o f Compound ( 2 4 ) w i t h anhydrous L i t h i u m Bromide. 

One o t h e r p o s s i b i l i t y f o r the f o r m a t i o n of compound ( 3 0 ) i s 

t h e a c t i o n on s t a r t i n g m a t e r i a l of l i t h i u m bromide formed d u r i n g 

t h e r e a c t i o n , to e l i m i n a t e HBr. H a l i d e s a r e known to a c t a s b a s e s 

i n t h i s manner ( e q u a t i o n I I . 5 . ) . 

I I . 5 . C 6 F 5 _ C H _ C H 2 ^ r 

Br 

-> C 6 F 5 C H = C H 2 



An attempt was made to t e s t t h i s p o s s i b i l i t y by r e a c t i n g 

anhydrous l i t h i u m bromide w i t h compound (24.) under c o n d i t i o n s s i m i l a r 

t o t h o s e used i n the r e a c t i o n s w i t h l i t h i u m m e t a l . No r e a c t i o n was 

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

I I . 5 . J . R e a c t i o n of 1 - B r o m o - 2 - p e n t a f l u o r o p h e n y l - [ 1 , 1 - H p ] e t h a n e 

Having e s t a b l i s h e d the c o u r s e of the r e a c t i o n o f compound ( 2 4 ) 

w i t h l i t h i u m metal under normal c o n d i t i o n s (Scheme I I . 3 . ) i t was 

d e c i d e d to l a b e l t h e s u b s t r a t e i n o r d e r t o d i s c r i m i n a t e between the 

two methylene p o s i t i o n s to e s t a b l i s h whether or not rearrangement was 

o c c u r r i n g d u r i n g t h i s r e a c t i o n . 1-Bromo-2-pentafluorophenyl-

( 1 , 1 - H^]ethane (CgF^CKgCDgBr) (^2) was u s e d and t h e r e a c t i o n e n v i s a g e d 

i s shown i n Scheme I I . 4 . I t was hoped to i d e n t i f y t h e p o s i t i o n o f t h e 

d e u t e r i u m l a b e l a f t e r r e a c t i o n by mass s p e c t r a l a n a l y s i s of the r e a c t i o n 

m i x t u r e . 

Compound (3_2) was p r e p a r e d a c c o r d i n g to Scheme IT.5« 

w i t h L i t h i u m . 

CH-XD~OD CHUCOOH HUCOOCH 

CH.N Li Al D 

H Br. HUSO 

C H 2 C D 2 B r 

CHnCDoOD OUCDoBr 

D 

(33) 
(32) 

Scheme I I . 5 . 
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The p r o d u c t was o b t a i n e d i n 8 5 % y i e l d , an i m p u r i t y , (.22), b e i n g 

d e t e c t e d on mass s p e c t r a l a n a l y s i s ( M + 259, M+2 2 6 1 ) . Compound ( 3 2 ) 

was i d e n t i f i e d by c o m p a r i s o n of data w i t h t h o s e o f compound ( 2 4 ) 

and from mass s p e c t r a l and p r o t o n nmr e v i d e n c e . 

The r e a c t i o n o f ( 3 2 ) w i t h l i t h i u m was c a r r i e d out a t 0°C f o r 

f i v e h o u r s , d u r i n g which time a g r e e n c o l o u r a t i o n was o b s e r v e d , 

f o l l o w e d by the f o r m a t i o n of a red-brown c o l o u r . A f t e r t h i s time 

no s t a r t i n g m a t e r i a l was d e t e c t e d on g l c a n a l y s i s o f a h y d r o l y s e d 

a l i q u o t . A n a l y s i s o f t h e quenched m a t e r i a l showed t h e r e to be t h r e e 

v o l a t i l e components, w h i c h were s e p a r a t e d from t h e s o l v e n t by 

p r e p a r a t i v e Bcale g l c . Mass s p e c t r a l d a t a f o r t h e p r o d u c t m i x t u r e 

i n d i c a t e d t h a t t h e f o l l o w i n g had o c c u r r e d (Scheme I I . 6 . ) . 

Li 
C 6 F 5 C H 2 C D 2 B r * l C 6 F 5 C H 2 C D 2 L i ] 

H 2 C 

CD. 
F 

M +178 

C 6 F 5 C H = C D 2 

M + 196 

C 6 F 5 C H 2 C D 3 

M +199 

Scheme 11.6. 

The base peak i n t h e mass spectrum o f t h e p e n t a f l u o r o p h e n y l - [ 1 , 1 , 1 - H ^ ] -

etha n e component o f t h e m i x t u r e o c c u r r e d a t m/e 181, w h i c h c o r r e s p o n d s 

t o a v e r y s t a b l e b e n z y l fragment CfiP,-CH« , and no s i g n i f i c a n t peak 



o c c u r r e d a t m/e 183. T h i s i n d i c a t e s t h a t no d e u t e r i u m had been 

i n c o r p o r a t e d i n t o t h e b e n z y l p o s i t i o n of t h e m o l e c u l e and t h e r e f o r e 

t h a t no 1,2-rearrangement had o c c u r r e d . 

I I . 5 . K . C o n c l u s i o n . 

D e s p i t e t h e d i f f i c u l t i e s i n v o l v e d i n f o r m i n g t h e compound ( 2 7 ) 

r e p r o d u c i b l y , i t seems c l e a r t h a t no 1 , 2 - a r y l r e a r r a n g e m e n t o c c u r r e d 

i n t h i s s y s t e m . S e v e r a l f a c t o r s a r e i n v o l v e d h e r e . O b v i o u s l y t h e 

p e n t a f l u o r o p h e n y l group i t s e l f i s not s u f f i c i e n t l y a c t i v a t i n g to 

produce r e a r r a n g e m e n t s w i t h magnesium o r l i t h i u m and t h e c a r b o n -

m e t a l bonds i n t h e o r g a n o m e t a l l i c compounds formed a r e not s u f f i c i e n t l y 

i o n i c . Coupled w i t h t h e s e f a c t o r s i s t h e e a s e o f d e c o m p o s i t i o n o f 

t h e o r g a n o m e t a l l i c once i t h a s formed. P o s s i b l y t h e b e s t s o l u t i o n 

f o r p r o d u c i n g r earrangement woyld be t o u s e a r i n g w i t h s t r o n g l y 

e l e c t r o n - w i t h d r a w i n g groups a t t a c h e d a t the 2, 4 , and 6 p o s i t i o n s 

( e . g . ( 3 4 ) ) a s s u b s t r a t e and a t t e m p t s i m i l a r r e a c t i o n s to t h o s e 

d e s c r i b e d above. T h i s s h o u l d be even more a c t i v a t i n g f o r a 

c a r b a n i o n r e a r r a n g e m e n t t h a n t h e p e n t a f l u o r o p h e n y l group. The 

a d d i t i o n o f b u l k y groups a t t h e 2 - p o s i t i o n o f t h e e t h y l group i n 

compound (JJ4) would f u r t h e r enhance r e a r r a n g e m e n t , by r e l i e f o f 

s t e r i c s t r a i n . 

CI-UOUBr 

CR 

(34) 
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I I . 6 . R e a c t i o n s w i t h P e n t a f l u o r o p h e n y l e t h a n e . 

S e v e r a l r e a c t i o n s were performed on p e n t a f l u o r o p h e n y l e t h a n e 

to d e t e r m i n e t h e e f f e c t o f base upon i t and t h e i n f l u e n c e e x e r t e d by 

th e {5 - p e n t a f l u o r o p h e n y l group i n i t s r e a c t i o n s and t o s e e whether 

any rearrangement o c c u r r e d . 

I I . 6 . A . P r e p a r a t i o n o f P e n t a f l u o r o p h e n y l e t h a n e ( 2 5 ) . 

Compound ( 2 5 ) was p r e p a r e d a c c o r d i n g to a l i t e r a t u r e method 

( e q u a t i o n I I . 6 . ) . 

37 

I I . 6 . F C 2 HgMgBr, 

H 

C H 2 C H 3 

I I . 6 . B . R e a c t i o n o f Compound ( 2 5 ) w i t h Sodium Methoxide. 

The o b j e c t o f t h i s r e a c t i o n was to o b s e r v e whether sodium 

methoxide would remove an oc - p r o t o n from t h e e t h y l group and i f so 

what form t h e r e s u l t i n g a n i o n would assume, s i n c e b e n z i l i c a n i o n s 

can be r e g a r d e d a s a n a l o g u e s o f b r i d g e d s p e c i e s ( e q u a t i o n I I . 7 . ) . 

I I . 7 . 

f H 3 
H-C^H OCH 

hL X H 3 3X 
F 

H \ c / H 3 

-» etc. 

I n i t i a l e x p e r i m e n t s i n d i c a t e d t h a t no r i n g s u b s t i t u t i o n o c c u r r e d , 

even a f t e r 28 days a t room t e m p e r a t u r e . I n t h e p r e s e n c e o f 
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methanol - d. no d e u t e r i u m i n c o r p o r a t i o n was o b s e r v e d a t room 4 

t e m p e r a t u r e . Presumably, t h e r e f o r e , the p e n t a f l u o r o p h e n y l group i s 

not s u f f i c i e n t l y e l e c t r o n - w i t h d r a w i n g to make t h e <* - p r o t o n a c i d i c 

enough t o be removed by methoxide. 

I I . 6 . C . R e a c t i o n o f Compound (2j?) w i t h n - B u t y l l i t h i u m . 

T h i s r e a c t i o n was c a r r i e d out f o r a s i m i l a r r e a s o n to t h a t 

d e s c r i b e d i n S e c t i o n I I . 6 . B . , but u s i n g a s t r o n g e r b a s e . Compound ( 2 5 ) 

and n - b u t y l l i t h i u m were s t i r r e d t o g e t h e r f o r t h r e e hours a t -70°C and 

t h e m i x t u r e was quenched w i t h d e u t e r i u m o x i d e . Two components were 

o b s e r v e d i n t h e m i x t u r e - compound ( 2 5 ) w i t h no d e u t e r i u m i n c o r p o r a t e d 

and a h i g h e r b o i l i n g p o i n t l i q u i d w h ich was shown to be compound (29) 

from mass s p e c t r a l d a t a , which a g r e e d w i t h t h o s e found i n S e c t i o n I I . 4 . B . 

T h i s r e a c t i o n i l l u s t r a t e s the ease w i t h which the p e n t a f l u o r o p h e n y l 

r i n g can be b u t y l a t e d . 

I I . 7 . M i s c e l l a n e o u s R e a c t i o n s . 

I I . 7 . A . R e a c t i o n s of Compound ( 2 4 ) and 1-bromo-2-phenylethane w i t h 

The o b j e c t of t h e s e e x p e r i m e n t s was to compare the a c t i v i t y 

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

b a s e - i n d u c e d e l i m i n a t i o n r e a c t i o n . The r e a c t i o n s a r e shown i n e q u a t i o n s 

I I . 8 . and I I . 9 . 

CI-LCH 

F4--C.H 

(29) 

Sodium iVethoxide. 
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*H 2 CH 2Br 

11.8. F 

CH=CH 2 C H 2 C H 2 O C H 3 

NaOMe f ^ n f < ^ ^ 
RT F | + F + minor components 

(30) im 
major 

CH=CH~ CH-CKUOCI-L minor components are 2 2 2 3 
\EU + If J 

OCH 3 0 C H 3 

/ H 2 C H 2 B r 

I I .9 . 
NaOMe 

RT 

H = C H 2 C H 2 C H 2 O C H 3 

major 

The p r o d u c t s were i d e n t i f i e d from mass s p e c t r a l e v i d e n c e and 

comparison o f d a t a w i t h t h o s e from a u t h e n t i c s a m p l e s . I t a p p e a r s 

t h a t t h e p e n t a f l u o r o p h e n y l r i n g does not e x e r t any marked i n f l u e n c e 

o v e r p h e n y l i n t h i s r e a c t i o n a p a r t from i t s g r e a t e r s u s c e p t i b i l i t y 

t o r i n g s u b s t i t u t i o n . T h i s i s c o n s i s t e n t w i t h t h e r e s u l t s d e s c r i b e d 

i n S e c t i o n I I . 6 . 3 . , where no enhancement o f a c i d i t y o f t h e p r o t o n 

ot to t h e r i n g was o b s e r v e d . Compound (^6) and i t s n o n - f l u o r i n a t e d 

analogue a r e presumably formed by n u c l e o p h i l i c d i s p l a c e m e n t o f 

bromide. 



I I . 7 . B . P a s s a g e o f Compound ( 2 4 ) o v e r hot i r o n i n a s i l i c a t u b e. 

T h i s r e a c t i o n was c a r r i e d out to d e t e r m i n e whether B r and P 

c o u l d be removed from t h e m o l e c u l e to g i v e the v e r y i n t e r e s t i n g 

b e n z o - c y c l o b u t e n e - t y p e compound d i s c o v e r e d i n the d e c o m p o s i t i o n 

o f compound ( 2 7 ) ( s e e Scheme I I . 3 . , compound (3J. ) ) . The r e a c t i o n 

o b s e r v e d i s shown i n e q u a t i o n 11.10. 

CH=CH. 

11.10. [2U) Fe, ~500°C 
F 

100% convers ion 
4 8 % recovery (30) 6304 (25) 170/,, (37) 20% 

Compounds (J O ) and (£5) have been p r e p a r e d e a r l i e r . Compound (37) 

+ 19 1 showed Ni 182 i n i t s mass spectrum and F and H nmr s p e c t r a l 

d a t a were c o n s i s t e n t w i t h t h e proposed s t r u c t u r e . No b e n z o c y c l o b u t e n e -

t y p e compounds were d e t e c t e d i n the r e a c t i o n m i x t u r e . 

I I . 7 . C . Attempted P r e p a r a t i o n o f 1 - B r o m o - 2 . 2 . 2 - t r i s ( p e n t a f l u o r o p h e n y l ) -

e t h a n e . 

As s t a t e d e a r l i e r , ( S e c t i o n I I . 5 . K . ) , one r e a s o n a b l e s u g g e s t i o n 

f o r i n c r e a s i n g the p r o b a b i l i t y o f 1 , 2 - a r y l rearrangement i n a 

s u b s t i t u t e d e t h y l s y s t e m would be to i n c r e a s e the s t e r i c crowding 

of t h e m o l e c u l e around t h e s i t e from which r e a r r a n g e m e n t would o c c u r . 

A c c o r d i n g l y , a t t e m p t s were made t o p r e p a r e compound (_3_8) from 

p e n t a f l u o r o b e n z e n e i n a two-step p r o c e s s . T r i s ( p e n t a f l u o r o p h e n y l ) m e t h a n e 
38 

was p r e p a r e d i n a l i t e r a t u r e P r i e d e l - C r a f t t y p e r e a c t i o n 

( e q u a t i o n 1 1 . 1 1 . ) . Attempts were made to de t e r m i n e whether t h e 

t r i s ( p e n t a f l u o r o p h e n y l ) m e t h y l a n i o n would r e a c t , under f a i r l y v i g o r o u s 



47 

I I . u AlCl, + CHCl. 

9 3 % 

(m.p. 1 5 3 - 4 ° C , 

l i t 3 f t 1 5 7 - 9 ° C ) 

c o n d i t i o n s , w i t h formaldehyde i n o r d e r to produce 1-hydroxy-

2 . 2 . 2 - t r i s ( p e n t a f l u o r o p h e n y l ) e t h a n e a c c o r d i n g to e q u a t i o n 11.12. 

U.12. (C R F_-h jCH ( C . F _ - b C i l U ( C c F c - h ; C C H o 0 H 
D D o 6 5 3 6 5 3 2 

K + 

( i J H C H O ; H (38) 

However, a l t h o u g h t h e a n i o n was r e a d i l y formed w i t h p o t a s s i u m 

f l u o r i d e , v e r y l i t t l e , i f any, r e a c t i o n was o b s e r v e d , even a f t e r 

t r e a t m e n t w i t h formaldehyde i n a s e a l e d tube a t 170°C f o r 60 h o u r s . 

The t r i s ( p e n t a f l u o r o p h e n y l ) m e t h y l a n i o n i s o b v i o u s l y v e r y s t a b l e 

presumably because o f t h e s h i e l d i n g e f f e c t o f t h e t h r e e l a r g e 

groups s u r r o u n d i n g the a n i o n i c s i t e and a l s o because o f t h e 

d e l o c a l i s a t i o n v/hich i s p o s s i b l e throughout t h e t h r e e p e n t a f l u o r o ­

p h e n y l r i n g s . 



Chapter I I I 

Experimental Results f o r Chapter I I . 



111.1. Instrumentation. 

Proton and f l u o r i n e nmr spectra were recorded at 40°C 

(standard probe temperature) on a Varian A 56/60D spectrometer, 

operating at 60 and 56.4 MHz re s p e c t i v e l y . Chemical s h i f t s are 

quoted r e l a t i v e to external TMS and chlorotrifluoromethane. I n f r a - r e d 

spectra were recorded on a Perkin-Elmer 457 Grating I n f r a - r e d 

spectrophotometer using KBr plates or discs. Mass spectra were run 

using an AEI MS-9 instrument or a VG Micromass 12B spectrometer 

f i t t e d w i t h a Pye 104 gas chromatograph. Gas l i q u i d chromatographic 

analyses were c a r r i e d out on a G r i f f i n and George D6 G&B Density 

Balance, Varian Aerograph Model 920 or Pye 104 Gas Chromatograph 

using columns packed w i t h 30% s i l i c o n e gum rubber SE-30 on 

chromosorb P (column 0 ) , 20% diisodecylphthalate on chromosorb P 

(column A) or 30% trixylenylphosphate on chromosorb P (column T). 

Preparative scale gas l i q u i d chromatography was performed on a 

Varian Aerograph Model 920 using columns 0 and A. 

111.2. Reagents and Solvents. 

I I I . 2 . A . Reagents. 

Bromopentafluorobenzene was supplied by Imperial Smelting 

Corporation Ltd..Lithium dispersion i n wax was supplied by P f i z e r L t d . 

and had the f o l l o w i n g composition: l i t h i u m (37.5%), p a r a f f i n wax (60.5%) 

and o l e i c acid ( 2 . 0 % ) . The p a r t i c l e size was 90% < 30̂ » . Lithium 

wire, supplied as 3.2mm diameter wire packed under mineral o i l 

from Alfa-Ventron, contained 0.02% sodium. n - B u t y l l i t h i u m was 

supplied i n hexane s o l u t i o n , approximately 2M, by LithCoA. The assay 

o f t h i s s o l u t i o n i s described i n a subsequent sec t i o n . Other reagents 

were used as supplied. 



I I I . 2 . B . Solvents. 

THP was supplied dry ( d i s t i l l a t i o n from l i t h i u m aluminium 

hydride and then potassium metal) by the Technical Services of t h i s 

department. 
39 

1,4-Dioxane was p u r i f i e d by a standard procedure .peroxides 
having f i r s t been removed by passage down an alumina column. 

40 
Chloroform was also p u r i f i e d by a l i t e r a t u r e method . 

A l l other solvents were sodium dr i e d where appropriate. 

I I I . 3 . Reactions. 

I I I . 3 . A . Preparation of 1-Bromo-2-pentafluorophenylethane (24). 
28 

a) Preparation of 1-Hydroxy-2-pentafluorophenylethane 

I n a t y p i c a l r e a c t i o n , magnesium (8.5g, O.35mmol) and dry THP 

(100ml) were placed i n a f l a s k which had been purged w i t h dry n i t r o g e n . 

The r e a c t i o n was c a r r i e d out under nitrogen . The magnesium was 

a c t i v a t e d w i t h 1,2-dibromoethane, and bromopentafluorobenzene (39.3g» 

O.T6mol) was added slowly over 2.5h, the i n t e r n a l temperature being 

maintained a t 2-3°C. The mixture was s t i r r e d f o r Th, the temperature 

remaining below 6°C. Oxirane (18ml, 15.9g, 0.3&mol) was added and the 

mixture was kept at room temperature f o r 15.5h. Hydrochloric acid 

(5M, 15ml) was added to the t h i c k , black s l u r r y , w i t h cooling, and 

effervescence occurred. The organic layer was separated, the aqueous 

phase washed w i t h ether and the organic phases then combined and d r i e d 

over magnesium sulphate. A f t e r removal of the desiccant, ether and THP 

were d i s t i l l e d at atmospheric pressure. D i s t i l l a t i o n of the residue 

at reduced pressure yielded 1-hydroxy-2-pentafluorophenylethane 

(24.6g, 73$) b.p. 87-89°C at 8mm Hg. This was i d e n t i f i e d by comparison 

of the i r spectrum with that of an authentic sample^ 1. 

b) Preparation of 1-Bromo-2-pentafluorophenylethane. 

1-Hydroxy-2-pentafluorophenylethane (35.8g, 17mol), 
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sulphuric acid ( c o n e , 36ml) and hydrobromic acid (48%, 111ml) were 

r e f l u x e d f o r 19h. Water (100ml) was added, the organic phase was 

extracted w i t h ether, d r i e d and the solvent removed at atmospheric 

pressure to leave compound (2±) (37.3g,80%). The product was 

d i s t i l l e d through a short column f i l l e d w i t h glass helices b.p. 72-

76°C at 8mm Hg and gle analysis (Pye 104, c o l . 0^^, 120°C) in d i c a t e d 

98% p u r i t y . 

I I I . 3 . B . Grignard Reaction of 1-Bromo-2-pentafluorophenylethane (2 4 ) . 

a) Hydrolysis. 

I n a t y p i c a l r e a c t i o n , magnesium (0.14g, 5mmol) was placed i n 
ether (2.3ml) i n a f l a s k f i t t e d w i t h a r e f l u x condenser and 
previously purged w i t h dry n i t r o g e n . The r e a c t i o n was c a r r i e d out 
i n an atmosphere of n i t r o g e n . The magnesium was a c t i v a t e d w i t h 
T,2-dibromoethane. Compound (24) (0.91g, Jnanol) was added dropwise 
over 2.5h at room temperature. The mixture was s t i r r e d f o r 1h at 
15°G. Hydrochloric acid (5M t 2.3ml) was added, the- organic layer was 
separated and d r i e d . Glc analysis (GDB, col.O, 120UC) in d i c a t e d 
one product. The extent of r e a c t i o n based on disappearance of s t a r t i n g 
m a t e r i a l calculated from glc was ~ 98%. The product was i s o l a t e d 
by preparative scale glc ( c o l . 0, 1132-133°C) and vacuum t r a n s f e r r e d 
from phosphorus pentoxide. This was i d e n t i f i e d as pentafluorophenyl­
ethane (25) (Pound: C, 49.2; F, 47.9; H, 2.6%. C QP CH C requires C, 49.0 

— o ? 5 

P, 48.5; H, 2.5%). Nmr spectrum no.1, i r spectrum no.1. 

Reactions using THF as solvent were c a r r i e d out i n an analogous 

manner. 

Attempts were made to carry out t h i s r e a c t i o n i n 1,4-dioxane, 

monoglyme, tetraglyme and benzene but i n no case could the magnesium 

be successfully a c t i v a t e d since i n s o l u b l e m a t e r i a l coated the surface. 
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b) Carbonation. 

The Grignard reagent was prepared as i n (a) above using 

magnesium (1.1g, 45mmol), compound (24) (3.05g, llmmol) and THF (16ml). 

Glc of a hydrolysed a l i q u o t (Pye 104, col.O, 150°C) showed t h a t no 

s t a r t i n g m a t e r i a l was present. Carbon dioxide was sublimed from 

s o l i d through a drying tower (calcium c h l o r i d e ) and i n t o the r e a c t i o n 

mixture f o r 0.5h. The mixture was kept overnight and then a c i d i f i e d 

(11M hydrochloric acid) to destroy the magnesium. The organic l a y e r 

was extracted w i t h ether and washed (2Ifi sodium hydroxide s o l u t i o n , 

3x15nil). The aqueous layer was separated, a c i d i f i e d and extracted 

w i t h ether (2x30ml). A f t e r drying (magnesium sulphate), the desiccan.t 

and solvent were removed from the organic layer to leave a yellow -

brown s o l i d . This was r e c r y s t a l l i s e d from hot water, an i n s o l u b l e 

yellow o i l being l e f t . White c r y s t a l s separated and were d r i e d i n 

vacuo. The i r spectrum of the o i l agreed w i t h that of the c r y s t a l s 

( i r spectrum no. 2 ) . The o i l was sublimed, 70°C at 1mm Hg, to give 

white c r y s t a l s . The t o t a l y i e l d of 3-pentafluorophenylpropanoic a c i d 

obtained was 0.77g (29%), m.p. 94.5°C, l i t . 3 0 95-96°C. Glc analysis of 

the o r i g i n a l organic l a y e r showed a very small trace of compound ( 2 5 ) . 

c) Methylation of the Carboxylic a c i d . 

3-Pentafluorophenylpropanoic acid (0.1g, O.42mmol), methanol 

(1ml, excess) and sulphuric acid ( c o n e , 4 drops) were r e f l u x e d 

f o r 8.5h. Water was added to remove the acid and methanol, and the 

organic phase was extracted w i t h ether and d r i e d . Glc of the ethereal 

s o l u t i o n (GDfl, c o l . 0, 120°C) showed one product peak. The i r spectrum 

of t h i s i n ether (contact f i l m ) showed ^rnQx = 1740cm"1 (ester C =0 

s t r e t c h ) and no acid 0-H s t r e t c h . The residue from c r y s t a l l i s a t i o n 

was also r e f l u x e d w i t h methanol and a f t e r work-up showed a s i m i l a r 

product to that described above. 



d) Decomposition of the Grignard Reagent. 

i ) The Grignard reagent was formed as described above, i n THF, but 

the temperature was maintained at r e f l u x temperature (65°C) f o r 

3h before h y d r o l y s i s . Glc analysis of the products showed only 

compound (25). I n another experiment, THF was d i s t i l l e d from the 

Grignard reagent, o-xylene was added to the mixture and the whole 

was r e f l u x e d f o r 1h (144°C). Hydrolysis and glc analysis showed a 

s i m i l a r product to t h a t obtained i n the previous experiment. 

i i ) The Grignard reagent was formed as described above, i n THF, 

and when i t had formed (observed by g l c of a hydrolysed a l i q u o t ) 

the l i q u i d above the magnesium was syringed i n t o a Carius tube which 

was then sealed. A f t e r heating at 130°C f o r 22h the tube was opened 

and the products separated (GDB, c o l . 0, 210°C). Two products were 

observed, MS data showed M + 196 (CgF^HgCH^ and M + 194 (CgF^CHsCHg). 

I I I . 3 . C Reaction of Compound (2^) w i t h n - b u t y l l i t h i u m . 

a) Assay of n - B u t y l l i t h i u m . 

The s o l u t i o n of n - b u t y l l i t h i u m i n n-hexane (1ml) was assayed by 

r e a c t i o n w i t h water (20ml), a l l l i t h i u m r e a c t i n g to give l i t h i u m 

hydroxide, which was then t i t r a t e d w i t h 0.1M hydrochloric acid using 

phenolphthalein i n d i c a t o r . I n order to determine the exact n - b u t y l -

l l t h i u m content ( f r e e from alkoxide i m p u r i t y ) the double t i t r a t i o n 
42 

method was used . A second a l i q u o t of n - b u t y l l i t h i u m s o l u t i o n (1ml) 

was added to r e d i s t i l l e d benzyl c h l o r i d e (2-3ml) b.p. 6T-62°C at 8mm Hg, 

i n anhydrous ether (10ml). A f t e r a f a i r l y vigorous r e a c t i o n i n which 

a f a i n t t r a n s i e n t yellow c o l o u r a t i o n was observed (owing to the 

presence of b e n z y l l i t h i u m formed i n the r e a c t i o n w i t h n - b u t y l l i t h i u m ) 

and a white p r e c i p i t a t e was seen ( l i t h i u m c h l o r i d e ? ) , the mixture 

was reacted w i t h water and t i t r a t e d as before. The di f f e r e n c e i n 

t i t r e s was due to the n - b u t y l l i t h i u m present. The m o l a r i t y of the 



s o l u t i o n used was i n i t i a l l y 1.21A. A f t e r a period of approximately 

5 months the m o l a r i t y had r i s e n to 1.7M owing to solvent evaporation. 

b) Reaction w i t h n - B u t y l l i t h i u m . 

I n a t y p i c a l r e a c t i o n , compound (24j (0.25g, 0.9mmol) was placed 

i n ether (5ml) under nitrogen and the s o l u t i o n was cooled to -70°C 

i n a carbon dioxide - acetone bath. n - B u t y l l i t h i u m s o l u t i o n (0.75ml, 

0.9mmol) was added dropwise, the temperature being kept below -65°C. 

The mixture was s t i r r e d at t h i s temperature f o r 2h, when water (1ml) 

was added and the mixture was allowed t o a t t a i n room temperature. The 

organic layer was separated, d r i e d and analysed by g l c . 

I n other reactions using d i f f e r e n t temperatures, solvents or 

scale, the procedure was the same. 

c) Reaction i n Ether at 0°C. 

Compound (24) (0.58g, 2.Tmmol) was placed i n dry ether (5ml). 

n - B u t y l l i t h i u m (2.55ml, 4.3mmol) was added over 0.3h at 0°C and the 

mixture was s t i r r e d f o r a f u r t h e r 0.16h. A tran s i e n t pink c o l o u r a t i o n 

was observed, then a yellow colour.After hydrolysis (water, 4ml) 

the organic layer was separated, d r i e d and analysed by g l c (GDB, 

c o l . 0, 120°C). No s t a r t i n g m a t e r i a l was detected and l i t t l e or no 

v o l a t i l e m a t e r i a l . Tic of the mixture (CHCl^CgH.,.^, 50:50) showed 

a si n g l e spot R̂ .= 0.7T, which d i d not correspond to n-bromobutane. 

I s o l a t i o n was effected by preparative scale t h i n layer chromatography. 

Mass spec t r a l evidence was as fol l o w s : m/e M+312, M+2, 341, of 

s i m i l a r i n t e n s i t y (CgP^C^^CRgCHgBr), 219 (CgF^C^^CH* ) , 

190 (C 6P 4(C 2H 5)CH 2
+ ) , 189 (C 6P 4(C 2H 4)CH 2

+ ) , 177 (CgF^CH )CH* ) , 

176 (C 6P 4(CH 3)CH 2
+ ) , 163 (CgP^CH* ) . Nmr spectrum no.2. These 

data c l e a r l y i n d i c a t e a s t r u c t u r e ( 2 8 ) . 

d) Reaction i n TKP at -74°C. 

Compound (24.) (l. 0 5 g , 3.8mmol) was placed i n TKP (TOml) and cooled 

to -74°C. n - B u t y l l i t h i u m (2.15ml, 3.65mmol) was added slowly over 0.16h 
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to the s t i r r e d mixture. On a d d i t i o n , a pink colouration was observed 

and when a l l of the n - b u t y l l i t h i u m had been added the colour was 

intense. This faded to a yellow-green colour a f t e r 0.08h. A sample 

(1ml) was removed and hydrolysed a f t e r 1.5h. A f u r t h e r a d d i t i o n of 

n - b u t y l l i t h i u m (0.9ml, 1.5mmol, g i v i n g t o t a l (nBuLi) 5.3 mmol) was 

made over 0.'3h. Again a pink c o l o u r a t i o n was observed, which faded 

slowly. A f t e r s t i r r i n g f o r 1.5h a second a l i q u o t was removed and 

hydrolysed. A f i n a l p o r t i o n of n - b u t y l l i t h i u m s o l u t i o n (1ml, t.7mmolt 

g i v i n g t o t a l (nBuLi) 7.0mmol) was added over 0.5h. The pink colour 

appeared on a d d i t i o n and remained. A t h i r d a l i q u o t was removed a f t e r 

0.5h. The bulk s o l u t i o n was hydrolysed a f t e r a f u r t h e r 2.5h and on 

ad d i t i o n of water the colour disappeared. Glc analysis (Pye 104, 

c o l . 0, 150°C) of the samples was c a r r i e d out and the f o l l o w i n g was 

observed; (Cumulative time, extent of r e a c t i o n , components detected); 

1.5h, 34%, bromobutane, (25_), unknown, (24_); 3.3h, 80%, bromobutane 

(increased), (2_5_) and unknown (decreased), (24): 4.3h, 100%, bromobutane, 

(25) (very small amount), higher b o i l i n g m a t e r i a l ; 6.3h, other data 

unchanged. MS-glc data were obtained f o r the v o l a t i l e m a t e r i a l and the 

residue, and were as f o l l o w s : 

V o l a t i l e m a t e r i a l : m/e M+ 196 (CgP^HgCH^) and 181 (CgP^H* ) ; 

m/e M + 194 (CgF^Cr>=CH2). These data and g l c r e t e n t i o n times suggested 

t h a t the v o l a t i l e component of the mixture contained compound (25) 

and pentafluorophenylethene (3 0 ) . I n v o l a t i l e m a t e r i a l : m/e M*234 

(C 6? 4(C 4H 9)CH 2CH 3), 191 (C 6P 4(C 2H 5)CH 2
+ ) , 177 (CgF^CH )CH* ) , 

163 (CgP^HCH* ), 162 (CgP^CH* ) . These data are consistent w i t h 

s t r u c t u r e (29_). I r spectrum no. 3. 

