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ABSTRACT 

Fluoride ion sources have been surveyed and per f luoroa lkyl 

anions and hindered amine/HF adducts prepared and investigated as 

reagents. 

The pe r f luo roa lky l anions ( I ) and ( I I ) have been used i n an 

attempt to f l u o r i n a t e various organic compounds such as a lky l 

hal ides , a l k y l tosylates, a ry l halides and acetyl chloride. 

The fo l l owing new compounds have been synthesised and 

i d e n t i f i e d by glc-mass spec and, where possible, "̂ F̂ nmr. 

0 

c(cFj\cf^<:F,GFj 

These arose from reaction of the substrate with the 

p e r f l u o r o a l k y l anion rather than wi th F~. 

I l l 



Preliminary work on hindered amine bases, pa r t i cu l a r ly proton 

sponge and t r i -n-oc ty lamine , with HF was undertaken, these being 

studied as possible soluble f l u o r i d e ion sources. Solid adducts 

were obtained i n most cases from ether solutions and they were 

shown to behave as f l u o r i d e ion sources under various conditions. 
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CHAPTER ONE 

1 GENERAL INTRODUCTION 

I t has only been since the last World War that extensive research 

has been carr ied out on the formation of organofluorine 

compounds. These compounds do not occur na tura l ly but have found 

a wide range of applications due to the unusual properties they 

acquire on the int roduct ion of f l u o r i n e ' ' . 

Table 1 summarises a number of the applications of highly 

f l u o r i n a t e d compounds and gives an example of each. 

A l l the compounds i n t h i s category have high thermal and chemical 

s t a b i l i t y and , importantly, low t o x i c i t y . 

Table 2 summarises the low f luo r ina ted compounds. These, in 

contrast to the highly f luor ina ted compounds show pronounced 

b i o l o g i c a l a c t i v i t y due, in par t , to the f ac t / t he compounds bear ^'i^A<^ 
a ce r ta in s i m i l a r i t y to natural, products (e.g. nucleobases, 

steroids and amino acids) . 

Table 1 Highly f luor ina ted compounds 

APPLICATION COMPOUND 

Refrigerants Chlorofluorocarbons 

Aerosol propellants e.g. CF2CI2 

Fire Extinguishers Bromofluoroalkanes 

e.g. CFsBr 

1 



APPLICATION COMPOUND 

Inhala t ion Anaesthetics CFaCHClBr 

(halothane) 

Surfactants FisCzSOsfl 

Polymers 

(e .g . lubr icants) 

Polytetrafluoroethylene 

P.T.F.E. 

Blood substi tutes ) 
Perfluorinatedcycloalkanes 

Table 2 Low f luo r ina ted compounds 

APPLICATION COMPOUND 

CH2F 'DFA' 

Pharmaceuticals 
1 H2N-C-D 
1 

a c e l l wall active 

COOH a n t i b i o t i c 

Plant protect ion N — N 

F3C J ^ S ' ^ 
Thiazafluon 

N-CONHCH3 
1 
CH3 herbicide 

Because of t h i s wide range of applications, the use of the most 

r ead i ly available source of f l u o r i n e , the f l uo r ide ion, is a very 

a t t r a c t i v e j^pportunity) 



CHAPTER TWO 

2 A SURVEY OF FLUORIDE ION SOURCES 

2.1 In t roduct ion 

I n t h i s chapter i t is intended to survey sources of f l uo r ide ion 

cur rent ly employed and give examples of both t he i r advantages and 

disadvantages i n par t i cu la r reactions. There are a number of 

major books and reviews covering aspects of f l u o r i d e ion 

chemistry ' . I t is f i r s t useful to look at the characterist ics 

of the f l u o r i d e ion and i t s modes of reaction before looking at 

spec i f i c sources. 

a) The Fluoride Ion 

A look at the physical data of the series of halide ions (Table 

1) shows the uniqueness of the f l u o r i d e ion. 



Table 1 

Halide Ionic radius Heat of P o l a r i z a b i l i t y 

I 
hydration 

kJ mol'^ 

F" 1.36 517 0.86 

Cl~ 1.81 374 3.05 

Br" 1.96. 340 4.17 

I ~ 2.16 302 6.28 

I t can be seen that the volume-charge density of f l u o r i n e is 

s i g n i f i c a n t l y larger than f o r the other halide ions. A direct 

consequence of t h i s is that the f l u o r i d e ion forms stronger 

hydrogen bonds than the other ions ( re f lec ted also i n the high 

heat of hydra t ion) . This has important consequences when i t 

comes to the type of reaction i n which the f l u o r i d e ion can be 

used but i t leads to d i f f i c u l t i e s such as poor nuc leoph i l i c i ty , 

and i t i s these which have provided the d r iv ing force behind the 

search f o r newer and better sources of f l u o r i d e ion. 

The f l u o r i d e ion has been observed to react i n a number of ways. 

These can be divided in to three categories: 

1. C-F bond formation (e.g. halogen exchange) 

2. As a base (e.g. Michael addition) 

3. C-C bond formation (e.g. oligomerisation of f luor ina ted 

alkenes) 

The categories w i l l be discussed i n more de t a i l i n the relevant 

sections but there are some general observations that have a 

bearing on the way f l u o r i d e ion can be used. 



b) Bond energies 

Both the carbon-fluorine and hydrogen-fluorine bond strengths are 
much larger than the corresponding bonds to other halides: 

Bond energies/ kJ mol'''' 

F CI Br I O N 

C-X 

H-X 

536 328 285 . 218 358* 305* 

569 432 366 299 428 314 

* s ingle bonds 

I t can be seen that the strength of the relevant f l u o r i n e bond is 

advantageous i n both i t s reactions as a nucleophile (with the 

higher energy of the C-F bond providing a d r iv ing force) and as a 

base. 

ĉ  Solvent 

The strength of the H-F bond and the heat of hydration of the 

f l u o r i d e ion means that t h e i r use i n water or other pro t ic 

mater ia l diminishes the r e a c t i v i t y of the ion. 

The nucleophi l ic strength of halide ions i n aqueous solut ion run 

i n the order: 

I > Br > CI > F 

This i s due mainly to the hydration sphere around the smaller 

f l u o r i d e ion . 



I n base reactions the same problem applies with water masking the 

f l u o r i d e ion (but not reacting wi th i t as with other bases) and 

so reducing r e a c t i v i t y . 

The solut ion to the problem of solvation of the f l u o r i d e ion is 

to use a polar aprot ic solvent such as MeCN, DMF, diglyrae, 

sul folane , etc. However the s o l u b i l i t y of the a l k a l i metal 

f l u o r i d e s , which are the most easi ly accessible f l u o r i d e ion 

source, i s extremely low. I t is the search f o r both new soluble 

f l u o r i d e ion sources, and ways of improving the s o l u b i l i t y of 

ex i s t i ng sources, that has provided the stimulus f o r much of the 

research reported here. 



2.2 ALKALI METAL FLUORIDES 

A l k a l i metal f l uo r ide s are s t i l l the most commonly used source of 

f l u o r i d e ion and as such have found a wide appl icat ion in organic 

synthesis. This i s due to the f ac t they have the advantages of 

being easi ly d r ied , easy to handle and they have high thermal 

s t a b i l i t y . However, they have the drawbacks of being very 

insoluble i n a l l but a few p ro t i c solvents and are hygroscopic, 

thus necessitating rigorously anhydrous reaction conditions. 

Potassium f l u o r i d e has found the widest appl icat ion because i t is 

both less expensive and less hygroscopic than the more reactive 

caesium f l u o r i d e . The a c t i v i t y of the a l k a l i metal f luor ides is 

generally accepted to be: 

CsF > RbF > KF » NaF > LiF 

But a balance must be drawn between r e a c t i v i t y and cost. A 

closer look at some of the reactions shows the areas i n which 

a l k a l i metal f l uo r ides are p a r t i c u l a r l y useful and where 

improvements have necessitated the search f o r better f l u o r i d e ion 

sources. 

a) Halogen Exchange 

This area i s covered i n depth i n a number of major books and 

reviews Potassium f l u o r i d e has proved the most useful 

reagent f o r subs t i tu t ing f l u o r i n e f o r a halogen or oxygen-bonded 

f u n c t i o n . I t has been found that potassium f l u o r i d e substitutes 

7 



f l u o r i n e f o r halogen i n the fo l lowing classes of compound: 

1. Carboxylic acid halides 

KF 
C H 3 C O C I > CH3COF (767.) [7] 

CH3COOH, 100'c 

. 2 . A r y l - and a l k y l - s u l f o n y l halides. 

. KF • 

C 2 H 5 S O 2 C I * C2H5SO2F (667.) [8] 

H2O, r e f l u x 

3. Primary a l k y l halides 

KF/glycol 

CH3(CH2)5 -C1 • C H 3 ( C H 2 ) 5 - F (547.) [9] 

175-185 'C 

4. Aromatic halides substituted i n ortho or para positions 

by an electron-withdrawing group, especially n i t r o . 

a 
NJO, o KF o 



5. P e r c h l o r i n a t e d a r o m a t i c compounds, e s p e c i a l l y 
h e x a c l i l o r o b e n z e n e . 

KF a u t o c l a v e 
CeCle ^ CeFe (217.) CeFsCl (207.) [11] 

480 'C C 6 F 4 C I 2 (147.) C 6 F 3 C I 3 (127.) 

Lower t e m p e r a t u r e s have been a c h i e v e d u s i n g s u i t a b l e a p r o t i c , 
d i p o l a r s o l v e n t s , however t h e r e a c t i o n s a r e p r o b a b l y n o t s i m p l e 
s o l u t i o n r e a c t i o n s b u t r e l y on t h e presence o f t h e s u r f a c e o f t h e 
excess s o l i d . I n c o n j u n c t i o n w i t h t h e l o w e r t e m p e r a t u r e s 
o b t a i n a b l e t h e use o f p - t o l u e n e s u l f o n a t e and m e t h y l s u l f o n a t e 
e s t e r groups have been used i n t h e sequence: 

ArS02Cl KF 
RCH2OH * RCH2 0S02Ar > RCH2F 

s o l v e n t 

T h i s a v o i d s t h e r e l a t i v e l y v i g o r o u s c o n d i t i o n s r e q u i r e d f o r t h e 
d i r e c t p r e p a r a t i o n o f f l u o r i d e s . For example: 

TosCl KF 
FCH2CH2OH • FCH2CH2OT0S * - FCH2CH2F [12] 

g l y c o l (897.) 
180-200 'C 



T h i s use o f t h e a l k a l i m e t a l f l u o r i d e s as f l u o r i n a t i n g agents has 
been matched by t h e i r use as bases. 

b) Base R e a c t i o n s 

13 
The f i r s t examples o f f l u o r i d e i o n b e i n g used as a base 
u t i l i s e d p o t a s s i u m f l u o r i d e and u n t i l about 1970 t h i s was almost 
e n t i r e l y t h e o n l y source. The s t r o n g hydrogen bonding o f t h e 
f l u o r i d e i o n and t h e h y g r o s c o p i c i t y o f p o t a s s i u m f l u o r i d e have 
l e d t o i t b e i n g e s p e c i a l l y u s e f u l i n c e r t a i n c l a s s e s o f base 
r e a c t i o n . An e x c e l l e n t r e v i e w ^ c o v e r s t h i s a s p e c t o f f l u o r i d e 
i o n c h e m i s t r y i n d e t a i l . 

( i ) E s t e r i f i c a t i o n 

The f o r m o f e s t e r i f i c a t i o n p a r t i c u l a r l y promoted by a l k a l i m etal 
f l u o r i d e s i s t h a t o f c a r b o x y l i c a c i d s w i t h a l k y l h a l i d e s . T h i s 
r e l i e s on t h e f a c t p o t a ssium f l u o r i d e (as w e l l as CsF and RbF) 

14 
a r e v e r y s o l u b l e i n l i q u i d c a r b o x y l i c a c i d s , so t h a t r e a c t i o n s 
may be c a r r i e d o u t u s i n g t h e r e a c t a n t a c i d as b u l k s o l v e n t . The 
employment o f KF i n t h e s e r e a c t i o n s l e a d t o good y i e l d s o f 
e s t e r s , f r e e f r o m b y - p r o d u c t s ' . 

10 



KF/MeCOsH 
CH3(CH2)5-X * CH3(CH2)5 0C(0)CH3 [15] 

X= C I Br I 
7. 85 100 67 

( i i ) D e h v d r o h a l o g e n a t i o n 

The m a j o r i t y o f r e s e a r c h p u b l i s h e d r e p o r t s a tet r a a l k y l a m r a o n i u m 
f l u o r i d e ( s e c t i o n 2.4) as t h e e l i m i n a t i o n - p r o m o t i n g base. There 
i s a l s o a st e a d y number o f r e p o r t e d examples u s i n g a l k a l i metal 
f l u o r i d e s : 

CsF 

DMF 
[17] 

A l s o a more s t r a i g h t f o r w a r d a p p l i c a t i o n o f s o l i d KF i n a p r o t i c 
s o l v e n t i n v o l v e s t h e c i s and t r a n s isomers o f ( I ) : 

Si 

04, 

• 
KF 
DMSO DMSO 
100 *C 

•» 

11 

I 
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An i n t e r e s t i n g r e a c t i o n i n v o l v i n g t h e f o r m a t i o n o f e t h e r s 
r e v e a l e d t h e r e l a t i v e r e a c t i v i t i e s o f t h e a l k a l i m e t a l f l u o r i d e s : 

CK 

t^t MF 

100*C 15 min 
o 

Cs Rb K 
85 68 4 

( i i i ) M i c h a e l and Knoevanagel 

The use o f f l u o r i d e s i n t h e s e r e a c t i o n s have a number o f 
advantages: 

1. S p e c i a l p r e p a r a t i o n o f a s t r o n g base i s n o t r e q u i r e d ; 
2. S e p e r a t i o n o f t h e c a t a l y s t i s easy; 
3. R e a c t i o n s can be accomplished when o t h e r s t r o n g bases are 

i n e r t . 

A g a i n p o t a s s i u m f l u o r i d e has r e c e i v e d t h e most a t t e n t i o n as a 
s o u r c e . However, r e c e n t l y t h e use o f t e t r a a l k y l a m m o n i u m 

12 



f l u o r i d e s ( s e c t i o n 2.4) has i n c r e a s e d . I n t h e r e a c t i o n below i t 
can be seen t h a t t h e r e i s a balance t o be drawn between 
r e a c t i v i t y and s o l u b i l i t y : 

KF 
CH3NO2 + CH2=CHCN " 02N(CH2)3CN (637.) [20] 

2hr r e f l u x 

The e f f e c t i v e n e s s o f v a r i o u s s o l v e n t s was shown t o be: 
957. EtOH > 507. aqueous EtOH > Me2CH0H > .Me3C0H > dio x a n e - w a t e r . 
Pure d i o x a n e gave no r e a c t i o n . The problem o f i n s o l u b i l i t y o f 
t h e a l k a l i m e t a l f l u o r i d e s can be s o l v e d i n t h i s r e a c t i o n b u t 
o n l y by a l o s s i n r e a c t i v i t y . The sea r c h f o r new s o l u b l e 
s o u r c e s , o r b e t t e r s o l v a t i n g agents i s d e a l t w i t h l a t e r . 
The Knoevanagel r e a c t i o n , i n which w a t e r i s e l i m i n a t e d f r o m t h e 
i n t e r m e d i a t e a l d o l p r o d u c t has pr o v e d s u s c e p t i b l e t o c a t a l y s i s by 
t h e i o n i c f l u o r i d e s , a i d e d by t h e i r h i g h a f f i n i t y f o r w a t e r . 
Aoyama, S a k u r i and co-workers have demonstrated t h e use o f KF as 
c a t a l y s t ( i n e t h a n o l o r d i - e t h y l e t h e r ) f o r t h e r e a c t i o n : 

KF 
MeC0CH2Me + NCCH2C02Et * MeG(Et)=C(CN)C02Et [ 2 i ; 

Rand and co-workers have r e p o r t e d a k i n e t i c s t u d y on t h e r e a c t i o n 
22 

o f c y c l o h e x a n o ne w i t h e t h y l c y a n o a c e t a t e i n e t h a n o l . They 
s u g g e s t e d a mechanism i n which t h e f l u o r i d e i o n promotes t h e 
d i s s o c i a t i o n o f t h e methylene compound. 

13 



GH2(CN)C02Et [CH(CN)C02Et]~ + H"" 

The o r d e r f o r t h e a l k a l i m e t a l f l u o r i d e s was f o u n d t o be 
CsF > RbF > KF and a hydrogen bonded i n t e r m e d i a t e was p o s t u l a t e d . 
A f u r t h e r example o f t h e b a s i c s t r e n g t h o f t h e f l u o r i d e s has been 
t h e c o n d e n s a t i o n o f a c e t o n i t r i l e w i t h c y c l i c alkanones i n t h e 
presence o f sodium o c t y l o x i d e o r magnesium n e o p h e n t y l g l y c o l a t e 

23 
t o produce n i t r i l e s u s e f u l as p h a r m a c e u t i c a l s 

c ) Carbon-carbon bond f o r m a t i o n 

A number o f f l u o r i d e i o n sources have been used i n t h e a t t e m p t t o 
24 

p r o d u c e o l i g o m e r s o f s i m p l e p e r f l u o r i n a t e d a l k e n e s . However 
caesium f l u o r i d e has p r o v i d e d most examples o f t h i s t y p e o f 
r e a c t i o n ( T a b l e 1 ) . 
As CsF i s e a s i e r t o m a n i p u l a t e t h a n crown e t h e r s (as w e l l as l e s s 
t o x i c ) i t has p r o v e d t o be t h e r e a g e n t o f c h o i c e i n most o f these 
t y p e o f r e a c t i o n s . 
C o - o l i g o m e r i s a t i o n a l s o p r o v i d e s a source o f complex 
p e r f l u o r i n a t e d compounds. An example o f t h i s i s : 

CsF CF3CF=CF2 
(CF3)2C=CF2 " (CF3)3C"Cs+ * (CF3)3CCF=CFCF3 [29] 

14 



T a b l e 1 ^ 
Alkene 

CF2=CF2 

Conditions 

GsF/diglyme 

lOO^C/ 20psi 

Oligomers 

[OV, 

Ref 

[25; 

CFgCF̂ CFa 

CF3CF=CF2 

KF/CH3CN 
room temp 

[26 

KF/18-C-6 f W o A j j ^ . ^ d «JU-o«y ^* 
CH3CN 7% 

F> 10% 

F 

F> 10 V. 
;27; 

KA. 

15 



d) Procedures f o r modifying r e a c t i v i t y - general considerations 

I t can be seen t h a t t h e a l k a l i m e t a l f l u o r i d e s have f o u n d a 
number o f a p p l i c a t i o n s , and a r e p a r t i c u l a r l y s u i t e d t o r e a c t i o n s 
when h i g h e r t e m p e r a t u r e s o r anhydrous c o n d i t i o n s a re r e q u i r e d . 
I t i s t h e l i m i t a t i o n s o f i n s o l u b i l i t y and h y g r o s c o p i c i t y , 
however, t h a t have l e d t o t h e c o n t i n u e d search f o r b e t t e r 
f l u o r i d e i o n s o u r c e s , b o t h t o i n c r e a s e t h e e f f e c t i v e n e s s o f t h e 
a l k a l i m e t a l f l u o r i d e s and i n t h e sea r c h f o r new f l u o r i n a t e d 
compounds. 