I I I . 3 . D . Experiments w i t h Lithium i n wax. 

a) I n a t y p i c a l r e a c t i o n t o observe the conditions required f o r 

using t h i s m a t e r i a l , l i t h i u m (0.4g, 1.06g i n wax, 58mmol) was placed 

i n pentane (10ml) and the mixture was s t i r r e d to remove the wax 
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coating from the metal. T-Bromobutane (3.14g, 23mmol) i n pentane (10ml) 

was added to the r e f l u x i n g mixture over 2.5h and the mixture was 

s t i r r e d f o r a f u r t h e r 1h. Aliquots (Tml) were removed, hydrolysed 

(degassed water) and t i t r a t e d w i t h standard a c i d . Lithium metal 

contamination of t h i s a l i q u o t was minimised by allowing the metal 

to s e t t l e before removal of the s o l u t i o n . Calculated y i e l d of n - b u t y l -

l i t h i u m from hydrolysis of an a l i q u o t of m a t e r i a l was 64%. The l i q u i d 

was f i l t e r e d from unreacted l i t h i u m under n i t r o g e n , the metal was 

hydrolysed and the l i t h i u m -hydroxide formed was t i t r a t e d w i t h standard 

a c i d . This corroborated the e a r l i e r f i g u r e and i n d i c a t e d t h a t - 65% 

r e a c t i o n had occurred. Table I I I . T . i l l u s t r a t e s the e f f e c t of conditions 

upon y i e l d . 

Solvent Temp. °C Time h 1 % Y i e l d nBuLi 2 Comments 

Hexane 30 3 26 Very l i t t l e a g i t a t i o n . 

I n h i b i t i o n a t the metal 

surface.- by metal 

halide? 

Fentane 37 2 55 Increased a g i t a t i o n . 

Pentane 37 3.5 66 Increased a g i t a t i o n 

and increased a d d i t i o n 

time. 

1. Time f o r a d d i t i o n of 1-bromobutane. 

2. Determined by t i t r a t i o n w i t h standard a c i d . 

Table I I I . 1 
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b) Reaction of Compound (2£) w i t h Lithium i n Wax. 

I n a t y p i c a l r e a c t i o n , l i t h i u m (0.17g, 0.46g i n wax, 25mmol) was 

placed i n pentane (20ml) to remove the wax. The m a j o r i t y of t h i s 

solvent was removed and THF (6ml) was added. The mixture was cooled 

to -10°C and compound (2£) (1.64g, 5mmol) was added over 1.3h. The 

mixture was s t i r r e d at -10°C ( + 5°C) f o r 2.5h. Water (20ml) was added 

to hydrolyse the l i t h i u m and the organic phase was separated and d r i e d . 

Glc analysis (GDB, c o l . 0, T20°C) indicated t h a t < 1% r e a c t i o n had 

occurred. 

The r e a c t i o n was repeated w i t h added sodium wire but t h i s appeared 

to have no e f f e c t . 

I I I . 3 . E . Reaction of Compound (2£) w i t h Lithium Wire. 

I n the reactions c a r r i e d out w i t h l i t h i u m wire the r e a c t i o n 

conditions and times vary widely. This was due to the d i f f i c u l t y 

experienced i n a c t i v a t i n g the metal and i n some cases to the 

inhomogeneity of i t s composition. The technique involved was the same 

i n a l l cases and experiments are quoted only where some v a r i a t i o n i s 

s i g n i f i c a n t . 

a)Hydrolysis. 

Lithium (T.35g, 193mmol, as wire cut i n t o small pieces) was 

placed i n THF (15ml) i n apparatus which had been purged w i t h n i t r o g e n . 

The mixture was cooled to -10°C (± 5°C) and methyl iodide (0.5ml) and 

(2£)(20 drops) i n THF (1-2ml) were added to a c t i v a t e the metal. 

The mixture was s t i r r e d f o r 1h, a green colouration being observed, 

and an exothermic re a c t i o n being detected. The remainder of the 

hal i d e (24,) ( t o t a l 5.14g, 18.7mmol) was added over 0.5h at -5°C, and 

s t i r r i n g at t h i s temperature was continued. A f t e r 2h g l c analysis of 

a hydrolysed a l i q u o t showed only a small conversion to products. The 

temperature was raised to 0°C and more methyl iodide was added, 



whence a vigorous r e a c t i o n occurred. A l i q u o t s were removed and hydrolysed 

at i n t e r v a l s and the r e a c t i o n was allowed t o proceed f o r 22.6h. The 

l i t h i u m was removed and destroyed (ethanol) and the r e a c t i o n mixture 

quenched w i t h water. Glc analysis of the mixture i n d i c a t e d 53% 

conversion to products. The organic l a y e r was extracted ( e t h e r ) , 

d r i e d , and the desiccant and solvent were removed. Glc analysis 

(GDB, c o l . A, 120°C) showed three v o l a t i l e components and a small 

amount of i n v o l a t i l e m a t e r i a l . The v o l a t i l e materials were i d e n t i f i e d 

by MS-glc data as pentafluorophenylethane (2J?) (16%) m/e M+ 196 

(C.^P5CH2CH3) and 181 (CgF^H* ) ; pentafluorophenylethene (,20)(62%) 

m/e M + 194 (CgP^HsCHg); the t h i r d component (22%) m/e Iff*" 176, 

consistent w i t h loss of HP and hence s t r u c t u r e (22). 1H Nmr s p e c t r a l 

data o f the mixture showed the f o l l o w i n g : $ 1.48ppm, t r i p l e t , -CH^; 

2.09ppmf quartet, -CHg-CH^; 3.94ppm, m u l t i p l e t , -CHg-CHg-; 6.45ppm, 

m u l t i p l e t , -CH=CH2. No meaningful i n t e g r a t i o n values could be 

obtained since a mixture was being i n v e s t i g a t e d but ths p o s i t i o n s and 

coupling of the signals are consistent with the proposed s t r u c t u r e s . 

b) Quenching wi t h Bromine. 

The r e a c t i o n was c a r r i e d out i n a s i m i l a r manner to th a t described 

e a r l i e r but bromine i n pentane was added to quench i t . Water was added 

a f t e r the mixture had a t t a i n e d room temperature. The organic l a y e r 

was separated and d r i e d , excess bromine being removed w i t h copper 

powder. The mixture was analysed by g l c . 

c) Quenching w i t h t e r t - B u t a n o l . 

The r e a c t i o n was c a r r i e d out i n the usual manner at -10°C ( ± 5°C) 

except that t e r t - b u t a n o l was added w i t h the halide (24.). A green 

c o l o u r a t i o n was observed i n i t i a l l y and j u s t p r i o r to hydrolysis 

the mixture was a dark red colour. Most of the s t a r t i n g m a t e r i a l 

had been consumed a f t e r ~ 3 . 5 h . Hydrolysis of the mixture a f t e r the 

l i t h i u m had been removed and destroyed caused effervescence to occur. 
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Glc analysis of the mixture (GDB, c o l . T, 150°C) showed (2£) as the 

major product, w i t h some pentafluorophenylethene (30)» 

d) Reaction of Lithium doped w i t h Copper. 

I n t h i s r e a c t i o n , a small amount of copper powder was added to 

the r e a c t i o n mixture. Incomplete conversion to products occurred, 

even a f t e r several hours, and many components were observed i n the 

v o l a t i l e f r a c t i o n a f t e r h y d r o l y s i s , both those expected and several 

others. No products were i s o l a t e d . 

I I I . 3 . P . Reaction of Compound (2£) w i t h anhydrous Lithium Bromide. 

Lithium bromide (0.31g. 3.9mmol) was placed i n dry THP (20ml) 

i n which only a small amount dissolved. The mixture was cooled i n 

an i c e - s a l t bath to ~ 0°C. Compound (24) (1.01g, 3.7mmol) was added 

and the mixture s t i r r e d at 0°C f o r 4.5h. Glc analysis of the organic 

layer showed t h a t no r e a c t i o n had occurred. 

I I I . 3 . G * Preparation of T-Bromo-2-pentafluorophenyl-[1,1- K 2)-ethane. 

Potassium hydroxide (6.06g, T08mmol) was dissolved i n water (10ml) 

and ethanol (35ml) and ether (10ml) were added. p-Tolylsulphonyl-

methylnitrosamide (21.64g, 101mmol) was dissolved i n ether (125ml) , 

and ether (TOml and 35ml r e s p e c t i v e l y ) was placed i n two traps 

cooled i n i c e - s a l t . The p-tolylsulphonylmethylnitrosamide s o l u t i o n 

was added to the warmed base over 0.75h and the diazomethane s o l u t i o n 

so formed was c o l l e c t e d i n the t r a p s . A f u r t h e r p o r t i o n of ether (35ml) 

was added to the r e a c t i o n mixture and was d i s t i l l e d t o wash through 

a l l of the diazomethane. When the d i s t i l l a t e appeared colourless the 

d i s t i l l a t i o n was stopped and the ethereal s o l u t i o n of diazomethane 

was poured i n t o a s o l u t i o n of pentafluorophenylacetic acid (10g, 

44mmol) i n ether (35ml) u n t i l a permanent yellow c o l o u r a t i o n was 

observed. The excess diazomethane was removed by d i s t i l l a t i o n , the 
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r e s i d u a l s o l u t i o n was dried (MgSO^), f i l t e r e d and the t o t a l volume 

of ethereal product was-275 ml* Dry ether (double d r i e d w i t h sodium, 

105ml) and l i t h i u m aluminium deuteride (10g, 239mmol) were placed 

i n a f l a s k t o which the ester was added f a i r l y r a p i d l y . An exothermic 

r e a c t i o n ensued and r e f l u x was maintained f o r 1.25h a f t e r a d d i t i o n . The 

excess l i t h i u m aluminium deuteride was destroyed w i t h ethylacetate 

i n ether and d i l u t e hydrochloric acid was added to the mixture. The 

organic layer was separated and washed wi t h water. The aqueous layer 

was extracted w i t h ether and the combined organic layers were d r i e d 

(MgSO^). A dark brown l i q u i d was l e f t a f t e r removal of solvent. This 

crude mate r i a l was r e f l u x e d w i t h hydrobromic acid (40ml, 48%) and 

sulphuric acid ( c o n e . 12ml) f o r T7h. Water was added and the organic 

l a y e r ether extracted. A f t e r removal of solvent the product was 

d i s t i l l e d at reduced pressure. 78°C, 1i0-11mm Hg, to give 1-bromo-

2-pentafluorophenyl-[T,1- H 2]-ethane (9.l 6 g , 75%). A second f r a c t i o n 

(1.34g, 11%) was obtained b.p. 80-83°C, 10-11mm Eg. The i r spectra of 

the two f r a c t i o n s were i d e n t i c a l (no. 4 ) , nmr spectrum no. 3,, 

m/e M*276, M+ 2 278, of s i m i l a r i n t e n s i t y , (C 6F 5CH 2CD 2Br), 197 

(CgF^CH2CD2
+ ) , 181 (CgFj-CH* ) . A small amount of an imp u r i t y was 

observed a t m/e 259,261 which could have been due to CgF^(D)CH2CD2Br. 

I I I . 3 . H . Reaction of Compound (^2) with Lithium. 

Lithium wire (T.OOg, 143mmol) was placed i n dry THF (20ml) and 

act i v a t e d at -3°C w i t h a few drops of iodomethane. Compound (32) 

(~ 30 drops) was added and the mixture s t i r r e d f o r 0.5h. A green 

co l o u r a t i o n was observed. The remainder of compound (£2) ( t o t a l 4.20g, 

15.3mmol) was added slowly over 11a and r e s u l t e d i n a brown c o l o u r a t i o n 

of the mixture. This was s t i r r e d at -5°C ( t 5°C) u n t i l g l c analysis 

of a hydrolysed a l i q u o t showed no s t a r t i n g m a t e r i a l . The l i t h i u m 

was removed and destroyed a f t e r - 4.5h and t e r t - b u t a n o l - d i was added 
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(2.5ml). The mixture was allowed to a t t a i n room temperature and 

was kept overnight. A f t e r e x t r a c t i o n and dry i n g , the m a j o r i t y of the 

solvent was removed by d i s t i l l a t i o n and the 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 . The solvent was f u r t h e r removed by preparative 

scale g lc and the product mixture (three peaks) was analysed by MS-
2 + glc t o give: p e n t a f l u o r o p h e n y l - [ l , 1 , 1 - H^]-ethane m/e H 199 

(CgP 5CH 2CD 3), and 181 (CgFjGH* ) . Loss of -CD3 to give Cg^CH* 

proves t h a t no exchange of the pentafluorophenyl group occurred. 

2-pentafluorophenyl-[l,T- 2H 2] -ethene m/e M+196 (CgP^CH=CD2) (major 

product) and the t h i r d component, m/e 178, which i s consistent w i t h the 

st r u c t u r e i l l u s t r a t e d below. No f u r t h e r i s o l a t i o n procedure was 

c a r r i e d out. 

I I I . 3 . J . Reactions o f Pentafluorophenylethane (2 5 ) . 

a) Preparation of Pentafluorophenylethane. 
37 

This was c a r r i e d out according to a l i t e r a t u r e method , w i t h 

the f o l l o w i n g i s o l a t i o n procedure. The m a j o r i t y of the solvent (pentane 

and THF) was removed by d i s t i l l a t i o n through a 2 f t column f i l l e d w i t h 

glass h e l i c e s , w i t h a take o f f r a t e of 1:10 and the l i q u i d remaining 

was d i s t i l l e d on a Fischer Spaltrohr concentric tube apparatus. The 

f r a c t i o n b.p. 130-133°C was c o l l e c t e d . The residue remaining i n the 

d i s t i l l a t i o n vessel was p u r i f i e d by vacuum transference and glc 

analysis (GOB, c o l . 0, 120°C) showed that t h i s also contained the 

required product. The t o t a l y i e l d of pentafluorophenylethane was 

45%. The i r spectrum agreed w i t h that of an authentic sample ( I I I . 3 . B . ) . 

2 Y \ & CD 
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b) Reaction of Compound (2£) w i t h sodium methoxide i n methanol. 

Pentafluorophenylethane (0.6g, 3.1mmol), sodium methoxide (0.08g t 

3.5mmol) and dry methanol (0.5ml) were mixed i n an nmr tube and the 

nmr spectrum was run at i n t e r v a l s (1h, 4days and 28days). No 

change was observed a f t e r t h i s time. 

c) Reaction of Compound (25) w i t h sodium methoxide i n methanol-d^. 

Compound (2£) (0.39g, 1.98mmol) was added to benzene (176 y*l 

i n t e r n a l i n t e g r a t i o n standard) and methanol-d^ (0.6ml) was added. 

This s o l u t i o n was divided equally i n t o two nmr tubes, one t o act as 

a c o n t r o l . Sodium (0.07g, 3.0mmol) was added to methanol-d^(~ 3ml) 

to make ~ T0% s o l u t i o n o f sodium methoxide. This (0.7ml) was added to 

the mixture i n one of the nmr tubes and the proton nmr spectra were 

compared at varying i n t e r v a l s over a period of s i x days. Mo change 

was observed over t h i s time. 

d) Reaction of Compound (2jj) w i t h n - B u t y l l i t h i u m . 

Compound (2^) (0.94g, 4.8mmol) was placed i n a f l a s k which had 

been purged w i t h n i t r o g e n , dissolved i n THP (8ml) ar»4 cooled t o -70°C. 

n - B u t y l l i t h i u m (3.9ml, 4.7mmol) was added slowly and the mixture was 

s t i r r e d f o r 3h, a f t e r which time i t had assumed a yellow-brown colour. 

DgO (0.5ml, 99.8%) i n THP (3ml) was added and the mixture allowed to 

a t t a i n room temperature. The now colourless crude r e a c t i o n mixture was 

was analysed by g l c (GDB, c o l . 0,120°C). This i n d i c a t e d the presence 

of s t a r t i n g m a t e r i a l as w e l l as a less v o l a t i l e component. These 

were separated by preparative scale g lc ( c o l . 0, 150°C) and each 

was analysed by i t s mass spectrum and nmr data. These data i n d i c a t e d 

t h a t no deuterium had been incorporated i n t o e i t h e r component. The mass 

sp e c t r a l data f o r the higher b o i l i n g m a t e r i a l gave m/e M+ 234 

(CgP 5(C 4Hg)CH 2CH 3). These data in d i c a t e d a s t r u c t u r e (29_) (see 

Section I I I . 3 . C . ( d ) f o r comparison). 
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I I I . 3 . K . Reaction of Compound (24) w i t h sodium methoxide i n methanol. 

Methanol (10ml) and sodium (0.26g, Hmmol) were mixed together 

When the r e a c t i o n had subsided compound (24) (3«1g, 11mmol) was added 

over a few minutes and the mixture was s t i r r e d a t room temperature 

f o r 2Th. Water was added and a white c o l o u r a t i o n was observed. The 

lower layer was separated 0.8g), d r i e d (MgSO^) and the v o l a t i l e 

components were vacuum t r a n s f e r r e d i n two f r a c t i o n s - at room temperature 

(1.1g) and on heating. The f i r s t f r a c t i o n contained one major component 

m/e M* T94(CgP^CH=CH2). The glc r e t e n t i o n time was s i m i l a r t o t h a t o f 

pentafluorophenylethane, which i s consistent w i t h t h i s i d e n t i f i c a t i o n . 

I r spectrum no. 5. The minor component was not i d e n t i f i e d . On standing 

i n the l i g h t the sample gradually s o l i d i f i e d t o give a colourless polymer. 

The second f r a c t i o n contained several components each present i n very 

small amounts. The MS data are as f o l l o w s : m/e M + 194 (CgF,.CH=CH2); 

m/e M* 206 (CgF^OCH^CHsCHg) and 191 ( l o s s of -CH 3); m/e M+274,276 

(C 6P 5CH 2CH 2Br); m/e 224 (CgP^HgCHgOCH* ) ; m/e M+ 286,288 

(CgF4(OCH.j)CH2CH2Br), A f u r t h e r component was not i d e n t i f i e d . There 

was i n s u f f i c i e n t of any of these to i s o l a t e . 

I I I . 3 . I ' * Reaction of T-Bromo-2-Phenylethane wi t h sodium methoxide i n 

Methanol. 

The r e a c t i o n was c a r r i e d out i n an analogous manner to t h a t 

described above using the f o l l o w i n g conditions: T-bromo-2-phenylethane 

(2.69g, T4.5mmol), sodium (0.34g, l6.8mmol) i n methanol (10.5ml), 

reacted at room temperature f o r 25h. Work-up was e f f e c t e d i n the same 

manner as described above, to give 1.16g of m a t e r i a l . The most v o l a t i l e 

f r a c t i o n contained two components - s t a r t i n g material and phenyl-

ethene m/e M* 104. The second f r a c t i o n contained phenylethene 

together w i t h T-methoxy-2-phenylethane m/e M+ 136 (C,HeCH-CHo0CH„), 
o p d i 3 

104 (CgH5CH2CH+ ) , and 92 (CgH^CH* ) . 
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III.3.M. Passage of Compound (24) over I r o n . 

Compound (24) (3.97g, T4.4mmol) was dripped in t o a s i l i c a tube 

containing i r o n f i l i n g s and heated to 490 - 500°C. I t was c a r r i e d over the 

metal s u r f a c e i n a slow stream of nitrogen (flow r a t e ca. 50cm~ 1). 

When a l l of the h a l i d e (24) had been passed over the metal s u r f a c e 

the trapped m a t e r i a l (l.35g) was analysed by g l c (GDBt c o l . A t T40°C) 

No s t a r t i n g m a t e r i a l was found to be present, but three products had 

been formed. These were separated by preparative s c a l e g l c . Two 

of the components were i d e n t i f i e d as compound ( 2 5 ) . pentafluorophenyl-

ethane (17%) and pentafluorophenylethene (30) (63%) by comparison 

of s p e c t r a l data with those of authentic samples prepared e a r l i e r . 

The most v o l a t i l e component was l o s t before i r data could be obtained but 

other data i n d i c a t e d that i t was pentafluorophenylmethane CgF^CH^, 

( 2 0 % ) , m/e M + 182 and 181 (C^^CH* ) . 1 9 F nmr s p e c t r a l data e x h i b i t e d 

s i g n a l s c o n s i s t e n t with a pentafluorophenyl group and the proton nmr 

spectrum showed a s i n g l e t a t S T.86ppm. 

I I I . 3 . N a p r e p a r a t i o n of tris_(pentafluorophenyl)methane. 
38 

T h i s was c a r r i e d out according to a l i t e r a t u r e method to give 

93% crude y i e l d of m a t e r i a l , which gave white c r y s t a l s m.p. 153-4°C, 

l i t . 3 8 157-9°C, a f t e r p u r i f i c a t i o n . 

b) Reaction of tris(pentafluorophenyl)methane with potassium f l u o r i d e 

and formaldehyde, 

i ) tri3(Pentafluoropheny1)methane (1.92g, 3.3mmol), potassium 

f l u o r i d e (0.33g, 5.7mmol) and paraformaldehyde (0.18g, 6mmol) were 

heated to 60°C i n monoglyme f o r 21h. Yellow and then purple colourations 

were observed. Thin l a y e r chromatography of the mixture showed one 

spot which had a s i m i l a r R f value to that of the s t a r t i n g m a t e r i a l 

(CHCl^:hexane; 5:95). A colouration was observed at the o r i g i n . MS 

data on the mixture were i d e n t i c a l with those of the s t a r t i n g m a t e r i a l . 

The i r s p e c t r a were a l s o i d e n t i c a l . 
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i i ) tris(Pentafluoropheny1)me thane (1.34g, 2.3mmol), potassium 

f l u o r i d e (0.32g, 5.5mmol) and paraformaldehyde (0.18g, 6mmoi) were 

sealed i n a C a r i u s tube with monoglyme ( -7ml) and heated a t 170°C 

f o r 60h. Some purple c o l o u r a t i o n was observed i n the tube. A f t e r 

opening, the l i q u i d was f i l t e r e d from a brown s o l i d and the v o l a t i l e 

m a t e r i a l (monoglyme) was pumped o f f to leave s o l i d m a t e r i a l (T.34g). 

Hydrochloric a c i d (1.25M) was added and the product was washed with 

water and extracted with ether. Removal of ether l e f t a brown-orange 

s o l i d which showed as s t a r t i n g m a t e r i a l on t i c , with a purple spot 

at the o r i g i n . The s t a r t i n g m a t e r i a l was sublimed from the s o l i d 

but. the i r spectrum of the r e s i d u e i n d i c a t e d that s t a r t i n g m a t e r i a l 

was the only component present. I t was concluded from t h i s that 

only a very small amount of r e a c t i o n ( i f any) could have occurred. 
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Chapter IV 

Introduction -

Preparation and Reactions of I n t e r n a l Pluoroalkener=. 



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

Many d i f f e r e n t types of fluoroalkene are known at the present 

time, from the simplest ( C F 2 = C F 2 ) to highly complex branched compounds 

The aim of t h i s chapter i s to give a b r i e f summary of the preparation 

and general r e a c t i o n s of i n t e r n a l alkenes. For the purposes of t h i s 

review the term i n t e r n a l fluoroalkene i s taken to mean s t r u c t u r e s 

such as (32.) where the Rp groups are p e r f l u o r o a l k y l or p e r f l u o r o -

c y c l o a l k y l groups. There are r e l a t i v e l y few examples of t h i s type 

of compound compared with l e s s - h i g h l y s u b s t i t u t e d analogues. 

R R 

*f \ 
( 3 9 ) 

IV.2. The E f f e c t of F l u o r i n e on Alkenes. 

S u b s t i t u t i o n of a hydrogen atom by f l u o r i n e i n an alkene does 

not s i g n i f i c a n t l y a f f e c t the geometry of the system but the nature 

of the r e a c t i o n s i s g r e a t l y a l t e r e d . Thus, hydrocarbon alkenes have 

an extensive e l e c t r o p h i l i c chemistry while' fluorocarbon analogues 

are l a r g e l y s u s c e p t i b l e to n u c l e o p h i l i c attack because of the 

electron-withdrawing e f f e c t of f l u o r i n e and p e r f l u o r o a l k y l groups . 

Compounds containing a f l u o r i n e atom attached d i r e c t l y to the 

double bond are l e s s s t a b l e than those i n which the double bond 

i s surrounded by, f o r example, p e r f l u o r o a l k y l groups. This i s most 

probably due to d e s t a b i l i s a t i o n by r e p u l s i v e i n t e r a c t i o n of the 

lone p a i r s on the f l u o r i n e atom with the 3 t - e l e c t r o n s of the double 



bond. 

C — C—F--

The order of s t a b i l i t y i s therefore: 

R 
> = C F 2 < 

R 
/ F 

R 
< C = C 

R / F 

X R R F R 
F 

Fluoroalkenes containing v i n y l i c f l u o r i n e atoms are r e a d i l y 

isomerised, f o r example i n the presence of f l u o r i d e ion, to the 

IV.3. Preparation of I n t e r n a l Fluoroalkenes. 

IV.3.A. Anionic Cligomerisation. 

Anionic oligomerisation i s the most u s e f u l method f o r 

preparing i n t e r n a l fluoroalkenes although c a t i o n i c processes are 

molecular weight m a t e r i a l , not simple oligomers. 

The general method can be i l l u s t r a t e d by consideration of the 

oligomerisation of hexafluoropropene, f o r example (Scheme I V . 1 . ) . 

Prom t h i s i t can be seen that there are three stages i n the process 

i ) formation of the carbanion from the alkene ( i n i t i a t i o n ) , 

i i ) r e a c t i o n of the carbanion and the alkene to give a l a r g e r 

more s t a b l e i n t e r n a l alkenes 44 

a l s o known. Free r a d i c a l r e a c t i o n s r e s u l t i n the formation of high 



C F 3 C F = C F 2 

( 4 0 ) 

- ( C F 3 ) 2 C F (4Q) 
• (CF ) CFCF CFCF_ 

3 2 2 3 
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c = c N ^ C = C 
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( 4 3 ) ( 4 2 ) 

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

- F 

C F 
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C f l C F ) 
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C F = C C F 0 C F 0 CFQ 
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(46) 

( C F 3 ' 2 C F

X / C F 3 
x = c 

( C F 3 ) 2 C F / X F 

145) 

• (41) 
- F ~ 

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

C F 3 

+ 141) 
- F 

( C F J ^ C F ^ X C F ( C F 1 
3 2 3 ' 2 V 

(tetramer) 

Scheme IV.1. 



carbanion (propagation) and 

i i i ) l o s s of f l u o r i d e ion, often accompanied by is o m e r i s a t i o n to 

a more s t a b l e alkene ( t e r m i n a t i o n ) . 

S e v e r a l f a c t o r s a f f e c t the product d i s t r i b u t i o n i n these 

systems. F i r s t l y , the c a t a l y s t i s important. Very often f l u o r i d e ion 

i s used (as tetraalkylammonium or a l k a l i metal f l u o r i d e s ) , although 

i n p r i n c i p l e anything which would give f l u o r i d e ion by r e a c t i o n 
46 

with the alkene may be used . F l u o r i d e s with large cations 
+ + 

(e.g. (C 2H^)^N , Cs ) are more a c t i v e than those with smaller c a t i o n s 

(e.g. K F ) . T e r t i a r y amines are frequently used. A change of c a t a l y s t 

u s u a l l y gives merely a change i n the proportions of the products 

formed - with hexafluoropropene f l u o r i d e ion produces mainly dimers 

and trimers, whereas tetramers and higher oligomers are produced 

i n greater proportions when amines are used - but i n the oligomerisation 

of perfluorocyclobutene the use of caesium f l u o r i d e or pyri d i n e 

(see Table IV.1.) produces d i f f e r e n t t r i m e r s , not merely d i f f e r e n t 

proportions of the same tr i m e r . With hexafluoropropene very a c t i v e 

c a t a l y s t s (e.g. caesium f l u o r i d e ) enhance the formation of dimer (43) 

by promoting the equ i l i b r i u m (4£);=—'(42), w h i l s t use of potassium 
f l u o r i d e r e s u l t s i n the production of good y i e l d s of dimer ( 4 2 ) • 

s i n c e t h i s i s a l e s s a c t i v e c a t a l y s t and not so e f f i c i e n t i n 
50 

promoting the equilibrium . 

The second important f a c t o r which determines the nature and 

d i s t r i b u t i o n of products i s the sol v e n t , U s u a l l y polar a p r o t i c solvents 

(e.g. dimethylformamide, glymes e t c . ) are used. Both amine and f l u o r i d e 

ion c a t a l y s t s are soluble i n these solvents and s i n c e the f l u o r i d e 

ion i s not solvated i t a c t s as a strong nucleophile. I n polar 

p r o t i c s o lvents (methanol, water e t c . ) the f l u o r i d e ion i s high l y 

solvated and hence a weak nucleophile, therefore these solvents are 

not frequently used. I f the f l u o r i d e ion and alkene are s u f f i c i e n t l y 
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a c t i v e a solvent need not be used and hexafluoropropene, f o r example, 

can be oligomerised with caesium f l u o r i d e i n the presence or absence 

of s o l v e n t ^ 7 - ^ . I n some cases for very n u c l e o p h i l i c solvents (e.g. 

dimethylsulphoxide) a c a t a l y s t need not be u s e d ^ . 

The f i n a l f a c t o r involved i n these systems i s the temperature. 

Thus f o r example, trimers (4_4_) and (4_5_) which are i n equilibrium 

are formed at low temperatures, but higher temperatures enhance the 

formation of (4j>) 

Trimer (44) and the corresponding tetramer (see Scheme IV.1.) 

are i n t e r n a l l y unsaturated alkenes produced i n the oligomerisation 

of hexafluoropropene. 

Tetrafluoroethylene i s much l e s s r e a d i l y oligomerised than 
52 

hexafluoropropene. The product d i s t r i b u t i o n i s l e s s s u s c e p t i b l e 

to r e a c t i o n conditions than i s that of hexafluoropropene. The general 

r e a c t i o n to be expected i s i l l u s t r a t e d i n equation IV,1. 

D M F 
I V , . C F 2 = C F 2 — , C B F 1 6 • C 1 0 F 2 Q • C 1 2 F 2 4 [ 5 3 ] 

( 5 0 ) 1 5 % ( 5 1 ) 6 5 % 10% 

The pentamer (51.) i s the major component under most conditions used 

but the product d i s t r i b u t i o n w i l l a l t e r s l i g h t l y depending upon the 
52 54 5^ 

conditions ' ". Higher molecular weight oligomers are obtained 
i n greater y i e l d when high pressures are used * . The f l u o r o e t h y l 

anion r e a c t s with the solvents used and so i n these in s t a n c e s the 
53 

y i e l d of oligomers i s u s u a l l y l e s s than 10% . 

A p o s s i b l e mechanism which accounts for the products i s shown 
51 

i n Scheme IV.2. . I n t e r e s t i n g l y , hexamer (j>2) i s formed i n preference 

to compound (,5J>) which would be expected to be the more sta b l e isomer. 
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CF 2 =CF 2 
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C 2 F 5 
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CF. 
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CF-
/ 3 

•CF 
\ 

C 2 F 5 

(52) 

Scheme IV. 2 



I t i s believed that t h i s occurs because of s t e r i c crowding i n the 

product, or because of k i n e t i c preference for l o s s of P~ from the 

-CF^ group i n the carbanion. 
54 

Tetramer (50) i s known to be a mixture of c i s and trans 

isomers and can be produced by degradation of the higher oligomers 

of t e t r a f l u o r o e t h y l e n e s i n c e the r e a c t i o n s are r e v e r s i b l e (e.g. 

equation I V . 2 . ) . 

IV. 2. 3 v c = c ' C F 3 CsF,DMF C 2 F 5 N c = ( / C 2 F 5 | 5 6 ] 
C2F5-AF

5
NF < X C F 3 

CF^ cis + trans 
(51) (50) 68% 

C»T CD 
I t has a l s o been obtained by d i m e r i s a t i o n of perfluoro-2-butene * • 

I V . 3 . CF 3 CF=CFCF 3 ,§y • ,5Q) ,57] 
sulpholane 

(54) 24 h 62% 33% 0 

, 4 C s F , DMF • , 
IV.4. (54) T ^ T ^ j r (50) + trimers 158] 

80% 14% 

C y c l i c alkenes w i l l oligomerise i n the presence of f l u o r i d e ion, 

cyclobutene r e a d i l y but higher analogues r e q u i r e more vigorous 

co n d i t i o n s . Some examples of such oligomerisations which r e s u l t i n 

the formation of i n t e r n a l fluoroalkenes are i l l u s t r a t e d i n Table IV.1, 



7? 

CsF 
F [59 DMF 

(55) 

k 3% 67% 

(i) Dimers + 
[50] 

(i) pyridine 

C s F , sulpholane 
125°Cfsealed tube 

[61] 

86% 

Table IV.1. 
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C r CF=CF. ^ i L D M F 
5h 

CF„ 
C' ^ + trimers [59] 

X C F 3 

+ rtr rr—nr-nr- CsF; DMF + CFL CF=CFCF~ • ! 
RT [62] 

CsF, DMF ; » 
RT 

+others [62] 

C F 3 C F = C F 2 • C F 3 CF=CFCF^ 
CsF, DMF C F 3 / 3 

C = C 
7 h C F ^ N C F L l 3 C 2 F 5 

7% isolated 

[59] 

U3] 

(i)CsF ;tetraglyme, RT, 119h. 1 5 0 / 0 

Table IV. 2. 
50% 



I n t e r n a l alkenes can a l s o be prepared by co-oligomerisations. 

Again, a v a r i e t y of conditions can be used but care must be taken 

to avoid independent oli g o m e r i s a t i o n . Several examples are shown i n 

Table IV.2. 
43 

Other co-oligomers have been prepared i n the Durham l a b o r a t o r i e s » 

IV.3.B. Other Methods. 

Although oligomerisation i s probably the major source of 

i n t e r n a l fluoroalkenes, other methods are known f o r t h e i r preparation. 

CF CF CF 3 CF 
IV.5. \ - / C s ^ D M F \ c = c / U 3 J 

A \ \ RT / V c CR, CR, CF . CF-
2 2 3 (55) 3 

I n t h i s case the anion formed with f l u o r i d e ion can be trapped with 

bromine, f u r t h e r r e a c t i o n with f l u o r i d e ion producing the p e r f l u o r o -

2,3-dimethyl-2-butene (£6). Other examples are i l l u s t r a t e d below. 

I V . 6 . C F 3 I • CF3CHCCF3 J j g ^ ( C F 3 ) 2 C = C ! C F 3 ) 2 |63] 

autoclave (56) 7 3 % 

IV. 7. (CF 3 ) 2 C=C=CF 2 

100°C 
C F 3 - \ 

[65] 

<7 •CR, 
CF. 

C F 3 



CF CF 

others [64 IV. 8. 

35% 5.8% 
5.7°/ 

j C o F UQO C 

00-00 • 00 
CF CFCF A A 120°C IV. 9. others 166 j 

4h 
CF CF CE 

IV.4. Reactions of I n t e r n a l Fluoroalkenes. 

I n t e r n a l fluoroalkenes can undergo r e a c t i o n s with nucleophiles 

and a d d i t i o n reagents and can partake i n photochemical and thermal 

r e a c t i o n s . 

Ho attempt w i l l be made here to give an exhaustive l i s t of these 

r e a c t i o n s - the s a l i e n t points w i l l be i l l u s t r a t e d by a s e l e c t i o n of 

examples. 

IV.4.A. Reaction with Nucleophiles. 

Since t h i s aspect i s the one most c l o s e l y i n v e s t i g a t e d by the 

author i t w i l l be discussed i n r a t h e r more d e t a i l than the other 



r e a c t i o n s . 

I n general there are three types of r e a c t i o n which may occur 

between a fluoroalkene and a n u c l e o p h i l e D (Scheme I V . 3 . ) . 

s~>C=C > [ N u c - C — Z - f ] 

Nuc R R 
(57) 

vinylic substitution 

N u c - C — C - A N u c - C — C C = C v 

R 

Scheme IV.3. 

For an alkene with no v i n y l i c f l u o r i n e atoms route ( i i i ) i s not 

p o s s i b l e and so the chemistry of n u c l e o p h i l i c attack on i n t e r n a l 

alkenes i s i n t e r e s t i n g i n that only a l l y l i c displacement of f l u o r i n e 

( i i ) or a d d i tion across the double bond ( i ) can occur. The intermediate 

anion (57) may be t r a n s i e n t or l o n g - l i v e d (Chambers and T a y l o r ^ 0 ' ^ 

have observed s e v e r a l s t a b l e anions i n the r e a c t i o n s of c y c l i c alkenes 

with f l u o r i d e ion) and whether route ( i i ) occurs v i a a concerted 

r e a c t i o n , or an a d d i t i o n - e l i m i n a t i o n process cannot always be e l u c i d a t e d . 

I n some cases the i n t e r n a l alkene may r e a c t i n i t i a l l y to give f l u o r i d e 1 

ion which can then i n i t i a t e rearrangement to a l e s s s t a b l e (more 

r e a c t i v e ) terminal alkene, v/hich may then undergo f a s t r e a c t i o n 

with the nucleophile (Scheme I V . 4 . ) . 
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V / Nuc 
. C = C > F + products 

/ \ slow 

F~ 

/ Nuc 
F - C — C fast 1 products 

C F 2 

Scheme IV.U. 

IV.4.A.1. Fa c t o r s A f f e c t i n g N u c l e o p h i l i c Reactions. 

As described i n Section IV.2. the order of s t a b i l i t y of 

fluoroalkenes i s 

Rc Rc R c Rp- R t-
F > = C F , < F > = < < S = C ' B 

Thus i n t e r n a l fluoroalkenes being most s t a b l e would be expected to 

be the l e a s t r e a c t i v e of the three types. As shown i n Table IV.3. 

f o r example, t h i s i s i n f a c t the case, but a balance of s e v e r a l 

f a c t o r s must be taken i n considering the r e a c t i v i t y with n u c l e o p h i l e s . 

Reaction of an i n t e r n a l alkene with a nucleophile w i l l not 

r e s u l t i n the formation of a more s t a b l e alkene as i t would for a 

l e s s s u b s t i t u t e d compound (by l o s s of v i n y l i c f l u o r i n e atoms) so 

there w i l l be no d r i v i n g f o r c e of t h i s nature. I n t e r n a l alkenes are 

u s u a l l y f a i r l y large and branched and so the s t e r i c hindrance to 
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attack w i l l a l s o reduce t h e i r r e a c t i v i t y r e l a t i v e to l e s s s u b s t i t u t e d 

alkenes. 

One f a c t o r which w i l l enhance n u c l e o p h i l i c attack i s the s t a b i l i s a t i o n 

of the intermediate developing carbanion {{^D i n Scheme IV.3.) 

because of the I - c e f f e c t of p e r f l u o r o a l k y l groups. Where at t a c k 

occurs to give a carbanion at a f l u o r i n e - b e a r i n g carbon atom, the 

I -cr s t a b i l i s a t i o n i s i n competition with I - r e p u l s i o n of the 

negative charge with the lone p a i r s on the f l u o r i n e atom. C l e a r l y , i n 

t h i s case comparison of r e a c t i v i t y depends very much on the B i t e of 

a t t a c k . 

Some r e a c t i o n s of i n t e r n a l fluoroalkenes with nucleophiles are 

discussed below. 

IV.4.A.2. Reactions. 

The r e a c t i v i t y of i n t e r n a l alkenes can be c l e a r l y compared with 

that of l e s s s u b s t i t u t e d alkenes i n t h e i r r e a c t i o n s with methanol 

(Table I V . 3 . ) . 

CF 
C = C F 

CF 

MeOH RT 
• 1 
unspecified 

time 

( C F J C H C F . OCH 65% [68 

CE •4 (CF^LCHCFOCH MeOH 
CF CF 16h 100°C 

36h R\ 
92% [63] 

CF 
< 3 

CF < 
3 days 110°C 
MeOH * 

No react ion 

(56) 

foCH U days 100° ( C F ^ L C H C O 
EtJM, MeOH CF 

Table IV.3. 

62% [63] 
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As i l l u s t r a t e d , the t e t r a a l k y l s u b s t i t u t e d alkene only r e a c t s with 

n e u t r a l methanol i n the presence of base under f a i r l y vigorous condition 

General r e a c t i o n s with oxygen nucleophiles are shown i n Table IV.4. 

Se v e r a l points emerge from these data. F i r s t l y , the majority 

of the r e a c t i o n s can be explained by SJJ2' processes ( e i t h e r concerted, 

or a d d i t i o n - e l i m i n a t i o n processes) followed by v i n y l i c s u b s t i t u t i o n , 

or by subsequent S^T2' r e a c t i o n s . Where no a l l y l i c f l u o r i n e atoms 

e x i s t (as in compound (^6)) then the carbanion must pick up an 

e l e c t r o p h i l e . Compound (^0) i n i t s r e a c t i o n with caesium f l u o r i d e 

i l l u s t r a t e s the process outlined i n Scheme I V .4. Compound i s 

more r e a c t i v e than analogous i n t e r n a l fluoroalkenes and t h i s has 
62 

been r a t i o n a l i s e d i n terms of the angle s t r a i n present i n the compound 

One f u r t h e r i n t e r e s t i n g r e a c t i o n of compound (jjO) i s shown i n 

equation IV.10. 

C F CF CF CF 
iv.10. ( s o ) p y r i d i , n e > y = c ^ 3 - ^ 3^=C 3 

CF3-C F C F \ F C F \ 
py+ C F 2 5 r/n 3 p y 
p y L 2 h 5 OR J 

ce *:IL 

R = Me,Et,iPr CF̂  ^ / \^CF 0 ^ F^CF X c F C F

3 

cis + trans J 

(58) 

Here i s an example of n u c l e o p h i l i c attack on a saturated -CF^- group, 

to give a c y c l i c product. Compound (£8) i s a precursor of the furans 

described i n Chapter V I . 

De t a i l e d d i s c u s s i o n of the r e a c t i o n s of i n t e r n a l fluoroalkenes 

with nitrogen and carbon nucleophiles w i l l be found in Chapter V 
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C F 3 s ~ ^ C F 3 MeOH,Et,N 9% 9 F 3 

C F 3 C F 3 H 0CH 3 

C 2 F 5 

4 
.t=c /

C 2 F 5 (i) 
C 2 F 5 

'CE, RO / 

OR 

(50) CF CF 

(i) N a 2 C 0 3 , R0H,tetraglyme,22°C 
(ii) ROH. 

S N 2 

RO' 1 V F 

C F 3

 C F 3 

vinylic displacement 

(50) CsF^etraglyme C 2 F 5 V ^ C F C F 3 
— Q Q 

22°C F ^ L _ \ C R , MeOH C F ' CF. 

S N 2 

0 C H 3 

C 2 F fcFCF 

^ C F . 
S N 2 

U3] 

MeOH 
NaOH 
reflux 

24h 

0 C H 3 OCH. 

0KD + 0r^ 
OCH. 

S N 2 r vinylic 

0CH3 

displacement 
S N ^ ' S N 2 

[69] 

Table IV.U. 



31 

OCH 

170] 
MeOH 

0 
H 

addition 

RT 
OEt 

< \ F > [62] 
O E t ^ 

OEt 
vinyl ic 

displacement 

Table IV. I*, contd. 



C 2 l 

C F 3 

;c=c / C 2 F 5 
\ 

C F 3 

K M N 0 ^ , C 7 \ _ / 2 F 5 65% [71] 
acetone C S ^ £CF 

KMnO^ 
F \ 90% [62] 

OH OH 

CH 2 N 2 ,E t 2 0 

RT 

( C F 3 ) ^ W ( C F 3 ) 2 37) 
H \ J ^ H 

N 

[62] 

CH..N [73] 

(56) 
C l 2 , r*> 

A days 

CI CF, \ i 3 
C F 3 - C - b - C F 3 

CF 3 CI 

92% [63] 

(50) 
Br. 

No reaction [62] 

Table IV. 5. 



Brv 

visible light 
[62] 

(50) dil. F 

20°C 

C 2 F 5 

C F 3 

/ C 2 F 5 
•CF [75] 

(50) CH 3CH0 

^•,60co 

C2^5 
H-C-

C F 3 

/ C 2 F 5 
•C -CF 

COCK 
[74] 

CH3CHO 

X . 6 0 C o 

COCH. 

[74] 
HF 

COCKU 

Table IV. 5. contd. 



as these concern the work discussed i n t h i s part of the t h e s i s . I n 

many cases the r e a c t i o n s observed are s i m i l a r to those of oxygen 

nucleophiles (see f o r example r e f s . 62,63 and 7 2 ) . 

T e r t i a r y amines do not give s t a b l e compounds with i n t e r n a l 

fluoroalkenes, because the amine group i s r e a d i l y displaced by f l u o r i d e 

ion or other nucleophile, hence they are used as bases or oligo m e r i s a t i o n 

c a t a l y s t s . 

IV.4.B. Addition Reactions. 

There ere no examples of e l e c t r o p h i l i c addition to i n t e r n a l 

alkenes, although addition to l e s s s u b s t i t u t e d fluoroalkenes i s 

known (see e.g. r e f . 43)* This i s not unreasonable since the 

generation of a p o s i t i v e charge on a carbon atom attached to an 

electron-withdrawing group (-Rp) would not be favourable. Other 

ad d i t i o n r e a c t i o n s are i l l u s t r a t e d i n Table IV.5. 

IV.4.C. Photochemical Reactions. 

Photochemical rearrangements occur more r e a d i l y with i n t e r n a l 
7 6 

fluoroalkenes than with t h e i r l e s s s u b s t i t u t e d analogues , to give 

l e s s h i g h l y s u b s t i t u t e d isomers. 

IV. 11. 
C F C F 7 days, Si tube C F , C E 

X = C = F - C — C 
/ \ medium pressure / ^ 
3 3 UV lamp 3 m % 2 

[ 7 6 ] 

IV .12. 
100°C. 

[ 7 7 ] 
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CR <3> 253.7nm IV.13. 162 

Hg sensitised 

These products a r i s e from 1 , 3 - a l l y l i c s h i f t s of f l u o r i n e or 
77 

f l u o r o a l k y l groups . 

IV.4.D. Thermal Reactions. 

Three types of r e a c t i o n can be expected on thermolysis of 

a fluoroalkene: 

i ) isomerisation 

i i ) d e f l u o r i n a t i o n and 

i i i ) fragmentation. 

I n flow systems the exact nature of the r e a c t i o n depends mainly 

upon the i n e r t surface used (e.g. platinum, iron, caesium f l u o r i d e e t c . ) 

and the temperature. Examples of each of these processes are shown 

below. 

I V . U . 
c 9 t 

( 5 0 ) ^ X - C 
CFCR F3 ^ J" 2% 

+ >C—Q + \ 4 \ N F C C ( ^ 

—c ,
C F 3 

f̂ CCF, 
[78] 

(i)Fe,540°C (59) 
cis + trans 

(60) 

isomerisation defluorination 



pt s£n or 
IV. 15. (50) ' » (50) + (59) + (60) 

70% 25% 5% 
(cis + 

trans) 
isomen'sation 

IV.16. (50) P L 6 7 p o c C F 3 x - C F3 
C F / N C F O 

2 2 
59% 

+ others 

U % 

fragmentation 



Chapter V 

D i s c u s s i o n -

Reactions of Perfluoro-3,4-dimethyl-3-hexene. 
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V.1. I n t r o d u c t i o n . 

The work discussed i n t h i s chapter i s a continuation of work 

begun i n these l a b o r a t o r i e s ^ ' T h e i n t e r e s t i n g chemistry of 

i n t e r n a l fluoroalkenes has been discussed i n Chapter IV and the 

work c a r r i e d out by the author has extended this by f u r t h e r 

i n v e s t i g a t i o n i n t o the r e a c t i o n s of c i s , trans-perfluoro-3.4-

dimethyl-3-hexene ( 5 0 ) . T h i s compound 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 

because i t can undergo ^ 2 * r e a c t i o n s with nucleophiles (equation V.1.) 

by displacement of an a l l y l i c f l u o r i n e atom and a l s o because i t can 

C F 3

/ V 
Nuc (50) 

2 5 
Nuc f A 

r>CFCF 3 

i F 3 C F 3 

(or concerted) 

C 2 F 5 V . - - ; c -c f F C F 3 

isomerise to a l e s s highly s u b s t i t u t e d alkene p r i o r to r e a c t i o n (see 

Scheme IV.4., Table IV.4. and equation V.2.). 

eg 

V . 2 . C 2 \ = C

/ C 2 F 5 

. / v 
C F 3 

CF. 

2 5 V // 3 

C F 3 
(59) 

C F 3 

Nuc 

Nuc 2 5. / / 3 

C F 3 C F 3 

V.2. Reactions with Nitrogen Nucleophiles (with A.A. L i n d l e y ) . 

T h i s study was c a r r i e d out i n c o l l a b o r a t i o n with another worker 
43 

i n these l a b o r a t o r i e s . 
A T 

I t has been shown that compound (£0) r e a c t s with oxygen nucleophiles 

to give products a r i s i n g from (j?0) and isomer (52.) (see Table IV.4.) 

but no products from isomer (60) were observed. 



C 9 F / C F C F o C^F . X . E 
F I \ F ^ / % 

CF 3 CF 3 CF 3 V 

(59) (60) 

The r e a c t i o n s of compound (50) with various amines and nitrogen nucleo-

p h i l e s was therefore i n v e s t i g a t e d to observe the manner i n which 

r e a c t i o n occurred and to see i f products a r i s i n g from isomer (60) 

could be detected. Amines of varying s i z e and b a s i c i t y were used. 

V.2.A. Ammonia. 

i ) Aqueous Ammonia. 

Compound (J>0) was found to r e a c t with excess aqueous ammonia to 

give compound (6T) (equation V.3.). 

NH 2 

V 3 C 2 F 5 / C 2 F 5 NH 3 (oq) ^ S ^ . ^ C C F 3 

CF 3 C F 3

 2 C F 3

 X C = N 

(50) (61) 

This was i d e n t i f i e d by mass s p e c t r a l a n a l y s i s which showed a parent 

peak and the i r spectrum which showed a c h a r a c t e r i s t i c absorption 

at V = 2220cm (C = N s t r e t c h ) . F nmr s p e c t r a l data were 
u l S X 

c o n s i s t e n t with there being four types of f l u o r i n e present - CF^CF^-

(81.4ppm),_CF 3C (75.1ppm),_CF 3C= (70.1ppm) and C F ^ ^ (I21.2ppm) 

(see Table V.1.) . 

i i ) Anhydrous Ammonia. 
81 

I t has been reported that two components ((62) and (,63_)) are 

formed when anhydrous ammonia i s bubbled through alkene (£0) (equation V.4.), 



V.4. (50) 

NH 

NH3^ C 2 F 5 . C = / C F 3 

C F 3 
\ 

(62) 
C F 3 

HN NH 
C F 3 £ v _ > F 3 

C F 3 C F

3 (63) 

181] 

Yrtien t h i s r e a c t i o n was repeated under s i m i l a r conditions, i n a l l 

cases t r i e d some of compound (61.) was observed (detected by the 

c h a r a c t e r i s t i c i r absorption at 2220cm~^ and MS-glc a n a l y s i s of the 

r e a c t i o n mixture). Glc a n a l y s i s showed other components to be present 

i n the mixture which MS-glc data i n d i c a t e d could be C 0P 1 C ;KH„ and 

CgF.j^NHg^'In a s e r i e s of r e a c t i o n s the proportions of the components 

va r i e d according to the amount of ammonia passed. During the r e a c t i o n 

a s o l i d was p r e c i p i t a t e d which was subsequently found to be water-

s o l u b l e . T h i s was presumably ammonium f l u o r i d e . 

When excess ammonia was bubbled through a sample of the r e a c t i o n 

mixture the proportion of (61,) increased at the expense of the other 

components, A s i m i l a r e f f e c t was observed when aqueous ammonia was 

added to a sample of the r e a c t i o n mixture. This i m p l i e s that the 

intermediate products i n the r e a c t i o n r e a c t with excess ammonia to 

give compound (61.). To v e r i f y t h i s and to eliminate any p o s s i b i l i t y 

of l o s s of m a t e r i a l by evaporation as the gas was bubbled through 

the s o l u t i o n , the r e a c t i o n was c a r r i e d out i n a sealed system a t 

room temperature, excess dry ammonia being allowed to d i f f u s e from 

a bladder i n t o the alkene. A f t e r s t i r r i n g f o r s e v e r a l days, g r e a t e r 

than 97% of the product was compound ( 6 1 ) . 

These data are consistent with the r e a c t i o n s under both aqueous 

and anhydrous conditions following the mechanism outlined i n 

Scheme V.1. 
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N H 3 r E .CFCE NHo C 9 E XCR 
(50) — — 2 5 X - c 3 — ^ 25sc-c*S 3 

-HF rp^i \ . -HF r F 'V V 
C F 3 NH 2 CF3 CF3 t H 2 ^ 

(64) (65) 

NH 
C 2 F 5 s pCF3 

CF 1 V F L l 3 NH 2

 L h 2 

MU J N H 3 
i 2 C.NH NH / - H F 

°2Vc//CCF3 — °2 V c T 3 C 2 \ c'CF3 

3 NH *N 3 NH 2 ^ 3 ' ^ F 

(61) N H 2 

Scheme V.1. 

S t r u c t u r e s (64) and (6_5) are c o n s i s t e n t with the data observed f o r 

the intermediates i n the r e a c t i o n with anhydrous ammonia. The r e a c t i o n 

therefore occurs by d i r e c t attack on isomer ($0) and 3^2* displacement 

of f l u o r i d e , followed by a - s e r i e s - o f - v i n y l i c s u b s t i t u t i o n s and maximum 

l o s s of HP. 

I n these r e a c t i o n s , no evidence was obtained f o r the presence of 
81 

compounds (62) and (£3.) observed by F i e l d i n g . Attempts were made 

to obtain these compounds, one of which involved the ad d i t i o n of 

caesium f l u o r i d e to the r e a c t i o n to see i f the promotion of the 

equilibrium between (J?0), (59.) and (60) would r e s u l t i n the production 

of (62_) or (b_3_). The r e s u l t s are discussed below. 



i i i ) Anhydrous Ammonia i n the presence of Caesium F l u o r i d e . 

The r e a c t i o n was c a r r i e d out i n an open system i n a s i m i l a r 

manner to that described e a r l i e r but with the addition of a small 

quantity of caesium f l u o r i d e . Compound (6l_) was s t i l l found to be 

present but MS-glc a n a l y s i s of the mixture i n d i c a t e d that as w e l l 

as t h i s and C 8 P 1 4 ^ N K 2 ^ 2 ^§2)* a c o m P o u n d with formula CgF^NH was 

present. Structure (62_) i s c o n s i s t e n t with t h i s . Scheme V.2. shows 

a mechanism f o r i t s formation. 

(50) J— 2 V c * 3 N H l 

CF, C F 3 ' H F F U ^ VHF '3 J ^ r 3 

NH 
C 2 F / C C F 3 

rjiH2 CF 3 CF 3 

C „ E CCR, 7 (62) 

3 -4HF NH 2 ^ 

(65) 

Scheme V. 2. 

Excess ammonia and loss_ of the maximum amount of HF lead to the 

formation of (61_). No evidence was obtained f o r the presence of 

compound (62) and no products d e r i v i n g from isomer (60) were observed, 

V.2.B. Conclusion. 

3oth aqueous and anhydrous ammonia r e a c t with compound (J>0) to 

give products which a r i s e from d i r e c t a ttack on t h i s isomer. Under 

normal conditions no products are observed which a r i s e from attack on 



isomers (£2.) or (6 0 ) . This i s presumably because the ammonium f l u o r i d e 

produced during the re a c t i o n i s p r e c i p i t a t e d and hence does not 

promote the e q u i l i b r i u m between the isomers. This i s borne out by the 

f a c t that when added active f l u o r i d e ion i s present a product from 

r e a c t i o n w i t h isomer (59) i s observed. 

V.2.C. IY.ethylamine. 

I n a s i m i l a r manner to the reactions of compound (50) w i t h 

ammonia, both anhydrous and aqueous methylamine gave products a r i s i n g 

from d i r e c t attack on isomer (5 0 ) . When anhydrous methylamine was 

bubbled i n t o compound (j>0) an exothermic reaction occurred which 

r e s u l t e d i n approximately 60% reaction and the formation of compound 

(66) as the major product. I n s u f f i c i e n t of the minor component was 

obtained to allow i d e n t i f i c a t i o n . Clearly compound (66) must be 

formed by d i r e c t attack on ($0) (equation V.5.). 

C 7 E CFCE 
V.5. (50) C H 3 N H 2 ^ 2 %-c' 3 

~ CH-NHI ^CF 
3 C F 3

 C F 3 

(66J 

Under aqueous conditions the major component was i d e n t i f i e d as 

azetine (67), formed by i n i t i a l S N2' attack, followed by a series 

of v i n y l i c s u b s t i t u t i o n s of f l u o r i n e and maximum loss of HP (Scheme V.3.) 

Compounds (616) and (67) were i d e n t i f i e d from t h e i r mass spectra 
19 

as both showed parent peaks, and from t h e i r nmr spectra. The F nmr 
spectrum of (66) was assigned by comparison w i t h that of compound (50) 

P 
(see Table V.1.) and the 0 = 0 ^ 7 ^ group was observed at 95.4ppm. The 

C F 3 
-1 -1 

i r spectrum showed a doublet at 3460cm , 3410cm (N-K), broad signals 

at 2960cm"1 and 2840cm"1 (C-H) and a doublet at 1700cm"1 (C=C). 
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HNCH' 

C 0 E £CF-2 5- 3 MeNH 0 MeNH 9 

(50) * (66) ^ / C 
C F 3 NH CF_ 

i 3 
C H 3 

-NCH. C F 3 s C " 
C F y t — C - C v 

3 Î IH N N C K 
CH. 

(67) 

-HF 
C - E CCF. 2 \ / 3 

< i t . V 2 

CH 3 

MeNH ; 

-2HF 
CF3 

C 0 fc C=NCH^ 

CF» i s v * 
IflH 
CH. NCH-

Scheme V. 3. 

The F nmr spectrum of (67) showed c l e a r l y the presence of three 

types of -CF^ group and one -CFg- group,(CP^-C=C-, 66.6ppm; CP^-Cc, 

70.1ppm; CP^-CPg-, 82.2ppm and CF^-CFg-, 1l6.0ppm). The 1H nmr spectrum 

showed the presence of three methyl groups at s i m i l a r chemical s h i f t 

(2.4-2.7ppm, N-CH^) and one N-H proton. 

V.2.D. tert-Butylamine. 
A 1 

This r e a c t i o n has been c a r r i e d out previously and i s reported 

to give (68) w i t h equimolar amounts of anhydrous amine and (JjO) and 

(62.) w i t h excess amine. 
C l \ ,C2*> C \ / C 2 F 5 C f V C 2

F S 
c=c .c=c ĉ=c 

CF3 Y C F C CF CF .c ' N C , 

169) (70) 



The reactions were repeated i n t h i s work under a v a r i e t y of conditions* 

I n a l l cases these reactions took much longer than those w i t h methylamine 

and ammonia. 

i ) Excess anhydrous amine. 

The major component i n t h i s r e a c t i o n was i d e n t i f i e d as (69) (70$). 

Preparative scale glc r e s u l t e d i n decomposition on the hot filament 

to release b u t y l f l u o r i d e and leave compound (70 ) . Preparative scale 

t h i n layer chromatography also r e s u l t e d i n decomposition, t h i s time 

to give many components. Low temperature-reduced pressure transference 

only achieved enrichment of (69) but never i t s i s o l a t i o n as a pure 

compound. 

i i ) Excess anhydrous amine w i t h ether. 

The presence of ether i n the r e a c t i o n mixture appeared to make 

l i t t l e d i f f e r e n c e to the r e a c t i o n products. 

i i i ) Equimolar amounts of amine and compound ( 5 0 ) . 

When approximately equimolar proportions of amine and compound 

(50) were reacted the major component i n the mixture was found to 

be unreacted ($0) (73%) w i t h (69_) (18%) also present. The remainder 

of the mixture contained several more-volatile components which were 

not i d e n t i f i e d . 

The products observed i n these reactions do not a r i s e from 

attack on isomer (jjO) but must derive from isomer (60) (Scheme V.4.). 

Compound (68) presumably isomerises to provide a- less crowded 

s i t e f o r attack by excess amine, to give ( 6 9 ) . 

i v ) Aqueous tert-butylamine. 

This r e a c t i o n was c a r r i e d out because under these conditions 

any f l u o r i d e ion produced would be solvated and hence be a weak 

nucleophile and the e q u i l i b r i u m between (5J)), (j>9_) and (60) could 

not be set up. With excess amine the r e a c t i o n went to completion 

but only 9% of the recovered m a t e r i a l was v o l a t i l e and t h i s was 



(50) ^ ' W ^ C ^ N H ^ V / 2 ' 5 

~~ F I ^ F / ^ 
Cf^ CF2 Cf= CF 

(60) H N C 4 H 9 - H F 

\ 

C/HqNH 7

 C F 3 C ^ / C 2 F 5 f r C 2 F 5 V / C 2 F 5 

" H F C F C F CFs CF 

N C 4 H g NC^Hg 

(68) 

Scheme V. i+. 

shown by glc to contain at le a s t s i x components which were not examined. 

With an equimolar amount of amine very l i t t l e r e action was observed. 

V.2.E. Conclusion. 

Studies on the reac t i o n of compound (JO) w i t h anhydrous ethylamine 
43 

have been reported to give products which derive from each of the 

isomers (JO), (J2) and (60) (equation V.6.). 

N C 2 H 5 

m C 2 % / F C F 3 C? Fcw C 7 JL C 9 E 
V.6. (50) - i l L 1 V c ' 6 * 2 \ = C y 3 + 2 5 C=C 2 5 

J N H C F 3 C F 3 C F 3 C F 3 C F 

( i )C2H 5 NH 2 C 2 H 5 N C 2 H C 

Taking account of the data obtained i n the reactions of nitroge n 

nucleophiles w i t h compound (JO) i t i s obvious that products are 

obtained from re a c t i o n with a l l three isomers, u n l i k e reactions with 
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oxygen nucleophiles which only give products a r i s i n g from r e a c t i o n 

w i t h (^0) and . Several reasons may be considered to account f o r 

t h i s . 
43 

I n i t i a l l y base strength was believed to d i r e c t the p o s i t i o n 

of a t t a c k . The more basic the amine the more f r e e the f l u o r i d e ion 

i n the hydro f l u o r i d e and hence the greater the l i k e l i h o o d of isomer 

formation. However, the values of pK f o r the amines used (Table V.2.) 

bear no simple r e l a t i o n s h i p to the observed r e a c t i o n s . 