The a t t e m p t s t o improve t h e r e a c t i v i t y o f t h e a l k a l i m e t a l 
f l u o r i d e s have t a k e n two forms 

1. Those de s i g n e d t o improve s o l u b i l i t y 
2. Those aimed a t an i n c r e a s e d s u r f a c e a r e a 
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2.3 Improving the reactivity of al k a l i metal fluorides 

a) Crown-ethers 

The use o f crown e t h e r s t o s o l u b i l i s e a l k a l i m e t a l s a l t s i n 
o r g a n i c s o l v e n t s t o enhance t h e r e a c t i v i t y o f t h e a n i o n has been 
a m a j o r a r e a o f r e s e a r c h s i n c e t h e l a t e 1960's. Among t h i s 
r e s e a r c h has been t h e s t u d y o f t h e a l k a l i m e t a l f l u o r i d e s , which 
a r e p a r t i c u l a r l y l i m i t e d by t h e i r low s o l u b i l i t y i n non-aqueous 
s o l v e n t s . 

30 
L i o t t a and H a r r i s were t h e f i r s t t o r e p o r t a s o l u t i o n o f t h e 
complex o f KF and 1,4,7,10,13,16-hexaoxacyclooctadecane 
(18-crown-6) (A) i n a c e t o n i t r i l e and benzene and c o i n e d t h e t e r m 
'naked f l u o r i d e ' t o d e s c r i b e t h e s t a t e o f t h e a n i o n . 

o o 

0 o 

(A) 

T h i s d i s c o v e r y enabled m i l d e r c o n d i t i o n s t o be u t i l i s e d f o r a 
number o f r e a c t i o n s ( T a b l e 3 ) . 
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Table 3 Re a c t i o n s u s i n g KF / 18-crown-6 i n MeCN 
S u b s t r a t e Product Temp/'C t ^ / 2 A r s 
PhCH2Br PhCH2F 83 11.5 
1-bromooctane 1 - f l u o r o o c t a n e 83 11.5 

1-octene. (87o) 
CH3COCI. CH3COF 25 5.5 

Time f o r h a l f t h e s u b s t r a t e t o r e a c t . 

Less t h a n 57o r e a c t i o n t a k e s p l a c e i n t h e absence o f t h e crown 
e t h e r under i d e n t i c a l c o n d i t i o n s . 
An i n t e r e s t i n g r e a c t i o n i l l u s t r a t i n g t h e c o m p e t i t i o n between 
d i s p l a c e m e n t ( n u c l e o p h i l i c ) and e l i m i n a t i o n ( b a s i c ) processes was 
t h a t w i t h 2 - c h l o r o - 2 - m e t h y l c y c l o h e x a n o n e ( 1 ) : 

( I ) 

a KF 

18-C-6 
83 C 

697. 317. 

T h i s use as a base has been e x p l o i t e d and shown t o be an 
•j Q 0-1 

improvement o v e r e x i s t i n g methods ' . I t has prov e d 
e s p e c i a l l y e f f e c t i v e as a base c a t a l y s t i n M i c h a e l r e a c t i o n s . 
B e l s k y d e s c r i b e s a M i c h a e l a d d i t i o n , u s i n g KF-crown e t h e r , o f 

18 



n i t r o m e t h a n e t o chalco n e and a c r y l o n i t r i l e : 

KF/18-C-6 
MeNOa + PhCH=CHCOPh . ^ 02NCH2CH(Ph)CH2C0Ph [32] 

Sl'C, 1.5 h r s (947.) 

The e f f e c t o f crown e t h e r c a t a l y s i s i s dependent on t h e n a t u r e o f 
t h e s o l v e n t . For i n s t a n c e i t i s q u i t e d r a m a t i c i n MeCN but much 
l e s s i m p o r t a n t i n DMF f o r t h e r e a c t i o n : 

PNO2C6H4 X KF 

C=C . • /9NO2C6H4CECR [18] 

H R 18-C-6 60-977. 
25°C 1-9 h r s 

[X = B r , C I R = H,Me] 

KF i n MeCN a l o n e a f t e r 1 hour a t 80 C gave 07. b u t KF-crown e t h e r 
under t h e same c o n d i t i o n s gave 537.. 
More r e c e n t R ussian s t u d i e s have l o o k e d s y s t e m a t i c a l l y a t t h e 
e f f e c t o f s o l v e n t on t h e complexes and a l s o when t h e s e a r e 

33 
i m m o b i l i s e d on a p p r o p r i a t e s u p p o r t 
Crown e t h e r s have a l s o p r o v e d e f f e c t i v e i n t h e replacement o f 
c h l o r i n e i n c h l o r o a r o r a a t i c compounds 
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The model r e a c t i o n : 

a 

k)0, 

MF 

cro w n - e t h e r 
0 

r e v e a l e d t h e e f f e c t i v e n e s s o f t h e crown e t h e r s i n t h e o r d e r : 

dibenzo-24-C-8 < d i c y c l o h e x y l - 1 8 - C - 6 < 18-C-6 

Thus i t can be seen t h a t t h e crown e t h e r s can be used t o improve 
t h e r a t e and e f f i c i e n c y o f KF promoted r e a c t i o n s . However t h e 
drawbacks a r e t h e i r h i g h t o x i c i t y and expense. Nor i s t h e i r mode 
o f o p e r a t i o n c l e a r . The concept o f 'naked' f l u o r i d e has been 
c a l l e d i n t o q u e s t i o n by n.m.r..evidence whi c h r e v e a l e d t i g h t 
i o n p a i r s i n KF-crown e t h e r , l e a d i n g t o a degree o f f l u o r i d e 
masking. N e v e r t h e l e s s c r o w n - e t h e r s have been p a r t i c u l a r l y u s e f u l 
i n systems i n whic h t h e s e m i l d e r c o n d i t i o n s a r e necessary ( i . e . 
w i t h s t e r o i d s and n u c l e o s i d e s ) . 

h) S p r a y - d r i e d KF 

An o t h e r a t t e m p t a t i n c r e a s i n g t h e s u r f a c e a r e a (and hence t h e 
r e a c t i v i t y ) and a t t h e same t i m e r e d u c i n g t h e h y g r o s c o p i c i t y o f 

38 
p o t a s s i u m f l u o r i d e has been c l a i m e d by I s h i k a w a and co-workers . 
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They p r e p a r e d s p r a y - d r i e d KF and normal c a l c i n e - d r i e d KF which 
were t h e n exposed t o t h e atmosphere f o r 1 hour. Whereas t h e 
c a l c i n e - d r i e d KF had i n c r e a s e d i t s w e i g h t by 267. t h e s p r a y - d r i e d 
showed o n l y a 37. i n c r e a s e . The p h y s i c a l p r o p e r t i e s o f t h e two 
samples showed how t h e y d i f f e r e d : 

s p r a y - d r i e d 
c a l c i n e - d r i e d 

p a r t i c l e s i z e 

10-50 
200-300 

s u r f a c e a r e a 

(•n^/g) 
1.3 
0.1 

The f l u o r i n a t i o n o f organohalogen compounds u s i n g t h e s p r a y - d r i e d 
sample i n a c e t o n i t r i l e showed an i n c r e a s e i n r e a c t i v i t y . 

S u b s t r a t e Temp/'C Time/hrs P r o d u c t Yield/7. 
P h C H 2 B r 83 10 PhCHaF 68 

2,4-DNCB * 83 10 2,4-DNFB * 58 

C H 3 C O C I 20 3 CH3COF 83 
2,4-DNCB i s 2 , 4 - d i n i t r o c h l o r o b e n z e n e 
2.,4-DNFB i s 2 , 4 - d i n i t r o f l u o r o b e n z e n e . 

The p h y s i c a l p r o p e r t i e s suggest t h a t t h e decreased p a r t i c l e s i z e 
and hence i n c r e a s e d s u r f a c e a rea a r e t h e main c o n t r i b u t i o n t o t h e 
i n c r e a s e d r e a c t i v i t y . However t h i s does n o t e x p l a i n t h e l a c k o f 
h y g r o s c o p i c i t y and t h i s has y e t t o be r e s e a r c h e d and e x p l a i n e d . 
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Supported a l k a l i metal fluorides 

An a l t e r n a t i v e t o s o l i d a l k a l i m e t a l f l u o r i d e i s t o use i n o r g a n i c 
s o l i d s t o s u p p o r t them. T h i s has been done p a r t i c u l a r l y w i t h KF. 
The advantage o f r e a c t i o n s on s o l i d s u p p o r t s i s t h e p o s s i b i l i t y 
o f an enhanced r e a c t i v i t y and/or i n c r e a s e d s e l e c t i v i t y o f t h e 
r e a g e n t s as w e l l as m a n i p u l a t i v e convenience. 
Ando and Yamawaki s t u d i e d hydrogen-bond a s s i s t e d a l k y l a t i o n s t o 

39 
d e t e r m i n e t h e most r e a c t i v e s o l i d s u p p o r t f o r KF . The 
s u p p o r t s t r i e d i n c l u d e d C e l i t e 454 ( w h i c h t h e y had p r e v i o u s l y 
s t u d i e d ^ ° ) , v a r i o u s m o l e c u l a r s i e v e s , a l u m i n a and s i l i c a g e l . 
The r e a c t i o n chosen t o compare t h e s e v a r i o u s s u p p o r t s was: 

KF / s u p p o r t 

Mel 
o 

The r e s u l t s showed t h a t KF-alumina was t h e r e a g e n t o f c h o i c e , 
y i e l d i n g 967. p r o d u c t a f t e r 4 h o u r s . F o l l o w i n g t h e i r c o n c l u s i o n s 
KF on an a l u m i n a s u p p o r t has been by f a r t h e most used o f t h i s 
k i n d o f r e a g e n t . 
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( i ) MF-Alnmina 

Alu m i n a as an i n s o l u b l e i n o r g a n i c s u p p o r t has seen a c o n s i d e r a b l e 
g r o w t h o v e r t h e l a s t few y e a r s I t has been p a r t i c u l a r l y 
u t i l i s e d as a s o l i d base i n a v a r i e t y o f r e a c t i o n s such as 
s u b s t i t u t i o n s , e l i m i n a t i o n s , a d d i t i o n s and c o n d e n s a t i o n s . C l a r k 
and co-workers have f o u n d t h a t a c o m b i n a t i o n o f low MF l o a d i n g s 
and h i g h l y e f f i c i e n t d r y i n g p r o c e d u r e s g i v e t h e b e s t r e a g e n t f o r 
c a t a l y t i c r e a c t i o n s . For n o n - c a t a l y t i c r e a c t i o n s somewhat h i g h e r 
l o a d i n g s and more moderate d r y i n g c o n d i t i o n s g i v e t h e b e s t 

43 
r e a g e n t s . 
The mechanism f o r t h e h i g h r e a c t i v i t y o f KF-alumina as 
heterogeneous base f o r c a t a l y t i c as w e l l as n o n - c a t a l y t i c 
r e a c t i o n s i s s t i l l u n c l e a r . Weinstock e t . a l have n o t e d t h e 
presence o f K3AIF6 i n u n s p e c i f i e d samples o f KF-AI2O3 and suggest 
t h a t f l u o r i d e i o n has l i t t l e o r no d i r e c t r o l e i n t h e enhanced 
r e a c t i v i t y c l a i m i n g t h i s i s due t o p o t a s s i u m h y d r o x i d e and/or 
a l u m i n a t e s : 

12 KF + AI2O3 + 3 H2O ^ 2K3AIF6 + 6 KOH 

C l a r k and co-workers have shown by t i t r i m e t r i c a n a l y s e s t h a t 
KF-alumina does n o t owe i t s b a s i c a c t i v i t y s o l e l y t o t h e 
f o r m a t i o n o f t h e s e compounds. They have proposed t h r e e p o s s i b l e 
mechanisms: 
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1 D i s p e r s i o n and i n c r e a s e d s u r f a c e a r e a o f KF g i v i n g 
c o - o r d i n a t i v e l y u n s a t u r a t e d F~. 

2 L i b e r a t i o n o f s t r o n g base d u r i n g p r e p a r a t i o n 
3 C o o p e r a t i v e a c t i o n o f F~ and t h e h y d r a t e d a l u m i n a s u r f a c e 

( i i ) Newer s u p p o r t s 

More r e c e n t a t t e m p t s a t p r o v i d i n g s u p p o r t f o r t h e a l k a l i m e t a l 
f l u o r i d e s i n c l u d e t h e CaF2-MF system, where M i s K o r Cs 
The a t t e m p t was made t o a l l e v i a t e t h e problem a s s o c i a t e d w i t h 
KF-alumina, namely t h e low r e a c t i v t y as a source o f n u c l e o p h i l i c 
f l u o r i n e (due as seen t o t h e s u r f a c e OH»»i"F~ hydrogen bonds). 
C a l c i u m f l u o r i d e p r o v i d e s a s u r f a c e w h i c h i s n o t h y d r o x y l a t e d , 
y e t has a h i g h s u r f a c e area r e q u i r e d f o r an i n e r t s u p p o r t 
m a t e r i a l . Comparisons w i t h o t h e r sources o f a l k a l i m e t a l 
f l u o r i d e show t h i s ^̂ : 

Reagent s u r f a c e a r e a (ra /g) 
CaF2 -M 10 
Alumina-KF 100-200 
normal KF 0.1 
s p r a y - d r i e d KF 1.3 

The system has been shown t o be e f f e c t i v e w i t h a range o f 
s u b s t r a t e s i n f l u o r i n a t i o n : 
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Substrate 

PhCHaBr 
I I 

l - B r C i 2 H 2 5 

CH3COCI 

Reagent 

KF -CaF2 

CsF -CaF2 

KF -CaF2 

KF -CaF2 

Product 

PI1CH2F 

I t 

I-FC12H25 

dodec-l-ene 
CH3COF 

Temp/ C 

80 
80 
160 

30 

Time/h 

16 
2 
5 

0.2 

Y i e l d 7. 

68 
97 
84 
16 
74 

T h i s r e a c t i v i t y enhancement can be explained as with the 
spr a y - d r i e d KF as being due to the high surface area of the 
support m a t e r i a l . The r e a c t i v i t y can be shown by d i r e c t 
comparison to other systems, using f l u o r i n a t i o n of PhCH2Br as the 
model r e a c t i o n 46 

F l u o r i d e Y i e l d (7.) 
KF 0.6 
CaF2 0.3 
KF-CaF2 * 

89 
spray d r i e d KF 68 
KF/18-C-6 50 

C o n d i t i o n s : r e f l u x f o r 10 hours i n MeCN 
Ref 45 re p o r t s t h i s as 68 1 however 

Another reported support f o r the a l k a l i metal f l u o r i d e s i s 
gr a p h i t e The system was used i n the attempted f l u o r i n a t i o n 
of pentachloropyridine. Although some improvement i s observed 
with KF ther e i s very l i t t l e with CsF. 
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The use of s o l i d supports can be seen as a growing area, 
e s p e c i a l l y i n i t s a p p l i c a t i o n s to base c a t a l y s e d r e a c t i o n s . The 
problems s t i l l a r i s e however of the balance of l o s s of r e a c t i v i t y 
with reduced h y g r o s c o p i c i t y and t h i s has kept a l i v e the search 
f o r newer sources of f l u o r i d e . 

d) Phase T r a n s f e r C a t a l y s i s 

The constant problem of the a l k a l i metal f l u o r i d e s i s that of 
s o l u b i l i t y and a number of attempts have been made to improve 
t h i s . Phase t r a s f e r c a t a l y s i s (PTC) has provided a p a r t i c u l a r l y 
f r u i t f u l a r ea of res e a r c h and there are many books and patents on 

48 
the s u b j e c t . 
There are two areas of PTC, the l i q u i d / s o l i d of which the 
KF-crown ethers have provided the bulk of information (see 
e a r l i e r ) ; and l i q u i d / l i q u i d PTC i n which complex organic cations 
continuously t r a n s f e r anionic reagents from an aqueous to a water 
i n s o l u b l e organic phase. The anions are then p a r t i c u l a r l y 
r e a c t i v e i n t h i s phase due to both the poor s o l v a t i o n and the low 
energy of i n t e r a c t i o n of the complex c a t i o n . 
V i t h PTC there i s s t i l l competition between n u c l e o p h i l i c and 
b a s i c processes, and c a t a l y s t s have been found f o r both 
a p p l i c a t i o n s . 
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The m a j o r i t y of work on the l i q u i d / l i q u i d systems has been the 
study of the r e a c t i o n : 

RX(org) + F~(aq) ^ RF(org) + X"(aq) 

where RX i s u s u a l l y an a l k y l or a r y l h a l i d e . 
The c a t a l y s i s takes place i n the presence of quaternary ammonium 
or phosphonium s a l t s f u nctioning as l i q u i d anion exchangers which 
t r a n s p o r t the r e a c t i n g anions across the interphase. 

49 
The r e a c t i o n above s u f f e r s from s e v e r a l d i f f i c u l t i e s 

1. The e x t r a c t i o n c o e f f i c i e n t of the f l u o r i d e anion by 
l i p o p h i l i c quaternary c a t i o n s i s extremely low. Consequently the 
s e l e c t i v i t y constants ( ^ s e l ) °^ r e l e v a n t anion p a i r s 
C l ~ / F ~ or B r ~ / F ~ are a l s o very small. Hence a very large excess 
of f l u o r i d e s a l t i s required to obtain resonable r a t e s . 