The nature of the f l u o r i d e ion i s , of course, very important 

i n d i r e c t i n g the r e a c t i o n . Where the hydrofluorides are p r e c i p i t a t e d 

and the f l u o r i d e ion i s removed from s o l u t i o n (e.g. i n the reactions 

w i t h ammonia) or under aqueous conditions where the f l u o r i d e ion i s 

h i g h l y solvated and hence a weak nucleophile, no e q u i l i b r i u m w i l l be set 

up. I n these cases d i r e c t attack on isomer {^0) occurs. I n the cases 

of tert-butylamine and ethylamine the f l u o r i d e i o n i s soluble, or at 

lea s t p a r t i a l l y so and not solvated and hence the e q u i l i b r i u m between 

the alkene isomers can be set up and the products d e r i v i n g from these 

w i l l be formed. 

However, another f a c t o r must be considered. The s t e r i c requirements 

of the nucleophile are s i g n i f i c a n t i n d i r e c t i n g the p o s i t i o n of 

a t t a c k . Hence the bulky t e r t - b u t y l group only gives products a r i s i n g 

from the least hindered isomer ( ( 6 0 ) ) , and none of the expected products 

under aqueous conditions where only d i r e c t attack on (50) i s possible. 

The reactions of compound (jjO) w i t h nitrogen nucleophiles can 

therefo r e be considered to be dependent upon the s t e r i c requirements 

of the nucleophile and the nature of the hydro f l u o r i d e produced, amd 

under the correct conditions products from a l l three isomers of 

compound (50) can be obtained. 



Q7 

Amine Relative B a s i c i t y 

Ammonia 

ttlethylamine 

Ethylamine 

tert-Butylamine 

9.25 

10.657 

10.807 

10.83 

1 

26 

36 

38 

Table V.2. 

V.3. Reactions w i t h Carbon Nucleophiles. 

The r e a c t i o n of (jjO) w i t h phenylmagnesium bromide has already 
43 

been in v e s t i g a t e d and has not been found to give products from 

d i r e c t n u c l e o p h i l i c attack but an i n i t i a l d e f l u o r i n a t i o n followed by 

v i n y l i c displacement of f l u o r i d e by phenyl (equation V.7.). 

f 
C F G~CF 

v.7 (so) - ! i U 2 5 W " 3 

~ // \ 
C F 2 C F 3 

(i)=PhMgBr 

.(0 

( C 6 H 5 ) 2 + MgBr + MgF 

5 
C2Fc O C R 

L 3 v // j + isomers 
._yC—C. ... . . 

Ph-C X C E i J 
F 

V.3.A, L e t h y l l i t h i u m . 

Compound (50) reacted vigorously w i t h m e t h y l l i t h i u m at 0°C. 

Four products were formed which were i s o l a t e d by preparative scale 

glc (equation V.8.) 



oo 

F 

V.8. ( S O J - ^ f t - C * ^ 3 

(71) (18%) 
(i) = MeLi J0°C 

C 2 I 5 V _ K

C 2 I § 

CF> ' \ F 
3 C H 3 2 

(Z2)(32.5%) 

9 H 3 
C 2 ^ ^ " ^ 

L h 3 CH 

X CF L h 3 

(Z3)(22%) 

+ C 10 F U H 6 
(27%) 

During the course of the re a c t i o n a white suspension was observed, 

which was presumably l i t h i u m f l u o r i d e . 

Production of compounds (71) and (73) i s e a s i l y explained i n 

terms of S^* displacement of f l u o r i d e ( f o r (7J.)) followed by 

v i n y l i c s u b s t i t u t i o n ( f o r (X3_)). The f o u r t h component was found to 

be a mixture of C^F^Hg isomers which are presumably formed by attack 

of m e t h y l l i t h i u m on compound (72). The most l i k e l y products would be 

expected to be st r u c t u r e s such as (74) and (75) buv the components 

were not i s o l a t e d (see Section V.3.C.). 

F 

jc-c c-c 
C F 3 ^ C F 2 C H 3 CF3 ^ 0 ~ F . 

[%) (S^2'displacement) (75) J (vinylic subst 

I t i s i n t e r e s t i n g t h a t the major product (72) was formed by a 

displacement of f l u o r i d e from a t r i f l u o r o m e t h y l group, r a t h e r than 

from a difluoromethylene group to produce a terminal alkene - the 

least stable of the s u b s t i t u t e d fluoroalkenes (see Chapter I V . ) . This 

e f f e c t has been observed during the formation of the hexamer of 
82 

t e t r a f l u o r o e t h y l e n e (Scheme IV.2.) . I n t h i s case the pentamer (51) 



i s thought to react t o give a carbanion which eliminates f l u o r i d e t o 

give (£2) i n preference to the more stable ( 5 3 ) . This was explained 

as being due to the a l l e v i a t i o n of s t e r i c e f f e c t s e i t h e r i n the 

carbanion or i n the product. Kone of compound (53) was observed. 

I n the r e a c t i o n of (5Q) w i t h m e t h y l l i t h i u m both isomers are 

formed ((71.) and ( 7 2 ) ) . I t would therefore seem that here the loss 

of f l u o r i d e from the -CF^ group i s k i n e t i c a l l y s l i g h t l y more favoured, 

possibly f o r s t e r i c reasons, than loss of f l u o r i d e from the -CW^-

group. 

The r e a c t i o n was also c a r r i e d out using a deficiency of m e t h y l l i t h i u m 

since (72) was thought to be the i n i t i a l product formed and the 

conditions under which that was produced ( l a r g e excess of (50)) 

were simulated. I n t h i s instance, however, many components were 

detected by g l c . Reactions of i m p u r i t i e s i n the m e t h y l l i t h i u m (e.g. 

alkoxides) were presumably becoming s i g n i f i c a n t under these conditions 

and so the r e a c t i o n was not pursued f u r t h e r . 

V.3.B. Reaction of Potassium Fluoride with the Product Mixture from V.3.A. 

I t i s reasonable to assume th a t compound (72) w i l l isomerise 

i n the presence of f l u o r i d e i o n to give (71), since the l a t t e r i s 

the more stable isomer. Under the r e a c t i o n conditions which formed 

these compounds, the f l u o r i d e i o n produced (as l i t h i u m f l u o r i d e ) 

was deposited and hence would be unable to catalyse i s o m e r i s a t i o n . 

The r e a c t i o n mixture v/as therefore s t i r r e d w i t h potassium f l u o r i d e 

i n tetraglyme at room temperature and the re a c t i o n monitored by F 

nmr sp e c t r a l data and glc an a l y s i s . As expected, the mixture was now 

shown to have compound (7J[) as i t s major component. The e q u i l i b r i u m 

(72)s=-*(71) was therefore catalysed by f l u o r i d e i o n and l a y l a r g e l y 

to the r i g h t . 



V.3.C. S t r u c t u r a l Assignments. 

Most of the compounds discussed i n t h i s section have been i d e n t i f i e d 
19 

by comparison of t h e i r F nmr and i r spectra with those of ir.odel 

compounds. Table V.1.a. shows the general areas i n which chemical 

s h i f t s may be expected to occur and Table V.l.b. shows several examples 

of the models used. 

Compound (71) showed a F - 19 peak i n the mass spectrum. The 

i r spectrum showed two C=C stretches, at 1650 and 1690 cm~\ i n d i c a t i n g 

t h a t the compound was a mixture of c i s and trans isomers. This was 
19 

confirmed by the f i n e s t r u c t u r e i n the F nmr spectrum, which was 

assigned by comparison with data from model compounds. The presence 

of the CF^-CFg-C^CF^ moeity was confirmed by signals at 82.2ppm, 114.2ppm 

(CF^-CFg-) and 67.9ppm (CF^-C-). The v i n y l i c f l u o r i n e atom was 

detected by i t s nmr si g n a l at 86.5ppm, w h i l s t the two -CF^ groups 

attached to the double bond gave signals at 56.7?pm (CF,-Cs=) and 

69.7ppm (CF^-CF—). The proton nmr spectrum showed a broad si g n a l 

at 1.17ppm. 

Compound (72) gave a parent peak i n i t s mass spectrum and showed 

a strong C=C i r absorption at 1690 cm~^. The proton nmr spectrum 
19 

showed a broad si g n a l at 1.35ppm. P nmr spec t r a l data i n d i c a t e d the 

presence of two CgF,.- groups (86.6, 117.6ppm and 88.7, 106.6ppm), 

a -C=CP2 moeity (56.7, 59.6ppm) and a CF^-Cc group (71.9ppm). 

The dimethyl compound (7J) also showed a parent peak i n i t s 
mass spectrum and showed a strong C=C absorption at 1695 cm - 1. The 
19 
F nmr spectrum was assigned by comparison w i t h those of models and 

tha t of compound (7J.), the i n d i c a t i o n being that a mixture of c i s and 

trans isomers was present. Two -CH^ signals were observed i n the 

proton nmr spectrum (1.8ppm, v i n y l i c -CH and 1,4ppm, t e r t i a r y -CH,), 

the signals f o r the two isomers being superimposed upon one another. 
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(a) Group 1 SP Chemical S h i f t 4 3 ' 8 3 

(wrt external CPCl^, ppm) 

i r (cm" 1) 
C=C 

CP_ 3 C$ 60 - 70 

C P 3 - C = C C 50 - 70 1670 - 1620 
C F _ 3 - C ^ F 70 - 80 

C P _ 3 - C P 2 75 - 90 

; C = C F 2 60 - 80 1740 - 1760 
- C P 2 - 100 - 140 

C F _ - C F 98 - 105 1670 - 1715 
•CFC 160 

c b 
(b)C 0Fc XF-CF, 58.0 a 

C=C 74.5 b / \ 
CR CFL 99.6 c 

J a 3 

1650 [43] 

a 
C 2 F 5 V / C F 3 

CF3 CF 2CF 3 

c b 

e d Ff 
CF-jCRs X C F j Q 

3 ^c-c* 3 

C OCH3 b 3 

e d ? C H 3 
CF.CE, CCF-a 

3 ^ C - C ^ 3 

CF I \ p F 
c 3 OCH 3 ~ h3 

f e 
C F 3 C F 2 

d c 

\ / 2 3 

g F 

57.7 
74.5 
99.8 

54.3 
65.7 
68.8 
31.0 
92.1 

119.0 

53.0 
63.1 
64.4 
80.6 
118.5 

62.3 
68.1 
75.6 
83.0 
85.3 

109.1 

a 
b 
c 

b 
c 

[43] 

a D(J =2) of Q(J .= 15) ab as 

f 
d 

a Q(J a b=17) 
c 
e 
d 

a 
b 
S 
f D 

119.7 
183.0 

e 
h 

c 
d 

1660 [43] 

1620 [43] 

[43] 

S E C T I O N 
LibrafY 



T O J 

1 9 Crroiip F Gnomic-.-. .1. : J h i f t i r (c 
( w r t e x t e r n a l Ci-Cl^, ppm) 

b 

C H - O C F - I - F Q

 5 9 * 4 b r ° a d b 

J —C 63.2 broad D ( J d c 19) c 
^QfS 67.2 broad d 

d 3 C 3 69.0 a 
77.3 broad e 

D d o u b l e t 
ft q u a r t e t 

Table V.1. 
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The f o u r t h component i n t h i s mixture analysed to C f o^i4 H6 a n <* 
T.9 

parent peaks were observed i n the MS-glc spectra. The F nmr spectrum 

was too complex to assign s a t i s f a c t o r i l y but the c h a r a c t e r i s t i c 

CP̂ -CP=C frequency i n the i r spectrum was observed at 1640 cm . This 

i s consistent w i t h the mixture containing compounds such as (74) 

and (75) but no f u r t h e r i d e n t i f i c a t i o n could be achieved. 

V.3.D. n - B u t y l l i t h i u m . 

Compound (50) was reacted w i t h n - b u t y l l i t h i u m t o observe the 

e f f e c t of a l a r g e r nucleophile on the product d i s t r i b u t i o n . Once again 

the r e a c t i o n was vigorous and two isomeric products were i s o l a t e d 

from the r e a c t i o n mixture, (7_6) and (77) (equation V.9.). 

F 

V9. ( 5 0 ) ? ^ 2 V < 3 * X 
0°C CF^I CF~ CF, I X F 9 3 c 4 H g 3 3 C ^ 2 

(76)141.5%) ,F j (ZZ)(5B.S%) 

As w i t h the methyl d e r i v a t i v e s , a d d i t i o n of potassium f l u o r i d e i n 

tetraglyme to the r e a c t i o n mixture r e s u l t e d i n the isomerisation o f 

(77) to ( 7 6 ) . The e f f e c t of the l a r g e r nucleophile seems to have 

l i t t l e e f f e c t on the product type or d i s t r i b u t i o n . No d i b u t y l compounds 

were detected. 

These compounds were i d e n t i f i e d by comparison w i t h t h e i r methyl 

analogues. The data were s i m i l a r , w i t h the a d d i t i o n of C-H stretches 

(2880, 2940, 2965 cm"1) i n the i r spectra. S a t i s f a c t o r y analyses 

were not obtained. 
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V.3.E, Sodium Diethylmalonate. 

Prom the reactions observed above i t would be expected that 

sodium diethylmalonate would react w i t h (̂ 50) i n a s i m i l a r manner t o 

.give products such as (78) and ( 7 9 ) . 

C 2 F 5 v // C 3 C2 f5. / C 2 F 5 
, C - C / f c - C v 

CF I CF ^ 2 
3 C H ( C 0 ^ C 2 H 5 ) 2 C H ( C 0 2 C 2 H 5 ) 2 

(78) (79) 

These would be very i n t e r e s t i n g compounds because of the extra 

f u n c t i o n a l i t y provided by the diethylmalonate groups. Attempts were 

made to form these compounds by re a c t i n g sodium diethylmalonate 

(prepared i n s i t u from sodium hydride and diethylmalonate) i n 

tetraglyme w i t h (J50) at room temperature. The product (ca. 37% y i e l d 

by g l c ) was i s o l a t e d by preparative scale glc but was found from 

MS-glc analysis to be a mixture of compounds. Comparison of the 

F nmr spectrum o f the mixture w i t h those of model compounds in d i c a t e d 

that the trans isomer of (7J3) was probably present. I n s u f f i c i e n t 

time was a v a i l a b l e to repeat t h i s r e a c t i o n t o i s o l a t e pure products. 

V.4. Miscellaneous Reactions. 

V.4.A. Reaction w i t h Diazomethane. 

Diazomethane i s known to add to i n t e r n a l fluoroalkenes. P e r f l u o r o -
62 6*3 

2,3-dimethyl-2-butene reacts t o give (80) ' J (equation V.TO.). 

CF CF 
/ 3 3N CHoN V.10 H \ N CF CF 

(80) 
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This was i n i t i a l l y i d e n t i f i e d as s t r u c t u r e (80a) but i t was seen 
1 62 from H nmr sp e c t r a l data (which shows N-H 11.0ppm and C-H 7.2ppm) 

and the i r spectrum (N-H, 3350 cm"1) that s t r u c t u r e (80) v/as most 

consistent w i t h these data. 

Alkene (50) also reacts w i t h diazomethane at room temperature 

to give a mixture of geometrical isomers of the 2-pyrazoline ( 8 1 ) . 

Presumably the 1-pyrazoline i s formed i n i t i a l l y and then undergoes 

a 1,3-proton s h i f t to give ( 8 1 ) . 

This compound was i d e n t i f i e d by comparison w i t h the data f o r 

compound (8 0 ) . A parent peak was observed i n the mass spectrum. Two 

sets of signals were observed i n the proton nmr spectrum, which were 

of s i m i l a r i n t e n s i t y . These were due to the N-H and C-H protons i n 
19 

each of the geometrical isomers. The P nmr s p e c t r a l assignments f o l l o w 
from comparison w i t h those of compounds (80) and (JO). The i r spectrum 

-1 -1 
shows an absorption at 3265 cm (N-H) and another at 2900 cm (C-H). 

Only very weak absorptions were observed at 1640 cm"1 where the C=N 

s t r e t c h would be expected. 

V.4.B. Reaction w i t h Sodium Borohydride. 

Alkene (JO) reacted w i t h excess sodium borohydride i n tetraglyme 

at 0°C to give three products, the major two of which were separated 

by preparative scale gle and were i d e n t i f i e d as (82_) and (83) 

(equation V.11.). 

> / 
H 

N 

(80a) (81) 
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H H 

v.n. i s o ) ^ . 2 5 ^ - / 3 • 2 W " 3 -
0°C CF 1 \ PF I \ 

^ H CF 2 H C F 3 H 

(82) (83) 

1 other 

The r e a c t i o n to give these products can be explained simply as a series 

of S J J 2 ' and v i n y l i c s u b s t i t u t i o n s of f l u o r i d e by hydride. 

I d e n t i f i c a t i o n followed by comparison w i t h model compounds and 

both products showed parent peaks i n t h e i r mass spectra. I r spectra 

showed C=C absorptions at 1740 and 1680 cm"1 f o r (82) and (83) 

r e s p e c t i v e l y . 



Chapter VI 

Discussion -

Preparation and Reactions of Pluorinated Purans. 
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V I . 1 . P r e p a r a t i o n o f F u r a n s . 
71 79 

Work i n t h i s l a b o r a t o r y ' has i l l u s t r a t e d the c o n n e c t i o n 

between i n t e r n a l f l u o r o a l k e n e s ( o l i g o m e r s o f t e t r a f l u o r o e t h y l e n e ) 

and f l u o r i n a t e d f u r a n s o f type ( 8 4 ) ( e q u a t i o n s V I . 1 . and V I . 2 . , and 

T a b l e V I . 1 . ) . 

F o r c o n s i s t e n c y , the numbering shown has been 

m a i n t a i n e d throughout t h i s d i s c u s s i o n . 

•. < C R C R , C F , C R 

V I A (50) J i L . 3 c = < 3 MIL 3 ; c = c / 3 

C E - C F C 0 E " X C F C F 
3 / + V F 2 5 | 3 
py L 2 H 5 OR 

cis + trans 

(i) 

C E OR, 
3 \ _ / 3 

(i)= pyridine 7 = ^ o / C - C

v 

R = Me, Et. iPr K A ' ' ^K /^ 

C R C R 

V I . 2. C = C 

C 2 F 5 7 C V F 

CF3

 L 2 P 5 

(51) 

C F 3 , / C F 3 
ROH , C = C 

C 2 F - - c ( N 0 R 
C ^ L 2 H 5 



10S 

(58) 

(58) 

Fe, 580°C , 

80% conversion //F\\ 79% [71] 

(85) 

Et 3 N 

tetraglyme 
(85) 41% [71] 

Fe, 470°C 

100% conversi on 7 5 o / 0 

M — ' { ^ } + { ^ + J ^ F ^ [ 7 9 ] 

"0 
(87) 

Pt 570°C 
m 1 ^ ~* ^ + C ^ 0 + o t h e r s 1791 

100% conversi on 4 l u 

85% 

Table VI. 1. 

Other r e c e n t l y r e p o r t e d methods f o r t h e p r e p a r a t i o n o f 

f l u o r i n e t e d f u r a n s a r e shown i n T a b l e V I . 2 . 



TO? 

V CR (i) 3JQL r 3 (iii 0= CsCCR (85) [85] 
*0 

95% (88) 85P/o 

(i) = C g ^ N C O 

(ii) = 3 - C l C 6 H 4 C 0 3 H ; 1 J 2 . 4 - C l 3 C 6 H 3 

(iu)= Br 2 , 250°C, 13h 

Z = C N - C ^ 

/ N K / ^ 0 / \ - C solvent 7 8 . 5 o / o 

Table VI.2. 

A c o m p l e t e l y d i f f e r e n t method f o r p r e p a r i n g compound (84_) w i t h 
74 

Y= CHgCgP^ h a s been d i s c o v e r e d by a worker i n t h e s e l a b o r a t o r i e s 

and h a s been r e p e a t e d by the a u t h o r . The r e a c t i o n i s o u t l i n e d i n 

Scheme V I . 1 . T h i s p r o v i d e s a n o t h e r l i n k between i n t e r n a l f l u o r o a l k e n e s 

and f l u o r i n a t e d f u r a n s . Compound ( 5 0 ) underwent f r e e r a d i c a l a d d i t i o n 

to g i v e compound (8^.) which, under the i n f l u e n c e o f base, r a p i d l y 

c y c l i s e d w i t h the l o s s o f HP to g i v e compound (jgO). T h i s p r o c e s s 

i n v o l v e s n u c l e o p h i l i c a t t a c k on a s a t u r a t e d p e r f l u o r o m e t h y l e n e 

p o s i t i o n ( e q u a t i o n V I . 3 . ) , which has been o b s e r v e d i n s e v e r a l o t h e r 

i n s t a n c e s ( e . g . e q u a t i o n s V I . 1 . and V I . 2 . ) . 



T10 

(50 6 0 

) 
Co H.C H CO 

fcH3 

OUCHO 

(90) 7 9 % 6 0 0 (89) 

C 2 F 5 C H 2 S O / ^ 

(91) 51% 

Scheme VI .1. 

V I . 3 C 2 F W C 2 L , > B U 3 N 

3 H C O 3 

6 H , 

' V c ^ 5 

H F ^ F V C F 3 

190) 

P a s s a g e of Compound (9.0) o v e r p l a t i n u m a t 600°C i n a f l o w system 

e f f e c t e d a 1,3-migration of a-C^F^ group, r e s u l t i n g i n the f o r m a t i o n 

of compound (91) i n f a i r l y good y i e l d . 

I n a n o t h e r r e a c t i o n c s r r i e d out i n the same manner, an i m p u r i t y 

(1'4#) i n t h e second s t a g e o f the scheme ((89)—»(90)) was i d e n t i f i e d 

a s compound ( 8 5 ) . When t h e r e a c t i o n m i x t u r e was p y r o l y s e d a t a h i g h e r 

t e m p e r a t u r e to t h a t u s e d i n Scheme V I . 1 . (up to 800°C) t h r e e 

components were i d e n t i f i e d from the r e c o v e r e d m a t e r i a l . T hese were 
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found to be unchanged ( 8 5 ) , (21) and a d i f f e r e n t f u r a n , (92), 

( e q u a t i o n V I . 4 . ) . 

VI. 4. (85) + (90) A . P t 
up to 

800<€ 

(85) + (91) + y / F 
C F 3 C H ^ Q 

14% 86% 10% 58% (92)17% 

V I . 2 . R e a c t i o n s o f P l u o r i n a t e d F u r a n s . 

T h e r e a r e two major a r e a s of i n t e r e s t i n t h e r e a c t i o n s o f 

f l u o r i n a t e d f u r a n s - n u c l e o p h i l i c a t t a c k and t h e i r p h o t o c h e m i s t r y . 

VI.2.A. N u c l e o p h i l i c A t t a c k . 

The double bonds of the f u r a n s ( t y p e ( 8 4 ) ) s h o u l d be s u s c 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 because o f t h e e l e c t r o n w i t hdrawing e f f e c t o f 

the p e r f l u o r o a l k y l s u b s t i t u t e n t s . These systems a r e a l s o a r o m a t i c . 

F o r Y = F (compound ( 8 7 ) ) some n u c l e o p h i l i c r e a c t i o n s have 

p r e v i o u s l y been o b s e r v e d ( e . g . e q u a t i o n s V I . 5 and V I . 6 . ) . 

VI.5. (87) 43 
DMF 60% 

n=1 - 4, but mainly 1-2 

VI.6. (87) 95% [87] 
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T h i s compound has a f l u o r i n e atom a t t a c h e d d i r e c t l y t o a double 

bond and hence t h i s s h o u l d be e a s i l y r e p l a c e d . The r e a c t i o n s w i t h t h i s 

compound have been pursued w i t h o t h e r n u c l e o p h i l e s and a s e r i e s of 

f u r a n s w i t h a v a r i e t y o f s u b s t i t u t e n t s ( Y ) have been p r e p a r e d . The 

r e s u l t s a r e shown i n T a b l e VI.3. 

Compound (£3_) h a s been p r e p a r e d by an a l t e r n a t i v e method by 
86 

R u s s i a n w o r k e r s ( e q u a t i o n VI.7.). 

COOH ^COOH 

VI7. . . F \ ^ . . 7 / F \ \ [86] 

(93) 76% 

Compounds (£5) and (96) have a l s o been p r e p a r e d p r e v i o u s l y by a worker 
87 

i n t h e s e l a b o r a t o r i e s . 

R e a c t i o n s have a l s o been p u r s u e d w i t h compound (85). p e r f l u o r o -

t e t r a m e t h y l f u r a n . S u r p r i s i n g l y t h i s compound i s c o m p l e t e l y i n e r t t o a 

v a r i e t y o f r e a g e n t s . No r e a c t i o n was o b s e r v e d w i t h methanol o r 

sodium methoxide and even under more f o r c i n g c o n d i t i o n s , when h e a t e d 

to 100°C f o r 67 h o u r s i n a s e a l e d tube w i t h c a e s i u m f l u o r i d e and 

methanol, t h e r e was no d e t e c t a b l e r e a c t i o n . 

An analogous s y s t e m - p e r f l u o r o h e x a m e t h y l b e n z e n e - has been 

r e p o r t e d to undergo" r e a c t i V r i with"metfibVi^fe"^ (equation -VIV8".)V 

VI.8. C 6 l C F

3 ' 6 
NaOCH •C(OCH3) 92% [96] 
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(87) N a B H 4 

(£7) 

RT, 1 0 0 % conversion ^ 0 
(93) 85% 

(87) MeL, ,Et ,0 ^ 

0°C C H ^ O 

(94) 54% 

(87) NaOMe, MeOH 
* C H 3 0 ^ 

(95) 75% 

reflux C H 3 0 ^ Q £ 1 

(§7) MeOH, reflux , (95) 28>/0 

2 days 

PhMgBr 

C, 6"5 ^ 0 " 

(96) 22% 

Table VI. 3. 



TV, 

Two f a c t o r s a c c o u n t f o r the l a c k o f r e a q t i v i t y o f p e r f l u o r o t e t r a m e t h y l -

f u r a n . F i r s t l y , i t i s presumably a 7 C - e l e c t r o n r i c h s y s t e m and t h e r e f o r e 

r e s i s t a n t to a t t a c k by n u c l e o p h i l e s i n the r i n g or s i d e c h a i n and 

s e c o n d l y the a r o m a t i c system of the r i n g would have to be d i s r u p t e d 

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

Nuc 
Nucleophilic Addition 
substitution 

V I . 2 . B . A d d i t i o n R e a c t i o n s . 

The c o n c l u s i o n s r e a c h e d i n the l a s t s e c t i o n a r e borne out by 

t h e l a c k of r e a c t i v i t y o f compounds ( 8 5 ) and ( 8 7 ) w i t h a d d i t i o n 

r e a g e n t s . N e i t h e r compound r e a c t e d w i t h diazomethane. Compound ( 8 5 ) 

d i d not r e a c t w i t h methanol on i r r a d i a t i o n w i t h a ^ - r a y ^°Co s o u r c e , 

even a f t e r p r o l o n g e d e x p o s u r e . T h i s compound d i d , however, r e a c t 

w i t h p o t a s s i u m permanganate i n a c e t o n e but the p r o d u c t s were not 

i s o l a t e d . I t seems r e a s o n a b l e to assume t h a t t h e y were e i t h e r g aseous 

o r w a t e r - s o l u b l e , and hence n o t d e t e c t e d . 

V I . 2 . C . S t r u c t u r a l A s s i g n m e n t s . 

The s t r u c t u r e s o f the f u r a n s formed above f o l l o w s i m p l y from a 
19 

comparison w i t h F nmr and i r s p e c t r a l d a t a o f model compounds, 

shown i n T a b l e V I . 4 . E a c h of t h e f u r a n s p r e p a r e d gave a p a r e n t peak i n 

i t s mass spectrum. 

I 



Compound 1 C 5P C h e m i c a l S h i f t * 3 i r ( c m - 1 ) 

C D 

c b 

d ~ \ 0 / a 

( w r t e x t e r n a l C F C l ^ , ppm) 

60.2 

60.5 
m b, c 

64.5 D ( J ,= 2.5) of Q(J = 8.3) a 
aa ao 

103.7 Q ( J c = 15) of Q d 

60.0 a,d 
65.6 b,c 

1610 
1635 c=c 
1681 

1465 c-o 

1640 C=C 
1440 c-o 

CH^O 

58.7 Q ( J b = 7) c 
59.6 s e p t e t b 
63.3 Q ( J a b = 8.5) a 

1610 
1650 C=C 

1480 
1430 C-O 
1380 

59.0 broad S b,c 
64.0 broad Q(J=7) a 

1810 W 
1 6 2 0 c=c 
1540 
1422 C-O 

d c 

f v / F \ 
0 

g 

58.3 m b 
68.32 m a 
71.06 m e 

79.4 D ( J =35) f 
80.64 m d 
105.6 m c 
116.98 m g 

Isomer A 
63.3 m c 
85.0 m a 

122.6 broad m b 

Isomer 3 
62.9 m c 
83.4 m a 

112.2 broad m b 

Table VI.4. 
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V I . 3 . P h o t o c h e m i s t r y . 

The second major a r e a o f i n t e r e s t o f f l u o r i n a t e d f u r a n s i s t h a t 

o f t h e i r p h o t o c h e m i s t r y . 

V a l e n c e bond i s o m e r s have been d i s c o v e r e d i n r e c e n t y e a r s f o r 

s i x c a r b o n 7*"-systems and a l s o one example o f a f i v e atom 7^ - s y s t e m 
88 

was d i s c o v e r e d on t h e i r r a d i a t i o n o f p e r f l u o r o t e t r a m e t h y l t h i o p h e n e 

( e q u a t i o n V I . 9 . ) . 

I t was t h e r e f o r e of i n t e r e s t to d i s c o v e r whether the c o r r e s p o n d i n g 

oxygen a n a l o g u e s c o u l d be formed from p e r f l u o r i n a t e d f u r a n s and t h e 

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

probe f o r t h i s i n v e s t i g a t i o n . 

The p h o t o l y s e s of p e r f l u o r o t e t r a m e t h y l f u r a n and p e r f l u o r o - 3 , 4 , 5 -

t r i m e t h y l f u r a n were s u c c e s s f u l l y c a r r i e d out by workers i n t h e s e 
87 

l a b o r a t o r i e s a l t h o u g h i n c o n c u r r e n t s t u d i e s o t h e r w o r kers were 
73 

u n a b l e to do t h i s . I n both of t h e s e r e a c t i o n s the e x p e c t e d r i n g 

o p e ning r e a c t i o n o c c u r r e d r a t h e r t h a n t h e f o r m a t i o n o f a Dewar f u r a n 

( e q u a t i o n s V I . 1 0 and V I . 1 1 . ) . 

VI.9. 
Hg sensitised 

h\> 5 [88] 

VI .10. 

0 
(88) 

[87] 

(85) 

VI.11 

0 
197) 
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I n both c a s e s t h e r e a c t i o n s were c a r r i e d out under t r a n s f e r e n c e 

c o n d i t i o n s where the v o l a t i l e p r o d u c t s t r a n s f e r r e d out of t h e 
91 

p h o t o l y s i s v e s s e l and were c o l l e c t e d i n a c o l d t r a p . I t was found 
t h a t u n l e s s the i n i t i a l p h o t o l y s i s p r o d u c t s were removed i n t h i s way 

43 

f u r t h e r r e a c t i o n o c c u r r e d to g i v e a multicomponent m i x t u r e . A f a i r l y 

low y i e l d ( c a . 20$) of p r o d u c t s was o b t a i n e d i n each r e a c t i o n . 

An i n t e r e s t i n g a s p e c t o f the r e a c t i o n w i t h compound (8J) was the 

h i g h l y s p e c i f i c n a t u r e of the r i n g opening. 

The p h o t o c h e m i s t r y o f v a r i o u s s u b s t i t u t e d f u r a n s was t h e r e f o r e 

i n v e s t i g a t e d f o r t h e e v i d e n c e of f o r m a t i o n o f a Dewar isomer and 

a l s o to s e e whether o t h e r s u b s t i t u e n t s i n f l u e n c e d the mode o f r i n g 

opening i n a s p e c i f i c manner. A l l r e a c t i o n s were c a r r i e d out under 

t r a n s f e r e n c e c o n d i t i o n s . 

VI.3.A. P h o t o l y s i s of P e r f l u o r o - 3 , 4, 5 - t r i r r . e t h y l f u r a n ( 8 7 ) . 

T h i s r e a c t i o n was r e p e a t e d but a g a i n no e v i d e n c e was o b t a i n e d 

f o r any o t h e r than t h e s i n g l e a c y l f l u o r i d e (.22) • The r e a c t i o n gave 

a 32% c o n v e r s i o n to p r o d u c t s a f t e r 18 h o u r s p h o t o l y s i s . 

V I . 3 . 3 . P h o t o l y s i s o f 3 . 4 . 5 - T r i s ( t r i f l u o r o m e t h y l ) f u r a n ( 9 ^ ) . 

I n t h i s r e a c t i o n o n l y 13$ c o n v e r s i o n to p r o d u c t s was o b s e r v e d , 

w i t h 29/c r e c o v e r y o f v o l a t i l e m a t e r i a l . The i n v o l a t i l e m a t e r i a l was 

found to c o n t a i n many components and was not i n v e s t i g a t e d , f u r t h e r . The 

r e a c t i o n proceeded a c c o r d i n g to e q u a t i o n VI.12. 

F > — \ + (93) + others VI.12 
CE H H 

(99) m) (93) 
10% 19% 54°/ 



Compounds (9.8) and ( 9 9 ) were t h e o n l y i d e n t i f i e d components o f t h e 

m i x t u r e , a l t h o u g h t h e r e v.ere o t h e r v e r y minor components p r e s e n t . I n t h i s 

c a s e , t h e r e f o r e , t h e r e i s l i t t l e s p e c i f i c i t y I r r i n g opening, p r o d u c t s 

from both modes of opening being o b s e r v e d . 

V I . 3 . C . F h o t o l y s i s of 2-.V-eth.vl-3. 4. 5 - t r i s ( t r i f l u o r o m e t h y l ) f u r a n (94) . 

The r e a c t i o n o b s e r v e d w i t h t h i s compound i s shown i n e q u a t i o n V I . 1 3 . 

VI.13. 
CH. 

ChU 3 
(94) (100)20% J (101) 11% (102)18% 51fl (101) 11% (102) 18% 51% 

I n t h i s c a s e 40% r e c o v e r y o f v o l a t i l e m a t e r i a l was o b t a i n e d w i t h 

19.75% c o n v e r s i o n to p r o d u c t s . Again, p r o d u c t s froir: both modes o f 

opening have been o b s e r v e d ( ( 1 0 0 ) and (101)) a s w e l l a s compound ( 1 0 2 ) . 

T h i s l a t t e r i s v e r y i n t e r e s t i n g , a s compounds IOTL^I i n a s i m i l a r 

ir.anner were not ob s e r v e d i n the o t h e r p h o t o l y s i s r e & c t i o n s t r i e d . I t 

seems most l i k e l y t h a t compound ( 1 0 2 ) i s formed a s a r e s u l t o f r i n g 

o p e ning o f compound ( 1 0 1 ) (Scheme V I . 2 . ) . 

C H 3 

(94) J (101) 

Scheme VI.2. 

The o t h e r p o s s i b i l i t y to e x p l a i n the p r e s e n c e c f (102) i s the o c c u r r e n c e 

of Pome t y p e of ri : : g walk mechanism. P h o t o l y s i s o f compound ( 1 0 1 ) on 

i t s own i s r e q u i r e d to c l a r i f y t h i s s i t u a t i o n . 

http://2-.V-eth.vl-3
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VI.3.D. S t r u c t u r a l A s s i g n m e n t s . 

The p h o t o l y s i s p r o d u c t s were i d e n t i f i e d by comparison w i t h 

P nmr and i r spectrp.1 d a t a frorr; compounds ( 8 6 ) and (9_7) shown i n 

T a b l e V I . 5 . 

(88) 

1 ° 45 "'P nmr (ppm wrt e x t . C F C l ^ ) 

63.1 

69. 3 

76.9 

s i n g l e t 

s i n g l e t 

s i n g l e t 

c, d 

b 

i r ( c m - 1 ) 

1775 

1295 

-29.7 

>'3.6 

70.4 

q u a r t e t ( J b = 1 0 ) o f m ( J ^ l ) a 

s i n g l e t 

d o u b l e t 

c, d 

b 

1860 

1310 

Table VI.5. 

19 

Compound ( 9 8 ) was i d e n t i f i e d by i t s F nmr s p e c t r u m ( w h i c h 

showed CF^-C=iC-CP^ and^D-CF^ 5 r o u P B p r e s e n t ) and i t s mass s p e c t r u m 

w h ich showed a F - 29 peak ( l o s s o f CHO). S i n c e o n l y v e r y s m a l l 

q u a n t i t i e s o f pure compounds were o b t a i n e d t h i s was the o n l y 

i d e n t i f i c a t i o n p o s s i b l e . Compound ( 9 9 ) showed a p a r e n t peak i n i t s 
19 

mass spec t r u m . F nmr and i r s p e c t r a l d a t a were c o n s i s t e n t w i t h t h e 

s t r u c t u r e i n d i c a t e d . I n s u f f i c i e n t m a t e r i a l was o b t a i n e d to g e t 

a n a l y s e s o f t h e s e compounds. Compounds (100) and (101) were i d e n t i f i e d 

by comparison w i t h s p e c t r a o f model compounds and (100) showed a 

s m a l l p a r e n t peak, F - 19 ( l o s s o f P) and P - 43 ( l o s s o f CH^CO) peaks 

i n i t s mass spectrum. A n a l y s e s were not o b t a i n e d f o r t h e s e compounds. 

Puran (102) was i d e n t i f i e d by comparison w i t h data shown i n T a b l e V I . 4 . 

A p a r e n t peak was o b s e r v e d i n the mass spe c t r u m and t h e r e was no 
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C = 0 s t r e t c h i n t h e i r spectrum, but a c h a r a c t e r i s t i c C-0 a b s o r p t i o n 

was observed a t 1435cm""'. 

V I . 3 . E . P h o t o l y s i s o f P e r f l u o r o - 1 - ( V , 4 ' , 5 ' - t r i m e t h y l f u r y l ) - 1 - K - 1 - H -

propane (91 ) . 

The p h o t o l y s i s o f t h i s compound p r o v i d e d an i n t e r e s t i n g r e a c t i o n 

not s i m i l a r to t h o s e r e c o r d e d e a r l i e r . U n l i k e the o t h e r compounds, 

t h i s f u r a n was p h o t o l y s e d u s i n g a medium p r e s s u r e uv lamp. The r e a c t i o n 

o b s e r v e d i s i l l u s t r a t e d i n e q u a t i o n VI.14. 

VI.14. J / F \ P + (92) + (91) 
CH=C 

CE 
(91) (103 (104 

6% 54% 12% 24% 

The r e c o v e r y o f v o l a t i l e m a t e r i a l was good i n t h i s i r . s t a n c e ( 8 2 % ) . 

The p r e s e n c e o f compound ( 9 2 ) i n t h e r e a c t i o n m i x t u r e can most r e a s o n a b l y 

be accounted f o r a s an i n i t i a l i m p u r i t y i n the s t a r t i n g m a t e r i a l 

which d i d not show up on g l c a n a l y s i s , s i n c e t h e r e t e n t i o n t i m e s a r e 

s i m i l a r . O b v i o u s l y i n t h i s r e a c t i o n the l o s s o f HF from the s i d e 

c h a i n i s the most f a c i l e p r o c e s s , a s o n l y compounds where t h i s had 

o c c u r r e d were i d e n t i f i e d . I n the o t h e r systems p h o t o l y s e d no such 

r o u t e was a v a i l a b l e . 

Compounds (103 ) and ( 1 0 4 ) were i d e n t i f i e d by comparison o f d a t a 

w i t h t h o s e shown i n T a b l e V I . 4 . Compound ( 1 0 3 ) showed a c h a r a c t e r i s t i c 

i r s t r e t c h a t 2370cm" 1 (C==C) and a p a r e n t peak i n i t s mass spectrum. 
19 

F u r a n ( 1 0 4 ) a l s o showed a p a r e n t peak i n i t s mass s p e c t r u m . F nmr 

s p e c t r a l d a t a showed t h a t a c i s and t r a n s i s o m e r m i x t u r e was p r e s e n t . 
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V I . 3 . F . C o n c l u s i o n . 

Although the f u r a n 3 u s e d were found to p h o t o l y s e r e a d i l y , i n 

s m a l l y i e l d , no Dewar s p e c i e s was o b s e r v e d i n any of the c a s e s t r i e d . T h i s 

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

due to the g r e a t e r s t r e n g t h of the C=0 than the C=S bonds. 

I t a l s o emerges from the r e a c t i o n s d e s c r i b e d above t h a t w h i l s t 

f u r a n s c o n t a i n i n g s u b s t i t u e n t s o t h e r t h a n f l u o r i n e i n the 2 - p o s i t i o n 

open on p h o t o l y s i s w i t h l i t t l e s e l e c t i v i t y , perfluoro-3»4,5-trimethyl-

f u r a n opens to g i v e e x c l u s i v e l y the a c i d f l u o r i d e (9J7). T h i s i s 

p r o b a b l y due to the d e s t a b i l i s i n g i n f l u e n c e of a f l u o r i n e atom d i r e c t l y 

a t t a c h e d to a C=C group ( s e e C h a p t e r I V . ) and compound ( 9 7 ) would 

be e x p e c t e d t o be more s t a b l e than t h e isomer 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 ( 1 0 5 ) . 

The s t a b i l i s i n g i n f l u e n c e of CI r^ groups on s m a l l r i n g s • may 

a l s o i n f l u e n c e the mode of r i n g opening and i n f a c t a c o m b i n a t i o n o f 

t h e s e two f a c t o r s i s p r o b a b l y i n v o l v e d . 

I n view o f the s p e c i f i c i t y e x h i b i t e d o n l y by compound ( 8 7 ) , 

t h e p h o t o l y c i s o f compound ( 1 0 6 ) would seem v e r y s u i t a b l e f o r 

e n h a n c i n g the f o r m a t i o n of a Devvar f u r a n . F h o t o l y t i c r i n g opening of 

t h i s compound i n e i t h e r s e n s e 'would produce an u n s t a b l e s p e c i e s and 

t h e r e f o r e i f p h o t o l y s i s were to o c c u r the p o s s i b i l i t y of forming a 

compound (1Q7) would be q u i t e r e a s o n a b l e . 

0 
more 

F V > L - / \ r _ stable 
than 

(97) (105) 



12? 

0 0 

(106) (1QZ) 

No a t t e m p t s were made to s e n s i t i s e t h e p h o t o l y s e s d i s c u s s e d above, 

b'Jt t h i s i s a n o t h e r p o s s i b l e r o u t e f o r the enhancement o f t h e 

f o r m a t i o n of a uewar f u r a n . 

V I . 3 . G . Attempted P r e p a r a t i o n of Compound ( 1 0 6 ) . 

Attempts were made to p r e p a r e compound ( 1 0 6 ) by p a s s a g e of 

compound ( 5 8 ) o v e r p l a t i n u m a t 670°C and 800°C but i n the f i r s t 

i n s t a n c e v e r y l i t t l e r e a c t i o n was o b s e r v e d , ( g i v i n g s e v e r a l p r o d u c t s ) , 

and a t the h i g h e r t e m p e r a t u r e s m a i n l y d e c o m p o s i t i o n o c c u r r e d ( e q u a t i o n V I . 15.). 

VI . 3.;1. Relate;.; R e a c t i o n s - Attempted F o r m a t i o n of '.'cnpounci ( 1 0 3 ) . 

I n an atteir.pt to forr.. t h e a c e t y l e n e ( 1 0 3 ) ky 3 " a l t e r n a t i v e r o u t e 

to p h o t o l y s i s , f u r a n (9J.) was r e a c t e d w i t h base i n o r d e r to remove HF. 

I n one r e a c t i o n , (9_1_) was passed o v e r p o t a s s i u m f l u o r i d e a t 5fiO -630°C 

i n a f l o w s ystem but no p r o d u c t s were c o l l e c t e d , the m a j o r i t y of the 

m a t e r i a l being observed to t a r up on the s u r f a c e of the p o t a s s i u m 

f l u o r i d e . "Vie e l i m i n a t i o n of HP was t h e r e f o r e attempted u s i n g t r i e t h y l -

a m i r e , t h i s base bein,- chosen to m i n i m i s e the p o s s i b i l i t y o f n u c l e o p h i l i c 

a t t a c k on any p r o d u c t s for.ved. The r e a c t i o n o c c u r r e d r e p i c l y a t room 
19 

t e m p e r a t u r e anc the P nmr spectrum of the product m i x t u r e t a k e n one 

hour a f t e r mixing, showed t h a t compound ( 104a) WFS formed and was 

the :r:ajor component i r the m i x t u r e . T h i s was i d e n t i f i e d a s the t r a n s 

isomer because of t h e t r a n s H-F c o u p l i n g o b s e r v e d (35 Hz) which i s 

known to be r r e e t e r than c i s f l - P c o u p l i n g ' 7 . A s m a l l amount o f s t a r t i n g 

http://atteir.pt


123 

VI.15. 
Pt 

K0/Vp j 6 7 0 o C
 F ^ 0 ^ 

cis + trans '"' 800°C 

(58) (106) 

m a t e r i a l was a l s o p r e s e n t . 

H C F 3 

(104a) 

The m i x t u r e was heated t o 50°C f o r s e v e r a l hours but no change 

v.as observed. T'nus o n l y one mole o f ii? c o u l d be rerr.oved from t h e s i d e 

c h a i n o f f u r a n (22,) and the a c e t y l e n e c o u l d not be obtained by t h i s 

method. 



Chapter V I I 

E x p e r i m e n t a l R e s u l t s f o r Chapter V. 
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V I I . 1 . Instrumentation. 

The instrumentation described i n Chapter I I I a l s o a p p l i e s to t h i s 

s e c t i o n of work. I n addition, d i s t i l l a t i o n s were c a r r i e d out on 

F i s c h e r Spaltrohr concentric tube systems foMS 200 and KKS 500. Carbon, 

hydrogen and nitrogen analyses were obtained using a Perkin-Elmer 

240 Elemental Analyser. Analyses f o r f l u o r i n e were c a r r i e d out as 
84 

described i n the l i t e r a t u r e . B o i l i n g points were determined by 

Siwoloboff's method and are not corrected f o r changes i n atmospheric 

pressure. Glc analyses were c a r r i e d out on a Varian Aerograph model 

920 machine unless otherwise s t a t e d . 

V I I . 2 . Reagents.and Solvents. 

VII.2.A. Reagents. 

tasthyllithium was supplied as a s o l u t i o n i n ether, approximately 

1.7M, by LithCoA or the E t h y l Corporation. The s o l u t i o n was not 

standardised p r i o r to use. 

Perfluoro-3,4-dimethyl-3-hexene (50) (supplied by I . C . I , Mond Ltd.) 

(500ml) was obtained as a mixture of e l s and trans isomers. I t was 

washed with a c i d ( h ydrochloric a c i d , 3M, 2x200ml) to remove amines, 

and water (3x200ml) and dried over magnesium sulphate. The r e s u l t i n g 

l i q u i d was d i s t i l l e d through a 2 f t . column f i l l e d with g l a s s h e l i c e s , 
o 19 43 b.p. 90-91 C. P nmr data agreed with those of an authentic sample . 

A small impurity was present ( -<:5#, 3-methyl-3-trifluoromethyldeca-^ 

fluoropentane) and t h i s was not removed before use, nor has adjustment 

been made f o r i t i n the q u a n t i t i e s used. Compound (_5_0) was used 

throughout as a mixture of c i s and trans isomers. 

Potassium f l u o r i d e (reagent grade) was dried by heating under 

vacuum for s e v e r a l hours and was stored under dry nitrogen. 

A l l other reagents were used as supplied,or as p r e v i o u s l y described. 



V I I . 2 . B . Solvents. 

Tetraglyme was p u r i f i e d by s t i r r i n g with sodium at 95°C for 24h 

followed by f r a c t i o n a l d i s t i l l a t i o n under vacuum, the middle f r a c t i o n 

being c o l l e c t e d over dry molecular s i e v e (type IVA) and then stored 

under dry nitrogen. 

V I I . 3 . Reactions with Kitrogen Nucleophiles (with A.A. L i n d l e y ) . 

VII.3.A. Reactions with Ammonia. 

i ) Aqueous Ammonia. 

Compound (50) (2.4g, 6mmol) i n ether (2ml) was mixed with aqueous 

ammonia (0.881:i, 3ml) and s t i r r e d overnight.A yellow colouration was 

observed and the r e a c t i o n was i n i t i a l l y s l i g h t l y exothermic. 

Glc a n a l y s i s ( c o l . 0, 195°C) showed that the major product was 

trans-2.4-diamino-3-c.yano-4-trifluoromethyloctafluoro-2-hexene ( 6 1 ) . 

T h i s was c h a r a c t e r i s e d by A.A. Lin d l e y and i d e n t i f i c a t i o n was c a r r i e d 

out by s p e c t r a l comparisons. 

i i ) Anhydrous Ammonia, 

a) Open System. 

Compound (£0) (8.17g, 20.4mmol) was t r a n s f e r r e d under vacuum 

from P o 0 c to ensure that no water was present and was mixed with 

dry ether. Ammonia (anhydrous) was bubbled through the s o l u t i o n at 

a flow r a t e of approximately 20cm.imn! A s o l i d was deposited during 

the r e a c t i o n . When-passage of the gas hsd eeased, g l c a n a l y s i s 

( c o l . 0, 190°C) showed two products as w e l l as compound (50) and ether. 

I n a s e r i e s of s i m i l a r r e a c t i o n s the proportions of products v a r i e d , 

presumably depending uncn the amount of ammonia passed. I r s p e c t r a l 
N f i l m - 1 data of the mixture showed y ,„„ = 2220cm (C=K s t r e t c h ) . MS-glc 

ins x 

data was as follows: 1. (Found: i i + 378 ( I - 19), C g F ^ K ^ r e q u i r e s 

M + 397); 2. (Four.d:i/ + 375 ( ? - 19), C g F ^ N H ^ requires 394); 

3. (Found: r.'=+ 352, CgF.,.,:-;̂ - r e q u i r e s K+ 352), also i d e n t i f i e d by 



comparison of data with those of an authentic sample of ( 6 1 ) . 

b) Addition of Excess Ammonia to Products from ( a ) . 

Ammonia (anhydrous) was bubbled through a sample of the r e a c t i o n 

mixture obtained from (a) and alio.uots were analysed by g l c at i n t e r v a l s . 

As more aismonia was passed the proportion of f r a c t i o n 3 (compound (61 ) ) 

increased, w h i l s t the proportions of the other components decreased. 

When an aqueous? s o l u t i o n of ammonia was added to a sample of the 

re a c t i o n mixture from ( a ) s i m i l a r e f f e c t s were observed on g l c a n a l y s i s . 

c) Sealed System. 

Compound (50) (6.32g, 15.8mmol) was placed i n a f l a s k f i t t e d 

with a bladder containing anhydrous ammonia. The gas was allowed to 

d i f f u s e into the l i q u i d , the bladder being r e f i l l e d as necessary. A f t e r 

s t i r r i n g at room temperature for s e v e r a l days the mixture was completely 

s o l i d and was di s s o l v e d i n ether to mobilise i t . Glc a n a l y s i s ( c o l . 0, 180 

of an e t h e r e a l s o l u t i o n of the r e a c t i o n mixture showed that > 9 7 % of 
19 

the product was compound (_6l_). F nmr and i r s p e c t r a l data confirmed t h i s 

i i i ) Anhydrous Ammonia i n the presence of Caesium Pi.ioride. 

Compound (50) (7.88g, 19.7mmol) and a small quantity of caesium 

f l u o r i d e were mixed, and anhydrous ammonia was passed through the 

mixture, with s t i r r i n g , f o r 0.75h at a flow rate of ca. 50 cmrnin" 1. 

A s o l i d yellow mass was obtained which was d i l u t e d with dry ether. 

Glc a n a l y s i s of the s o l u t i o n showed that some of compound (50) was s t i l l 

present and so ammonia waspassed f o r a fur t h e r period of time. The 

mixture was f i l t e r e d and the s o l i d washed with ether. The i r spectrum of 

the crude mixture showed \) f i l m = 2 2 2 0 cm"1 ( C = N ) . MS-glc data was 
v max 

as f o l l o w s : T. (Pound:M+ 358 (P - 19), C 0 P . c r a i r e q u i r e s M* 377); 
o 1 p 

2. (Found:Itf+ 375 (P - 19), C 6 P 1 4 ( N H 2 ) 2 r e q u i r e s M* 394); 3. (Pound: 

M* 352, CgP^H^;,^ r e q u i r e s M + 352), a l s o i d e n t i f i e d by comparison of 

data with those of an authentic sample of ( 6 1 ) . 
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VII.3.B. Reactions with Methylamine. 

i ) Aqueous Kethylamine. 

Compound (£0) (9.68g, 24.6mraol), methylamine (20ml, 25-30$ aq) 

and ether (10ml) were s t i r r e d together i n an exothermic r e a c t i o n which 

produced a yellow s o l u t i o n . A f t e r 4 days at room temperature, water 

(50ml) and ether (50ml) were added. The organic l a y e r was separated, 

washed (water, 2x50ml) and drie d (magnesium s u l p h a t e ) . A f t e r removal 

of desiccant^ and solvent at reduced pressure, the 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 (8.53g) and d i s t i l l e d on a concentric tube 

apparatus. Glc a n a l y s i s ( c o l . 0, 150°C) of the i n i t i a l f r a c t i o n s 

b.p. 60-70°C, 26mm Hg, (2.27g) showed a mixture of at l e a s t two 

components. Later f r a c t i o n s b.p. 91°C, 17mm Hg, (1.43g) a l s o contained 

two v o l a t i l e components together with a l e s s v o l a t i l e component not 

contained i n e a r l i e r f r a c t i o n s . Vacuum transference of the pot residue 

(3.11g) was shown to y i e l d one component ( c o l . 0, 200°C), i d e n t i f i e d 

as 2-trifluoromethyl-3-(2'-methylaminooctafluoro-2'-butyl)-4-methylimino-

K-methyl-2-azetine ( 6 7 ) . (Pound: C, 33.6; P, 53.5; K, 2.7; N, 10.8%, 

M+ 393. C 1 1 P 1 1 H 1 0 K 3 r e q u i r e s C, 33.6; P, 53.1; H, 2.6; N, 10.7:6, 

M + 393). Nmr spectrum no. 4, i r spectrum no. 6, MS no. 1. 

The more v o l a t i l e f r a c t i o n s were found to contain at l e a s t two 

major components which could not be separated by d i E t i l l a t i o n . I n 

another experiment attempts were made to separate the components of 

the r e a c t i o n mixture by preparative s c a l e g l c but decomposition of 

the mixture occurred. Low temperature vacuum transference was a l s o 

u n s uccessful in obtaining separation. 

i i ) Anhydrous ii'.ethylamine. 

jtethylamine (g, 2.6g 83.8mraol) was passed into compound (50) 

(6.5g, l6mmol) i n an exothermic r e a c t i o n . Ether (10ml) was added 

during the r e a c t i o n as a dil u e n t to prevent blockage by the white 

s o l i d which was formed. Aliquots of r e a c t i o n mixture were removed at 
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i n t e r v a l s and analysed by g l c ( c o l . A, 108°C). When a s u b s t a n t i a l 

amount of r e a c t i o n had occurred (product mixture 39% ( 5 0 ) . 61% products, 

determined by g l c ) water was added and the organic l a y e r was ether 

e x t r a c t e d . A white s o l i d (0.55g) i n s o l u b l e i n both ether and water 

was i s o l a t e d but not i d e n t i f i e d . After removal of ether at atmospheric 

pressure the v o l a t i l e material was vacuum t r a n s f e r r e d (2.96g). This 

was separated into three components by preparative s c a l e g l c , the 

major of which was i d e n t i f i e d as trans-4-methylamino-perfIuoro-3,4-

dimethyl-2-hexene ( 6 6 ) . (Pound: C, 26.5; P, 69.0; H, 1.3; N, 3.7$, 

11+411. C gP 1 5H H r e q u i r e s C, 26.3; P, 69.3; H, 1.0; N, 3.4$, M+411). 

hmr spectrum no. 5, i r spectrum no. 7, MS no. 2. 

I n s u f f i c i e n t material was obtained to allow i d e n t i f i c a t i o n of 

the minor component. 

VII.3.C. Anhydrous tert-Butylamine. 

i ) Excess Anhydrous Amine. 

Compound (50) (1.l6g, 2.9mmol) and tert->butyla:r:ine (anhydrous, 

1.87g, 25.6mmol) were s t i r r e d together i n an exothermic r e a c t i o n 

which immediately produced a white s o l i d . The mixture was s t i r r e d 

for 7 days a t room temperature. Water was added and a yellow lower 

l a y e r was separated (0.85g">. Glc a n a l y s i s ( c o l . A, 137°C) showed there 

to be at l e a s t f i v e components, the major one c o n s t i t u t i n g about 
19 

70% of the mixture. P nmr data was c o n s i s t e n t with compound ( 6 9 ) . 

Since attempts to i s o l a t e t h i s compound by preparative s c a l e g l c 

led to i t s decomposition, a l t e r n a t i v e p u r i f i c a t i o n methods were sought. 

Preparative t h i n l a y e r chromatography (pentane) r e s u l t e d i n the 

i s o l a t i o n of four f r a c t i o n s ( R f = 0.75, 0.55, 0.14, O r i g i n ) . Glc 

a n a l y s i s of these a f t e r removal from the s i l i c a ( e t h e r ) showed many 

peaks, implying that decomposition had occurred on the s i l i c a . Low 

temperature - reduced pressure transference only l e d to enrichment, 



never complete i s o l a t i o n of pure m a t e r i a l . 

i i ) Excess Anhydrous Amine with Ether. 

T h i s r e a c t i o n was c a r r i e d out as i n ( i ) above. A n a l y s i s of the 
19 

product mixture by F nmr s p e c t r a l and g l c techniques showed that 

i t was s i m i l a r to that formed in ( i ) . 

i i i ) Equimolar Amounts of Amine and Compound ( 5 0 ) . 

Compound (50) (2.04g, 5.1mmol) and tert-butylamine (anhydrous, 

0.36g, 4.9mmol) were s t i r r e d together f o r 7 days. A white s o l i d was 

formed. Af t e r addition of water a lower l a y e r was recovered (1.73g)« 
o 19 

Glc a n a l y s i s ( c o l . A, 140 C) and P nmr s p e c t r a l data showed that 

compound (50) was the major component (73%) with a small amount of 

(69) ( 1 8 % ) , plus other, more-volatile components. 

VII.3.D. Aqueous tert-3utylamine. 

i ) Excess Amine. 

Compound (J?0) (9.53g, 23.8mmol), tert-butylamine (14.79g, 202mmol) 

and water (50ml) were s t i r r e d together a t room temperature f o r 15 

days. A yellow lower l a y e r was separated (7.22g) and the v o l a t i l e 

f r a c t i o n was vacuum t r a n s f e r r e d (0,66g). Glc a n a l y s i s of the v o l a t i l e 

f r a c t i o n ( c o l . 0, 200°C) showed at l e a s t s i x components, with no 
19 

(50) and no (69) present. The F nmr spectrum of the res i d u e was 

very complex. 

i i ) Equimolar Amounts of Amine and Compound ( 5 0 ) . 

Compound (jiO) (1.99g, 4.9mmol), tert-butylamine (0.37g, 5.1mmol) 

and water (1.5ml) were s t i r r e d at room temperature f o r 7 days. The 
19 

lower l a y e r was separated (1.50g) and g l c a n a l y s i s and F nmr data 

i n d i c a t e d that (£0) was the major component i n the mixture ( > 9 0 % ) , 

with two very minor v o l a t i l e components a l s o present. No (68) was 

present. 
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V I I . 4 . Reactions with Carbon Nucleophiles. 

VII.4.A. Reactions with Methyllithium. 

i ) Compound (jjO) (10.5g, 26.25mmol) i n ether (20ml) was cooled 

to 0°C. Methyllithium (15ml, c a . 1.7M i n ether, 25mmol) was added 

over 20min. and s p i t t i n g was observed, together with the formation 

of a white colouration. The mixture was s t i r r e d at 0°C f o r T.6h and 

then at room temperature for a f u r t h e r 2.6h. Water was added and the 

mixture was kept overnight. The organic l a y e r was separated, d r i e d 

(magnesium sulphate) and the ether was removed at atmospheric p r e s s u r e . 

The residue was vacuum t r a n s f e r r e d (7.41g). Glc a n a l y s i s ( c o l . 0, 90^C) 

showed four products which were separated by preparative s c a l e g l c 

( c o l . 0, 85-150°C) and were i d e n t i f i e d as follows i n ascending order of 

r e t e n t i o n times: cis,trans-4-methyl-perf luoro-3,4-dirnethyl-2-hexene 

(71) (18%) (Pound: C, 27.2; P, 71.7; H, 0.1%, K + 377 (P - 19). 

C ^ F ^ H ^ r e q u i r e s C, 27.3; P, 71.9; H, 0.8%, K.+ 396). i\'rr.r spectrum 

no. 6, i r spectrum no. 8. 3-methyl-perfluoro-2-ethyl-3-methyl-1-pentene 

(72) (32.5*) (Pound: C, 27.4; P, 71.5; H, 0.7%, *.+ 3'-6. C i 0 P _ H , 

re q u i r e s C, 27.3; P, 71.9; H, 0.8%, M+ 396). Kmr spectrum no. 7, 

i r spectrum no. 9. c i s , trans-2,4-dimethyl-perfluoro-3,4-dimethyl-

2-hexene (73.) (22%) (Pound: C, 30.6; P, 68.1; K, 1.4%, M + 392;. 

C 1 Q F H g r e q u i r e s C, 30.6; P, 67.8; H, 1.5%, M + 392). Nmr spectrum 

no. 6, i r spectrum no. 10, IvIS no. 3. The fourth f r a c t i o n was shown 

by 'F nmr s p e c t r a l data to be a mixture of at l e a s t two isomeric 

components (27%) (Pound: C, 30.4; P, 67.8; H, T.3%, M + 392. 

C 1 Q F Hgrequires C, 30.6; F, 67.8; H, 1.5%, tt + 392). 

I n another r e a c t i o n c a r r i e d out f o r a shorter time the proportions 

of ( ( 7 1 ) + ( 7 2 ) ) to the l e s s v o l a t i l e components was 72% to 28%, with 

(72) again being the major product. 

i i ) Reaction with Methyllithium using excess Compound ( 5 0 ) . 

Compound (£0) (4.77g, 11.9mmol) i n ether (10-11ml) was cooled 
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to 0°C. Methyllithium (3.75ml, ca. 1,7M i n ether, ca. 7mmol) was added 

f a i r l y r a p i d l y . A white colouration was observed. The mixture was s t i r r e d 

f o r 4.5h at room temperature. Water was added and the organic l a y e r 

extracted ( e t h e r ) and dr i e d (magnesium s u l p h a t e ) . Glc a n a l y s i s ( c o l . 0, 

90°C) showed there to be many other components i n the mixture as w e l l 

as those expected for the r e a c t i o n . The r e a c t i o n was not pursued 

f u r t h e r . 

V II.4.B. Reaction of Potassium F l u o r i d e with Product f i x t u r e from VII.4.A. 