2. The high b a s i c i t y of extracted f l u o r i d e ion r e s u l t s i n 
5 52 

s e v e r a l undesired s i d e r e a c t i o n s ' 

3. U t i l i s a t i o n of p o l a r s o l v e n t s to improve e x t r a c t a b i l i t y 
r e s u l t i n a lower n u c l e o p h i l i c i t y of the extracted f l u o r i d e anion 
due to s o l v a t i o n and c o - e x t r a c t i o n of water molecules with the 

53-55 
f l u o r i d e ion p a i r 
Recent work has optimised the r a t i o of KF to water to provide 
the most e f f i c i e n t e x t r a c t i o n at lower temperatures. 
Montanari and co-workers s t i r r e d primary and secondary a l l y l 
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bromides, c h l o r i d e s or mesylates at 100-160 C with saturated KF 
s o l u t i o n and c a t a l y t i c amounts of tributylhexadecylphosphonium 
bromide [Ci6H33P(C4H9)3]''"Br~ f o r 7-16 hours. Primary and 
b e n z y l i c compounds gave f l u o r i d e y i e l d s of 70-907o. Cyclohexyl 
c h l o r i d e and 2-bromooctane gave o l e f i n s and a l c o h o l s only. 
2-octomesylates, however, gave 547« f l u o r i d e . 
D e l i b e r a t e attempts to use the PTC system as a base have led to 
tetra-n-butylammoniura chloride-KF-H2 0 being used i n the Michael 

57 
a d d i t i o n of nitromethane to chalcone . The reported e f f i c i e n c y 
of the method (947o recovery a f t e r 0.5 hr at 25''C) i s e x c e l l e n t . 
The use of t e r t i a r y onium s a l t s has p r i m a r i l y been concerned with 
l i q u i d / l i q u i d PTC. However they can a l s o be used i n the 
l i q u i d / s o l i d PTC where crown ethers are added as c a t a l y s t s . Zwan 
e t . a l . have discovered that the c a t a l y t i c c a p a c i t y of t e r t i a r y 
ammonium s a l t s i n a p r o t i c d i p o l a r solvents i s equal to or greater 
than t h a t of crown ethers i n comparisons of the p r o p e r t i e s of PTC i n l i q u i d / s o l i d two phase r e a c t i o n s 58 

PhCHaCl + KF 
PTC 

PhCH2F 

PTC 
Aliquat 336 I 42 
18-crown-6 I 147 

Me2NCH2CH2NMe2 I 107 
Time to r e a c t h a l f the PhCH2Cl 
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The more recent work i n t h i s area has u t i l i s e d c r y p t a t e s , such as 
K r y p t o f i x [ 2 . 2 . 2 . ] : 

T h i s compound has been used with both KF and CsF. An example of 
the r e a c t i o n of t h i s reagent at room temperature i s : 

CsF/Kryptofix 
C5CI5N • 287. C5CI4FN 57. C5CI3F2N [59; 

CHCI3 24 hrs 27. C5CI2F3N 

T h i s a r e a of r e s e a r c h has produced new c a t a l y s t s , the aim being 
to improve both the e x t r a c t i o n of the f l u o r i d e ion and enhance 
the s t a b i l i t y of the c a t a l y s t s . 
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2.4 Tetraalkvlammoninm f l u o r i d e s 

Tetraalkylammonium f l u o r i d e s , of which tetrabutylammonium 
f l u o r i d e (TBAF), tetraethylammonium f l u o r i d e (TEAF), 
butyltrimethylammonium f l u o r i d e (BTMAF) and, to a l e s s e r extent, 
tetramethylammonium f l u o r i d e (TMAF) have r e c e i v e d the most 
a t t e n t i o n . They are so l u b l e i n po l a r a p r o t i c s o l v e n t s . However 
t h e i r h y g r o s c o p i c i t y i s such t h a t , on d i s s o l u t i o n , the f l u o r i d e 
w i l l almost c e r t a i n l y be accompanied by varying amounts of water 
or some other p r o t i c m a t e r i a l 

The e f f i c i e n t removal of water from the f l u o r i d e i s the key to 
the r e a c t i v i t y and u s u a l l y r e q u i r e s drying at 30-40 C f o r 24 
hours under high vacuum. At temperatures over 80"C, 
decomposition occurs. Work i n t h i s laboratory has a l s o found 
a s i g n i f i c a n t l o s s of mater i a l at the more moderate drying 
c o n d i t i o n s , but the f l u o r i d e ion strength remains. The 
tetraalkylammonium f l u o r i d e s have been used i n the f u l l range of 
f l u o r i d e ion r e a c t i o n s . 

a) Halogen Exchange 

62 
Tetraalkylammonium f l u o r i d e s have been used i n both a l k y l and 
aromatic s u b s t i t u t i o n s . V i t h these reagents f l u o r i n a t i o n 
occurs a t room temperature (Table 4 ) . 
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Table 4 Reactions using TBAF 
Subs t r a t e Time/hrs Product • Y i e l d 7. 
CH2=CHCH2Br 0.1 CH2=CHCH2F 85 
CeHsCHaBr 8 CeHsCH2F 100 
CH3(CH2)7Br <1 CH3(CH2)7F, 48 

CH2=CH(CH2)5CH3^ 12 
CH3(CH2)7 0H 40 

CH3(CH2)7 0Ts <1 CH3(CH2)7F 98 
C 6 H 5 C O C I <1 CeHgCOF 81 

As can be seen from the case of 1-bromooctane there are problems 
of the r e a c t i v i t y of the f l u o r i d e ion as a base and a l s o 
s i g n i f i c a n t r e a c t i o n to form the alcohol due to t r a c e s of water. 

b) Base Reactions 

Tetraalkylaramonium f l u o r i d e s have proved p a r t i c u l a r l y u s e f u l i n 
base r e a c t i o n s due to t h e i r r e a c t i v i t y and s o l u b i l i t y , subject to 
the removal of p r o t i c m a t e r i a l . 

( i ) Dehvdrohalogenations 

I n these r e a c t i o n s the most u t i l i s e d sources of f l u o r i d e ion are 
the tetraalkylammonium f l u o r i d e s . B a rtsch, i n h i s s t u d i e s on 
el i m i n a t i o n s from 2-halobutanes, demonstrated TBAF i n DMF as an 
e f f e c t i v e reagent f o r the dehydrohalogenation of 2-bromobutane 
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and 2-iodobutane under mild conditions Ono and co-workers 
65 have studied i n d e t a i l the TEAF-promoted dehydrohalogenations 

The most important r e s u l t was the e f f e c t of bases i n promoting 
the E2 r e a c t i o n of 2-chloroethylbenzene, where they concluded 
t h a t TEAF i s about 800 times as e f f e c t i v e as sodium ethoxide. 
The evidence a v a i l a b l e suggests the order of r e a c t i v i t y : 

R4NF > KF/18-crown-6 ^ CsF > KF 

( i i ) Michael and Knoevanagel 
/ 

I n t h i s form of r e a c t i o n , although KF i t s e l f has received the 
most a t t e n t i o n , there are examples using tetraalkylammonium 
f l u o r i d e s and these provide some of the most impressive f l u o r i d e 

66 
c a t a l y s e d Michael additions i n v o l v i n g n i t r o a l k a n e s : 

TEAF 
CH3CHNO2 + CH2=CHC0R > CH3CrN02)CH2CH2C0R 

78-957, 
; r = C H 3 , OCH3, OCH2CH3] 

Here TEAF i s c l e a r l y superior to r e s i n s , phosphine or hydrides. 
Again, the f a c t o r i n Michael r e a c t i o n c a t a l y s a t i o n i s the 

20 
s o l v a t i o n of the c a t a l y s t which leads to the higher r e a c t i v i t y 
of the tetraalkylammonium f l u o r i d e s and which a l s o a l l i e d to 
t h e i r high a f f i n i t y f o r water. 
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c) Carbon-carbon bond formation 

With TBAF as the f l u o r i d e ion source i n the oligomerisation of 
pe r f l u o r o a l k e n e s the problem of decomposition of the f l u o r i d e 
was encountered. However TBAF shows high f l u o r i d e ion a c t i v i t y 
i n the o l i g o m e r i s a t i o n of hexafluoropropene. 

d) Supported TBAF 

As with the a l k a l i metal f l u o r i d e s there has been an attempt to 
produce a s t a b l e , non-hygroscopic f l u o r i d e ion source by c a r r y i n g 
TBAF on s i l i c a g e l . I t i s e a s i l y prepared and i s l e s s 
hygroscopic and more thermally s t a b l e than TBAF alone. However 
i t has a lower r e a c t i v i t y than TBAF and a l a r g e amount of reagent 
i s r e q u i r e d e s p e c i a l l y where the r e a c t i o n i s n o n - c a t a l y t i c . 
A recent study of the f l u o r i d e c a t a l y s e d a l d o l condensation 
g i v e s an idea of the r e l a t i v e r e a c t i v i t i e s of some f l u o r i d e ion 
sources: 

F'/PhCHO 

F l u o r i d e Solvent Temp/'C Time/hrs Y i e l d 7. 
TBAF THF -78 3.5 84 
CsF THF/CH3CN 60 • 45 20 
KF CH3CN 60 18 41 
KF/18-C-6 CeHe 23 16 50 
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Summarv 
Tetraalkylammonium f l u o r i d e s are g e n e r a l l y speaking the most 
a c t i v e f l u o r i d e ion sources and can u s u a l l y be used at room 
temperature. T h e i r low thermal s t a b i l i t y precludes t h e i r use at 
temperatures above 80*C. 
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2.5 Hydrogen F l u o r i d e 

Hydrogen f l u o r i d e i s the most e x t e n s i v e l y used i n d u s t r i a l 
f l u o r i n a t i n g agent, and i s the b a s i c chemical of the 
fluorochemical industry. F l u o r i n a t i o n i s achieved v i a addition 
of HF to double and t r i p l e carbon-carbon bonds and as such i s not 
a source of f l u o r i d e ions. However there are examples of 
s u b s t i t u t i o n of halogen by f l u o r i n e using HF. The most e a s i l y 
r e p l a c e a b l e halogens are those attached to s i l i c o n , phosphorus 
and a r s e n i c atoms: 

HF 487. 
CeHsSiClg " CgHsSiFs (857.) [69] 

O'C 2hrs 

Only the most r e a c t i v e organic h a l i d e s , such as a c y l i c or 
b e n z y l i c , can be f l u o r i n a t e d using anhydrous hydrogen f l u o r i d e 
alone. 

HF 
RCOCl • RCOF [70; 

-10 to -20"C 

R : C2H5 C3H7 C4fl9 
I : 89 91 92 

The problems with hydrogen f l u o r i d e are i t s low b o i l i n g point 
(19.6°C), i t s h i g h l y c o r r o s i v e nature and the need f o r c a r e f u l 
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handling, and the high pressures needed to overcome i t s lack of 
r e a c t i v i t y . 
The most important development i n the f i e l d of hydrogen f l u o r i d e 
as a f l u o r i n a t i n g agent has been the use of various N-donor bases 
to form l e s s v o l a t i l e complexes of HF. The f i r s t reported 
a p p l i c a t i o n of such a reagent was i n 1955 by Hirschman 
Subsequently, s t a b l e s o l u t i o n s of HF have been formed with 

72 73 74 amines , amides and alcohols . However i t has been the 
75 

work of Olah and colleagues using a pyridine-hydrogen f l u o r i d e 
system t h a t has proved most e f f e c t i v e . Pyridiniura hydrogen 
f l u o r i d e i s d i f f i c u l t to prepare, as b i - and poly- hydrogen 
f l u o r i d e form p r e f e r e n t i a l l y . However the use of the remarkably 
s t a b l e pyridinium poly (hydrogen f l u o r i d e ) (307. pyridine-707. 
hydrogen f l u o r i d e ) , known as Olah's reagent, has proved a 
convenient general purpose f l u o r i n a t i n g agent. I t remains s t a b l e 
to 55 C and "''̂ F nmr suggests a poly hydrogen f l u o r i d e species to 
be present i n which each f l u o r i n e atom i s surrounded by four 
hydrogen atoms: 

•0 • • H • • 0 • • H • • -0 

I t has proved extremely u s e f u l at atmospheric pressures as a 
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^ e n e r a l purpose f l u o r i n a t i n g agent f o r various additions to 
alkenes and alkynes. I t w i l l a l s o f l u o r i n a t e t e r t i a r y and 
secondary a l c o h o l s at low temperatures,e.g.: 

C5fl5NH'"(HF) F " 
But3C0H »• ButgCF 507. 

0"C/ 1 hr 

However the r e l a t i v e weakness of the polymeric F ( H F ) ~ ion as 
compared to the monomeric f l u o r i d e i s such that i t s most 
ex t e n s i v e use i s as a reagent f o r HF addition. 
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2.6 Recent developments 

a) Ion-exchange Res i n s 

The concept of bonding a reagent to the surface of a s o l i d 
c a r r i e r , and of usi n g i t i n s y n t h e s i s r e a c t i o n s , i s a major trend 
i n organic s y n t h e s i s . As we have seen ( s e c t i o n 2.3) t h i s has 
al r e a d y been u t i l i s e d i n the case of the i o n i c f l u o r i d e s . A 
v a r i a t i o n i s the conversion of commercial b a s i c ion-exchange 
r e s i n to the f l u o r i d e form. With such r e s i n s f l u o r i d e 
displacement r e a c t i o n s are reported to proceed under more 
moderate conditions than with l i q u i d / l i q u i d or l i q u i d / s o l i d 
PTC '̂ '̂'̂^ 
The most commonly used r e s i n s are the m i c r o r e t i c u l a r Amberlite 
IRA 900 and Amberlyst A-26 and A-27 ( F i g 1 ) , and the macroporous 
Dowex MSA-1. 

( ? ) CH2N*Me3 F~ F i g 1 

These ion-exchange r e s i n s have been u t i l i s e d i n both halogen 
exchange : 
(Table 5) 

7f\ 
exchange r e a c t i o n s with Amberlyst A-26 and Amberlite IRA 900 

38 



Table 5 F l u o r i n a t i o n with r e s i n - F " 

n-CsHiT-X n-CsHiT-F 

X Time/hrs Y i e l d 7. 
OS02CH3 28 74 
- I 28 74 
-Br 68 70 
- C I 28 17 

The ion-exchanger F - r e s i n s have a l s o been used i n b a s i c r e a c t i o n s 
. such as C and 0 a l k y l a t i o n s ( i n which the m i c r o r e t i c u l a r are 
e f f e c t i v e ) and Michael additions ( i n which the macroporous Dowex 
MSA-1 i s e f f e c t i v e ) e.g. : 

C - a l k v l a t i o n 
Amberlyst A27 

[MeC(0)]2CH2 + Mel ^ [MeC(0)]2CNMe (707.) 
24hrs/ 20'C/ THF 

Michael a d d i t i o n 
Dowex MSA-1 

MeC(0)CH=CH2 + PhSH MeC(0)CH2CH2SPh (807.) 
24 h r s / 20'C/ THF 

The advantages of these r e s i n s are t h e i r ease of preparation, 
being able to perform the r e a c t i o n on s o l i d phase, and the f a c t 
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they are inexpensive. They do however have low thermal s t a b i l i t y 
and problems a r i s e ensuring complete e x t r a c t i o n of the product. 

b) Tetraphenvlphosphonium Hvdrogendifluoride 

I n the course of i n v e s t i g a t i o n into phosphorane s a l t s Clark and 
80 

co-workers came across a new source of f l u o r i d e ion . Normally 
a l k a l i metal hydrogen d i f l u o r i d e s only behave as f l u o r i d e ion 
sources to h i g h l y a c t i v a t e d e l e c t r o p h i l e s such as 
2,4,6,-trinitrochlorobenzene. I n the case of 
tetraphenylphosphonium hydrogendifluoride (Ph4PHF2), however, 
s p e c t r o s c o p i c evidence suggests some P"'^-F~ i n t e r a c t i o n 
d i s t o r t i n g the normally unreactive HF2~ and makes f l u o r i n a t i o n 
p o s s i b l e : 

S ubstrate Temp/*C Time/hrs Product 
PhCH2Br 52 2.5 PhCH2F 
CF3CF=CF2 25 ca.O C6F12 

PhCH=CHCOPh 25 1 CH(Ph)CH2C0Ph 

+ EtN02 lH(N02)Me 

Y i e l d / 7, 
100 

100 

The reagent i s very soluble i n polar a p r o t i c solvents such as 
a c e t o n i t r i l e and dimethyl s u l f o x i d e . I t i s e a s i l y prepared and 
d r i e d , and p i c k s up only l i m i t e d q u a n t i t i e s of water from the 
atmosphere over long periods of time. I t a l s o has good thermal 
s t a b i l i t y . 
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c) Trisdimethvlaminosulfoiiinin trimethylsilyldiflnoride (TAS-F) 

The f a m i l y o f t r i s ( s u b s t i t u t e d amino) s u l f o n i u m s a l t s , i n c l u d i n g 
81 

t h e t i t l e compound, were r e p o r t e d i n 1976 

[(Me2N)3S]^[Me3SiF2]" 

82 
TAS-F has been employed i n h a l o g e n exchange r e a c t i o n s , as a 
c a t a l y s t i n t h e group t r a n s f e r ( l i v i n g ) p o l y m e r i s a t i o n o f 

83 84 a c r y l a t e monomers , as a r e a g e n t f o r d e s i l y l a t i o n r e a c t i o n s , 
and r e c e n t l y w i t h u n s a t u r a t e d p o l y f l u o r o - c o m p o u n d s 
The mode o f a c t i o n o f TAS-F w i t h a f l u o r i d e r e c e p t o r molecule (X) 
i s shown below: 

TAS-F + X * XF" + (Me2N)3S^ + MesSiFt 

The v o l a t i l e t r i m e t h y l f l u o r o s i l a n e f r a g m e n t appears t o a c t as a 
f l u o r i d e i o n c a r r i e r and i s e j e c t e d on f l u o r i d e d o n a t i o n , and 
t h i s i s t h o u g h t t o account f o r t h e i n c r e a s e d r e a c t i v i t y o f t h e 
f l u o r i d e i o n source by making t h e r e a c t i o n e f f e c t i v e l y 
i r r e v e r s i b l e . 
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CHAPTER THREE 

3 FLUDROCARBANIONS AS SOLUBLE FLUORIDE IQN SOTOCES 

3.1 INTRODUCTION 

Generation of fluorocarbaaions 

A number o f methods have been employed t o produce 
85-87 

f l u o r o c a r b a n i o n s . These i n c l u d e d e c a r b o x y l a t i o n s ' , base 
88 8Q 

ind u c e d d e p r o t o n a t i o n s ' and t h e use o f a n u c l e o p h i l e w i t h a 
p e r f l u o r i n a t e d a l k e n e ( f o r example c y a n i d e , a z i d e and 
o t h e r s . I n t h i s l a s t c a t e g o r y i t i s t h e f l u o r i d e i o n which 
has p r o v i d e d by f a r t h e most c o n v e n i e n t and p o p u l a r method f o r 
t h e g e n e r a t i o n o f f l u o r o c a r b a n i o n s . I n p a r t i c u l a r i t i s t h e 
g e n e r a t i o n o f p ' e r f l u o r o a l k y l a n i o n s , u s i n g f l u o r i d e i o n sources 
i n r e a c t i o n s o f f l u o r i n a t e d a l k e n e s t h a t has produced t h e most 

92 
i n t e r e s t . However t h e s e a r e r a r e l y l o n g - l i v e d s i n c e t h e y 
promote o l i g o m e r i s a t i o n o f t h e c o r r e s p o n d i n g a l k e n e : 

/ \ I I y' ̂  / ^ I-

Work i n t h i s l a b o r a t o r y has i d e n t i f i e d a number o f s t a b l e 
c a r b a n i o n s , o b s e r v a b l e on t h e nmr t i m e s c a l e ( T a b l e 1 ) . 
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Table 1 * 
Alke n e Carbanion Ref 

S0. 

19. By c a r e f u l m o n i t o r i n g o f t h e l i n e b r o a d e n i n g o f t h e ""̂ F nmr 
s i g n a l o f f l u o r i n e a d j a c e n t t o t h e n e g a t i v e c a r b o n c e n t r e t h e 
t e m p e r a t u r e a t w h i c h f l u o r i d e i o n exchange o c c u r s can be f o l l o w e d 
( F i g l ) . 
F i g u r e 1 (HZI^ 

200 

180 

160 

KO 

120 

100 

80 

60 

40 

20 

0 o o • 
_ i ] 1 1 -

290 300 310 320 330 340 350 360 
Temperature (K) 
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As f i g u r e 1 shows, a t a t e m p e r a t u r e above 70"C t h e l i n e 
b r o a d e n i n g o f t h e f l u o r i n e i n c r e a s e s d r a m a t i c a l l y i n d i c a t i n g 
r a p i d exchange o c c u r i n g on t h e nmr t i m e s c a l e . I t was t h i s 
p r o p e r t y o f t h e c a r b a n i o n t h a t suggested a p o s s i b l e s o l u b l e 
s o u r c e o f f l u o r i d e i o n . 