The r e a c t i o n mixture from VII.4.A. above (T.06g) and potassium 

f l u o r i d e (0.12g, 2.1rnmol) were s t i r r e d together i n tetraglyme at 

room temperature. A yellow colouration was observed immediately. After 
T9 

4 days the F nmr spectrum was taken of the crude mixture and the 

s i g n a l s were s i m i l a r to those of compound (71.). Glc a n a l y s i s ( c o l . 0, 

95-100°C) showed that the major v o l a t i l e component was ( 7 1 ) . not 

(72) as in the o r i g i n a l mixture. 

V I I . 4 . C . Reaction with n - 3 u t y l l i t h i u m . 

Compound (jjO) (8g, 20mmol) i n dry ether (15ml) was cooled to 

0°C. n-Butyllithium (12ml i n hexane) was added over 0.5h and a vigorous 

r e a c t i o n ensued l e a v i n g a yellow-coloured s o l u t i o n . The mixture was 

s t i r r e d at room temperature for 1h and water was added, the organic 

l a y e r was separated and d r i e d (magnesium sulphate) and the ether 

removed at atmospheric pressure. Glc a n a l y s i s of the residue (4.84g) 

(Pye T04, c o l . 0, 100°C) showed that no (J50) was l e f t and that two 

products were formed. These were separated from the mixture by 

preparative s c a l e g l c ( c o l . 0, 195°C) to give c i s , t r a n s - 4 - b u t y l -

perfluoro-3,4-dimethyl-2-hexene (7J>) (Found: Hi + 417 (P - 21); C 1 2 F 1 5 H g 

r e q u i r e s M + 438). Nmr spectrum no. 9, i r spectrum no. 1T. and 

3-butyl-perfluoro-2-ethyl-3-methyl-1-pentene (77) (Found: M + 417 
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(P - 21); C^P^Hg r e q u i r e s M + 438). Nrnr spectrum no. 10, i r spectrum 
no. 12. 

VII.4.D. Reaction of Potassium Fluoride with Product Mixture from V I I . 4 . C . 

Crude r e a c t i o n mixture from V I I , 4 . C . above (1.06g) was s t i r r e d 

a t room temperature with a small amount of potassium f l u o r i d e i n 

tetraglyme. Soon a f t e r mixing a yellow colouration was observed. A f t e r 
19 

s e v e r a l hours the P nmr spectrum showed the mixture to c o n s i s t 

l a r g e l y of compound (76) , r a t h e r than an approximately equal mixture 

of (76) and ( 7 7 ) , as o r i g i n a l l y . 

V I I . 4 . E , Reaction with Sodium Diethylmalonate, 

Sodium hydride (50$ d i s p e r s i o n i n o i l ) was added to d i e t h y l -

raalonate (1.57g, 9.8mmol) i n tetraglyme (5ml) u n t i l no more effervescence 

was observed. Compound (50) (4.07g, 10.2mmol) was added i n one portion 

at room temperature to give i n i t i a l l y a two phase system. A yellow 

colouration began to develop and a f t e r s e v e r a l hours' s t i r r i n g at 

room temperature the v o l a t i l e m a t e r i a l was vacuum t r a n s f e r r e d to 

g i v e two l a y e r s of c o l o u r l e s s l i q u i d (5.14g). Water was added to the 

i n v o l a t i l e residue but no lower l a y e r was observed. The lower 

(fluorocarbon) l a y e r of the v o l a t i l e f r a c t i o n was separated (3.45g) 

and shown by g l c a n a l y s i s ( c o l . 0, 240°C) to contain diethylmalonate, 

(50) and one product ( 5 9 % by g l c , ca. 37% y i e l d ) . A sample of t h i s 

was separated by preparative s c a l e g l c ( c o l . 0, 195°C). MS-glc 

a n a l y s i s of the product i n d i c a t e d that i t was a mixture of two 

components with M+ 512 (P - 28) ( l o s s of CO). T h i s i s consistent with 

C^^P^H^O^. Comparison of the composite nmr spectrum with model 

compounds suggested that a compound (78) i s present. 



V I I . 5 . Miscellaneous Reactions. 

VII.5.A. Reaction with Diezomethane. 

An e t h e r e a l s o l u t i o n of diazomethane (prepared as i n Section I I I . 3 . G . ) 

was added to compound (j?0) (4.81g, 12mmol) at room temperature u n t i l 

the yellow colour of diazomethane p e r s i s t e d . The mixture was kept 

at room temperature for s e v e r a l hours and then the ether was removed 

at atmospheric pressure. Glc a n a l y s i s ( c o l . 0, 100° C) showed a small 

amount of compound (^0) together with a l e s s v o l a t i l e component. This 

was p u r i f i e d by p r e p a r a t i v e s c a l e g l c ( c o l . 0, 100°C) to give 

perfluoro-4,5-diethyl-4,5-dimethyl-3-H-2-pyrazoline (81) (Pound: 

C, 24.2; P, 6S.0; H, 0.2; K, 6.7%, M + 442. C gF l 6H 2K' 2 r e q u i r e s C, 24.4; 

P, 68.8; H, 0.4; N, 6.3%, K + 442). Kmr spectrum no. 11, i r spectrum 

no. 13, MS no. 4. 

VII.5.B. Reaction with Sodium Borohydride. 

Sodium borohydride (1.23g, 32.4mmol) was s t i r r e d i n tetraglyme 

(14ml) f o r 35min. at 0°C. Compound ($0) (6.90g, 17.?5irmol) was added 

over 20min. against a counter current of nitrogen. The mixture was 

s t i r r e d at 0°C f o r 25min. and then at room temperature f o r T7.75h. The 

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 (3.96g). Glc (Pye T04, 

c o l . 0, 48°C) showed three components and no s t a r t i n g m a t e r i a l . Water 

was added to the residue, which was completely soluble and therefore 

contained no fluorocarbon. The v o l a t i l e components were separated 

by preparative s c a l e g l c ( c o l . 0, 90°C) to give c i s , t r a n s -

3-difluoromethyl-4-trifluoromethyloctafluoro-2-H-4-H-2-hexene (82) 

(Pound: C, 27.8; P, 71.6; H, 0.9%, M + 346. C Q F i 0 H , r e q u i r e s C, 27.8; 

P, 71.4; H, 0.9?.:, M + 346). Kmr spectrum no. 12, i r spectrum no. 14, 

MS no. 5 and c i s , trans-3-monofluoromethyl-4-»trifluoromethyloctafluoro-

2-H-4-H-2-hexene (83.) (Pound: C, 29.5; P, 69.2; H, 0.9%, M + 328. 

C f lF 1 2H r e q u i r e s C, 29.3; ?, 69.5; H, 1.2%, M+ 328). Nmr spectrum no. 13, 



spectrum no. 15 t MS no. 6. The t h i r d component was not c h a r a c t e r i s e d . 
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V I I I . T . Instrumentation. 

The instrumentation used i n t h i s s e c t i o n of work i s as described 

e a r l i e r (Chapters I I I and V I I ) . 

V I I I . 2 . Reagents.and Solve n t s . 

Perfluoro-2-hydro-3-ethyl-2,3,4,5-tetramethylfuran was supplied 

by I . C . I , Kond, Ltd.. I t was p u r i f i e d by washing with d i l u t e 

h y d rochloric a c i d (to remove triethylamine used i n i t s preparation) 

then s e v e r a l times with water. The fluorocarbon l a y e r was separated 
19 

and dried (magnesium s u l p h a t e ) . P nmr s p e c t r a l data agreed with 
93 

those of an authentic sample . 

A l l other reagents and solvents were used as supplied, or as 

pre v i o u s l y described. 

V I I I . 3 . Preparation of Purans. 

VIII..3.A. Preparation of Perfluoro-2,5-dihydrotetramethylfuran ( 5 8 ) . 
71' 

T h i s was prepared according to a l i t e r a t u r e method . From g l c 

a n a l y s i s ( c o l . 0, 60°C) i t was shown that 71% conversion was obtained 

and 46% y i e l d . The product mixture d i s t i l l e d on a concentric tube 

apparatus to give (£8) (26.5%) b.p. 83-85°C 

V I I I . 3 . 3 . Preparation of Perf l u o r o t e t r a m e t h y l f u r a n , ( 8 5 ) . 

Perfluoro-2-hydro-3-ethyl-2,3,4,5-tetraraethylfuran (86) 

(87.4g, 183mmol) was passed i n a stream of nitrogen (flow r a t e ca.50cm.rain 1) 

through a tube packed with i r o n f i l i n g s . The products were c o l l e c t e d 

i n a cold trap (55.4g). Glc a n a l y s i s ( c o l . 0, 60°C) of the product 

mixture showed i t to contain compound (85_) (71%) ( i d e n t i f i e d by 
93 

comparison of r e t e n t i o n time with that of an authentic sample ) . 
D i s t i l l a t i o n on a concentric tube apparatus l e f t (85_) as the residue 

19 
(22.9g, 37.8%). P nmr s p e c t r a l data agreed with those of an authentic 
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sample . 

V I I I . 3 . C . Preparation of 3 , 4 , 5 - T r i s ( t r i f l u o r o m e t h y l ) f u r a n ( 8 7 ) . 

Compound (86) (56.6g t 118mmol) was heated to 60°C and passed i n 

a flow of nitrogen (flow r a t e ca.. 50cm.min - 1) through a s i l i c a tube 

l i n e d with platinum and f i l l e d with platinum p i e c e s , at 655-660°C. 

The products were c o l l e c t e d i n a cold trap (34.8g). 1'he v o l a t i l e 

m aterial was vacuum t r a n s f e r r e d (33.8g). Glc a n a l y s i s ( c o l . A, 50°C) 

showed that 100% conversion to products had occurred and that at 

l e a s t 88% of the mixture was (87_) (by comparison of r e t e n t i o n time 
93 

with that of an authentic sample ) which gave 86% y i e l d . Unless 

otherwise s t a t e d the m a t e r i a l was not f u r t h e r p u r i f i e d before use. 

Account i s taken of t h i s . 

V I I I . 3 . D . Preparation of Perf luoro-1-(3' ,4' .S'-trimethylfuryD-l-H-T-H-

propane (91) • 

a) I r r a d i a t i o n of Compound (50) with Acetaldehyde. 

Compound (50) (35.84g, 89.6mmol) and acetaldehyde (10.9g, 247.7mmol) 

were s e p a r a t e l y degassed and mixed i n a sealed tube which was i r r a d i a t e d 

f o r 846h at 5cm from ^°Co ^ - r a y source with a dose r a t e of 2.436x1O^radh 
n 

(2.06x10 r a d ) . When the tube was opened some t a r r y m a t e r i a l was 

observed and the c l e a r homogeneous mixture was d i s t i l l e d on a 

concentric tube d i s t i l l a t i o n apparatus to remove the v o l a t i l e m a t e r i a l . 

Glc a n a l y s i s of the residue ( c o l . 0, 77°C) showed there to be mainly 
one component l e f t . T h i s was vacuum t r a n s f e r r e d and i d e n t i f i e d as 

(89) (35.05g, 88%) (by comparison of r e t e n t i o n time with that of an 
74» 

authentic sample ) . 

b) Reaction of Compound (89_) with Tri-n-butylaraine. 

Compound (39) (I9.3g, 43.4mmol) was mixed with tri-n-butylan:ine 

(30.04g, 1&2.4mmol) i n tetraglyrr.e (23ml) and the mixture was s t i r r e d 
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overnight, although a s i n g l e l a y e r had formed within 8 min, of addition. 

The mixture was washed with dilute; hydrochloric acid (2M, 2x50ml) to 

remove excess amine and then water (2x50ml) and f i n a l l y d r i e d over 

magnesium sulphate. A f t e r removal of desiccant the 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 (14.4g) and g l c a n a l y s i s ( c o l . 0, 120°C) 

showed t h i s to be one component ( >96';£) • This was i d e n t i f i e d as 
19 

compound (90) by comparison of F r.mr data with those of an authentic 

sample. The y i e l d of (90) was 79%-. 

I n another experiment c a r r i e d out on a l a r g e r s c a l e and worked-up 

i n a s i m i l a r manner the v o l a t i l e m a t e r i a l recovered was shown to be 

86$ pure. MS-glc a n a l y s i s of the impurity in the mixture showed 

m/e I'* 340 (C oF._0) and a fragmentation pattern consistent with 
, 1 g 

perfluorotetramethylfuran (£35.). P nmr data of the mixture also 

showed s i g n a l s c o n sistent with t h i s (S -60.8ppm and 66.05ppm of equal 

i n t e n s i t y ) . 

c ) P y r o l y s i s of Compound ( 9 0 ) . 

Compound (90) ( I 2 . 1 g f 28.75mmol) was passed through a tube 
containing platinum at 600-610 0C i n a stream of nitrogen (flow rate 

_1 

ca. GOcm.min ) , the products of the r e a c t i o n being c o l l e c t e d i n a 

cold trap. A large amount of t a r r y m a t e r i a l was observed on the 

platinum surface and a l s o i n the recovered m a t e r i a l . Vacuum transference 

y i e l d e d v o l a t i l e m a t e r i a l (6.33g) gi v i n g a recovery of 49%. Glc 

a n a l y s i s ( c o l . 0, 120°C) showed that the major product was over 94% 

pure (51$ y i e l d ) . By comparison of nmr data , t h i s compound was 

i d e n t i f i e d as perfluoro-1-(3*,4',5*-trimethylfuryl)-1-H-1-H-propane (91) 

(Pound: C, 29.5; H, 0.22%, M+ 404. C^P^HgO re q u i r e s C, 29.7; H, 0.49%, 
+ 404). MS no. 10. 

I n another experiment, the mixture containing (90) (86$) and 

(85) (14$) (35.01g) was reacted i n a s i m i l a r manner to that described above 

except that during the experiment the temperature of the tube rose 



to 800°C. V o l a t i l e material (1'1.49g) was recovered from the cold 

t r a p s . Glc a n a l y s i s ( c o l . T, 110°C) of t h i s mixture showed there to 

be four major components present. These were separated by preparative 

s c a l e g l c ( c o l . T, 80°C) and i d e n t i f i e d as follows: (8£) (9.7% of 
19 

mixture), i d e n t i f i e d by comparison of P nmr, i r and mass s p e c t r a l 
93 

data and g l c r e t e n t i o n times with those of an authentic sample ; the 

second f r a c t i o n (15.4% of mixture) was obtained as a mixture of 

components and was not f u r t h e r separated; (91) (57.7% of mixture) 
19 

i d e n t i f i e d by comparison of P nmr, i r and mass s p e c t r a l data and 

g l c r e t e n t i o n time with those of an authentic sample prepared e a r l i e r ; 

p e rfluoro-1-(3' ,4*, 5'-trircethylfuryl)-1-H-1-H-ethane (9_2) (17% of 

mixture) (Pound: C, 30.7; F, 64.7; H, 0.3%, M + 354. CgF^HgO r e q u i r e s 

C, 30.5; P, 64.4; H, 0.6%, i£+ 354). Kmr spectrum no. 16, i r spectrum 

no. 19, MS no. 11. B.p. 133.5°C. 
V I I I . 4 . Reactions of Furans. 

V I I I . 4 . A . Reaction of Compound (87) with Sodium Borchydride. 

Sodium borohydride (0.41g, 10.7mmol) was added to tetraglyme (10ml) 

and s t i r r e d at i c e - s a l t temperature f o r 50min.. Perfluoro-3,4,5-

trimethylfuran (87) (3.01g, 9.1mmol) was added dropwise against a 

counter-current of nitrogen. On addition effervescence occurred slowly 

and a yellow colouration was observed. After addition ( i h ) the mixture 

was allowed to warm up to room temperature and s t i r r i n g was continued 

f o r a f u r t h e r 2h. The v o l a t i l e components were vacuum t r a n s f e r r e d (2.11g) 

Glc a n a l y s i s ( c o l s . 0 and A, 100-120°C) showed a s i n g l e component to 

be present. The residue from vacuum transference was destroyed over 

a long period with water. 3 , 4 , 5 - T r i s ( t r i f l u o r o m e t h y l ) f u r a n (93) was 

formed i n 85% y i e l d (100$ conversion of s t a r t i n g m a t e r i a l ) (Pound: 

C, 31.0; F, 62.5; H, 0.3%, -Vi + 272. C^HO re q u i r e s C, 30.9; P, 62.8; 

H, 0.4%, iV + 272). Nmr spectrum no. 14, i r spectrum no. 16, MS no. 7, 
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\ KeOH 2 l 6 n m ( 3 8 2 ) B 101.5°C 
/\ max r 

V I I I . 4 . B . Reaction of Compound (87) with Methyllithium. 

Methyllithiura (9.5ml, ~l6mreol) was added dropwise to compound 

(87) (4.54g, 13.7ir.mol) at 0°C. A vigorous r e a c t i o n occurred and 

a f t e r addition the mixture was s t i r r e d at 0°G for a f u r t h e r 25 rein, and 

at room temperature f o r 2.5h. Water was added to the bulk and the 

organic phase was ether extracted. The ether l a y e r was separated, 

dried (magnesium sulphate) and the ether removed by d i s t i l l a t i o n . The 

residue (2.51g) was shown by g l c a n a l y s i s (Pye 104, c o l . 0, 70°C) to 

contain a s i n g l e component, 2-m e t h y l - 3 , 4 , 5 - t r i s ( t r i f l u o r o m e t h y l ) f u r a n 

(9J.) (Pound: C, 33.6; P, 60.1; H, 0.7%, M* 286. C g F ^ O re q u i r e s 

C, 33.6; P, 59.8; H, 0.79?, k + 286). Nmr spectrum no. 15, i r spectrum 

no. 17, MS no. 8. A y i e l d of 64$ was obtained, which was probably low 

because of the d i f f i c u l t y of separating the emulsion formed a f t e r 

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

V I I I . 4 . C Reaction of Compound (87) with Sodium Methoxide. 

Sodium (0.68g, 29mmol) was added to excess methanol (14-15ml) 

and compound (87) (3.54g, 10.7mmol) was added slowly. A f t e r s t i r r i n g 

f o r 31h at room temperature a yellow colouration wns observed and 
19 

F nmr s p e c t r a l data i n d i c a t e d that the main component i n the mixture 

was s t a r t i n g m a t e r i a l . The mixture was then heated under r e f l u x _(.65°C) 

f o r 27h. A lower l a y e r separated on cooling. The v o l a t i l e material 

was vacuum t r a n s f e r r e d and the majority of the methanol was d i s t i l l e d 

at atmospheric pressure. The v o l a t i l e material was vacuum t r a n s f e r r e d 

once more to leave a residue (i.49g) which contained 2-methoxy-3,4,5-

t r i s ( t r i f l u o r o m e t h y D f u r a n (95) (42vG by g l c , c o l . 0, 130°C, 0. 9g), 

the remainder being methanol. The v o l a t i l e f r a c t i o n contained a small 

amount of (95) (5.4%, 0.49?). Compound (95) was i d e n t i f i e d by comparison 

http://13.7ir.mol
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of diita with those of an authentic sample '. The y i e l d , according to g l c , 
was c a . 75%. The material was not i s o l a t e d f u r t h e r . 

V I I I . 4 . D . Reaction of Compound (37) with Neutral Methanol. 

Compound (87) (2.32g, 7nur,ol) and dry methanol (6ml) were s t i r r e d 

at room temperature for 24h. Glc a n a l y s i s ( c o l . 0, 100°C) showed there 

to be only s t a r t i n g m a t e r i a l s present i n the mixture a f t e r t h i s time. 

Refluxing for three hours produced no r e a c t i o n but a f t e r 2 days at 

t h i s temperature, g l c a n a l y s i s shov.ed that " 28% of the fluorocarbon 

present was compound ( 9 5 ) . 

V I I I . 4 . E . Reaction of Compound (87) with Fhenylmagnesium bromide. 

Magnesium (0.62g, 25.8mmol) i n dry ether (10ml) was a c t i v a t e d 

with 1,2-dibromoethane. 3roraobenzene (3.32g, 21mrr.ol) was added at such 

a r a t e that r e f l u x was maintained and the mixture was then heated 

for a f u r t h e r 0.5h to ensure complete r e a c t i o n . Compound (87) (5.86g, 

18mmol) i n ether (5ml) was added dropwise at a r s t e to maintain 

r e f l u x . A. s l i g h t l y exothermic r e a c t i o n occurred and a c e r t a i n amount 

of i n t r a c t a b l e m a t e r i a l was formed. After addition, the mixture was 

heated for 1.l6h, then quenched with a c i d and i c e . The organic l a y e r 

was extracted with ether and dried over magnesium sulphate. The ether 

was d i s t i l l e d through a small column at atmospheric pressure and the 

residue was vacuum t r a n s f e r r e d . A white s o l i d appeared on transference, 

together with a c o l o u r l e s s l i q u i d . Glc a n a l y s i s (Pye 104, c o l . 0, 209°O 

of t h i s l i q u i d showed i t to contain one major product as w e l l as 

compound (87) and minor components. No bromobenzene or benzene were 
19 

observed. P nmr s p e c t r a l data i n d i c a t e d t h a t the major component 

was 2-phenyl-3, 4, 5 - t r i s ( t r i f l u o r o m e t h y p f u r a n (96) (by comparison with 

an authentic sample) and t h i s was separated by preparative s c a l e g l c 
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( c o l . 0, 210°C) (l.34g, 22%). T i c of the t a r r y residue (CHCl^:CgH u; 

5:14) showed that compound (9_6) was present but could not e a s i l y be 

e x t r a c t e d . .X 252nm (4.25), MS no. 9. 
max 

V I I I . 4 . P . Reaction of Perfluorotetramethylfuran (85) with kethoxide. 

a) Sodium (0.69g, 30mmol) was d i s s o l v e d i n methanol (14-15ml) and 

compound (85) (7.39g» 20mmol) was added. An exothermic r e a c t i o n ensued. 
19 

The mixture was l e f t s t i r r i n g f or 31h at room temperature but F 

nmr s p e c t r a l data i n d i c a t e d only the presence of s t a r t i n g m a t e r i a l 

a f t e r t h i s time. The mixture was heated to r e f l u x f o r 27h and again 
19 o 

F nmr s p e c t r a l data, as w e l l as g l c a n a l y s i s ( c o l . 0, 106 C) i n d i c a t e d 

that no r e a c t i o n had occurred. 

b) Compound (85.) (1.44g, 4.23mmol), methanol (2.47g, excess) and 

caesium f l u o r i d e (1.26g, 9.5mmol) were placed i n a Carius tube and 

degassed and the tube was s e a l e d . A f t e r heating at 100°C f o r 67h the 

v o l a t i l e m a t e r i a l was pumped from the tube and glc and MS-glc analyses 

i n d i c a t e d that no r e a c t i o n had occurred. 
V I I I . 4 . G . Reactions of Compounds (85) and (87) with Diazoraethane. 

Compound (87) (2.71g, 9.3mmol) i n ether was reacted with 

diazomethane i n ether (prepared as described i n Section I I I . 3 . G . ) . 

White fumes were observed and a small amount of gassing. The mixture 

was coloured yellow from the beginning of addition of diazomethane. 

A f t e r standing at room temperature overnight, the ether was d i s t i l l e d 

and the residue was vacuum t r a n s f e r r e d . Glc a n a l y s i s ( c o l . 0, 62°C) 
19 

showed that no r e a c t i o n had occurred. T h i s was confirmed by F nmr 

s p e c t r a l data. The bubbling observed was presumably due to decomposition 

of the diazomethane on the surface of the v e s s e l or the s t i r r e r . 

The r e a c t i o n with compound (8£) (3.23g, 2.9mmol) was c a r r i e d out 

i n e x a c t l y the same manner as described above and again i n t h i s case 
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only s t a r t i n g material was recovered. 

V I I I , 4 . H . I r r a d i a t i o n of Compound (3%) with Methanol on a b 0Co Source. 

Compound (85) (0.7g, 2.1mrr:ol) was mixed with methanol (0.4g, 12.5mmol) 
1° 

and the mixture was sealed i n an nmr tube. The I 7 nmr spectrum was 
run p r i o r to i r r a d i a t i o n . After i r r a d i a t i o n f or 1571h at 3cm from the 

7 1 Q 

source (dose=1.38x10 rad) the "F nmr spectrum was run again, fto 

change was observed i n the two s p e c t r a . 

V I I I . 4 . J . Reaction of Compound (85) with Potassium Permanganate i n Acetone. 

Potassium permanganate (3.0g, 19mmol) v/as d i s s o l v e d i n dry 

acetone (50ml) under nitrogen. Compound (8J?) (4.15g, 12.2mmol) was 

added slowly at room temperature against a counter-current of nitrogen. 

An exothermic r e a c t i o n was observed. A f t e r addition was complete 

the mixture was kept s t i r r i n g at room temperature f o r a further 5.5h. 

Water (30ml) warj added to the brown coloured mixture. Sulphur dioxide 

was bubbled through the mixture to decolourise i t and two l a y e r s 

r e s u l t e d . The top l a y e r was red and the lower one c o l o u r l e s s . A 

white s o l i d was also present. Ether and water were added to the 

mixture, the ether l a y e r was separated and washed with water and the 

aqueous l a y e r v/as washed with ether. The combined ether e x t r a c t s were 

dried (magnesium sulphate) and the ether was removed at atmospheric 

pressure. A small amount of a brown residue was l e f t . L i t t l e 

information could be obtained about the s t r u c t u r e s of components i n 

t h i s r e s i d u e . No s t a r t i n g material was detected.in any of the product 

mixtures. I t i s assumed that the products were e i t h e r gaseous or 

water-soluble and hence not observed. 
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V I I I . 5 . Photochemistry of Furans. 

The photolyses were c a r r i e d out according to the general method 
Q1 

described i n the l i t e r a t u r e ' u:-ing a high pressure uv lamp except 

i n the case of compound (£1) when a medium pressure uv lamp was used. 

S o l i d carbon dioxide was used as the coolant for trapping the products. 

V I I I . 5 . A . P h o t o l y s i s of Perfluoro-3,4,5-trimethylfuran (87_). 

Compound (87) (8.96g, 27.2ramol) was placed i n the transference 

apparatus and degassed. The system was evacuated and a p a r t i a l pressure 

of nitrogen (1.5 cm Hg) was allowed i n . The l i q u i d phase was shielded 

and the v e s s e l was i r r a d i a t e d f o r 18h 5oin.. Some i n v o l a t i l e m a t e r i a l 

was observed i n the r e a c t i o n v e s s e l and a c l e a r l i q u i d had t r a n s f e r r e d 

(4.98g). From g l c a n a l y s i s ( c o l . 0, 70°C) two components were detected-

product (58%) and unchanged (87) ( 4 2 % ) . The r e a c t i o n r e s u l t e d i n 

71% recovery of v o l a t i l e m a t e r i a l and 32.3% conversion to products. The 

components of the mixture were separated by preparative s c a l e g l c 

( c o l . 0, 70°C). The product was i d e n t i f i e d as perfluoro-1,2,3-trimethyl-
1 9 

cyclopropenylacyl f l u o r i d e (jT7), by comparison of P nmr and i r 
43 

sp e c t r a with those of an authentic sample . 

V I I I . 5 . B . P h o t o l y s i s of 3 , 4 , 5 - T r i s ( t r i f l u o r o m e t h y l ) f u r a n ( 9 ^ ) . 

Compound (93) (8.05g, 29.6mmol) was placed i n the transference 

v e s s e l and the l i q u i d was degassed. The pressure of the system was 

regulated to 1cm Hg with dry nitrogen. The l i q u i d phase was shielded 

and the system was i r r a d i a t e d f o r 46.75h. A c l e a r l i q u i d had t r a n s f e r r e d 

(2.32g, 29% recovery) and g l c a n a l y s i s ( c o l . A, 55°C) showed there 

to be 13% conversion to products. Three major components were separated 

by preparative s c a l e g l c ( c o l . A, 55°C) to give the following: 

1 , 2 , 3 - t r i s ( t r i f l u o r o m e t h y l ) c y c l o p r o p e n y l aldehyde ($8) (Pound: fc+ 243 

(P - CHO). C 7P QH0 requ i r e s M+ 272). Nmr spectrum no. 24. 1 , 3 - b i s ( t r i f l u o r o -



1 4 4 

methyl)-2-H-cyclopropenyltrifluoromethylketone (99) (Found: M+ 272 

C„F QHO r e q u i r e s M+ 272). Nmr spectrum no. 17, i r spectrum no. 22. 

3 . 4 . 5 - t r i s ( t r i f l u o r o m e t h y l ) f u r s n (93) (unchanged s t a r t i n g m a t e r i a l ) . 

V I I I . 5 . C . P h o t o l y s i s of 2-I»ethvl-3.4. 5 - t r i s ( t r i f l u o r o m e t h y l ) f u r a n (9J.). 

Compound (94) (5.2Tg, 18.2mmol) was placed i n the transference 

v e s s e l and degassed. The pressure i n the v e s s e l was adjusted to 4mm Hg 

pressure with dry nitrogen and the system was i r r a d i a t e d f o r 40h 40min.. 

A c o l o u r l e s s l i q u i d was c o l l e c t e d i n the trap (2.10g, 40% r e c o v e r y ) . 

Glc a n a l y s i s ( c o l . A, 80°C) showed there to be four components present. 

The f r a c t i o n s were separated by preparative s c a l e g l c ( c o l . A, 100°C) 

to give: 1,2,3-tris(trifluoromethyl)cyclopropenylmethylketone (100) 

(20$) (Found: M+ 286, C QFgil^0 r e q u i r e s K*286). Nmr spectrum no. 18, 

i r spectrum no. 23, WIS no. 13; 3-methyl-2,4, 5 - t r i s ( t r i f luoromethyl) furan 

(102) (18%) (Found: W+286, CQF^H^0 r e q u i r e s M+ 286). Hair spectrum no. 19, 

i r spectrum no. 18; 2-methyl-1,3-bis(trifluoromethyl)-1-cyclopropenyl-

t r i f luoromethylketone (101) (11*.) (Found: K + 267 (3? - 19). CgFgH^O 

req u i r e s K + 286). Nmr spectrum no. 20, i r spectrum no. 24, MS no. 14; 

compound (94) (51%) (unchanged s t a r t i n g m a t e r i a l ) . 

V I I I . 5 . D . P h o t o l y s i s of Perfluoro-1-(3',4',5'-trimethylfuryl)-1-H-1-H-

propane ( 9 1 ) . 

Compound (91.) (5.73g, 14mmol) was placed i n the transference 

v e s s e l , degassed and the pressure was adjusted to 0.06 mm Hg with dry 

nitrogen. She l i q u i d phase was shielded and the v e s s e l was i r r a d i a t e d 

for 2l.25h with a medium pressure uv lamp. A high recovery of v o l a t i l e 

m a t e r i a l was obtained i n the cold trap (4.72g, 82.4$ r e c o v e r y ) . Glc 

a n a l y s i s of t h i s ( c o l . T, 100°C) i n d i c a t e d the presence of f i v e r.'ajor 

coaporierts i n the mixture and these were separated by preparative 

s c a l e g l c to give the following: the f i r s t f r a c t i o n was found to 
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contain a mixture of components which were not separated f u r t h e r ; 

3 , 4 , 5 - t r i s ( t r i f l u o r o m e t h y l ) f u r y l t r i f l u o r o m e t h y l a c e t y l e n e (103) (Found: 

C, 32.7; 62.396, fc+ 364. C 1 0 ? 1 2 C r e q u i r e s C, 33.0; F, 62.4%, M+ 364). 

Nmr spectrum no. 21, i r spectrum no.20; c i s , trans-perfluoro-1-

(3',4',5 ,-trimethylfuryl)-1-H-1-propene (104) (Found: C, 31.0; H, 0.0%, 

¥.* 384. CJQF^HO r e q u i r e s C, 31.3; H, 0.3%, M + 384). Nmr spectrum no. 22 

i r spectru.i. no. 21, IwS no. 12; compound (91) (unchanged s t a r t i n g 

m a t e r i a l ) ; perfluoro-1-(3',4',5'-trimethylfuryl)-1-H-1-H-ethane (92) 

i d e n t i f i e d by comparison v/ith s p e c t r a l data of an authentic sample 

prepared by an a l t e r n a t i v e method (Section V I I I . 3 . D . c ) . 

V I I I . 6 . Related Reactions. 

V I I I . 6 . A . Reaction of Compound (9J_) with Triethylamine. 

Compound (91) (0.17g, l.42mmol) and triet h y l a m i n e (0.19g, 1.88mmol) 

were placed i n an nmr tube to give two l a y e r s i n i t i a l l y . Soon a f t e r 
19 

mixing only one l a y e r was present. F nmr s p e c t r a l data, obtained 

a f t e r 1h 5min t, showed that trans-perf luoro-1-( 3', 4*., 5 ' - t r i m e t h y l f u r y l ) -

1-H-1-propene was present. (Nmr spectrum no. 23) Comparison of g i c 

ret e n t i o n time with that of compound (104) confirmed t h i s i d e n t i f i c a t i o n 
19 

When the mixture was heated no change was observed i n the F 

nmr spectrum. 

V I I I . 6 . 3 . Reaction of Compound (,9J.) with Potassium F l u o r i d e . 

Compound (91) (O.S8g, 2.2mmol) was heated to 60-70°C and passed 

through a s i l i c a tube containing potassium f l u o r i d e at 580-630°C i n 

a stream of nitrogen (flow r a t e ca. 50cm.min~ 1). The products were 

trapped i n a cold t r a p . liiuch t a r r y m a t e r i a l was observed on the 

potassium f l u o r i d e surface and very l i t t l e m a t e r i a l was c o l l e c t e d i n the 

t r a p . T h i s i n d i c a t e d that the furan had e i t h e r t a r r e d up on the 
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f l u o r i d e surface or some perhaps had broken up to give gaseous products 

which were not trapped. 

V I I I . 6 . C . Fassage of Compound (58) over Platinum. 

Compound (58) (3.01g, 7.9mmol) was heated to 40-60°C and passed 
_1 

i n a stream of nitrogen (flow rate ca. 50cm.min ) through a s i l i c a 

tube packed with platinum pieces heated to 650-670°C. A l i q u i d (2.04g) 

was recovered i n a cold trap end the v o l a t i l e m a t e r i a l (l.94g) was 

vacuum t r a n s f e r r e d . Glc a n a l y s i s of t h i s m a t e r i a l (Pye 104, c o l . 0, 

210° t110°C; c o l . A, 110°C) showed that only a very small amount of 
19 

r e a c t i o n had occurred. F nmr s p e c t r a l data confirmed that the 

mater i a l was l a r g e l y s t a r t i n g m a t e r i a l . 

The r e a c t i o n was repested at a higher temperature (805-810°C), 

with a lower flow rate of nitrogen and without heating the m a t e r i a l 

i n i t i a l l y . Only a small amount of a t a r r y material was trapped i n t h i s 

experiment. 



APPENDIX I 

Nmr Spectra 

1 . Pentafluorophenylethane ( 2 4 ) . 

2 . 1 - 3 r o m o - 2-butyltetrafluorophenylethane ( 2 8 ) . 
p 

3 . 1-Bromo - 2-per.tafluoropheryl- [ 1 , 1 - H 2]-ethane ( 3 2 ) . 

4 . 2-Trifluoromethyl - 3 - ( 2•-methylaminooctafluoro - 2'-butyl) - 4-methyl-

imino-N-methyl -2-azetine ( 6 7 ) . 

5 . Trans - 4-methylamino-uerfluoro - 3 . 4-dimethyl - 2-hexene ( 6 6 , ) . 

6 . Cis,tre.ns - 4-methyl-perfluoro - 3 . 4-dimethyl -2-hexene (71) . 

7. 3-fv.ethyl-perfluoro - 2-ethyl - 3-methyl - 1-pentene ( 7 2 ) . 

8. C i s , t r a n s - 2 , 4-diir.ethyl-perf luoro - 3 . 4-dirnethyl - 1-pentene ( 7 3 ) . 

9 . C i s , tra n s - 4 - b u t y l - p e r f l u o r o - 3 . 4 - d i m e t h y l - 2 - h e x e n e ( 7 6 ) . 

1 0 . 3-Butyl-perfluoro - 2-ethyl - 3-methyl-l-pentene ( 7 7 ) . 

1 1. P e r f l u o r o - 4 , 5 - d i e t h y l - 4 , 5-dimethyl -3-H -2-pyra.^oline (8J.) . 

12. C i s , t r a n s - 3 - d i f l u o r o m e t h y l - 4 - t r i f l u o r o m e t h y l o c t a f l u o r o - 2 - H - 4 - H -

2-hexene ( 8 2 ) . 

1 3 . C i s . trans - 3-monofluorometh.yl - 4-trifluoromethyloctafluoro - 2-H - 4-H-

2-hexene ( 8 3 ) . 

H. 3 . 4 , 5 - T r i s ( t r i f l u o r o m e t h y l ) f u r a n ( 9 3 ) . 

1 5 . 2-l>:ethyl -3 ,4 . 5 - t r i s ( t r i f l u o r o m e t h y l ) f u r a n ( 9 4 ) . 

1 6 . P e r f l u o r o - ( 3 , , 4 ' , 5 , - t r i m e t h y l f u r y l ) - 1 - H - 1 - K - e t h a n e (9J!). 

17. 1 , 3 - 3 i s ( t r i f l u o r o r a e t h y l ) - 2-H-cyclopropeny].trif luoromethylketone (9_9_). 

18. 1 , 2 , 3 - T r i s ( trifluoromethypcyclopropenylraethylketone (100) . 

1 9 . 3-I'-ethyl - 2 , 4 , 5 - t r i s ( t r i f luoromethyl)furan ( 1 0 2 ) . 

2 0 . 2-iv.ethyl -1 , 3-bis( t r i f luorornethyl ) - 1 - c y c l o p r o p e n y l t r i f luorornethyl-

ketone ( 1 0 1 ) . 

2 1 . 3 , 4 , 5 - T r i s ( t r i f l u o r o n e t h y l ) f u r y l t r i f l u o r o m e t h y l a c e t y l e n e ( 1 0 3 ) . 

2 2 . P e r f l u o r o - 1 - ( 3 ' , 4 ' , 5 ' - t r i m e t h y l f u r y l ) - 1 - H - 1 - p r o p e n e ( 1 0 4 ) ( c i s , t r a n s ) . 

2 3 . T r e n s - p e r f l u o r o - 1 - ( 3 * , 4 ' , 5 ' - t r i m e t h y l f u r y l ) ~ 1 - H - 1 - p r o p e n e ( 1 Q 4 a ) . 

24. 1 , 2 , 3 - T r i s ( t r i f l u o r o m e t h y l ) c y c l o p r o p e n y l a l d e h y d e ( 9 8 ) . 
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The following abbreviations are used i n the nmr t a b u l a t i o n s : 

D doublet 

T t r i p l e t . 

Q quartet 

S s i n g l e t 

IE m u l t i p l e t 
1 q 

The F s h i f t s are quoted i n ppm u p f i e l d from external CPCl^ and the 
1 
H s h i f t s are quoted i n ppir. downfield from external IMS. 



T. Pentafluorophenylethane ( 2 4 ) . 

S h i f t (ppm) Pine s t r u c t u r e R e l a t i v e Assignment 
I n t e n s i t y 

Coupling constants 
i n Hz 

148.47 m 2 b 

162.22 T(J=20) 1 c 

166.86 m 2 a 

1H £ 1.3, ( T ) , e , 2.75, (Q), d. 

d e 
C H2 

F 

c 
(24) 

C H 2 C H 2 B r 

(28) 

2. 1-Brorao-2-butyltetrafluorophenylethane ( 2 8 ) . 

S h i f t (ppm) Pine s t r u c t u r e 

Coupling constants 
i n Hz 

R e l a t i v e 
I n t e n s i t y 

Assignment 

146.45 S broad a,a' 

1H S 1.35 - 3.54, ( r a ) . 



1 5 C 

2 3.1-Brorr,o-2-pentaflLiorophenyl-[ 1,1- H_]-ethane ( 3 2 ) . 

S h i f t (ppnr.) Pine s t r u c t u r e R e l a t i v e Assignment 

Coupling constants I n t e n s i t y 
i n Hz 

146.13 rn 2 b 

161.03 T (J = 20) 1 c 

T65.64 rn 2 a 

1H S 3.65 (S) 

CH 2 CD 2 Br 

a 

b 

CR 
3N 

F 

c 
(32) 

a b 
CF 3CF 2 

C H 3 N f q C R 

N-CH 3 e 

" N C H 3 e 

(67) 

4.2-Trifluoromethyl-3-(2'-methylaminooctafluoro-2'-butyl)-4-methy1-

imino-N-methyl-2-azetine ( 6 7 ) . 

S h i f t (ppm) 

66.63 

70.09 

82.23 

116.01 

Pine s t r u c t u r e 

Coupling constants 
i n Hz 

m(broad) 

W ( J =10) 

S 

m (J = 11) 

R e l a t i v e 
I n t e n s i t y 

Assignment 

3 

2 

d 

c 

a 

b 

1H S 2.38, 2.7 ,(m , 9H), e, 7.22 (m, 1H), f . 
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5. Ir^ns-4-methylamino-perf]uoro-3,4-diniethil-2-hexene ( 6 6 ) . 

S h i f t (pprr.) Fine s t r u c t u r e R e l a t i v e Assignment 
I n t e n s i t y 

Coupling constants 
i n Hz 

54.79 m 3 d 

65.07 rr. 3 c 

69.70 ( j = 16.) of D ( J = 2 ) 3 e 

81.31 S 3 a 

95.39 m 1 f 

118.44 m 2 b 

1H £ 2.89 (m, g) (sample too small to observe N-H proton). 
CF 0CF 0 CFCE e CF-CF- CFCF~e 
a 3 b2 s / / \ 3 e

 a 3 b 2̂  / / f 3 
C—C (66) X - C (7D 

g 3 cCF C F d

 c 3 C H 3 g

L h 3 d 

J J cis + trans 
6. C i s , trans-/--methyl-perfluoro-3.4-dimethyl-2-hffyene ( 7 1 ) . 

S h i f t (ppm) Fine s t r u c t u r e R e l a t i v e Assignment 
I n t e n s i t y 

Coupling constants 
i n Kz 

56.75 broad 3 d 

67.89 Q(J = 17) of D(J= 2) 3 c 

69.72 m 3 e 

82.18 S 3 a 

86.45 m 1 f 

114.15 re 2 b 

1H 6 1.17 (S) 



1 5 2 

7. 3-kethyl-perfluoro-2-ethyl-3-methyl-1-pentene ( 7 2 ) . 

S h i f t (ppm) 

56.72 

59.64 

71.88 

86.59 

88.72 

106 . 6 3 

T17.62 

Pine s t r u c t u r e 

Coupling constants 
i n Hz 

Q(J = 40) 

m 

&(J = 40) 

S 

D ( J = 1 5 ) 

: i ! 

ffi 

R e l a t i v e 
I n t e n s i t y 

1 
3 

3 

3 

2 

2 

Assignment 

a 

b 

c 

f 

d 

'H 6 1 . 3 5 ( S ) 

9 3 f 2 / A '/4 J 

t - C v 

I b CF 
c u r 3 CH 

3 Fn 

(72) 

CF^CE 
a b X - C 

f 3 a 3 

c 3 C H 3 g 

cis + trans 
3 d 

(73) 

8. Cis,trans-2,4-dimethyl-perfluoro - 3 ,4-dimethyl-l-pentene ( 7 3 ) . 

S h i f t (ppir.) 

54.49 

63.16 

64.27 

81.27 

110.23 

Pine s t r u c t u r e 

Coupling constants 
i n Hz 

m 

m(J= 14) 

m 

m 

m 

e l a t i v e 
I n t e n s i t y 

3 

3 

3 

3 

2 

Assignment 

d 

e 

c 

a 

b 

1H S 1.42 (m, 1 H ) , g, 1.S0 (n, 1 H ) , f 



9. C i s , trans-4-butyl-perfluoro - 3 ,4-dimethyl-2-hexene ( 7 6 ) . 

S h i f t (pprn) 

53.94 

6 1 . 3 1 

69 . 61 

81.58 

92 . 5 9 

114.91 

Fine s t r u c t u r e 

Coupling constants 
in Hz 

m 

in 

m 

ra 

very broad 

R e l a t i v e 
I n t e n s i t y 

3 

3 

3 

3 

1 

2 

Assignment 

e 

a 

f 

b 

1H £ 0.34 (overlapping m u l t i p l e t s ) 

CF^CF^ CFCF 
a 3 b 2 v / / f e3 

X - C (76) 

c 3 C A H g 3d 

c i s + trans 

CF 0 CE, 
a 3 b Z 

c J 

C 
I 
C,H ' ^ n 9 Fd 

10.3-3utyl-perf luoro - 2-eth.yl - 3-nethyl - 1-pentene (?';) * 

S f 2 e 3 
^ (27) 

9 " F d ' 

S h i f t (ppm) Pine s t r u c t u r e 
Coupling constants 

R e l a t i v e 
I n t e n s i t y 

Assignment 

ir. Kz 

5 5 . 9 2 m ) 2 , 3 d,d» 

60.46 in 
i 

c 

-7.9-.79 in ~< a 

80.6 m 3 e 

1 0 1 . 1 0 m 

103.62 m 

1 1 4 . 0 rr. 2 b 

K 6 0.84 (overlapping raultiplets) 

http://-7.9-.79


1T. Perfluoro-4, 5-diethyl - 4 , 5-dimethyl-3-H-2-pyrazoline(8_l). 

S h i f t (ppm) Pine s t r u c t u r e R e l a t i v e Assignment 
I n t e n s i t y 

Coupling constants 
i n Hz 

62.73 m 3 d 

'68.40 m 3 c 

81.03 m 6 a 

106.6 m 4 b 

1H 5 4.35, 4.60 , (m, 1 K ) , e, 7 . 9 1 , 8.56, (m, 1 K ) , f. 

Q - A CF^CF XHCF-e c^Tfd Q l&-<? 
H C ^ > I H CF3 ^ ^ c p H 

(62) 

12. C i s , t r a n s - 3 - d i f luoromethyl-4-trifluororr.ethyIcc .••-.-::'luoro-2-H-4-K-

2-hexene ( 8 2 ) . 

S h i f t (ppni) Pine s t r u c t u r e R e l a t i v e Assignment 
I n t e n s i t y 

Coupling constants 
i n Hz 

67.37 S broad 3 c 

69.95 S broad 3 e 

80.32 S broad 2 d 

88.2T S 3 a 

120.92 S broad 2 b 

""H £ 1 . 2 5 - 3 . 7 5 , (m), 2 . 1 (Q ( J = 1 0 ) ) . 



1 3 . C i s , trans - 3-monofluoro:i:ethyl-4-trifluoromethyloctafluoro-2-H-4-H-

2-hexene ( 8 3 ) . 

S h i f t (ppm) Pine s t r u c t u r e R e l a t i v e Assignment 
I n t e n s i t y 

Coupling constants 
i n Hz 

65.74 S broad 3 c 

68.49 m 3 e 

83.74 D(J=70) of T(J= 2 2)"J 3 a 

8 7 . 2 9 

1 1 9 . 2 m 1 , 2 d,b 

1H 6 1 . 3 3 - 7 . 8 3 (m) 

CF.CF. CHCF_e c b 

cis + trans 
1 4 . 3 , 4 , 5 - T r i s ( t r i f l u o r o m e t h y l ) f u r a n ( £ 3 ) . 

S h i f t (ppn:) Pine s t r u c t u r e R e l a t i v e Assignment 
I n t e n s i t y 

Coupling constants 
i n Hz 

59.63 m(J=7) 3 c 

62.34 m 3 b 

65.48 m 3 a 

1H £ 8.3 (m) 
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1 5 . 2-f;.ethyl-3, 4, 5 - t r i s ( t r i f l u o r o m e t h y l ) f u r a n ( 9 4 ) . 

S h i f t (ppm) 

60 . 3 0 

6 5 . 2 3 

Fine s t r u c t u r e 

Coupling constants 
i n Kz 

R e l a t i v e Assignment 
I n t e n s i t y 

6 

3 

a 

b 

1 H 6 1.97 (m) 

(94) 

Q ^ CH 2CF 3d 

m) 

1 6 . P e r f l u o r o - 1 - ( 3 ' , 4 , , 5 , - t r i m e t h y l f u r y l ) - l - H - 1 ~ H - e t f i a n e (21). 

S h i f t (pptrO 

60.42 

60.94 

65.65 

68.49 

Fine s t r u c t u r e 

Coupling constants 
i n Hz 

m 

m 

m 

K e l a t i v e 
I n t e n s i t y 

T (J=10) of Q(J=2) 3 

Assignment 

b 

b» 

c 

d 

1H S 3 . 3 2 (Q, J =9.5Hz) 



1 7 . 1,3-Bis(trifluoromethyl)-2-ii-cyclopropenyltrifluoromethylketone ( 9 9 ) l 

I h i f t (ppm) Pine s t r u c t u r e 
Coupling constants 

i n Hz 

63.56 

68.17 

70.57 

m broad 

m broad 

m 

R e l a t i v e 
I n t e n s i t y 

3 

3 

3 

Assignment 

c 

b 

a 

*H 6 5.77, (D(J-8) of m). 

^ .99) F 3 (100) 

18. 1.2.3-Tris( trifluoromethyDcyclopropenylmethyi none (100). 

S h i f t (ppm) Pine s t r u c t u r e 

65.46 

70.60 

Coupling constants 
i n Hz 

S 

S 

R e l a t i v e 
I n t e n s i t y 

6 

3 

Assignment 

a, b 

c 

1H £ 1.75, (m). 



1 9 . 3 - i . . e f f i y l - 2 , 4 , 5 - t r i s ( t r i f l u o r o n ; e t h y l ) f u r a n ( 1 0 2 ) . 

S h i f t (pprr.) 

6 1 . 0 6 

6 5 . 6 7 

6 5 . 9 4 

Pine s t r u c t u r e 

Coupling constants 
i n Hz 

a ( J = 40) 

mU = AO) 

Re l a t i v e 
I n t e n s i t y 

3 

3 

3 

Assignment 

c 

d 

a 

1H S 2.0 (rrO 

(102) 

2 0 . S - L e t h y l - l ^ - b i B C t r i f l u o r o B e t h y D - l - c y c l o p p o p e n y i t r i n u o r o m e t h y l -
Ifetone ( 1 0 1 ) . 

S h i f t (pprr:) P i n e s t r u c t u r e R e l a t i v e 
Coupling constants I n t e n s i t y 

in Hz 
64.09 S 

70.03 S 

78.19 s 

Assignment 

c 

3 b 

3 a 

1H S 2.3 ( m ) 



1 5 9 

21. 3 , 4 , 5 - T r i s ( t r i f l u o r o m e t h y l ) f u r y l t r i f l u o r o m e t h y l a c e t y l e n e (10^3). 

S h i f t (ppm) Fine s t r u c t u r e R e l a t i v e Assignment 
I n t e n s i t y 

Coupling constants 
i n Hz 

56.12 S 3 d 

60.21 s e p t e t ( j = 8) 3 b 

61.79 Q(J= 8) 3 a 

65.71 Q(J= 8) 3 c 

F 
C=C-Fc 

CF, 
d J 

0 C=CCFd a H CF 0 
(104) 103 

22. F e r f l u o r o - 1 - ( 3 ' , 4 ' , 5 ' - t r i : i i e t h y l f u r y l ) - 1 - H - 1 - p r o p e n e ( J 0 4 ) - ( c i s , t r a n s ) . 

S h i f t (ppin) 

5 8 . 4 4 

6 3 . £ 7 -

70 . 5 9 

75.02 

1 1 1 . 1 

1 1 7 . 6 6 

Fine s t r u c t u r e 
Coupling constants 

i n Hz 
m 

m 

m 

m 

R e l a t i v e 
I n t e n s i t y 

6 

-3- -• -

Assignment 

D(J= 3 5 ) of in 

d ( c i s isomer) 

d ( t r a n s isomer) 

c ( c i s isomer) 

c ( t r a n s isomer) 

1 U H 6 8.46 (D(J= 7 ) , 1H, trans isoir.er), 8.S6 (D(J= 4 ) , 1H, c i e isomer) 
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23. Trans-perfluoro-l-(3',4',5*-trimethylfuryl)-1-H-1-propene (104a). 

S h i f t (ppm) Pine s t r u c t u r e R e l a t i v e Assignment 
I n t e n s i t y 

Coupling constants 
i n Hz 

62.14 m 6 b 

65.69 a 3 a 

76.77 m 3 d 

120.26 D(J=30) 1 c 

0 

H 
(98) 

24. 1, 2,3-Tris( trifluoromethyl)cyclopropenylaldeL , / . 4 . 3 ( 9 8 ) . 

S h i f t (ppm) Pine s t r u c t u r e R e l a t i v e Assignment 
I n t e n s i t y 

Coupling constants 
i n Hz 

64.52 m 6 a,b 

70.92 m 3 c 
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APPENDIX I I 

I n f r a - r e d Spectra 

1. Pentafluorophenylethane ( 2 5 ) . Contact f i l m . 

2. 3-Pentafluorophenylpropanoic a c i d . KBr d i s c . 

3 . Butyltetrafluorophenylethane (29_) . Contact f i l m . 

4. 1-Bromo-2-pentafluorophenyl-[l,1- Kg]-ethane ( J 2 ) . Contact f i l m . 

5 . Pentafluorophenylethene (J30). Contact f i l m . 

6 . 2 - T r i f luoromethyl - 3-(2' -methylaminooctafluoro-2' - b u t y l ) - 4 -

methylimino-N-methyl-2-azetine ( 6 7 ) . Contact f i l m . 

7 . Trans-4-methylamino-perfluoro -3 .4-dimethyl-2-hexene ( . 6 6 ) . Contact 

f i l m . 

8. C i s , trans-4-nr.ethyl-perfluoro -3.4-dimethyl-2-hexene ( 7 J . ) . Contact 

f i l m . 

9. 3-Methyl-perfluoro-2-ethyl -3-methyl-1-penter.e ( 7 2 ) . Contact f i l m . 

10. C i s . trans-2,4-dimethyl-perfluoro - 3 .4-dimethyl-T-pentene•• ( 7 3 ) . 

Contact f i l m . 

1"1. C i s , trans-4-butyl-perfluoro - 3 ,4-dimethyl-2-hexene (J _ 6 ). Contact 

f i l m . 

12. 3-Butyl-perfluoro-2-ethyl - 3-methyl-1-pentene ( 7 7 ) . Contact f i l m . 

1 3 . Ferfluoro-4, 5-diethyl-4, 5-dimethyl - 3-H-2-pyrazoline (81_). Contact 

f i l m . 

14. C i s , trans - 3-difluororaethyl-4-trifluoromethyloctafluoro-2-K-4-'H-

2-hexene ( 8 2 ) . Contact f i l m . 

1 5 . C i s , trans - 3-r.onofluoromethyl-4-trifluoromethyloctafluoro-2-H-4-H-

2-hexene (§2). Contact f i l m . 

1 6 . 3 , 4, 5 - T r i s ( trifluororr.eth.vDfuran (9_2). Contact f i l m . 

1 7 . 2 - M e t h y l - 3 , 4 , 5 - t r i s ( t r i f l u o r o m e t h y l ) f u r a n (S_4). Contact f i l m . 

18. 3 - ^ e t h y l - 2 , 4 , 5 - t r i s ( t r i f l u o r o m e t h y l ) f u r a n (T02). Contact f i l m . 



1 9 . P e r f l u o r c ~ 1 - ( 3 ' ,4', 5 '-triroethylfuryl)-1-H-1-H-ethane (^2) . 

Contact f i l m . 

2 0 . 3 , 4 , 5 - T r i s ( t r i f l u o r o m e t h y l ) f u r . y l t r i f luoromethylacetylene ( 1 0 3 ) . 

Contact f i l m . 

21. Perfluoro-T - ( 3 ',4', 5 *-trimethylfuryl)-1-H-1-propene ( 1 0 4 ) . ( c i s , t r a n s ) • 

Contact f i l m . 

22. 1, 3-Bi9(trifIuoromethyl)-2-K-cyclopropenyltrifluoromethylketone ( 9 9 ) . 

Contact f i l m . 

2 3 . 1,2, 3-Tris(trifluoromethyl)cyclopropenylmethyllcetone (100) . 

Contact f i l m . 

24. 2 - L . e t h y l - 1 , 3 - b i s ( t r i f l u o r o m e t h y l ) - 1 - c y c l o p r o p e n y l t r i f l u o r o r c e t h y l -

ketone.(101). Contact f i l m . 
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APPENDIX I I I 

Mass Spectra 

The data accompanying each spectrum r e l a t e to the most s i g n i f i c a n t 

peaks. 

1. 2-Trifluoromethyl - 3-(2'-methylaminooctafluoro-2'-butyl)-4-

methylimino-N-methyl-2-azetine ( 6 7 ) . 

2. Trans-4-sethylamino-perfluoro - 3 ,4-dimethyl-2-hexene ( 6 6 ) . 

3 . C i s , tran£-2,4-dimethyl-perfluoro-3,4-dimethyl-1-pentene ( 7 3 ) . 

4 . ?erfluoro-4, 5-diethyl-4, 5-diraethyl - 3-K-2-pyrazoline ( 8 1 ) . 

5 . C i s , trans - 3-difluoromethyl-4-trifluoromethyloctafluoro-2-H-4-H-

2-hexene ( 8 2 ) . 

6. C i s , trans - 3-monofluoromethyl-4-trifluoromethyloctafluoro-2-H-4-H-

2-hexene ( 8 ^ ) . 

7 . 3 . 4 , 5 - T r i a ( t r i f l u o r o m e t h y l ) f u r a n ( 9 3 ) . 

8. 2 - M e t h y l - 3 , 4 , 5 - t r i s ( t r i f l u o r o m e t h y l ) f u r a n ( j K ) . 

9 . 2-Phenyl -3,4, 5 - t r i s ( t r i f l u o r o m e t h y l ) f u r a n (9_6) „ 

10. Perfluoro-1 - ( 3 ',4' , 5'-trimethylfuryl)-T-H-T-K-propane (£T). 

T1. P e r f l u o r o - l - ( 3 ' , 4 ' , 5 ' - t r i m e t h y l f u r y l ) - T - H - 1 - H - e t h a n e (^2). 

12. P e r f l u o r o - 1 - ( 3 l , 4 , , 5 ' - t r i m e t h y l f u r y l ) - 1 - H - T - p r o p e n e (104). 

T 3 . 1,2, 3 - T r i s ( t r i f luoromethypcyclopropenylmethylketone (TOO). 

14. 2-Methyl-1, 3-bis(trifluoromethyl)-1-cyclopropenyltrifluoromethyl-

ketone ( 1 0 1 ) . 
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NO. 1 
x & 

2RQ 3ea 

PEAK 
NO. 

MASS : INT 
BASE 

23,05 13. 91 
3 23*95 2. 39 
4 29.79 ••» 

»."> » 96 
5 30.84 2. 62 
6 31.94 •"\ 

A.. I 74 
9 42.04 14, 61 

11 44. 16 7» 23 
15 55. 14 3. 67 
17 57, 11 2. 3 V 
20 66,13 '•', 44 
23 69.02 17. 40 
24 69.97 12. 51 
25 71 .04 100. 00 
26 72.09 4. 07 
30 79.97 62 
36 95, 1 4 16 
40 10*.94 25. 09 
46 i i r . 7 j "i 

*•- • 39 
51 1 ,.'< 4 » 0*.* 10. 65 
52 135.OS 35 
53 i V . A O a i ^ . ' * w * 43 
59 :M9, 0 4 -v 

O • 03 
63 159./S ... i 33 
65 16 3 . 0 7 10. 19 
66 16 4.07 •4 -31 
74 1 . 0 i •\ 71 
75 18£i.0 4 v./ » 73 
79 ... > -.. . V / 4 , 
34 »- w V + v.' vj . 30 
94 225,07 .... ( 

i .> .L 

102 243.06 ' f . 33 
104 :;45.09 1;.'» 5 <i 
106 •jv54 . 06 :L 0, G.i. 

CF. 

C 2 F 5 > ^ 
3A C F3 

/ H 3 

N. 
CH-

111 26*.07 3,33 
114 274 . 1,3 i::- -~>/\ 

• J , / V 

115 275.06 3.33 
113 293,02 1 .90 
119 295.04 1 S.' » J. o 

122 304,02 2.50 
126 324.23 17,00 
127 333.04 "2.74 
132 354,06 1.11 
133 362,97 1.28 
134 364.00 0.52 
135 365.01 1 .57 
136 374,04 1 .30 
137 376.05 0 . 53 
M O 373,03 1 . 16 
139 392.97 17.17 



170 

NO. 2 
X 5 

to o 

1.LL 
100 zoa ABB 

PE'-AK rtASS Z INT 
f!Q. BASJE 

A - 28.05 61 .29 
3 28.94 8.89 
4 29.79 5.54 

31.93 3.77 
7 33.05 4.32 

2 J. 68.96 33.60 
28 79.93 9.98 
37 96.04 3.83 
43 109.92 100.00 
44 110.97 3.90 
A 7 118.95 7.43 
50 124.04 3.77 
53 129.95 5. 72 
56 134.03 4.20 
64 142.98 3.71 
67 153.00 3.47 
68 154.02 3. 77 
72 159.92 50.21 
73 160.95 4.99 
78 L71.9? 5.66 

-

Li .i 179.96 6.32 
85 184.00 '3.6 6 
92 20i.97 4.56 
94 20o.99 9.80 
97 207.96 3.96 
9S 209.93 6.1' j 
1 Til 

F 

CH 3 

106 229.92 61 .90 
107 230.94 4.03 
111 242 . 94 5.05 
114 253 . 54 4.93 
117 272 . 12 13.32 
122 291 . 99 36.24 
.126 321 .93 5.17 
130 341 , 99 61 . 17 
131 35.'' .94 2.86 
132 371 . bo 3 .65 
133 38 V . 88 2.56 
134 392 . 04 10.35 
135 409 .90 1 .58 
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NO. 3 
SC 2 

UiL. 4 ill 
18B 288 see 400 

>EAK 
NO. 

MASS % INT 
BASK CM-

A.. 27.17 10 .16 c 0"F 3 28.05 25 .21 // 
4 28.95 17 .44 
5 
£ 

30.84 
31.94 

18 
5 
.28 
.62 

3 | 
ChL. 7 33.06 9 .20 

8 38.97 9 .68 
11 45.15 7 .05 
14 50.94 53 .29 74 177.C6 10.39 
16 59.01 10 . 16 78 c 183.07 56,03 
17 64. 10 13 .23 79 184.08 5.97 
IS 65.09 100 .00 80 185.09 5.38 
20 68.96 98 .09 82 139.02 30.23 
24 75.03 4 .90 85 195.06 20.67 
26 77.06 17 .80 90 203.07 7.77 
31 88.98 15 .53 92 207,06 6.57 
34 95.06 ± O . 76 93 209.03 5»33 
37 100.99 5 .97 94 213.07 32.97 
41 1.13.02 14 .46 95 214.55 5.62 
42 114.07 5 .97 102 233,08 41 .70 
43 115.07 16 .61 103 234.03 4.90 
45 118.99 16 .37 106 239.03 10.87 
47 121.00 1:. . 14 110 251.06 5.33 
49 127.05 16 . 37 111 253.07 42.53 
51 i -7 '-• / \ j -> . 4:!. 115 26o.0S 12.78 
55 137.01 .17 120 273,05 9.20 
58 . 145.07 44 . 56 121 2 0 o.O/ 19.95 
64 157.03 sj .73 127 303.03 16.97 
67 163.05 27 , 72 132 323.07 7.29 
68 164.07 5 .97 133 333.08 10.16 
69 165.09 6 .93 136 392.0 4 3. 70 
70 169,02 7 .77 
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NO. 4 
X 2 

i—ij-f— -i. .ill nr^i^jlau.ui Ti-Li^jL 

PEAK 
NO. 