Reactions of the flnorocarbanions 

The m a j o r i t y o f f l u o r o c a r b a n i o n s do n o t have s i g n i f i c a n t 
l i f e t i m e s and t h e r e f o r e must be r e a c t e d i n t h e presence o f t h e i r 

89 94 
s u b s t r a t e ' . However i t i s t h e work w i t h t h e l o n g - l i v e d 
f l u o r o c a r b a n i o n s t h a t has p r o v i d e d t h e s t i m u l u s f o r t h i s 
r e s e a r c h . 
The t r a p p i n g o f t h e c a r b a n i o n s can be a c h e i v e d by a number o f 
e l e c t r o p h i l e s u s i n g t h e scheme below: 

RsC" + E"" * R3C-E 

where E i s , f o r example, halogens;, a l k y l , b e n z y l and a l l y l 
h a l i d e s . 
I n t h e course o f t h e t r a p p i n g r e a c t i o n s u s i n g 
p e r f l u o r o - 2 - m e t h y l p e n t - 2 - y l a n i o n (3a) i t was observed t h a t b o t h 
i n c r e a s e i n t e m p e r a t u r e and t h e hardness o f t h e s i t e o f 
n u c l e o p h i l i c a t t a c k i n f l u e n c e d t h e mode o f r e a c t i o n . 
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C6H5CH2Br 

[R^- = (CF3)2C"C3F7] 

Room temp R̂ " 

80 C R. 

CsHsCHaRf [1007.] 

;6i; 

C6H5CH2Rf [807.; 
+ C6H5CH2F by nmr 

+ (CF3)2C=CFC2F5 

However, r e p e a t i n g t h e s e r e a c t i o n s showed o n l y v e r y s m a l l amounts 
o f b e n z y l f l u o r i d e and t h e r e appears t o be no c o r r e l a t i o n between 
t h e amount o f dimer r e c o v e r e d and t h e y i e l d o f b e n z y l f l u o r i d e . 
The r e a s o n f o r t h i s may be t h e e l i m i n a t i o n o f CsF f r o m t h e 
c a r b a n i o n l e a v i n g b e h i n d t h e p e r f l u o r o a l k e n e : 

-CsF 

W i t h a c e t y l c h l o r i d e as t h e e l e c t r o p h i l e t h e r e was d e t e c t e d 
a c e t y l f l u o r i d e ( t h i s t i m e a t room t e m p e r a t u r e ) . The suggested 
r e a s o n f o r t h i s r e s u l t was t h e hardness o f t h e e l e c t r o p h i l i c 
c a r b o n c e n t r e i n a c e t y l c h l o r i d e . The work r e p o r t e d i n t h i s 
c h a p t e r has a t t e m p t e d t o improve t h e r e a c t i o n o f t h e c a r b a n i o n s 
as f l u o r i d e i o n s o u r c e s . For t h i s reason a t t e m p t s were made t o 
v a r y b o t h t h e l e a v i n g group and t h e t e m p e r a t u r e o f t h e r e a c t i o n 
i n o r d e r t o a c h i e v e t h i s . 
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3.2 Investigation into possible reactions of perflnorocarbaaions 
as fluoride ion sources 

Perfluoro-2-methylpent-2-vl anion 

C P 
= R. (3a) 

T h i s i n v e s t i g a t i o n has a t t e m p t e d t o e x p l o r e f u r t h e r t h e v i a b i l i t y 
o f b o t h (3a) and (4a) as f l u o r i d e i o n sources. 
The a t t e m p t t o improve t h e l e a v i n g g r o u p , and so t h e hardness o f 
t h e e l e c t r o p h i l i c c e n t r e was combined w i t h an i n c r e a s e i n 
t e m p e r a t u r e . T h i s i s shown i n t h e f o l l o w i n g r e a c t i o n scheme 
w h i c h produced a good y i e l d o f 2 - h e p t y l p e r f l u o r o - 2 - m e t h y l p e n t a n e 
( 5 ) a new f l u o r i n a t e d d e r i v a t i v e i n which h a l f o f t h e molecule i s 
f l u o r i n a t e d : 

Room temp 

CH3(CH2)6-I 

3 days 
CH3 (CH2)6-R-f 

(5) 

[707.] 

70 C 

R^ 5 hours 
CH3(GH2)6-Rf 
+ (CF3)2C=CFC2F5 (3) 

no GH3(CH2)6-F (6) 
19 

observed by F nmr 
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The use o f 1 - t o s y l h e p t a n e showed a marked improvement i n t h e 
c a r b a n i o n s a b i l i t y t o a c t as a f l u o r i n a t i n g a g e nt, w i t h 
l - f l u o r o h e p t a n e (6) b e i n g observed i n t h e v o l a t i l e m a t e r i a l s : 

CH3(CH2)6-OTs 

Room temp 
(3) . (5) + (6) 

I f / 5days 427. 247. 77. 

70"C 

. (3) + ( 5) + (6) 
R^7 5h r s 607. 57. 247. 

I t can be seen t h a t t h e change i n l e a v i n g group has produced a 
s m a l l y i e l d o f t h e f l u o r i n a t e d p r o d u c t . The r a t i o o f a l k y l a t e d 
t o f l u o r i n a t e d p r o d u c t i n t h e t o s y l a t e method i n c r e a s e s : 

Temp/ G 
20 
70 

(5) 
3.4 
1 

(6) 
1 

4.8 
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T h i s approach was a l s o a t t e m p t e d i n an e f f o r t t o s y n t h e s i s e an 
ep o x i d e d e r i v a t i v e b u t w i t h o n l y p a r t i a l success: 

Room Temp 
O O 

% " / 5 days 

The low y i e l d o f t h e p e r f l u o r o a l k y l a t e d p r o d u c t i n d i c a t e s t h e 
weakness o f t h e e l e c t r o p h i l e compared t o b e n z y l bromide (see 
p r e v i o u s ) . However t h e f o l l o w i n g r e a c t i o n s u r p r i s i n g l y gave no 
p r o d u c t : 

Room temp 
0 

^ N ^ ^ X N ^ ^ R e a c t i o n 
R f 7 5 days 

T h i s suggests t h a t t h i s i s an even weaker n u c l e o p h i l e . 
The use o f 2 - c h l o r o c y c l o h e x a n o n e ( 7) was t r i e d i n o r d e r t o 
d e t e r m i n e t h e most l i k e l y mode o f r e a c t i o n o f t h e c a r b a n i o n (3a) 

49 



a l k y l a t i o n 

a base 

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

T h i s was a t t e m p t e d a t b o t h room t e m p e r a t u r e and 70*C. At room 
t e m p e r a t u r e no r e a c t i o n o c c u r e d . At 70*0 t h e r e were many s i d e 
p r o d u c t s , b u t o f t h e v o l a t i l e m a t e r i a l r e c o v e r e d 507. (by glc-mass 
spec) was t h e new d e r i v a t i v e 
2 - p e r f l u o r o - 2 - m e t h y l p e n t y l c y c l o h e x a n o n e . 
However f o r bromobenzene and 2 - c h l o r o n i t r o b e n z e n e no r e a c t i o n 
o c c u r e d under t h e f o l l o w i n g c o n d i t i o n s : 

0 
70'C/ 24hrs 

No R e a c t i o n 
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o 70*C/ 24hrs 
No R e a c t i o n 

U s i n g t h e c a r b a n i o n as a base was c o n s i d e r e d w i t h acetophenone as 
t h e compound t o be d e p r o t o n a t e d i n an a l d o l c o n d e n s a t i o n r e a c t i o n 
w i t h benzaldehyde. However d e s p i t e s e v e r a l a t t e m p t s no p r o d u c t 
was o b t a i n e d : 

0^ 
40 0/ 24 h r s 

+- ^ I *• No R e a c t i o n 

P e r f l u o r o - 3 , 4 - d i m e t h v l - 4 - e t h v l h e x - 3 - v l a n i o n 

/ 2 ^ ' 3 = R ^ - (4a) 

I n v i e w o f t h e p r e v a l e n c e o f a l k y l a t i o n i n t h e r e a c t i o n o f 
p e r f l u o r o - 2 - m e t h y l p e n t - 2 - y l a n i o n i t was d e c i d e d t o use t h e more 
s t a b l e (and more d i f f i c u l t l y formed) 
p e r f l u o r o - 3 , 4 - d i m e t h y l - 4 - e t h y l h e x - 3 - y l a n i o n ( 4 a ) . I t was hoped 
t h a t t h e more b u l k y c a r b a n i o n would p r o v e t o be a p o o r a l k y l a t i n g 
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agent and i n s t e a d a c t as a f l u o r i d e i o n donor. P r e v i o u s work i n 
t h i s a r e a had a t t e m p t e d t r a p p i n g o f t h i s a n i o n w i t h s e v e r a l 
e l e c t r o p h i l e s w i t h o u t success. T h i s e a r l i e r work had been 
done a t room t e m p e r a t u r e . However u s i n g h i g h e r t e m p e r a t u r e s i t 
has now been p o s s i b l e t o r e a c t t h e a n i o n and o b t a i n 
p e r f l u o r o a l k y l s u b s t i t u t e d p r o d u c t s . The c a r b a n i o n was heated i n 
t h e presence o f t h e e l e c t r o p h i l e s t o about t h e exchange 
t e m p e r a t u r e ( f o r t h i s c a r b a n i o n 120 "C). The r e s u l t s show t h a t 
o n l y i n t h e case o f a c e t y l c h l o r i d e c o u l d any f l u o r i n a t i o n be 
d e t e c t e d . A g a i n d i s s o c i a t i o n o f CsF and t h e a l k e n e predominated 
w i t h a l k y l a t i o n a l s o o c c u r i n g . 

R^ I d e n t i f i e d by 
CH3COCI CH3COF ^^F nmr 

20'C t o 120*C 

CsHsCHaBr *- C6H5CH2R^ 
20 °C t o 120'C <57. 

CH3(CH2 )6-OTs C6H5CH2R^ 

20'C t o 120'C 507. 
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3.3 Conclusion 
The use o f t h e s e s t a b l e p e r f l u o r o a l k y l a n i o n s as sources o f 
s o l u b l e f l u o r i d e i o n appears t o be l i m i t e d i n s c a l e . The 
c o m p e t i n g r e a c t i o n o f t h e c a r b a n i o n as n u c l e o p h i l e competes w i t h 
t h e r e a c t i o n as f l u o r i d e i o n donor. Even a t t e m p e r a t u r e s c l o s e 
t o t h e f l u o r i d e i o n exchange t e m p e r a t u r e f o r t h e c a r b a n i o n t h e 
amount o f p r o d u c t s f r o m f l u o r i n a t i o n i s s m a l l , w i t h t h e 
d i s s o c i a t i o n o f CsF and t h e a l k e n e p r e d o m i n a t i n g and many s i d e 
p r o d u c t s b e i n g formed. 
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3.4.EXPERIMENTAL 

a) Dimerisation of hexaflnoropropene, with agitation, giving 
thermodynamic dimer 

A c a r i u s t u b e was charged w i t h caesium f l u o r i d e (2.4g, 16mmol) 
and a c e t o n i t r i l e (40 m l ) , and h e x a f l u o r o p r o p e n e (31g, 207ramol) 
was t r a n s f e r e d in vacuo t o t h e t u b e which was c o o l e d i n l i q u i d 
a i r . The m i x t u r e was t h e n a g i t a t e d on a r o t a t i n g arm f o r 24hrs 
g i v i n g an 857o y i e l d o f t h e thermodynamic dimer w i t h o n l y minor 
i m p u r i t i e s . '̂ F̂ nmr (N°.l) mass spec (N°.l). 

b) Generation of caesium nerfluorocarbanion salts 

The a l k e n e s 3 and 4 were s t i r r e d v i g o r o u s l y i n t e t r a g l y m e w i t h 
w e l l d r i e d caesium f l u o r i d e i n t h e p r o p o r t i o n s , and f o r t h e t i m e , 
shown below. The orange upper l a y e r was removed under n i t r o g e n 
and t r a n s f e r e d t o a d r y , w e l l s e a l e d f l a s k . T h i s s o l u t i o n o f . 
c a r b a n i o n c o u l d t h e n be used as a s t o c k s o l u t i o n and used as 
r e q u i r e d i n r e a c t i o n s . 

ALKENE CsF s o l v e n t t i m e 
No g mmol g mmol ml days 
3 6.0 20 4 26.3 20 4 
4 4.5 9 1.7 11.2 5 11 
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c) Reactions of perfluoro-2-methylpent-2-yl anion 

Gen e r a l p r o c e d u r e f o r r e a c t i o n s a t room t e m p e r a t u r e 
To a homogeneous s o l u t i o n c o n t a i n i n g t h e p e r f l u o r o c a r b a n i o n 
( o b t a i n e d as above) an excess o f t h e e l e c t r o p h i l e was added and 
t h e r e s u l t i n g m i x t u r e s t i r r e d f o r a p e r i o d dependent upon t h e 
amount p r e s e n t i n t h e l o w e r l i q u i d l a y e r ( n o t more t h a n 5 d a y s ) . 
A ''•̂F nrar s p e c t r a o f t h e upper t e t r a g l y m e l a y e r was t h e n r u n t o 
d e t e r m i n e whether any f l u o r i n e c o n t a i n i n g m a t e r i a l was s t i l l 
p r e s e n t . V o l a t i l e p r o d u c t s were t h e n t r a n s f e r e d in vacuo t o a 
c o l d t r a p and t h e t r a n s f e r e d p r o d u c t s r u n on a G.C. c a p i l l a r y 

19 
column and a F nmr s p e c t r a t a k e n . 

i ) B e n z y l bromide 
The g e n e r a l p r o c e d u r e was f o l l o w e d u s i n g 14 mmol o f cabanion and 
2.5g (14.7 mmol) o f b e n z y l bromide. The t e t r a g l y m e l a y e r showed 
no f l u o r i n e p r e s e n t . V o l a t i l e m a t e r i a l (907. r e c o v e r y ) showed 
2 - b e n z y l p e r f l u o r o - 2 - m e t h y l p e n t a n e by comparison w i t h l i t e r a t u r e 

no 
d a t a and excess b e n y l bromide (by comparison t o t h e g l c peak 
o f p u r e r e a c t a n t ) . 

i i ) A c e t y l c h l o r i d e 
The g e n e r a l p r o c e d u r e was f o l l o w e d u s i n g 6.5 mmol o f c a r b a n i o n 
and 0.6 g (7.6 mmol) o f a c e t y l c h l o r i d e . The t e t r a g l y m e l a y e r 
showed a peak a t (Tp 49 c o n s i s t e n t w i t h t h e l i t e r a t u r e v a l u e f o r 
a c e t y l f l u o r i d e 
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i i i ) 1-Iodoheptane 
The g e n e r a l p r o c e d u r e was f o l l o w e d u s i n g 6 mmol o f c a r b a n i o n and 
1.5g (6.6 mmol) o f 1-iodoheptane. The t e t r a g l y m e l a y e r showed no 
f l u o r i n e p r e s e n t . The v o l a t i l e m a t e r i a l (1.7g) was t h e new 
d e r i v a t i v e 2 - h e p t y l p e r f l u o r o - 2 - m e t h y l p e n t a n e w h i c h was i d e n t i f i e d 
by mass spec (N°.3) and c o n f i r m e d by'''^F nmr s p e c t r o s c o p y (N°5). 

i v ) 1-Tosvlheptane 
The g e n e r a l p r o c e d u r e was f o l l o w e d u s i n g 9 mraol o f c a r b a n i o n and 
2.5g (9.3 mmol) o f 1 - t o s y l h e p t a n e . The t e t r a g l y m e l a y e r showed 
some c a r b a n i o n remained a f t e r 5 days, w i t h o t h e r u n i d e n t i f i e d 
peaks. The v o l a t i l e m a t e r i a l s (0.8g) showed a complex g l c w i t h 
many s i d e p r o d u c t s among which was a g a i n i d e n t i f i e d 
2 - h e p t y l p e r f l u o r o - 2 - m e t h y l p e n t a n e (by nmr (N°.5) and mass 
spec (N°.3)) p l u s p e r f l u o r o - 2 - m e t h y l p e n t - 2 - e n e (3) ̂ ^F nmr (N°.l) 
mass spec (N°.l), and 1 - f l u o r o h e p t a n e mass spec (N°.4). 

v) Bromoepoxide 
The g e n e r a l p r o c e d u r e was f o l l o w e d u s i n g 6 mmol o f c a r b a n i o n and 
0.9g (6.5 mmol) o f bromoepoxide. The t e t r a g l y r a e l a y e r showed a 
s m a l l amount o f c a r b a n i o n as t h e o n l y f l u o r i n e p r e s e n t . V o l a t i l e 
m a t e r i a l s (0.8g) showed t h e new d e r i v a t i v e 
2 - e p o x i d e p e r f l u o r o - 2 - m e t h y l p e n t a n e c h a r a c t e r i s e d by '''̂F nmr 
(N°.6) and mass spec (N°.5). A l s o p r e s e n t was 
p e r f l u o r o - 2 - m e t h y l p e n t - 2 - e n e ( 3 ) '''̂F nmr (N°.l) mass spec 

(f.i). 
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v i ) T o s v l e p o x i d e 
The g e n e r a l p r o c e d u r e was f o l l o w e d u s i n g 7 mmol o f c a r b a n i o n and 
1.68g (7.4 mmol) o f t o s y l e p o x i d e . There was no v i s i b l e r e a c t i o n . 
The t e t r a g l y m e l a y e r showed c a r b a n i o n remained a f t e r 5 days. 

v i i ) 2 - Chlorocyclohexanone 
The g e n e r a l p r o c e d u r e was f o l l o w e d u s i n g 9.4 mmol o f c a r b a n i o n 
and 1.3g (9.8 mmol) o f 2 - c h l o r o c y c l o h e x a n o n e . There was no 
v i s i b l e r e a c t i o n . The t e t r a g l y m e l a y e r showed c a r b a n i o n o n l y . 

General p r o c e d u r e f o r r e a c t i o n s a t 70^C 
A f l a s k was charged w i t h an excess o f t h e a p p r o p r i a t e r e a c t a n t i n 
t e t r a g l y m e and h e a t e d w i t h s t i r r i n g t o 70*C. A s o l u t i o n o f t h e 
formed p e r f l u o r o c a r b a n i o n was s l o w l y added and t h e s o l u t i o n was 
s t i r r e d f o r a f u r t h e r p e r i o d . A sample o f t h e t e t r a g l y m e l a y e r 

19 
was t h e n removed f o r F nmr. The v o l a t i l e m a t e r i a l s were t h e n 
t r a n s f e r e d under vacuum t o a c o l d t r a p and, where p o s s i b l e , 

19 

a n a l y s e d by g . l . c , F nmr and G.C-mass spec. 

i ) B e n z y l bromide 

The g e n e r a l p r o c e d u r e was f o l l o w e d u s i n g 14 mmol o f c a r b a n i o n and 
2.5g (14.5 mmol) o f b e n z y l bromide. The t e t r a g l y m e l a y e r was 
f o u n d t o c o n t a i n a t r a c e o f b e n z y l f l u o r i d e '^07 by comparison 
o f nmr w i t h l i t e r a t u r e d a t a The v o l a t i l e m a t e r i a l (2g) 
c o n t a i n e d 2 - b e n z y l p e r f l u o r o - 2 - m e t h y l p e n t a n e by comparison o f t h e 

57 



l i t e r a t u r e d a t a and p e r f l u o r o - 2 - r a e t h y l p e n t - 2 - e n e ( 3 ) by 
nrar (N°.l) and mass spec (N°.l). 

i i ) 1-Iodoheptane 
The g e n e r a l p r o c e d u r e was f o l l o w e d u s i n g 6 mmol o f c a r b a n i o n and 
1.5g (6.6 mmol) o f 1-iodoheptane. The t e t r a g l y m e l a y e r showed no 
t r a c e o f 1 - f l u o r o h e p t a n e . V o l a t i l e m a t e r i a l s showed 
2 - h e p t y l p e r f l u o r o - 2 - m e t h y l p e n t a n e by •'"̂F nmr (N°.5) and mass spec 
(N°.3) and p e r f l u o r o - 2 - m e t h y l p e n t - 2 - e n e ( 3 ) by ^^F nrar (N°.l) and 
mass spec (N°.l). 

i i i ) l - T o s v l h e p t a n e 

The g e n e r a l p r o c e d u r e was f o l l o w e d u s i n g 9 mmol o f c a r b a n i o n and 
2.53g (9.4 mmol) o f 1 - t o s y l h e p t a n e . The t e t r a g l y m e l a y e r showed 
a complex f l u o r i n e spectrum a f t e r 2 h o u r s . The v o l a t i l e 
m a t e r i a l s (1.5g) showed many s i d e p r o d u c t s . Observable by mass 
spec were 1 - f l u o r o h e p t a n e (N°.4) , 
2 - h e p t y l p e r f l u o r o - 2 - m e t h y l p e n t a n e (N°.3) and 
p e r f l u o r o - 2 - m e t h y l p e n t - 2 - e n e (N°.l). 

i v ) 1-Chlorocvclohexanone 
The g e n e r a l p r o c e d u r e was f o l l o w e d u s i n g 9 ramol o f c a r b a n i o n and 
1.3g (9.8 mmol) o f 1-c h l o r o c y c l o h e x a n o n e . The t e t r a g l y m e l a y e r 
showed a complex f l u o r i n e spectrum i n c l u d i n g c a r b a n i o n . The 
v o l a t i l e m a t e r i a l s (0.68g) showed many s i d e p r o d u c t s i n c l u d i n g 
t h e new d e r i v a t i v e 2 - p e r f l u o r o - 2 - m e t h y l p e n t y l c y c l o h e x a n o n e mass 
spec (N°.6). 
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v ) 2 - C h l o r o n i t r o b e n z e n e 
The g e n e r a l p r o c e d u r e was f o l l o w e d u s i n g 7 mmol o f c a r b a n i o n and 
l . l g ( 7 . 1 mmol) o f 2 - c h l o r o n i t r o b e n z e n e . There was no v i s i b l e 
r e a c t i o n , w i t h t h e t e t r a g l y r a e l a y e r showing c a r b a n i o n o n l y . 

vi) Bromobenzene 

The g e n e r a l p r o c e d u r e was f o l l o w e d u s i n g 8 mraol o f c a r b a n i o n and 
1.3g (8.2 mmol) o f bromobenzene. There was no v i s i b l e r e a c t i o n 
w i t h t h e t e t r a g l y m e l a y e r showing c a r b a n i o n o n l y . 

A l d o l c o n d e n s a t i o n 

The a t t e m p t was made t o use t h e c a r b a n i o n as a base. A t y p i c a l 
r e a c t i o n was 7 mmol o f c a r b a n i o n s t i r r e d w i t h 0.74g (5 mmol) o f 
acetophenone a t 40 C. To t h i s r e a c t i o n m i x t u r e was added 0.75g 
(5 mmol) o f benzaldehyde. The s t i r r i n g c o n t i n u e d f o r 2 days. 
However t h e c a r b a n i o n remained ( o b s e r v e d by nmr). 

d) R e a c t i o n s o f P e r f l u o r o - 3 . 4 - d i m e t h y l - 4 - e t h v l h e x - 3 - v l a n i o n (4a) 

The g e n e r a l p r o c e d u r e was f o l l o w e d as f o r t h e r e a c t i o n o f (3a) a t 
room t e m p e r a t u r e f o r t h e e l e c t r o p h i l e s a c e t y l c h l o r i d e , b e n z y l 
bromide and 1 - t o s y l h e p t a n e . No r e a c t i o n was observed a t room 

19 
t e m p e r a t u r e , o n l y t h e a n i o n a p p e a r i n g i n t h e F nmr. These 
r e a c t i o n s were t r a n s f e r e d t o s m a l l c a r i u s t u b e s w h i c h were t h e n 
s e a l e d , p l a c e d i n a m e t a l s l e e v e and h e a t e d i n an oven t o 120 "C 
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f o r 24 h r s . The r e a c t i o n s were t h e n t r e a t e d as p r e v i o u s l y 
d e s c r i b e d . 

i ) A c e t v l c h l o r i d e 
The g e n e r a l p r o c e d u r e was f o l l o w e d u s i n g ' 2 mmol o f c a r b a n i o n and 
0.2g (3 mmol) o f a c e t y l c h l o r i d e . The t e t r a g l y m e l a y e r showed 
t h e c h a r a c t e r i s t i c peak o f a c e t y l f l u o r i d e a t 49. The 
v o l a t i l e m a t e r i a l s showed o n l y ( 4 ) by "̂ F̂ nmr (N°.3) and mass 
spec (N°.2). 

i i ) B e n z y l bromide 
The g e n e r a l p r o c e d u r e was f o l l o w e d u s i n g 2 mmol o f c a r b a n i o n and 
0.38g (2.2 mmol) o f b e n z y l bromide. No f l u o r i n a t e d m a t e r i a l was 
obse r v e d i n t h e t e t r a g l y m e l a y e r . The v o l a t i l e m a t e r i a l s y i e l d e d 
m a i n l y pentamer (907.), t h e o t h e r 107. b e i n g u n i d e n t i f i e d s i d e 
p r o d u c t s among whic h was observed t h e new d e r i v a t i v e 
3 - b e n z y l p e r f l u o r o - 3 , 4 - d i m e t h y l - 4 - e t h y l h e x a n e by mass spec (N°.7). 

i i i ) 1-Tosvlheptane 
The g e n e r a l p r o c e d u r e was f o l l o w e d u s i n g 2 mmol o f c a r b a n i o n and 
0.51g ( 2 . 1 mmol) o f 1 - t o s y l h e p t a n e . The t e t r a g l y r a e l a y e r showed 
no f l u o r i n a t e d m a t e r i a l . V o l a t i l e m a t e r i a l was f o u n d t o c o n t a i n 
507. o f t h e new d e r i v a t i v e 
. 3 - h e p t y l p e r f l u o r o - 3 , 4 - d i m e t h y l - 4 - e t h y l h e x a n e , i d e n t i f i e d by mass 
spec (N°.8), t h e a l k e n e ( 4 ) and many s i d e p r o d u c t s . 
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CHAPTER FOUR 

4 Investie^ation into strong amine base/HF as a sonrce of 
fluoride ion 

4.1 Introduction 

As d i s c u s s e d i n c h a p t e r 2 p y r i d i n i u m p o l y ( h y d r o g e n f l u o r i d e ) , 
Olah's r e a g e n t , has been used i n s e v e r a l r e a c t i o n s i n which i t has 
behaved as a f l u o r i n a t i n g agent ( i . e . secondary a l c o h o l s ) o r i n 
HF a d d i t i o n ( i . e . a l k e n e s and a l k y n e s ) . The s t r u c t u r e o f t h i s 
r e a g e n t was d i s c u s s e d p r e v i o u s l y . 

The i d e a o f t h e p r e s e n t work i s t o use h i n d e r e d , s t r o n g amine 
bases as systems where t h e H"*" i s e f f e c t i v e l y b u r i e d as l i s t e d i n 
T a b l e 1. 
T h i s p r e s e n t work has p a r t i c u l a r l y c o n c e n t r a t e d on p r o t o n sponge. 
As f i r s t n o t e d by A l d e r e t . a l i t has an u n u s u a l l y h i g h 
b a s i c i t y w h i c h has been a t t r i b u t e d t o s t e r i c s t r a i n . T h i s i s 
p a r t l y r e l i e v e d on p r o t o n a t i o n : 

^* 

o 
Here t h e added p r o t o n l i n k s t h e two n i t r o g e n atoms by s t r o n g 

no 
h y d r o g e n b o n d i n g . 
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Table 1 

2.. ^^'^ys. ^^^'^ 2,l,^,^-'T^tv«r^^tp«pfiv»fii*« 

3. 

4-. DBW. 

s: 
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a) Generation of amine/HF adducts 

A f t e r i n v e s t i g a t i n g t h e v a r i o u s methods f o r p r o d u c i n g t h e adducts 
t h e b e s t s o l u t i o n t o t h e problem p r o v e d t o be t h e use o f an 
ether/HF s o l u t i o n o f known w e i g h t o f HF per cm o f e t h e r . T h i s 
e n a b l e s t h e r e a g e n t t o be measured and t r a n s f e r e d by volume. To 
a s o l u t i o n o f t h e amine o f known mass, d i s s o l v e d i n e t h e r , was 
added t h e c o r r e c t volume o f ether/HF m i x t u r e . The e t h e r was t h e n 
removed under vacuum l e a v i n g a s o l i d a dduct, except i n t h e case 
o f t r i - n - o c t y l a r a i n e which was a l i q u i d . • The b e n e f i t o f t h i s 
system was t h a t a l a r g e amount o f t h e adduct was pre p a r e d and 
c o u l d be s t o r e d f o r f u r t h e r use under anhydrous c o n d i t i o n s . 

b) Physical properties of amine/HF systems 

The s o l u b i l i t y o f t h e adducts and a l s o t h e i r nmr d a t a was 
de t e r m i n e d ( T a b l e 2 ) . The d a t a i n T a b l e 2 does not p r o v i d e a 
r e l i a b l e g u i d e t o r e a c t i v i t y . 
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s o l u b i l i t y 
Table 2 

( •̂̂ ^ * 
Base adduct t e t r a g l y m e s u l f o l a n e CH3CN (7 ppm 

1 s o l i d X. y . y -165.6 
2 n o t f o r m e d — — — — 
3 s o l i d ^ y -172.2 
4 s o l i d y V ^ -153.4 
5 l i q u i d - — - -168.9 

no base - -182.8 
s o l u t i o n s i n s u l f o l a n e ; t h e c h e m i c a l s h i f t o f t h e HF s i g n a l i s 

99 
known t o be v a r i a b l e under t h e s e c o n d i t i o n s 

cJ l Comparison o f amine/HF systems as h a l o g e n exchange r e a g e n t s 

The r e a c t i o n o f f i g u r e 1 i n which 2 , 4 , 6 - t r i f l u o r o p y r i m i d i n e i s 
f o r m e d f r o m 2 , 4 , 6 - t r i c h l o r o p y r i m i d i n e was chosen as a b a s i s f o r 
c o m p a r i s o n o f t h e v a r i o u s araine/HF systems as f l u o r i n a t i n g agents 
w i t h a c e t o n i t r i l e as t h e s o l v e n t . 

F i g u r e 1 

a ..X^^Ol Amine/HF 

a 
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The r e s u l t s ( T a b l e 3) showed some c o r r e l a t i o n w i t h t h e observed 
nmr s h i f t s i n t h a t p r o t o n sponge (1) and DBU (4) showed most 

r e a c t i v i t y . 

T a b l e 3 
Base Y i e l d (7.) 

1 73 
3 24 
4 64 
5 30 

* 19 D e r i v e d f r o m F nmr i n t e g r a t i o n s . 

4.2 P r o t o n sponge/HF 

A s e r i e s o f r e a c t i o n s was chosen t o e x p l o r e t h e range o f f l u o r i d e 
i o n a p p l i c a t i o n s u s i n g m a i n l y p r o t o n sponge/HF as t h e r e a g e n t , 
s i n c e t h i s p r o v e d t o be t h e most e f f e c t i v e system. The r e a c t i o n s 
were ( i ) h a l o g e n exchange, ( i i ) a t t e m p t e d f o r m a t i o n o f 
p e r f l u o r o - 2 - m e t h y l p e n t - 2 - y l a n i o n and ( i i i ) d i m e r i s a t i o n o f 
p e r f l u o r o a l k e n e s . 

a) Halogen Exchange 

The r e a c t i o n used as a s t a n d a r d i n t h e comparison r e a c t i o n ( f i g 
1) was shown t o go t o c o m p l e t i o n a f t e r 48 hours i n a c e t o n i t r i l e . 
S o l i d c r y s t a l s formed c o n t i n u o u s l y and were assumed t o be t h e HCl 
a d d u c t (as b o t h t h e HF adduct and p r o t o n sponge a r e s o l u b l e i n 
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CHsCN). The r e a c t i o n was a l s o a t t e m p t e d i n s u l f o l a n e , b u t t h i s 
r e a c t i o n was s l o w e r , t a k i n g 3 days and r e q u i r i n g h e a t i n g t o 40*C 
t o go t o completion.-
The p r o t o n sponge/HF/CHaCN system was a l s o a t t e m p t e d on t h e 
f o l l o w i n g r e a c t i o n s : 

24 h r s 
C H 3 C O C I • CH3COF q u a n t i t a t i v e by 

Room temp MeCN 19 F nmr 

24hrs 40 C 
CeHgCHsBr ^ C6H5CH2F * CeHgCHaF 

Room temp 107. 48 h r s 307. 

3 days 
C6H4(N02)C1 

Room temp t o 40 C 
No R e a c t i o n 

3 days 
C5CI5N 

Room temp t o 40'C 
No R e a c t i o n 

b) A t t e m p t e d f o r m a t i o n o f p e r f l u o r o - 2 - m e t h y l p e n t - 2 - y l a n i o n 

I t was o r i g i n a l l y hoped t h a t t h e r e a c t i o n t o produce t h e 
c a r b a n i o n ( I ) c o u l d be used t o gauge a l l t h e adducts as f l u o r i d e 
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i o n d o n o r s . However a l l t h e adducts (except DBU which r e a c t e d 
w i t h t h e p e r f l u o r o a l k e n e ) produced t h e a d d i t i o n p r o d u c t ( I I ) : 

Amine/HF 
¥ ( I ) 

Araine/HF 

' hr 
The r e a c t i o n was a t t e m p t e d i n t e t r a g l y m e because o f t h e known 
s e n s i t i v i t y o f ( I ) t o s o l v e n t . I n t h e case o f t h e p r o t o n 
sponge w h i c h i s i n s o l u b l e i n t e t r a g l y m e , a d d i t i o n o f t h e 
p e r f l u o r o a l k e n e l e d t o immediate disappearance o f t h e adduct. 
U n s u c c e s s f u l a t t e m p t s were made t o t r a p o u t any p o s s i b l e 
i n t e r m e d i a t e by h a v i n g Mel p r e s e n t i n t h e r e a c t i o n m i x t u r e f r o m 
t h e s t a r t , b u t no such t r a p p e d p r o d u c t s were observed. 

c) A t t e m p t e d d i m e r i s a t i o n 

The use o f caesium f l u o r i d e as a c a t a l y s t i n t h e r e a c t i o n ( f i g 2) 
prompted t h e a t t e m p t t o use p r o t o n sponge/HF system i n a s i m i l a r 
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manner. 
F i g u r e 2 

( a l l unmarked bonds t o F) 

The r e a c t i o n was i n i t i a l l y t r i e d w i t h t e t r a g l y m e u s i n g p r o t o n 
sponge/HF and a s m a l l amount o f d i m e r i s a t i o n was observed. 
However whic h f o r m o f HF a d d i t i o n p r o d u c t had been produced was 
i m p o s s i b l e t o d e t e r m i n e due t o t h e poor y i e l d . A much more 
i m p r e s s i v e r e s u l t was o b t a i n e d u s i n g a c e t o n i t r i l e as t h e s o l v e n t 
i n t h e r e a c t i o n . I n t h i s case 0.1 molar e q u i v a l e n t o f p r o t o n 
sponge/HF was used and a good y i e l d o f d i m e r i c p r o d u c t s was 
o b t a i n e d . From glc-mass spec d a t a t h i s was d e t e r m i n e d t o be a 
m i x t u r e o f ( I ) and ( I I ) . 
The p r o t o n sponge/HF system i n a c e t o n i t r i l e was a l s o t r i e d on t h e 
l e s s r e a c t i v e p e r f l u o r o c y c l o p e n t e n e d i m e r i s a t i o n . However 
s e v e r a l a t t e m p t s were a l l u n s u c c e s s f u l i n c l u d i n g one a t 125*0, 
t h e t e m p e r a t u r e a t which CsF causes d i m e r i s a t i o n : 
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4.3 Tri-n-octylamine/HF 

T h i s system, u n l i k e p r o t o n sponge/HF, was a l i q u i d and i t was 
hoped i t c o u l d be used w i t h o u t s o l v e n t d i l u t i o n . The same, 
r e a c t i o n s were t r i e d as w i t h p r o t o n sponge/HF. 

a) Halogen exchange 

T r i - n - o c t y l a m i n e was i n v e s t i g a t e d i n t h e 
2 , 4 , 6 - t r i c h l o r o p y r i m i d i n e r e a c t i o n ( f i g u r e 1) due t o t h e f a c t i t 
was t h e o n l y l i q u i d adduct. However t h e f o r m a t i o n o f a g e l 
p r e v e n t i n g s t i r r i n g was observed and t h e a d d i t i o n o f pentane was 
used t o f r e e t h e s o l u t i o n . T h i s g e l was a g a i n a t t r i b u t e d t o t h e 
f o r m a t i o n o f t h e HCl adduct. The r e a c t i o n went t o c o m p l e t i o n 
a f t e r 4 days w i t h h e a t i n g t o 40'C r e q u i r e d . 

b) A t t e m p t e d f o r m a t i o n o f p e r f l u o r o - 2 - m e t h y l p e n t - 2 - y l a n i o n 

As d e s c r i b e d e a r l i e r t h e a n i o n c o u l d n o t be observed by '̂ F̂ nmr 
s p e c t r o s c o p y u s i n g t h e amine/HF as a f l u o r i d e i o n source. 
I n s t e a d t h e HF a d d i t i o n p r o d u c t ( I I ) was a g a i n formed. 
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c) Attempted dimerisation 

The d i m e r i s a t i o n o f h e x a f l u o r o p r o p e n e was a t t e m p t e d u s i n g 
t r i - n - o c t y l a m i n e w i t h b o t h an absence o f s o l v e n t and MeCN as 
s o l v e n t . On n e i t h e r o c c a s i o n was dimer observed. 