MASS % INT 
EASE: 

o 28.05 13.84 
3 28.93 3.96 
4 30.83 2.38 
5 31.94 2.33 
7 42.02 4 .34 

13 50.93 3.03 
15 68.97 100.00 
25 96.06 7.13 
27 99.93 5.06 
33 113.03 2.44 
35 118.97 66.64 
41 137.04 3.06 
42 138.02 7.44 
47 146,05 3.48 
5i 153.01 9.95 
61 135.06 29.47 
70 203.00 12.94 
73 216.04 4.10 
77 2"J5. 05 32. 01 

236.05 2.31 
82 25 3.03 11 .04 
36 2 CM . 99 :3.40 
90 303.09 27.92 
91 323.13 32.74 
96 ..' 5 » v 6 5. 16 
97 353.97 0.43 
9fl 373,07 12.31 
99 3-J0.9V 0.4a 

100 -10:!. 99 1 ,62 
101 4 '? 3 * 0' ? 4 . 75 
102 M >1 . 9 7 0.52 

R = C 2 F 5 

R= CF 3 
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No 5 
X 2 

MASS 7. INT 
NO. BASE 

1 28.05 16.68 
30.84 2.45 

3 31.95 3.67 
5 38.97 3.41 
8 50.95 21.22 
9 57.09 2.71 
10 64. 11 5.50 
11 68.99 100.00 
13 75. 10 16.33 
14 76.03 3.84 
15 77.07 2.79 
16 83.03 2.97 
17 33.98 9.61 
18 93.03 2.01 
19 95.06 17.99 
21 99.93 4.10 
26 113.03 27.69 
28 119.00 21 .S3 
31 125.07 2.53 
33 127.06 3.06 
35 133.05 •"> 7 1 . / .L 
36 137.05 7.86 
33 139.02 15.31 
40 143.05 -l T -Jf 

\j t 

42 145.07 20 .09 
46 157.01 23.34 
47 153.03 i5»Zi w 
48 163* 04 50.22 
49 164.06 2.45 

C 2 F ^ 
CF-

C-

H 

> ~ C F 3 
X C F 2 H 

51 169.04 3.91 
53 175.09 2.62 
55 177.09 1 .72 
56 181.02 3.14 
57 137.06 3 .76 
53 130.91 14.76 
61 195.06 5.07 
62 207.06 U A.. . J J 
63 203.05 8.56 
65 213.07 16.24 
67 219.05 9.08 
69 225.03 2.10 
70 227.03 • 36.86 
71 223.06 2.45 
73 237.06 4.30 
75 239.05 3.32 
76 243.07 2.18 
77 257.09 21 .2? 
73 258.09 2.01 
79 263.03 3.73 
81 277.11 13,10 
83 237.03 2.01 
37 307.05 22.36 
83 303.05 2.10 
89 SI?, 11 12.34 
92 346.05 15.63 
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No. 6 
K S 

PEAK MASS Z INT 
NO. BASE 

2 28, • 05 12.27 H 4 311 95 3.07 
7 

10 
38, 
50 

97 
• 95 

2.95 
23.99 C 2 F 5 \ :^ J 

11 
12 

57, 
58, 

• 09 
• 05 

11.79 
2.47 ' ^ C F H 9 

14 64 • 10 5.83 
16 68 • 96 42.39 
19 75, • 08 5.23 
21 77, • 06 13.05 
25 88 • 98 4.33 
28 95 • 06 17.98 
30 99 • 93 2.53 
32 100, 97 8.48 64 171.05 3.07 
35 107 • 04 2.53 65 175.07 3.01 
38 113 .02 12.51 67 177.06 4.63 
40 11S, 99 11 .36 70 189.02 12.37 
42 121 • 01 5.11 71 190.01 3.25 
44 126 .06 3.25 72 195,05 14 . 37 
45 127, .05 13.39 76 201.03 2.33 
49 133, 04 3.49 77 207.04 
50 137 • 04 •) ->o 

V.. . <£. *-
78 209.01 14.67 

51 139 • 01 L j.:. i d 31 219.04 5.35 
53 145 • 05 100.00 34 225,06 2.10 
54 146 Oft 4 .01 36 239.03 6.07 
55 149, 99 1 . ?3 88 245,06 7. 16 
56 151 02 4 . 75 91 6.43 
58 1 J / 1 04 t:; • ) v 93 269.06 3.07 
61 163, 03 I" O -2 95 239,04 10.04 
62 169, 02 8 .60 97 309.05 5.77 
63 170, 02 -> ' 1 '-J 99 328.09 11 .97 



175 

No. 7 

or-at 

la 

1 — r — — 1 

iea 
* i • '—i 1 *-r« H-

ZB6 
— u — i — 0 — 

EAK MASS '/. INT 
NO» BASE 

1 253.05 17.39 
p 20.93 25.99 
4 31.94 3.82 
9 50.95 3.82 r 3 

10 56.11 4.47 \ 
13 68.99 65.00 k c F 3 14 75* 10 13.48 

k c F 3 
21 87.04 8.10 
24 89.90 2.66 
26 93.03 5.38 
29 105.06 4,21 
30 106.05 15.55 60 . 174,06 2.46 
32 113.03 7.39 61 175.07 38.24 
34 115.06 2.33 62 176.09 2.01 
35 1.1.7.04 5.12 66 194.04 9.01 
39 124.05 6-03 68 203.04 56.90 
40 125-.-06 14.32 69 204.05 4.21 
45 .1.36.06 4.73 70 205.06 . 2.40 
46 137.05 14.32 73 222.04 40.89 
49 1.43.04 3.24 74 223.06 2.53 
54 155.04 12.77 77 253.13 100.00 
55 156.06 8.23 78 271.99 28.65 
59 .172.04 2.01 79 273.00 2.27 
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No. 8 

e 

2ee SOB 

PEAK MASS Z INT 
NO. BASEL' 

27.17 
28.05 

7.29 
22.76 C F 3 f C F 3 4 2S.95 9.60 // \\ 3 

11 
17 

43.09 
50.95 

100.00 
16 . 5 3 CHj-

25 65. 12 41 .87 
27 63.96 91 .29 
30 73.07 12.39 
32 77.06 11 .20 • 

42 
45 

95.06 
98.97 

/' • •£> '\i 

9.78 
47 101.00 16 . 3 £j 
54 113.03 7. Jo 
59 118.99 3 4.0 -t 107 188.04 7.73 
60 119.97 5.69 108 189.03 68.53 
64 ,.27.07 r:* »• 

*j »o > 112 1 ? 5 ..0.7 . _..7»_/ 3 
73 1 3 9 . 0 1 16.13 114 197.04 17.60~ 
75 143.03 5.96 125 215.03 o . id / 

76 145.OS 9.37 127 217.05 7 0 » 7 
-?«-. > O 147.05 / • J 128 213.06 .'j . 96 
82 15i.03 "V 

O * *.. / 137 235.08 i • • ) - • 

93 167.05 •j c- • * 138 23o. Co / » C>4 

4. o v * 0 *j • -\ A V • *Y 7 141 2 "t 3 *>jJ> 6.58 
96 170. 0 J. 3*24 15i 26 7.01 93.42 

100 177.o7 5 • oO 157 w • O / 43.20 
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NO. 9 

r J -
CS 

1 ' . i l l . jl . { J U 4 - J LUi 1 r 100 zao 320 

PEAK MASS y. j. n t 
NO* BASE 

28. OS 19.98 CE CE 
38.97 3.00 
50.96 7.45 
63.09 3 0 68.99 8 11 .90 

9 73. 12 2.90 
12 77.10 13.35 
17 105.08 3.21 
19 113*06 2.23 
21 127.07 3.62 

23 
131.02 
132.05 

3,42 
10.77 

25 143.06 4.76 
29 151.04 1 9.25 
30 152.06 3.42 
32 154.09 6.00 
33 155.07 2. 43 51 211.03 2.48 
35 161.00 2.90 53 213.03 4.14 
36 162.05 5.07 54 231.05 33.44 
37 163.07 6 .94 55 232.07 10.14 
39 169,05 2.07 58 251,12 99*90 
AO 130.02 1 .97 59 259.02 4.35 
41 181.03 9.42 61 279.06 2.23 
42 132,Co i / . 4 b 62 231.04 4.04 
43 183.03 Cj. 3 w 63 309.02 6.31 
46 200.01 66 329.17 37.37 
4 7 201.03 31 ,63 67 348.08 100.00 
48 202.06 J*»3 i 63 349.99 1.14 
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NO- 10 

'•EAK MASS J£ INT 
NO • BASE 

1 28.05 18.09 
3 31 .95 4. 13 
5 50.94 9.91 
6 68 • 98 6.1 .24 
Q 75.10 2.33 
9 90.97 4.22 
12 97.04 2.07 
1 3 99.00 6.29 
14 99.95 2.93 
18 119.01 14 .47 
a- 137.07 3. 27 

24 143.06 2.84 
28 14".04 4.05 
29 150.01 2.24 
3 4 168.06 10.16 
3 5 169.05 3.53 
40 187.06 9.04 
41 188.06 3.27 
A 6 197.11 5. 77 
48 19?.05 6.63 
50 20 7.10 1 :.• -14 
52 2.1 5.1 :l 7.34 
53 2:U.07 1 . 98 
54 2 J. 7. 08 2 .2'", 
5cj 218.05 4,74 
57 235.06 C ' )'.> X' i_ * r..« . 

58 236.0? • ' o 
59 15,33 
64 265.08 3.70 
65 266.1i 6 9 3 

C W F 3 
C F 3 ' N ) / ^ C H 2 C 2 F 5 

66 267 .03 2.33 
69 285 . 12 100,00 
70 28 7 .02 o r 
72 303 .'J I 2.07 
73 3L5 . ! 3 24.20 
74 3:>? .40 3. 10 
-7 C-
/ .97 C > 86 
~ i . 3ol 11 ,97 
77 361., 1 . 38 
->c> 38 f'< .00 44.36 
79 404 ,0."' 15.76 



179 

NO. 11 

iii J . i i j i 

iea 2oa ma 480 

PEAK MASS % INT 
NQv BASE 

1 27.17 2 • .1.1 
? 28.05 19.42 
3 28.95 3.33 
4 30.84 5.79 
l't 31 .94 4.15 
9 43.09 2.05 
12 50.95 3.68 
14 59.02 2,46 
1'7 68.98 52,46 
21 75. 10 2,16 
24 83.07 3.22 
26 90.97 2.05 
23 95.03 2.22 
30 98.99 5.09 
33 1.1.0.99 4,21 
34 113.05 2.05 
37 119.01 14.97 
43 137.06 3.33 
45 143.06 3.80 
50 151.05 2.05 
53 163.04 4 .68 
59 169.05 3.13 
64 1C2.09 5.50 
67 13 7 . C 6 6 .04 
68 183.04 -r •-• ~~t 

J . J / 

•70 193.32 2. 75 
72 197*10 4 , 35 
74 199.07 2.92 
76 201.10 ' / - T O .3 » 

79 207.09 
81 215.09 S .36 
82 216.09 2.05 
87 231.03 3. 68 

r3 N ) 

89 235.06 34 . 3 3 
90 236.06 3 .04 
91 237.04 6 .43 
93 251.06 10 .00 
99 266.05 5 .61 

100 267.05 .51 
101 271.02 2 .16 
105 2t;s. 12 100 . 00 
113 3.1.5. 03 11 . .17 
115 329 »06 3 .36 
117 335,11 60 .23 
118 343.11 11 ,52 
119 354.00 25 .26 
120 384.V7 0 . 53 
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No. 12 

PEAK" MASS % INT 
NO. BASE 

;l 28.05 18.75 
3 30.84 3.38 
4 31 .94 3. 98 
7 50,95 2.35 
9 68.99 87.64 

12 75. 10 2.83 
15 90.97 8.98 
17 97.04 4.46 
18 99.00 7.05 

113.06 2.29 
29 129.99 2.59 
31 137.06 3.13 
32 141.01 3.56 
35 149,03 8.50 
41 167.07 2.65 
42 163,06 12.24 
50 187.08 7. 96 
53 199.02 23.15 
59 217.07 3.92 
60 218,05 J. O • v' O 

62 2.47 
65 237.05 20.07 
69 249,05 4 , :}6 
76 \.i "Zi * V vJ 4 . 52 
78 267. OA 3.56 

v 3 

SO 277.06 1 .99 
84 287.06 9. 22 
86 295.06 2.23 
38 315.14 100.00 
91 334.30 8.44 
94 365.02 6 9.02 
95 366,95 0.54 
96 334.06 36.71 
97 435,02 1 .02 



181 

No. 13 
x e 

I..J,.., I L i l Si. i l t i l j i , i i i , i j i 
308 tea 2B0 

EAK MASS % INT 
WO, BASE 

27. .1.7 2. .16 
3 23.05 4.35 

10 42.02 4. 18 
11 43.09 100,00 
12 44. 13 2.25 
16 50.95 3.11 
24 65. 12 2.39 
25 68.96 19,00 
29 75.07 3.37 
31 77.05 2.74 
41 100.97 3.08 
47 118.96 5.21 
57 .133.98 4 .98 
59 143.00 2,51 
63 155.01 3.86 
68 168.99 b. 36 
77 183.97 12.12 
79 192.98 • a.. f 
94 242.97 •4 • J O 

99 267.01 3.83 

http://Si.il
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No. 14 

PEAK 
NO, 

MfiSS % INT 
BASE 

n .»•- 27.17 7.57 
3 28,05 21.27 
9 38.97 5.39 
12 43.09 100.00 
18 50.95 17.38 
28 65. 11 24.64 
30 68.95 74 .38 
33 75.07 13.03 
35 7 7.06 15.81 
46 95.05 3.84 
51 10C.93 16.33 
59 113.02 V, 8 J. 
62 118.99 
63 1 I 9.96 5.09 
6 V 127,05 7. 19 
75 139.UO 23. 30 
79 - I * 5 7 W " 8. J l 
84 151 . 01 li.'.49 
95 169.01 24 .72 
97 \:\^.Z 
109 .189.00 58. 28 
117 ivy.01 5. 77 

217.0-; 7 . :i? 7 
12? 2IV.03 •• •'• • V LT" 

13;;; 
139 ::-:3. o i 1.1 ... 6 
151 26 7. ;;6 8.J9 
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APPENDIX IV 

The Board of Studies i n Chemistry r e q u i r e s that each 

postgraduate r e s e a r c h t h e s i s contains an appendix l i s t i n g 

a) a l l r e s e a r c h c o l l o q u i a , r e s e a r c h seminars and l e c t u r e s (by 

e x t e r n a l speakers) arranged by the Department of Chemistry s i n c e 

Tst October 1976, and 

b) a l l r e s e a r c h conferences attended and papers read out by the 

author of the t h e s i s , during the period when the r e s e a r c h was 

c a r r i e d out. 

Research Colloquia, Seminars and L e c t u r e s . 

1. U n i v e r s i t y of Durham Chemistry C o l l o q u i a . 

1976-77 

* 20th Oct. Professor J.B. Hyne ( U n i v e r s i t y of C a l g a r y ) , 

"New Research on an Old Element - Sulphur"• 

* TOth Nov. Dr. J.S. Ogden (Southampton U n i v e r s i t y ) , "The 

C h a r a c t e r i s a t i o n of High Temperature Species by Ks .v r i x I s o l a t i o n " . 

* 17th Nov. Dr. B.E.P. Pender ( U n i v e r s i t y of Oxford), 

" F a m i l i a r but Remarkable inorganic S o l i d s " . 

* 24th Nov. Dr. M.I.Page (Huddersfield P o l y t e c h n i c ) , "Large and 

Small Rate Enhancements of Intramolecular Catalysed Reactions". 

* 8th Dec. Professor A.J. Leadbetter ( U n i v e r s i t y of E x e t e r ) , 

" L i q u i d C r y s t a l s " . 

* 26th Jan. Dr. A. Davis (ERDR), "The Weathering of Polymeric 

M a t e r i a l s " . 

2nd Feb. Dr. A.M. Palk (NRC Canada), " S t r u c t u r a l Deductions 

from the V i b r a t i o n a l Spectrum of Water i n Condensed Phases". 

* 9th Peb. P r o f e s s o r R.O.C. Norman ( U n i v e r s i t y of York), 

" R a d i c a l Cations; Intermediates i n Organic Reactions". 

23rd Feb. Dr. G. H a r r i s ( U n i v e r s i t y of S t . Andrews), "Halogen 

Adducts of Phosphines and A r s i n e s " . 



25th Feb. Professor H.T. Dieck ( U n i v e r s i t y of F r a n k f u r t ) , 

"Diazadienes- New Powerful Low-valent Metal Ligands". 

* 2nd Mar. Dr. P. Hibbert (Birkbeck Collage, London), "Past 

Reaction Studies of Slow Proton T r a n s f e r s I n v o l v i n g Nitrogen and 

Oxygen Acids " . 

4th Mar. Dr. G. Brink (Rhodes U n i v e r s i t y , R.S.A.), " D i e l e c t r i c 

Studies of Hydrogen Bonding i n Alcohols". 

« 9th Mar. Dr. 1.0. Sutherland ( U n i v e r s i t y of S h e f f i e l d ) , "The 

Stevens Rearrangement: O r b i t a l Symmetry and R a d i c a l P a i r s " . 

* 18th Mar. Professor H. Bock(University of F r a n k f u r t ) , "Photo-

e l e c t r o n Spectra and Molecular P r o p e r t i e s : A Vademecum f o r the Chemist". 

* 30th Mar. Dr. J.R. McCallum ( U n i v e r s i t y of S t . Andrews), 

"Photoxidation of Polymers". 

* 20th Apr. Dr. D.M.J. L i l l e y (G.D. S e a r l e , Research D i v . ) , " T a i l s 

of Chromatin Structure - Progress towards a Working Model". 

* 27th Apr. Dr. M.P. Stevens ( U n i v e r s i t y of Hartford), "Photo-

cy c l o a d d i t i o n Polymerisation". 

4th May Dr. G.C. Tabisz ( U n i v e r s i t y of Manitoba), " C o l l i s i o n 

Induced L i g h t S c a t t e r i n g by Compressed Molecular Gases". 

* 11th May Dr. R.E. Banks (UMIST), "The Reaction of Hexafluoro-

propene with H e t e r o c y c l i c N-Oxides". 

18th May Dr. J . Atwood ( U n i v e r s i t y of Alabama), "Novel 

So l u t i o n Behaviour of Anionic Organoaluminium. Compounds.:, the 

Formation of L i q u i d C l a t h r a t e s " . 

* 25th May P r o f e s s o r M.M. Kreevoy ( U n i v e r s i t y of Minnesota), "The 

Dynamics of Proton Tra n s f e r i n S o l u t i o n " . 

1st June Dr. J . McCleverty ( U n i v e r s i t y of S h e f f i e l d ) , "Consequences 

of Deprivation and Overcrowding on the Chemistry of Molybdenum and 

Tungsten". 

6th J u l y Professor J . Passmore ( U n i v e r s i t y of Brunswick), 

"Adducts between Group 5 Pentahalides and a P o s t s c r i p t on S„l*". 



1977-78 

* 27th Sept. Dr. T.L. Broxton ( L a Trobe U n i v e r s i t y , A u s t r a l i a ) , 

" I n t e r a c t i o n of Aryldiazonium S a l t s and A r y l a z o a l k y l Ethers i n Basic 

A l c o h o l i c Solvents". 

* T9th Oct. Dr. B. Heyn ( U n i v e r s i t y of Jena, D.D.R.), "cr-Organo 

Molybdenum Complexes as Alkene Polymerisation C a t a l y s t s " . 

* 27th Oct. Professor R.A. F i l l e r ( I l l i n o i s I n s t i t u t e of 

Technology, U.S.A.), "Reactions of Organic Compounds with Xenon 

F l u o r i d e s " . 

2nd Nov. Dr. N. Boden ( U n i v e r s i t y of Leeds), "Nmr Spia-i-Bcho 

Experiments f o r Studying St r u c t u r e and Dynamical Pro p e r t i e s of M a t e r i a l s 

Containing I n t e r a c t i n g Spin-£ P a i r s " . 

* 9th Nov. Dr. A.R. B u t l e r ( U n i v e r s i t y of S t . Andrews), "Why I l o s t 

F a i t h i n L i n e a r Free Energy R e l a t i o n s h i p s " . 

7th Dec. Dr. P.A. Madden ( U n i v e r s i t y of Cambridge), "Raman 

Studi e s of Molecular Motions i n L i q u i d s " . 

14th Dec. Dr. R.O.Gould ( U n i v e r s i t y of Edinburgh), "Crystallography 

to the Rescue i n Ruthenium Chemistry". 

« 25th Jan. Dr. G. Richards ( U n i v e r s i t y of Oxford), "Quantum 

Pharmacology". 

* 1st Feb. Professor K. J . I r v i n (Queen's U n i v e r s i t y , B e l f a s t ) , 

"The O l e f i n Metathesis Reaction: Mechanism of Ring Opening 

Polymerisation of Cycloalkenes". 

* 3rd Feb. Dr. A. Hartog (Free U n i v e r s i t y , Amsterdam), " S u r p r i s i n g 

Recent Studies i n Organo-magnesium Chemistry". 

* 22nd Feb. Professor J.D. B i r c h a l l (Mond D i v i s i o n , I . C . I . L t d . ) , 

" S i l i c o n i n the Biosphere". 

* 1st Mar. Dr. A. Williams ( U n i v e r s i t y of Kent), "Acyl Group Tr a n s f e r 

Reactions"• 

* 3rd Mar. Dr. G. van Koten ( U n i v e r s i t y of Amsterdam), " S t r u c t u r e 

and R e a c t i v i t y of Arylcopper C l u s t e r Compounds". 



* 15th Mar. Professor G. Scott ( U n i v e r s i t y of Aston), "Fashioning 

P l a s t i c s to Match the Environment". 

* 22nd Mar. Professor H. Vahrenkamp ( U n i v e r s i t y of Frieburg, Germany), 

"Metal-Metal Bonds i n Organometallic Complexes". 

19th Apr. Dr. M. Barber (UMIST), "Secondary Ion Mass Spectra of 

Surfaces and Absorbed Species". 

16th May Dr. P. Ferguson (C.N.R.S., Grenoble), "Surface Plasma 

Waves and Adsorbed Species on Metals". 

* 18th May Professor M. Gordon ( U n i v e r s i t y of E s s e x ) , "Three C r i t i c a l 

P o i n t s i n Polymer Science". 

* 22nd May Professor D. Tuck ( U n i v e r s i t y of Windsor, O n t a r i o ) , 

" E l e c t r o c h e m i c a l Synthesis of Inorganic and Organometallic Compounds". 

24th fe 25th May Professor P. von R. Schleyer ( U n i v e r s i t y of 

Erlangen Nurnberg), 

* I " P l a n a r Tetra-coordinate Methanes, Perpendicular Ethenes and 

P l a n a r A l i e n e e " . 

* I I "Aromaticity i n Three Dimensions". 

* I I I " N on-Classical Carbocations". 
1 

21st June Dr. S.K. T y r l i k (Acad, of S c i . , Warsaw), "Dimethyl-

glyoxime-cobalt Complexes - C a t a l y t i c Black Boxes". 

23rd June Professor W.B. Pearson ( U n i v e r s i t y of F l o r i d a ) , "Diode 

L a s e r Spectroscopy at 16pm". 

30th June Professor G. Mateescu (Cape JVestern..Reserve U n i v e r s i t y ) j 

*A Concerted Spectroscopy Approach to the C h a r a c t e r i s a t i o n of Ions 

and I o n - p a i r s t F a c t s , Plans and Dreams"• 

*978-79 

8th Sept. Dr. A. Diaz (I.B.M., San Jose, C a l i f o r n i a ) , "Chemical 

Behaviour of Electrode Surface Bonded Molecules". 

15th Sept. P r o f e s s o r W. S i e b e r t (Marburg, W. Germany), "Boron 

Heterocycles as Ugands i n T r a n s i t i o n Metal Chemistry". 
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22nd Sept. Professor T. Fehlner (Notre Dame U.S.A.), "Ferroboranes: 

S y n t h e s i s and Photochemistry". 

* 12th Dec, Professor C.J.M. S t i r l i n g ( U n i v e r s i t y of Bangor), 

" P a r t i n g i s such Sweet Sorrow - the Leaving Group i n Organic Reactions'*• 

* 31et J a n . Professor P.D.B. de l a Mare ( U n i v e r s i t y of 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 " . 

14th Feb. Professor B. Dunnell ( U n i v e r s i t y of B r i t i s h Columbia), 

"The A p p l i c a t i o n of Nmr to the Study of Motions of Molecules i n 

S o l i d s " . 

16th Feb. Dr. $. Tomkinson ( I n s t i t u t e of Laue-Langevin, Grenoble), 

"Studies of Adsorbed Species". 

* 14th Mar. Dr. J.C. Walton ( U n i v e r s i t y of S t . Andrews), "Pentadienyl 

R a d i c a l s " . 

* 28th Mar. Dr. A. R e i s e r (Kodak l t d . ) , "Polymer Photography and 

the Mechanism of Cross-Link Formation i n S o l i d Polymer Matrices". 

* 25th Apr.. Dr. C.R. P a t r i c k ( U n i v e r s i t y of Birmingham), "Chloro-

fluorocarbons and S t r a t o s p h e r i c Ozonet an Appraise, of the 

Environmental Problem". 

* 1s* May Dr. G. Wyman (European Research O f f i c e , U.S. Army), 

" E x c i t e d s t a t e Chemistry of Indigoid Dyes". 

* 2nd May Dr. J.D. Hobson ( U n i v e r s i t y of Birmingham), "Nitrogen-

centred R e a c t i v e Intermediates". 

8th May Professor A. Schmidpeter ( I n s t , of Inorg. Chem., 

U n i v e r s i t y of Munich), "Five-membered Phosphorus Heterocycles 

Containing Dicoordinate Phosphorus". 

* 9th May Professor G. Maier (Lahn Giessen U n i v e r s i t y ) , " T e t r a -

t e r t - b u t y l t e t r a h e d r a n e " . 

9th May Dr. A.J. Kirby ( U n i v e r s i t y of Cambridge), " S t r u c t u r e 

and R e a c t i v i t y i n Intramolecular and Enzymic C a t a l y s i s " . 
n 

16th May Dr. J . F . Nixon ( U n i v e r s i t y of Sussex), Spectroscopic 

Studies on Phosphines and t h e i r Coordination Complexes". 



* 23rd May Dr. B. Wakefield ( U n i v e r s i t y of S a l f o r d ) , " E l e c t r o n 

Transfer i n Reactions Of Metals and Organometallic Compounds with 

Polychloropyridine D e r i v a t i v e s " . 

13th June Dr. G. Heath ( U n i v e r s i t y of Edinburgh), "Putting 

E l e c t r o c h e m i s t r y i n Mothballs". 

* 14th June Professor I . Ugi ( U n i v e r s i t y of Munich) " S y n t h e t i c uses 

of Super Nucleophiles". 

* 25th Sept. Professor R. Soulen (Southwestern U n i v e r s i t y , T e x a s ) , 

" A p p l i c a t i o n s of HSAB Theory to V i n y l i c Halogen S u b s t i t u t i o n and a 

few Copper Coupling Reactions". 

2. Durham U n i v e r s i t y Chemical S o c i e t y . 

1976- 77 

* 19th Oct. Dr. J.A. Salthouse ( U n i v e r s i t y of Manchester), "Chemistry 

and Energy". 

* 26th Oct. Dr. R.E. Richards ( U n i v e r s i t y of Oxford), "Nmr 

Measurements on I n t a c t B i o l o g i c a l T i s s u e " . 

* 2 n d M<>v» D r « B» S u t e l l f f e ( U n i v e r s i t y of York), "The Chemical 

Bond as a Figment of the Imagination". 

T6th Nov. Mr. R. F i c k e n (Rohm & Haas), "The Graduate i n I n d u s t r y " . 

* 30th Nov. Dr. R.J. Donovan ( U n i v e r s i t y of Edinburgh), "The 

Chemistry of the Atmosphere". 

* 18th Jan. Professor I . P e l l s ( U n i v e r s i t y of Newcastle), "Energy 

Storage and the Chemist's Contribution to the Problem". 

8th Feb. Dr, M.J. Cleare (Johnson Matthey Research Centre), 

"Platinum Group Metals as Anti-Cancer Agents". 

1st Mar. P r o f e s s o r J.A.S. Smith (Q.E.C., London), "Double 

Resonce". 

* 8th Mar. Professor C. Eaborn ( U n i v e r s i t y of Sussex), " S t r u c t u r e 

and R e a c t i v i t y " . 

1977- 78 

* 13th Oct. Dr. J.C. Young & Mr. A.J.S. Williams ( U n i v e r s i t y of 
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Aberystwyth), "Experiments and Considerations Touching Colour". 

* 20th Oct. Dr. R.L. Williams (Metropolitan P o l i c e ForenBic Science 

Dept.), "Science and Crime". 

* 3rd Nov. Dr. G.W. Gray ( U n i v e r s i t y of H u l l ) , " L i q u i d C r y s t a l s ' •? 

T h e i r O r i g i n s and A p p l i c a t i o n s " . 

* 24th Nov. Mr. G. R u s s e l ( A l c a n ) , "Designing f o r S o c i a l 

A c c e p t i b i l i t y " . 

* 1st Dec. Dr. B.P.G. Johnson ( U n i v e r s i t y of Cambridge), "Chemistry 

of Binary Metal Carbonyls". 

2nd Feb. Professor R.A. Raphael ( U n i v e r s i t y of Cambridge), 

" B i z a r r e Reactions of A c e t y l e n i c Compounds". 

16th Feb. Professor G.W.A. Fowles ( U n i v e r s i t y of Reading), "Home 

Winemaking". 

* 2nd Max. Pro f e s s o r M.W. Roberts ( U n i v e r s i t y of Bradford), 

"The Discovery of Molecular Events a t S o l i d S u r f a c e s " . 

* 9th Mar. P r o f e s s o r H. Su s c h i t s k y ( U n i v e r s i t y of S a l f o r d ) , 

" F r u i t f u l F i s s i o n s of Benzofuroxans". 

* 4th May Professor J . Chatt ( U n i v e r s i t y of Sussex), R e a c t i o n s 

of Coordinated Dinitrogen". 

* 9th May P r o f e s s o r G.A. Olah (Case Western Reserve U n i v e r s i t y , 

Cleveland, Ohio), " E l e c t r o p h i l i c Reactions of Hydrocarbons". 

T978-79 

* 10th Oct. Pro f e s s o r H.C. Brown (Purdue U n i v e r s i t y ) , "The Tool 

of 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"* 

* 19th Oct. Mr. F.C. Shenton ( P u b l i c Analyst, Co. Durham), "There 

i s Death i n the Pot". 

26th Oct. Professor W.J. Albery ( I . C . , London), "Photogalvanic 

C e l l s for S o l a r Conversion". 

* 9th Nov. P r o f e s s o r A.R. K a t r i t s k y ( U n i v e r s i t y of Eas t A n g l i a ) , 

"Some Adventures i n H e t e r o c y c l i c s " . 

* 16th Nov. Dr. H.C. F i e l d i n g ( I . C . I . L t d . ) , "Fluorochemical 
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Surf a c t a n t s & T e x t i l e F i n i s h e s " . 

• 23rd Nov. Dr. C. White ( U n i v e r s i t y of S h e f f i e l d ) , "The Magic of 

Chemistry". 

* 18th J a n f P r o f e s s o r J.C. Robb ( U n i v e r s i t y of Birmingham), "The 

P l a s t i c s Revolution". 

8th Feb. Mr. C.G. Dennis (Vaux L t d . ) , "The Art and Science of 

Brewing". 

1st Mar, Professor R. Mason (Govt. S c i e n t i f i c A d visor), "The 

S c i e n t i s t i n Defence P o l i c y " . 

10th May Pr o f e s s o r G. A l l a 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 " . 

* I n d i c a t e s events attended 
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