4.4 C o n c l u s i o n 

T h i s p r e l i m i n a r y work on t h e p r e p a r a t i o n and r e a c t i o n s o f 
amine/HF adducts has shown t h e i r p o t e n t i a l as f l u o r i d e i o n 
s o u r c e s . P r o t o n sponge/HF i n p a r t i c u l a r r e a c t s as b o t h a 
f l u o r i d e i o n c a t a l y s t ( i n t h e d i m e r i s a t i o n o f h e x a f l u o r o p r o p e n e ) 
and as a h a l o g e n exchange re a g e n t ( i n t h r e a c t i o n w i t h a c e t y l 
c h l o r i d e and t r i c h l o r o p y r i m i d i n e ) . I n t h i s r e s p e c t i t can be 
s a i d t h a t p r o t o n sponge/HF i n a c e t o n i t r i l e i s a s o l u b l e source o f 
f l u o r i d e i o n . 
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4.5 E x p e r i m e n t a l 

a) I n i t i a l a t t e m p t s t o f o r m amine/HF addu c t s 

I n i t i a l a t t e m p t s were made t o produce amine/HF adducts i n b o t h 
t e t r a g l y m e and s u l f o l a n e . Methods used t o a c h i e v e t h i s i n c l u d e 
t h e t r a n s f e r o f a known mass o f HF ( I g ) i n t o a N i c k e l t u b e 
c o n t a i n i n g a'volume (10 cm ) o f t h e a p p r o p r i a t e s o l v e n t . T h i s 
p r o v e d a d i f f i c u l t and p o t e n t i a l l y hazardous p r o c e d u r e due t o t h e 
i n c r e a s e d amount o f HF t r a n s f e r r e q u i r e d . The b e s t s o l u t i o n 
p r o v e d t o be t h e b u b b l i n g o f HF t h r o u g h a known volume o f t h e 
s o l v e n t . T h i s system was adopted f o r t h e e a s i e s t p r e p a r a t i o n o f 
amine/HF adduct (see b e l o w ) . 

b) F o r m a t i o n o f ether/HF s o l u t i o n 

HF was b u b b l e d t h r o u g h e t h e r i n an i c e - c o o l e d FEP b o t t l e . To 
d e t e r m i n e t h e c o n c e n t r a t i o n o f HF i n t h e e t h e r t h i s was t i t r a t e d 
a g a i n s t a s t a n d a r d s o l u t i o n o f O.IM NaOH u s i n g m e t h y l r e d as t h e 
i n d i c a t o r . T h i s c o n c e n t r a t i o n was expressed as ggp/cm Et2 0 and 
e n a b l e d t h e c o r r e c t volume t o be added t o t h e amine t h u s a v o i d i n g 
u n e c c e s s a r y m a n i p u l a t i o n o f t h e m i x t u r e . 

c) F o r m a t i o n o f amine/HF adduct 

General p r o c e d u r e - To a known mass o f amine ( d i s s o l v e d i n a 
minimum volume o f e t h e r ) i n a round-bottomed f l a s k was p i p e t t e d 
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m, 

t h e r e q u i r e d volume o f ether/HF s o l u t i o n . T h i s f l a s k was t h e n 
a t t a c h e d t o a vacuum l i n e and t h e e t h e r c a r e f u l l y removed l e a v i n g 
t h e s o l i d amine/HF adduct (a l i q u i d i n t h e case o f 
t r i - n - o c t y l a m i n e ) . T h i s c o u l d t h e n be used as an e a s i l y 
l a n i p u l a t e d r e a g e n t w i t h t h e p r e c a u t i o n s a f f o r d e d t o caesium 

f l u o r i d e ( i . e minimum exposure t o t h e atmosphere). 

d) Comparison r e a c t i o n 

To a c l e a n nmr t u b e was added an equa l m o l a r c o n c e n t r a t i o n (3.3 
mmol) o f each amine/HF adduct i n a c e t o n i t r i l e (1cm ) . 

i ) P r o t o n sponge/HF 0.71g 
i i ) 2 , 6 - D i - t e r t - b u t y l p y r i d i n e / H F 0.64g 
i i i ) DBU/HF 0.5g 
i v ) T r i - n - o c t y l a m i n e / H F 1.6g 

To t h i s was t h e n added 0.2g ( 1 . 1 mmol) o f 
2 , 4 , 6 - t r i c h l o r o p y r i m i d i n e . The course o f t h e r e a c t i o n was 
f o l l o w e d by ^^F nmr s p e c t r o s c o p y and by i n t e g r a t i o n t h e 
c o n v e r s i o n o f t h e HF t o f l u o r o p y r i m i d i n e c o u l d be f o l l o w e d g i v i n g 
t h e y i e l d o f t h e p r o d u c t w i t h t h e a p p r o p r i a t e amine/HF. 

e) P r o t o n sponge/HF adduct r e a c t i o n s 

Halogen exchange 
G e n e r a l p r o c e d u r e - To a s t i r r e d s o l u t i o n o f t h e amine/HF adduct 
i n t h e a p p r o p r i a t e s o l v e n t was added an excess o f t h e r e a c t a n t ( a 
0.3 m o l a r e q u i v a l e n t i n t h e case o f t h e c h l o r o p y r i m i d i n e ) . At 
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i n t e r v a l s a sample was removed and a n a l y s e d by '''̂F nmr 
s p e c t r o s c o p y . The i n t e g r a t i o n y i e l d e d t h e e x t e n t t o which t h e 
r e a c t i o n had proceeded. 

i) A c e t y l c h l o r i d e 
The g e n e r a l p r o c e d u r e was f o l l o w e d u s i n g l . l g (4.7 mmol) o f 
p r o t o n sponge/HF adduct i n 10 cm o f a c e t o n i t r i l e . To t h i s was 
added 0.5g (6.3 mmol) o f a c e t y l c h l o r i d e . The r e a c t i o n proceeded 
t o c o m p l e t i o n a f t e r 24 hours a t room t e m p e r a t u r e by f o l l o w i n g t h e 
appearance o f t h e a c e t y l f l u o r i d e peak a t 0-^+49. 

i i ) B e n z y l bromide 
The r e a c t i o n was conducted f o l l o w i n g t h e g e n e r a l p r o c e d u r e u s i n g 
0.54g (2.3 mmol) o f p r o t o n sponge/HF adduct i n 10 cm o f 
a c e t o n i t r i l e . To t h i s was added 0.5g (2.9 mmol) o f b e n z y l 
b r o m i d e . A f t e r 24 hours a t room t e m p e r a t u r e t h e r e a c t i o n had 
produced 10% b e n z y l f l u o r i d e (peak a t (7^-207 as compared t o t h e 
l i t e r a t u r e d a t a ) . T h i s m i x t u r e was t h e n heated, on a 
h o t - p l a t e , w i t h c o n t i n u o u s s t i r r i n g , t o 40*C f o r 48 hours.- A f t e r 
t h i s p e r i o d t h e r e a c t i o n showed 307. b e n z y l f l u o r i d e (by 
i n t e g r a t i o n o f t h e nmr p e a k s ) . 

i i i ) 2 - c h l o r o n i t r o b e n z e n e 
The g e n e r a l p r o c e d u r e was f o l l o w e d u s i n g 0.54g (2.3 ramol) o f 

q 

p r o t o n sponge/HF adduct i n 10 cm o f a c e t o n i t r i l e . To t h i s was 
added 0.4g (2.5 mmol) o f 2 - c h l o r o n i t r o b e n z e n e . The r e a c t i o n 
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mixture showed no evidence of 2-fluoronitrobenzene by ^^f nmr 
a f t e r 24 hours. The temperature was raised to 40*0 f o r 48 hours 
but there was s t i l l no evidence of reaction. 

i v ) Pentachloropvridine 
The general procedure was followed using 1.58g (6.8 mmol) of 
proton sponge/HF i n 10 cm of a c e t o n i t r i l e . To t h i s was added 
0.3g (1.2 mmol) of pentachloropyridine. No evidence of 
f l u o r i n a t e d product was observed, even a f t e r heating at 40*0 f o r 
48 hours. 

v) 2,4,6-trichloropvrimidine 
The general procedure was followed using both sulfolane and 
a c e t o n i t r i l e as solvents. I n both cases 1.5g (6.4 mmol) of 
proton sponge/HF adduct i n 10 cm of the solvent was used. To 
t h i s was added 0.4g (2.1 mraol) of the pyrimidine. The formation 
of the f l u o r i n a t e d product was followed using peaks i n the range 
«7-j,-40 to -55 representing various isomers of the intermediate 
products. The f i n a l peaks showed at (rp-44 and -52. I n the case 
of the a c e t o n i t r i l e reaction t h i s was completed i n 48 hours with 
no heating required. The sulfolane reaction was incomplete a f t e r 
48 hours and upon heating at 40"C f o r 24 hours also went to 
completion. 

Attempted formation of perfluoro-2-methvlpent-2-vl anion 
General procedure - To a s t i r r e d s o l u t i o n of the appropriate 
araine/HF adduct i n tetraglyme was added a molar equivalent of 
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perfluoro-2-raet]iylpent-2-ene. This was s t i r r e d f o r 24 hours and 
a sample of the tetraglyrae layer removed f o r nmr and showed 
no f l u o r i n e present. The lower layer was removed by pip e t t e and 
analysed by both '''̂F nmr and G.C mass spectroscopy. This showed 
i n each case (except f o r that of DBU which reacted with the dimer 
g i v i n g a complex ''•̂F nmr spectrum) the presence of 
2-hydroperfluoro-2-raethylpentane "''̂F nmr (N°'7) mass spec 
(N°.9). 
The amines used i n t h i s reaction were: 

i ) Proton sponge 
i i ) DBU 
i i i ) D i - t e r t - b u t y l p y r i d i n e 
i v ) Tri-n-octylamine 

Attempted trapping using Mel 
The general procedure outlined above was followed with the 
modif i c a t i o n that Mel was present i n solu t i o n before the alkene 
was added. By G.C.-mass spec i t was found that no trapping 
product was present. 

Attempted dimerisation 
General procedure - A carius tube was charged with the amine/HF 
adduct and solvent. The alkene t o be dimerised was introduced by 
vacuum t r a n s f e r and the tube sealed. This was then treated as 
described below. To analyse the products they were transfered i n 
vacuo t o a cold t r a p and then t o •''̂F nmr and G.C.-mass spec as 
appropriate. 

75 



i ) Hexafluoropropene 
Tetraglvme as solvent 
The general procedure was followed using 0.6g (2.6 mmol) of s o l i d 

q 
proton sponge/HF i n 1 0 cm of tetraglyme. To t h i s was introduced 
3.9g (26 mmol) of hexafluoropropene. This was then rotated f o r 
24 hours. Upon t r a n s f e r of the products i t was obvious that they 
consisted mainly of gas. These were transfered t o a sealed 
s i l i c a nmr tube and upon analysis proved t o be a mixture of 
hexaf luoropropene "̂ F̂ nmr (N°.8) and 2-hydroperf luoropropane 
% nmr (N°.l) i n the approximate r a t i o 1 0 : 1 by inte g r a t i o n of the 
•'•̂F nmr peaks. 
The small amount of l i q u i d product (<57o) proved t o be a mixture 
of dimer and HF addition product. 

A c e t o n i t r i l e as solvent 
The general procedure was followed using 0.52g (2 mmol) of proton 
sponge/HF i n 5 cm of a c e t o n i t r i l e . To t h i s was introduced 3 . 3 5 g 

(22 mmol) of hexafluoropropene and as with the caesium f l u o r i d e 
there was an i n i t i a l exotherm. The carius tube was rotated f o r 
24 hours and then the v o l a t i l e products were analysed. This time 
507o of the recovered material proved t o be mainly the 
thermodynamic dimer, with a small amount (<57o) of the HF addition 
product and higher oligomers of hexafluoropropene by glc-mass 
spec. 
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i i ) Perfluorocvclopentene 
The general procedure was followed using the proton sponge/HF 

3 
adduct (1.7g, 7.3 mmol) i n 10 cm of a c e t o n i t r i l e . To t h i s was 
added 3.5g of perfluorocyclopentene. The reaction was carried 
out using a number of temperatures (20*0, 40*C, 80*C, 125*C) but 
on each occasion the only product that could be i d e n t i f i e d was 
the s t a r t i n g material (by glc and nrar (N°.9)). 

f ^ Tri-n-octylamine/HF adduct reactions 

i ) 2.4.6-trichloropvrimidine 
The general procedure, as described f o r the proton sponge/HF 
adduct, was followed using 5.3g (15 mmol) of tri-n-octylamine/HF 
to which was added 0.93 (5 mmol) of t r i c h l o r o p y r i m i d i n e with no 
solvent i n i t i a l l y . A f t e r the f i r s t sample was taken the g e l l i n g 
of the reaction mixture was observed and t h i s was dissolved using 
pentane. The reaction proceeded t o completion a f t e r heating to 
40°C f o r 4 days. The end point was again determined by 
monitoring the fluoropyrimidine peaks. 

i i ) Hexafluoropropene 
The general procedure was carried out as with the proton 
sponge/HF adduct. Tri-n-octylamine/HF (1.2g, 3.3 mmol) was used 
i n 10:1 molar r a t i o with the alkene (5g, 33.3 mmol). In t h i s 
case none of the v o l a t i l e material proved t o be l i q u i d and •'"̂F 
nmr revealed only the presence of hexafluoropropene (N°.8). 

77 



A P P E N D I X I - NMR S P E C T R A 

NMR 
1. Perfluoro-2-methylpent-2-ene (3) 
2. Perfluoro-2-methylpent-2-yl anion (3a) 
3. Perfluoro-3,4-diraethyl-4-ethylhex-3-ene (4) 
4. Perfluoro-3,4-dimethyl-4-ethylhex-3-yl anion (4a) 
5. 2-Heptylperfluoro-2-methylpentane 
6. 2-Epoxideperfluoro-2-methylpentane 
7. 2-Hydroperfluoro-2-methylpentane 
8. Hexafluoropropene 
9. Perfluorocyclopentene 

Ĥ NMR 
2-Hydroperfluoropropane 
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A P P E N D I X I I - MASS S P E C T R A 

1. Perfluoro-2-methylpent-2-ene (3) 
2. Perfluoro-3,4-dimethyl-4-ethylhex-3-ene (4) 
3. 2-Heptylperfluoro-2-methylpentane 
4. 1-Fluoroheptane 
5. 2-Epoxideperfluoro-2-raethylpentane 
6. 2-Perfluoro-2-methylpentylcyclohexanone 
7. 3-Benzylperfluoro-3,4-dimethyl-4-ethylhexane (EI"^) 
7a. 3-Benzylperfluoro-3,4-dimethyl-4-ethylhexane (CI~) 
8. 3-Heptylperfluoro-3,4-dimethyl-4-ethylhexane (EI"*") 
8a. 3-Heptylperfluoro-3,4-dimethyl-4-ethylhexane (CI") 
9. 2-Hydroperfluoro-2-methylpentane 
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xl Qgd=75 17-FEB-8S 09:0+0:01:22 70E 
I=10v Hm=300 TIC=257214000 Acnt 

EI+ 2. 1 
Sys:EMSL 

GC= 52 Cal:PFK162 . 
Mass X Base 

31. 03 15. 66 
50. 05 3. 79 
55. 06 2. 32 
69. 05 100. 00 0 
70. 06 68 
74-. 06 6. 96 
93. 07 35. 72 
94. 08 1. 00 
100. 07 7. 14 
105. 08 1. 69 
112. 08 3. 86 
119. 08 2. 61 
124. 09 5. 42 
131. 09 2. 11 
143. 09 13. 35 
150. 09 0. 24 
155. 10 0. 42 
162. 10 2. 72 
163. 11 0. 42 
169. 10 0. 06 
174. 10 0. 04 
181. 09 100. 00 0 
182. 10 4. 48 
193. 11 5. 76 
194. 12 0. 22 
212. 11 5. 94 
213. 12 0. 39 
231. 12 30. 77 
232. 13 1. 73 
281. 13 28. 52 
282. 14 1. 90 
300. 14 0. 32 

leaa 

38a 

<\0 



JJE31B«95» XI 
BpM=0 1=3.3v Bg(l=92 8-JUL-88 16:2+0:01:41 

Hm=45S TIC=8S432000 
70G 

Acnt: 
Mass 

27. 5S 
30. 58 
31. 59 
50. 36 
69. 08 
75. 26 
93. 25 

18 
16 
11 

100 
106 
113 
119. 09 
124. 09 
125.10 
137.10 
143.08 
144. 09 
155.OB 
163. 09 
169.08 
175. 09 
181. 08 
193.06 
194.07 
205. 06 
212.08 
212.10 
212.85 
213.07 
214.08 
215.06 
221.07 
224. 05 
224. 23 
224. 56 
224. 86 
225.08 
225. 42 
225.47 
225. 54 
226.08 

H 3 -

Base 
5. 32 
2. 93 
1. 18 
1. 74 

100.00 
7. 70 
2. 36 
2. 49 
1. 80 
4. 94 

34. 38 
1. 78 
5. 15 
1. 19 
2.51 
1. 04 
1. 05 

12.51 
2. 01 

18. 84 
3. 80 
1. 74 
4. 34 
0. 67 
0. 14 
0. 10 
0. 33 

32. 15 
1. 87 
0. 14 
0. 81 
0. 18 
0. 26 
0. 30 
0. 22 
6. 19 
0. 14 
0. 14 
0. 11 
0. 33 

• Mass 
231. 07 
232. 07 
242. 82 
243.05 
244. 05 
245.09 
255.05 
261.91 
262. 04 
262. 23 
262.46 
262. 53 
262. 76 
2S3.05 
263.28 
264. 05 
271.03 
271.99 
272.04 
275.05 
275.41 
276.05 
281.05 
290. 01 
293.02 
.294.03 
308. 99 
313.01 
314. 02 
321. 00 
330.98 
342. 99 
343.99 
358. 96 
362. 38 
363.98 
370. 97 
371. 
381. 
408. 94 
409.95 
458.86 

, 96 
98 

263 

213 

175 

183 243 

iJ..i.,.l.il.,..>,l....*J.ii,l.| l.,,,*J..̂li.,l,,...J.il,uJ.,,J..;—„. i 
IBB 208 308 48( 

' EI+ . 2 
SyS;EMSL 

GC= 45 Cal:PFK265 
Base 

1. 72 
0. 20 
0. 16 

13. 27 
2. 16 
0. 16 
1. 18 
0. 11 
0. 21 
0. IB 
0. 18 
0. 18 
0. 48 

53. 67 
0. 15 
3. 40 
1. 30 
0. 16 
0. 18 
5. 84 
0. 16 
0. 53 
0. 36 
0. 37 
4. 87 
0. 76 
0. 85 
5. 81 
0..33 
0. 77 
0. 11 
9. 24 
0. 77 
0. 75 
3. 06 
0. 25 
0. 74 
0. 19 
0. 89 
3. 08 
0. 33 
0. 25, 

leaa 

I ' " I ' l - n i . p i 
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3. Mass sp^jctvuiM oĵ  2" ^UiiUi^Lp^^ 

JJE52I9436 
8pM=0 1=8.2v 

rtl Bgd=432 25-MAR-8a 12:2+0:07:46 70E 
Hiii=918 TIC=217845000 Acnt: 

1 8 L 
95. 
30. 
85. 
88. 
75. 
?8 
B5 
68 J 
55 
58 
45 
48 J 
35 
38 
25 
28 
15 
18 
5 

43 

29 

57 

71 

GC= U S 

EI+ 1. 
SyS:EMSL 

C a l : PFK243f 

Mass y. Base Mass 7. Base 
27 . 01 12 . 92 135 . 86 0 . 04 
27 . 99 6 . 12 F 136 . 99 0 . 04 
28 . 02 4 . 45 F 138 . 99 0 . 25 
29 . 03 35 . 02 141 . 00 0 . 39 
31 . 98 1 . 86 144 . 99 1 . 87 
39 . 01 7 36 146 01 0 05 
40 . 02 1 45 149 . 97 0 06 
41 . 02 35 90 151 00 0 30 
42 . 03 16 39 151 99 0 06 
43 04 100 00 153 01 0 08 
44 04 3 34 154 01 0 05 
47 01 3 85 156 98 0 19 
53 02 1 18 158 00 0 06 
55 04 19 69 159 00 0 15 
56 05 7 21 162 97 0 20 
57 06 , 67 21 164 99 0 04 
58 06 2 83 166 99 0 04 
61 04 2 04 168 95 1 20 
65 01 1 62 170 00 0 06 
68 93 9 43 F 170 99 0 29 
69 06 3 02 F 172 00 0 16 
71 08 23 63 172 98 0 07 
72 08 1 47 174 95 0 12 
81 OS 0. 10 180. 95 0. 55 
83 03 0. 15 181 97 0 09 
85 09 1. 21 182. 96 0. 03 
86 08 0. 09 185. 02 0. 14 
87 00 0. 04 189. 00 0. 11 
87 04 0. 15 190. 02 0. 04 
88 01 0. 06 191. 02 0. 35 
89. 01 0. 22 194. 00 0. 07 
91. 03 0. 11 195. 00 0. 10 
92. 03 0. 06 199. 98 0. 08 
92. 98 0. 22 205. 04 0. 04 
93. 99 0. 04 213. 00 0. 05 
95. 00 0. 49 227. 03 0. 07 
97. 02 0. 06 238. 97 0. 04 
97. 06 0. 04 245. 00 0. 64 
98. 99 0. 04 250. 99 0. 12 
99. 97 0. 62 256. 99 0. 12 

101. 00 0. 17 271. 02 0. 10 
102. 02 0. 05 276. 95 0. 07 
103. 03 0. 14 280. 97 0. 10 
107. 02 0. 07 291. 02 0. 06 
109. 02 0. 07 294. 99 0. 05 
112. 97 0. 20 315. 01 0. 08 
114. 01 0. 09 317. 04 0. 05 
115. 00 0. 08 321. 01 0. 15 
118. 95 1. 12 321. 95 0. 04 
120. 11 0: 04 335. 04 0. 18 
120. 99 0. 13 357. 09 0. 25 
125. 99 0. 03 358. 16 0. 12 
12S. 98 0. 14 361. 02 0. 09 
128. 85 0. 15 363. 09 0. 09 
130. 92 0. 14 374. 11 0. 17 
131. 86 0. 14 375. 11 0. 43 
132. 99 0, 16 376. 09 0. 08 
133. 87 0. 11 388. 12 0. 44 
133. 97 0. 06 389. 12 2. 49 
135. 03 0. 07 390. 12 0. 42 

403. 15 0. 16 
418. 14 0. 09 309 

58 
JJE521I438 
Bpfl=a 

288 258 U - H 1 
188 158 

xl Bgd=432 2S-imR-88 12=2*8^87=48 78E 
I=8.2v Hii=91B TIC=217845888 flcnt: 

358 
EI* 

GC= I I B " 
Sys=EIISL CaL=PFi:243F _ 

• X S ' O 

9 2 



^ I - Fluorol^jg^^A^s^^^ 

JJE11A#247» 
epM=0 I=a. Iv 

Mass 
27. 01 
27. 02 
28.. 02 
29. 03 
29. 05 
33. 02 
39. 04 
40. 05 
41. 06 
41. 07 
42. 07 
43. 03 
44. 08 
45. 05 
47. 05 
47. 07 
• 53. 07 
34. 08 
55. 08 
55. 10 
56. 10 
57. 11 
58. U 
59. 07 • 
61. 09 
65. 09 
68. 10 
69. 10 
69. 12 
70. 10 
70. 13 . 
71, 13 
74. 10 
75. 10 
33. 14 
38. 14 

Sgd=243 29-APR-a8 10: 1+0-04-24 
Hm=145 TIC=11S2S6000 
Base 

27. 77 
28. 03 
6. 69 

46. 41 
23. 63 
12. 73 
15. 30 
2. 74 

74. 9! 
25. 45 
41. 82 

100. 00 
3. 27 

12. 73 
IS. 33 
12. 73 
2. 91 

12. 73 
27. 17 
41. 82 
65. 96 
46. 12 
12. 73 
12. 73 
4. 28 

12 
2 

41 
23 
21 
23. 
3, 

2. 
3. 

. 73 

. 20 
32 
29 
33 
99 
87 
61 
52 
73 

70E EI+ 12 
-^cn*: Sys:EMSL 

GC=S3 Cal:PFK28a 

12. 73 

laaa 
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I = I O v 

H a s s 
2 6 . 03 
2 7 . 0 4 
2 8 . 0 5 
2 9 . 0 2 
2 9 . 0 6 
3 0 . 03 
3 1 . 0 4 
3 3 . 0 4 
3a. 0 4 
3 7 . 0 5 

. 4 1 . 0 6 
4 2 . 0 3 
4 3 . 0 4 
4 6 . 0 5 
4 7 . 0 6 
5 1 . 0 3 
5 5 . 0 5 
5 7 . 0 7 
5 8 . 0 7 
5 7 . 0 7 
6 4 . 0 5 
6 5 . 0 6 
6 7 . 0 4 
7 5 . 0 5 
7 7 . 0 6 
7 9 . 0 8 
8 8 . 0 6 
8 9 . 0 7 
9 2 . 9 8 
9 3 . 0 4 
9 4 . 9 8 
9 5 . 0 6 

1 0 0 . 0 5 
1 0 1 . 0 7 
1 0 2 . 0 8 
1 0 3 . 0 9 
1 0 3 . 9 3 
1 0 4 . 9 9 
1 0 6 . 01 
1 0 7 . 0 4 
1 0 8 . 0 0 
1 0 8 . 0 8 
1 0 9 . 0 5 
1 1 2 . 0 5 
1 1 3 . 0 6 
1 1 4 . 0 7 
1 1 5 . 0 7 
1 1 7 . 0 7 
1 1 9 . 0 6 
1 2 0 . 0 7 
1 2 1 . 0 9 
1 2 2 . 10 
1 2 3 . 0 7 
1 2 4 . 0 6 
1 2 5 . 0 7 
1 2 6 . 0 8 
1 2 7 . 0 8 
1 3 1 . 0 6 
1 3 2 . 0 8 
1 3 3 . 0 8 

B g i l ° 2 5 2 
H11.-377 T I C 

l l - n A R - 8 8 
4 6 2 2 0 5 0 0 0 

14: 5 + 0 : 0 4 : 4 5 7 0 E 
A c n t : 

B a s e r t a s s Z S a s i 
7. 2 7 1 3 7 . 0 7 2 . 5 7 

4 9 . 54 1 3 8 . 0 8 0 . 2 0 
9. 2 6 1 3 9 . 0 9 2 . 6 0 

7 3 . 8 6 F 1 4 0 . 10 0. 13 
4 9 . 6 2 F 1 4 1 . 11 0 . 0 5 

3 . 9 0 F 1 1 3 . 0 6 0 . 4 3 
7 4 . 5 8 1 4 4 . 0 7 0 . 10 

2 . 0 5 1 4 4 . 4 7 0 . 0 3 
1. 5 4 1 4 4 . 6 4 0 . 0 4 
5. 91 1 4 4 . 7 7 0 . 0 7 
1. 3 4 . 1 4 5 . 0 7 17. 4 2 
3 . 9 2 1 4 6 . 0 8 0 . 7 3 
7. 0 6 1 4 7 . 0 6 0 1 7 
8. 7 5 1 4 9 . 0 8 0 . 1 3 
5. 0 2 1 5 0 . 0 7 0 . 3 9 
8 . 8 6 1 5 1 . 0 8 1. 4 0 
1. 6 7 1 5 2 . 10 0 . 3 4 

1 0 0 . 0 0 0 1 3 3 . 0 7 0. 6 2 
3. 9 5 1 5 4 . 0 7 0 . 0 8 

11 . 8 4 1 5 3 . 0 7 0 . 0 8 
2 . 21 1 5 6 . OS 0 . 0 8 
5. 9 6 1 5 7 . 0 8 3 . 4 2 

6 1 . 13 1 5 8 . 0 8 1. 31 
4 . 71 1 5 9 . 0 9 0. 5 7 
2 . 4 7 1 6 2 . 0 4 0 , 0 6 
1. 4 5 1 6 2 . 0 6 0 . 0 4 
1. 41 1 6 3 . 0 7 2 . 2 6 
1. 8 5 1 6 4 . 0 8 0 . 0 7 
2 . 4 8 F 1 6 7 . 0 7 0 . 0 8 
2 . 2 6 F 1 6 8 . 0 8 0 . 3 8 
2 . 2 0 F 1 6 9 . 0 3 6 , 1 7 . 
3 . 3 7 F 1 7 0 . 0 7 0 . 3 1 
4. 11 1 7 1 . 0 8 1. 8 8 
0 . 9 9 1 7 2 . 0 7 0 . 2 2 
0 . 2 0 1 7 3 . 0 6 6 . 9 4 
0 . U 1 7 4 . 0 7 0 . 3 6 
0 . 11 1 7 5 . 0 8 1. 51 
0 . 51 1 7 6 . 0 8 0 . 2 5 
0 . 9 9 1 7 7 . 10 0 . 7 0 
0 . 9 2 1 8 1 . 0 7 3 . 2 0 
0 . 8 7 F 1 8 2 . 0 8 0 . 2 4 
0 . 3 3 F 1 8 3 . 10 0. 0 7 
0 . 18 1 8 3 . 0 9 0 . 0 5 
0 . 91 1 8 7 . 0 8 0 . 3 4 
2 . 14 1 8 8 . 11 1. 1 5 
0 . 10 1 8 9 . 10 1. 4 3 
0 . 18 1 9 0 . 11 0 . 0 7 
0 . 11 1 7 1 . 10 0 . 10 
6. 5 7 1 9 3 . 0 7 0 . 11 
0 . 2 2 1 9 3 . 0 7 1. 17 
0. 7 7 1 9 9 . t o 0 . 0 5 
0 . 0 4 2 0 0 . 0 9 0. 10 
0. 51 2 0 1 . 1 1 0. 8 7 
0. 17 2 0 2 . 10 0 . 0 6 
0. 4 4 2 0 7 . 1 I 4 7 . 3 8 
0. 2 7 2 0 8 . 12 : . 7 6 
0. 7 6 2 0 9 . 12 0 . 2 4 
I . 0 0 2 1 3 . 0 9 0. 2 7 
0. 16 . 2 1 9 . 10 0. 3 0 
0. 3 0 2 2 1 . 13 0 . 3 0 

E I * 
S i ) i : E M S L 

C a l : P F K 4 3 

M a s s 
2 2 3 . 0 9 
2 2 5 . 0 9 
2 2 7 . 12 
2 3 1 . 0 7 
2 3 7 . 11 
2 3 9 . 12 
2 4 3 . 10 
2 4 3 . 11 
2 4 6 . 12 
2 3 1 . 11 
2 5 7 . 12 
2 3 7 . 11 
2 6 3 . 11 
2 6 9 . 12 
2 7 1 . 13 

2 7 3 . 12 
2 7 4 . 11 
2 7 5 . 11 
2 8 1 . 1 0 
2 8 7 . 14 
3 0 7 . 14 
3 0 8 . 1 5 
3 5 4 . 19 
3 6 1 . 14 
3 7 6 . 17 
3 7 7 . 1 8 

Q a s t 
• 0 . 0 4 

0. 91 
0 . 19 
0 . 3 S 
0 . 0 9 
0. 41 
0. 10 

10. 14 
0 . 6 5 
0 . 51 
0. 5 3 
0 . 13 
0 . 4 8 
0 . 2 4 

0 . 2 2 
1. 13 
0 . 0 4 
0 . 19 
O. 8 2 
0 . 14 
7. 15 
0 . 5 8 
0 . 0 7 
0. 4 2 
1. 6 7 
0. 2 8 

52-

2S 

2,'H 

Jlilju 

14S 

207 

24S 

• • ^ ^ A . * . J | i 

laaa 

I " ' ' r " 
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[1|)M=0 I » 4 . I v 
B9a="J26 i a - n A Y - 3 a 0 

H n i . * 1 6 T I C = 2 1 3 0 1 3 0 0 0 
12: 3 * 0 : 0 9 : 3 4 7 0 E 

A c n t : S i « : E f 1 S l . 
Ctl:PFK284 

n a s s r. 
2 7 . 01 8. 6 3 1 3 4 . 0 9 
3 9 . 0 4 14 . 8 3 1 3 5 . 0 7 
4 0 . 0 3 2 . 6 2 1 3 5 . 9 8 
4 1 . 0 6 14 . 7 7 139 . 0 9 
5 0 . 0 4 2 . 4 9 141 . 11 
5 1 . 0 3 13. 6 8 1 4 2 . 01 
5 2 . 0 6 3. 8 4 1 4 3 . 0 5 
5 3 . 0 7 10. 9 3 144 . 0 7 
3 5 . 0 3 3 . 5 0 1 4 5 . 0 7 

. 6 1 . 0 2 4. 3 8 1 4 6 . 0 7 
6 5 . 0 7 3 . 6 2 1 4 7 . O S 
6 7 . 0 9 9. 6 3 149 . 0 6 
6 9 . 0 3 14 . 2 3 1 5 0 . 0 6 
7 3 . 0 2 2 . 5 5 1 5 1 . 0 7 
7 5 . 0 5 11. 12 1 5 5 . 0 6 
7 7 . 0 3 » 2 . 3 7 F 159 . 0 5 
7 7 . 0 8 3 1 . 0 7 F 1 6 0 . 0 7 
7 8 . 0 8 4. 6 6 1 6 1 . 0 9 
7 9 . 0 9 1 0 0 . 0 0 1 6 3 . 0 6 
8 0 . 10 17. 8 6 1 6 5 . 10 
8 7 . 0 5 16. 71 1 6 7 . 10 
8 9 . 0 3 8. 19 1 6 9 . 0 8 
9 1 . 0 3 2 . 01 1 7 4 . O S 
9 9 . 12 7. 5 6 1 7 7 . U 

100 . 0 9 0. 8 8 178 . 0 5 
1 0 1 . 0 8 0 . 5 5 179 . 0 7 
1 0 2 . 0 6 0 . 4 4 1 8 1 . 0 6 
1 0 3 . 0 9 0 . 7 4 1 8 3 . 0 8 
104 . 0 6 0. 2 3 1 8 7 . 0 9 
1 0 5 . O S 0 . 2 0 189 . 0 9 
1 0 6 . 0 3 0 . 8 3 190 . 0 9 
1 0 7 . 0 6 0 . 12 191 . 10 
108 . 0 5 0 . 31 1 9 2 . 0 5 
109 . 10 0 . 10 1 9 3 . 0 4 
1 1 1 . 0 5 0 . 4 3 1 9 5 . 0 8 
1 1 2 . 0 6 0 . 4 9 196 . 0 5 
1 1 3 . 0 6 1. 12 1 9 6 . 36 
1 1 4 . 0 8 3 . 2 9 197 . 0 6 
1 1 5 . 0 8 7. OO 198 . 0 5 
1 1 6 . 0 7 1. 4 8 199 . 0 8 
117 . 0 8 2 . 3 2 2 0 1 . 0 7 
1 1 8 . 0 8 0 . 2 3 2 0 4 . 0 6 
1 1 8 . 8 6 0 . 0 7 2 0 7 . 0 7 
l i s . 91 0. 0 7 2 0 9 . 0 9 
1 1 9 . 0 4 3. 0 0 2 1 1 . 11 
1 2 0 . 0 5 0. 21 2 1 2 . 0 7 
1 2 0 . 0 9 0 . O S 2 1 3 . 0 4 
1 2 1 . 0 9 0. 12 2 1 3 . 12 
1 2 4 . 0 5 0 . 7 4 2 1 7 . 0 7 
1 2 7 . 0 9 0 . 2 7 2 1 9 . 10 
1 2 3 . 10 0. 0 9 2 2 3 . 0 9 
1 2 S . 14 0 . 0 9 2 2 5 . 0 8 
1 2 8 . 9 5 0 . 10 2 2 9 . 13 
1 2 9 . 0 8 0. 3 5 2 3 0 . 12 
1 3 0 . 0 7 0. 13 2 3 1 . 10 
1 3 0 . 9 7 0 . 0 9 2 3 9 . 12 
1 3 1 . 0 7 0. 2 9 2 4 1 . 14 
1 3 1 . 9 6 0 . 13 2 4 3 . 0 6 
1 3 2 . 0 8 0. 16 2 4 3 . 0 9 
1 3 3 . 0 8 0. 9 9 2 4 8 . 10 

r. S a t * 
0 . 2 8 
0 . 3 4 
0 . 0 9 
0 . 0 9 
0 . 3 1 
0 . 0 4 
2 . 11 
0 . 11 
0. 5 0 
0 . 0 5 
0. 3 9 
0 . 13 
0 . 31 
0. 12 
0 . 1 6 
2 . 8 3 
0 . 0 7 
0. 3 7 
0 . 2 0 
0 . 1 4 
0. 0 7 
0 . 3 2 
0 . 0 9 
0 . 12 
0 . 2 0 
O. 41 
0 . 4 0 
0. 14 

0 . 3 3 
0 . 0 9 
0 . 7 3 
0. 12 
0 . 2 8 
0. 13 
0 . 13 
0. 2 2 
0 . 0 9 
0 . 13 
0 . 0 7 
0. 11 

0. 4 3 
1. 5 2 
0 . 19 
0 . 1 3 
0 . 0 8 

13 0 . 
0 . 2 1 
0. 14 
0. 12 
3 . 2 3 
0 . 4 9 
0 . 11 
0 . 2 3 
0. 0 8 
0 . 1 4 
0. 16 
0. 0 7 

r i a « t 
2 3 1 . 0 9 
2 5 7 . 13 
3 3 8 . 14 
2 3 9 . 0 8 
2 6 2 . 0 6 
3 6 3 . 0 6 
2 6 6 . 0 6 
2 6 7 . 0 5 
3 6 8 . 0 7 
2 6 9 . 0 7 
2 7 2 . 7 3 
3 7 9 . 13 
2 8 0 . 11 
2 8 1 . 10 
3 8 1 . 7 8 
3 8 2 . 0 5 
2 8 3 . O S 
2 8 3 . 2 4 
2 S 6 . 0 7 
3 8 7 . 1 1 
2 8 9 . 0 9 
2 9 3 . 0 9 
2 9 3 . 0 6 
2 9 9 . 10 
3 0 1 . 0 6 
3 0 3 . 0 9 
3 0 7 . 13 
3 0 8 . 14 
3 1 1 . 10 
3 1 3 . 0 7 
3 1 6 . 13 
3 1 7 . 0 9 
3 1 8 . 0 9 
3 2 1 . 11 
3 2 2 . 12 
3 3 3 . 10 
3 2 8 . 1 5 
3 2 9 . 11 
3 3 5 . 13 
3 3 6 . 12 
3 3 7 . 13 
3 3 3 . 14 
3 4 3 . 3 3 
3 4 2 6 4 
3 4 2 . 8 8 
3 4 3 . 10 
3 4 3 . 59 
3 4 3 . 7 5 
3 4 4 19 
3 4 5. 0 8 
3 4 6 . 6 4 
3 4 6 6 9 
3 4 5 . 12 
3 5 0 . 12 
3 5 3 . 11 
3 5 6 . 17 
3 5 7 . 15 

Q 4 4 a Hit* z B a t < 
0 . 10 3 7 6 . 7 9 0 . 3 0 
0. 10 3 7 7 . 16 3 6 . 3 8 
0 . 12 3 7 8 . 16 4. 3 9 
0. 2 7 3 7 8 . 7 2 0 . 0 7 
0 . 0 9 3 7 9 . 16 0 . 4 5 
0. 5 3 3 8 4 . 13 0 . 11 
0 . 0 5 3 9 3 . 14 0 . 1 7 
0. 41 3 9 3 . 13 0 . 11 
0 . 0 9 4 0 3 . 18 0 . 0 5 
0. 10 4 1 0 . 11 0 . 1 2 
0 . 0 8 4 1 0 . 6 0 0 . 0 7 
0 . 2 3 4 1 \ . 3 6 0 . 4 9 
0. 4 3 4 1 2 . 14 4 1 . 7 3 
0. 14 4 1 3 . 5 7 0. 0 9 
0 . 0 8 4 1 2 . 7 3 0 . 1 3 
0 . 0 9 4 1 3 . 14 3. 3 3 
1. 19 4 1 3 . 36 0 . 10 
0. 0 7 4 1 3 . 7 6 0. 1 5 
0 . 17 4 1 4 . 14 14. 8 1 
0 . 10 4 1 4 . 61 0 . 0 9 
0 . 3 3 4 1 3 . 14 1. 7 4 
0. 0 7 4 1 6 . 14 0. 13 

0. 71 
0. 14 
0. 4 4 
0 . 21 
0. I S 
1. 3 9 
0. 17 
0 . 7 5 
0. 13 
0 . 0 9 
0 . 0 4 
0 . 0 7 
0. 10 
0 . 0 4 
0. 3 5 
0 . 0 7 
0. 5 2 
0 . 0 4 
0 0 3 
0 0 9 
0 . 0 8 
0 . 3 0 

0. 10 
0 . 2 2 

0. 2 ! 
0 OS 
0. 0 9 

0 0 3 
0 13 
0. -.1 

i l l ..III.. 
ise J5a 

37; 

3811 350 45a 



:31A»643» 
I = 10v 

Bgd=636 8-JUL-88 15:5+0:11:26 TOE 
Hm=519 TIC=123816000 Acnt: 

E I + 7. 
Sys:EMSL 

I'JS C a l : P F K 2 6 5 

Q 

* X 1 0 - 0 

198. 
35. 
9 B . 
85. 
89. 
? 5 . 
79. 
85. 
69. 
55 
59 J 
45 
49 
35. 
39. 
25 
20 
15 
10 
5 

31 

65 

L 

113 
241 

1S3 

i l l , iLM,r„ k fU.i ,11.11 H - U -

Mass 7. Base 
62. 71 3. 34 
63. 79 1. 14 
64. 38 17. 14 
69. 09 5. 05 
77. 42 1. 26 
89. 35 3. 74 
90. 35 3. 32 F 
91. 25 1. 66 F 
91. 34 100.00 0 
92. 33 14. 83 

119.10 2. 30 
163. 11 1. 06 
200. 13 0. 04 
201.12 0. 03 
203.10 0. 10 
205. 06 0. 08 
205. 13 0. 04 
213.09 0. 52 
214.12 0. 13 
222.08 0. 12 
225. 08 0. 09 
231. 10 0. 06 
233. 12 0. 05 
241.08 1. 75 
242.09 0. 07 
243.08 0. 16 
253.06 0. 05 
263.11 0. 11 
264.11 0. 03 
281.05 0. 05 
283. 10 0. 03 
291.07 0. 25 
293.00 0. 03 
303.09 0. 27 
304.12 0. 05 
362.10 0. 04 
481.01 0. 20 
482.03 0. 05 
500.94 0. 36 
501. 98 0. 11 
518.92 0. 09 

200 300 508 

JJE31fll643* x l Bgd=63B 8-JUL-B8 15^5*0^1^28 
BpN=31 I=10u Hm519 TIC=12381Efl8fl 

7BE E h flcnt-- Sys^EHSL GC= 143° CaL^PFt:2G5 



JJE31BHIG17# x l B9d=6B7 13-0CT-98 12:hB^10^58 7be 
Bpfl^B I=3.2v H«=459 TICMB94BBBB Rcnt^ C l -

GC= 138° 
Sys^OPEN 
CaL^PFK 

9 5 . 
90 j 
8 5 . 
s e j 
7 5 , 
7 9 : 
G5. 
BO. 
55 J 
5 9 . 
« J 
4 9 . 
3 5 . 
39 j 
2 5 . 
20. 
15. 
10. 
5 J 

2 S 1 . 7 1 
2 5 2 . 7 1 
2 3 4 . 7 3 
2 S 5 . 7 1 
2 7 0 . 7 0 
2 7 1 . 7 1 
2 7 3 . 7 2 
2 7 5 . 7 3 
2 9 3 . 7 0 
2 8 4 . i S 
136.32 
: 3 9 . €7 

2 5 2 . S f i 
2 9 3 . 73 
299 . 71 
3 0 4 . 6 a 
3 0 8 . S 7 
309 .23 
3 0 9 . S 6 
3 0 9 . a s 
3 1 0 . 6 6 
3 1 8 . 6 3 
3 2 0 . S 5 
329 . 76 
3 5 9 . 6 3 
3 6 8 . 6 7 
3 6 8 . 7 9 
3 6 9 . 7 3 
3 7 0 . 9 8 
371 . 10 
371 . 19 
3 8 6 . 2 7 
3 8 6 . 5 4 
3 B f i . 7 0 
3 8 7 . 0 3 
3 Q 7 . 3 4 
3 8 8 . 6 9 
389. 70 
3 9 0 . 7 1 
4 0 6 . S O 
407. 1 I 
407. 21 
4 0 7 . 2 6 
4 0 8 . 6 9 
4 0 9 . 7 0 
4 1 0 . 7 0 
4 ( 1 . 7 2 
4 1 2 . 5 8 
4 2 8 . 6 0 
4 3 8 . 6 8 
4 3 9 . 7 0 
4 3 8 . 5 9 
439 . Sfi 

r. S t f t 
0 . 2 2 

0. 13 
0. I I 

1. 77 

0. i S 
0. u 

I . 22 
0 . 2 0 
0. 12 

7 2 . 77 F 
t o . 6 8 r 

• 0. 2S 
0. 12 

1 0 0 . 0 0 r 
1 4 . s a F 

1 .34 

1. 91 
0 . 2 G 

499 

383 

319 

159 299 
1.., i 

259 359 458 5fl9 i 



JJE31B«627)» 
BpM=0 I=iOv 

x l Bgd=608 8-JUL-88 
Hm=391 TIC=245361000 

CF3 C f i - C f 3 
I i 

CH3(CHJ^-C-C - C F 3 

• X I O - O 

188, 
95 
30 
85 
88 
75 
78 
85 
88 
55 
58 
45 
40 
35 J 
30 
25 
28 
15 
10 
5 J 

57 

43 

29 

. I I I I 

lis 

_11 LL 

241 

1 1 . 

16:2+0: 11 08 70E 
Acnt: 

GC 
Mass 7. Base 

26. 57 11. 49 
27. 59 3. 70 F 
28. 61 27. 34 
32. 62 1. 25 
38. 72 6. 49 
39. 74 1. 60 
40. 76 46. 93 
41. 78 12. 57 
42. 80 67. 71 
43. 82 2. 10 
52. 93 1. 61 
54. 96 24. 35 
55. 98 4. 87 
56. 95 1. 83 
57. 00 100. 00 0 
58. 02 8. 85 
69. 09 6. 06 F 
69. 16 4. 48 F 
70. 20 1. 27 
71. 23 2. 29 
97. 33 1. 61 
99. 32 3. 59 

119.10 3. 98 
203.11 0. 45 
205. 10 0. 20 
207. 12 0. 06 
213. 09 0. 69 
222.07 0. 18 
223. U 0. 04 
225.09 0. 25 
231.11 0. 10 
235. 12 0. 06 
237. 11 0. 09 
241.09 1. 74 
242.11 0. 12 
243.08 0. 17 
253.08 0. 67 
255. 12 0. 10 
263. 10 0. 13 
272.07 0. 07 
275.05 0. 08 
291.07 0. 69 
292.08 0. 09 
293.08 0. 07 
303.09 0. 06 
311.07 0. 11 
341.03 0. 08 
360.99 0. 05 
391.01 0. 29 

EI + 

140-

l _ L 
50 150 208 250 . 380 358 

JJESlBIGg;* x l Bgd^BBB 8-JUL-8B 16^2*8^ 
Bpfl=8 IMflv HM331 TIC=2453G18B8 

78E E h ncnt= Sys^EHSL GC= 148° CaL^PFK265 



JJE31flNIG34t x l B9d=82fl l3-flC7-99 1I.^3«9:1M7 
9pfl=0 i=lBg Hii=718 TIC=2113e889B 79E 

Bent:CO! 
C l -

141° 
Sys-BPEN 
Cal:PFi; 

9 B. 
8 5 . 

2 2 0 . 7 4 
2 3 1 . 5 6 
2 5 1 . 7 4 
2 5 3 . 7 4 
2 S 1 . 7 3 
2 6 2 . 6 3 
2 6 2 . 73 
2 6 4 . 8 0 
2 6 8 . 7 B 
2 7 0 . 17 
2 7 0 . 3 9 
2 7 0 . 7 3 
2 7 1 . 3 8 
2 7 1 . 74 
2 7 2 . 5 0 
2 7 2 . 7 8 
2 7 3 . 7 4 
2 7 4 . 7 4 
2 7 3 . 7 1 
2 3 0 . 70 
2 8 4 . 6 7 
2 8 8 . S 6 
2 8 9 . 0 2 
2 8 9 . 10 
2 8 9 . 2 4 
2 8 9 . 6 9 
2 9 0 . 4 0 
2 9 0 . 7 0 
2 9 0 . 9 6 
2 9 1 . 72 
2 9 2 . 7 1 
2 9 3 . 7 0 
2 9 4 . 7 1 
2 9 9 . 6 9 
3 0 3 . 9 3 
3 0 4 . 6 7 
3 0 4 . 7 5 
3 0 4 . 9 4 

• 3 0 5 . 3 4 
3 0 S . S 3 
3 0 5 . 7 1 
3 0 3 . 9 0 
3 0 6 . 2 S 
3 0 6 . 3 9 
3 0 S . 4 9 
3 0 6 . 6 2 
3 0 6 . 7 0 
3 0 6 . 7 4 
3 0 6 . 9 2 
3 0 9 . 7 0 
3 1 0 . 6 8 
3 1 1 . 2 2 
3 1 1 . 3 8 
3 1 1 . 6 8 
3 1 2 . 6 9 
3 1 8 . 4 0 
3 1 8 . 6 8 
3 1 9 . S B 
3 2 0 . 6 7 
3 2 1 . 2 6 

8a«t 
I . 10 

0 . 0 3 
0 . 14 

0 . 0 5 
0 . 0 7 
0 . 34 
0 . OB 
0 . 0 8 
0 . 0 9 
0 . 08 
0 . 03 
0. 0 5 
0. 0 6 
0 . 0 5 

11. SO 
0 . 0 3 
2 . 2 5 

0 . OS 
0 . 0 3 
0 . 0 4 
0 . OS 
0 . 0 3 
0 . 0 5 
O.OS 
0 . 0 7 
0 . OS 
0 . OS 
0 . 08 

100 . 00 FO 
B. 13 r 
0 . 0 4 
0 . 0 7 
0 . s o 
0 . 14 
0 . 0 5 
3. 2 3 
0 . 24 
0 . 19 
0 . OB 

.last 
3 2 1 . 7 3 
3 2 3 . 7 7 
3 2 5 . O B 
3 2 3 . 6 9 
3 3 0 . 7 1 
3 3 1 . 7 9 
3 3 1 . 8 3 
3 3 9 . 6 6 
3 4 0 . 6 9 
3 4 0 . 9 4 
3 4 1 . 7 4 
3 4 2 . 6 2 • 
3 5 7 . 7 2 
3 3 9 . 6 7 
3 3 9 . 9 9 
3 6 0 . 7 0 
3 6 1 . , 7 2 
3 6 2 . 6 9 
3 6 4 . 9 3 
3 6 3 . 0 2 
3 6 8 . 4 6 
3 7 3 . 6 3 
374.44 
3 7 4 . 6 5 
3 7 3 . 6 5 
3 7 8 . 6 8 
3 7 9 . 2 6 
3 7 9 . 6 6 
3 7 9 . 7 9 
3 8 0 . 2 9 
3 8 0 . S B 
3 8 1 . 0 2 
3 8 1 . I t 
3 8 1 . 3 5 
3 8 1 . 6 9 
3 8 2 . 7 2 
3 8 3 . 4 9 
3 8 3 . 6 2 
3 9 3 . 7 8 
3 8 9 . S 2 
3 9 1 . 6 9 
3 9 1 . 9 1 
3 9 2 . 6 6 
3 9 3 . 0 0 
3 9 3 . 4 9 
3 9 5 . 7 6 
3 9 5 . 3 2 
3 9 6 . U 
3 9 6 . 3 3 
3 9 6 . 6 1 
3 9 6 . 6 9 
3 9 6 . a i 
3 9 6 . 9 9 
3 9 7 . 2 9 
3 9 7 . 7 3 
4 0 0 . 2 9 
4 O 0 . 6 7 
4 0 1 . 6 8 
4 0 2 . 6 7 
4 0 3 . 19 

0 . 10 
0 . 0 3 
0 . 0 7 
0 . 0 3 
0 . 08 
0 . 0 3 
0 . 0 2 
0 . 99 
0 . 30 
O.OS 
0 . 2 3 
0 . 0 6 
0 . 0 5 
1. 43 

O.OS 
0 . 0 9 
0 . 0 3 

0 . OS 
0 . 0 5 
0. 08 
0 . 0 3 
0 . 17 

U . 96 
0 . 03 
0 . 08 
0 . 0 6 
t . 79 
0 . I B 
0 . 06 
0 . 0 3 

0 . OS 
0. 0 6 
0 . 0 3 
0 . 05 
0 . 0 5 
0 . 0 3 
0 . 03 
0 . 0 3 
0 . 0 4 
0 . 06 
0 . OS 

0 . 78 F 
7 1 . 5 0 F 
11.41 F 

4 0 j . 74 
408. <il 
4 0 9 . b3 
4 1 0 . 6 3 
411.62 
4 1 2 . 6 0 
4 1 8 . 6 4 
4 2 2 . 9 3 
4 2 3 . 5 7 
4 2 4 . 15 
4 2 4 . 9 6 
4 2 3 . I J 
4 2 S . 2 6 
4 2 3 . 3 2 
4 2 5 . 4 9 
4 2 3 . 7 0 
4 2 3 . 7 7 
4 2 3 . 95 
4 2 6 . 1 1 
4 2 6 . 2 3 
4 2 6 . 3 8 
4 2 6 . 6 8 
4 2 7 . 9 2 
4 2 8 . 6 2 
4 2 9 . 6 3 
4 3 0 . 0 6 
4 3 0 . 2 2 
4 3 0 . f i S 
4 3 0 . 9 6 
4 3 1 . 3 9 
4 3 1 . 6 5 
4 3 0 . 6 5 
4 3 1 . 6 3 
4 3 4 . 5 4 
3 6 1 . 6 1 

Bat* . 
0. 06 

0 . 0 6 
0 . 0 3 
0 . 06 
0. 03 
0 . 0 8 
0. 05 
0 . 0 3 
0 . 0 6 
0 . 06 ' 
0 . 0 5 
0 . 0 3 
0 . 0 6 
0 . 0 3 
0 . 0 5 

3 5 . 0 9 I 
5 . 5 2 
0 . 06 

O.OS 
0 . 04 
0 . 13 
0 . 99 
0. 24 
0 . 0 3 
0. 06 

IBB, 
9 5 . 

319 

75 J 
7 9 . 
8 5 . 
6 9 . 
5 5 . 
58-
45 J 

491 

429 

35. 
3 9 . 
2 5 . 
2 8 . 
1 5 J 
19. 
5 

159 299 259 

298 361 391 

388 358 408 45B 588 



J J E 3 1 # a O » 
•BpM=0 

x l 
I = 10v 

Bgd = 
=302 

75 17-FE3-a8 09:0+0:01:25 
TIC=216654000 

70E 
Acnt; 

E H 

Mass 7. Base 
28. 04 7. 47 
31. 03 3. 61 
32. 02 1. 60 
44. 03 1. 25 
50. 04 1. 44 
69. 05 100. 00 0 
70. 05 2. 09 
75. 06 2. 44 
82. 06 1. 39 
93. 06 6. 83 

100. 06 6. 66 
112. 07 1. 32 
113. 07 46. 28 
114. 08 1. 34 
119. 06 7. 94 
131. 07 1. 05 
143. 07 1. 79 
150. 07 0. 23 
155. 07 0. 05 
159. 07 0. 10 
162. 06 0. 37 
163. 07 7. 10 
164. 08 0. 24 
169. 08 28. 31 
170. 08 0. 86 
I B l . OB 22. 30 
182. 08 0. 91 
193. 09 0. 86 
194. 12 0. 05 
aoi . 09 23. 91 
202. 10 1. 06 
212. 09 0. 60 
213. 09 27. 77 
214. 09 1. 46 
231. 09 3. 7S 
232. 10 0. 23 
251. 10 0. 17 
281. 10 3. 98 
282. 11 0. 23 
301. 11 4. 51 
302. 12 0. 22 

GC= 53 
Sys: EMSL 

Cal:PFK162 

1008 

380 



COLLOQUIA AND CONFERENCES 

The Board of Studies in Chemistry requires that each 

postgraduate thesis contains an appendix l i s t i n g ; 

a) a l l research colloquia, lectures and seminars arranged by 

the Department of Chemistry during the period of the author's 

residence as a postgraduate student; 

b) a l l research conferences attended and papers presented by 

the author during the period in which the research for the thesis 

was carried out; 

c) details of the postgraduate induction course. 

a) COLLOQUIA. LECTURES AND SEMINARS GIVEN BY INVITED SPEAKERS 

1st AUGUST 1987 to 31st JULY 1988 

1987 

15th October WINTER. Dr. M.J. (University of Sheffield) 
* Pyrotechnics (Demonstration Lecture) 

22nd October GRAY, Prof. G.W (University of Hull) 
* Liquid Crystals 

29th October van ROSE, Mrs. S. (Geological Museum) 
* Chemistry of Volcanoes 

4th November MAPLETOFT. Mrs. M. (Durham Teachers' Centre) 
Salters' Chemistry 

5th November BUTLER, Dr. A.R. (University of St Andrews) 
* Chinese Alchemy 

12th November SEEBACH, Prof. D. (E.T.H. Zurich) 
* From Synthetic Methods to Mechanistic Insight 

101 



19th November DAVIDSON. Dr. J. (Herriot-Watt University) 
Metal Promoted Oligomerisation Reactions 

26th November * 

3rd December 
* 

10th December * 

16th December 
* 

19th December 
* 

WILLIAMS. Dr. D.H. (University of Cambridge) 
Molecular Recognition 

HOWARD. Dr. J. ( I . C . I . Wilton) 
Chemistry of Non-Equilibrium Processes 

LUDMAN. Dr. C.J. (Durham University) 
Explosives 

SWART, Mr. R.M. ( I . C I . ) 
The Interaction of Chemicals with Bilayers 

SAMIES. Prof. P.G. (Smith, Kline and French) 
Chemical Aspects of Drug Development 

1988 

21st January 

28th January 

9th February 

11th February 

18th February 

25th February * 

3rd March 

7th March 
* 

16th March 

7th Apri l 

PALMER. Dr. F. (University of Nottingham) 
Luminescence (Demonstration Lecture) 

CAIRNS-SMITH. Dr. A. (Glasgow University) 
Clay Minerals and the Origins of Life 

LACEY, Mr. (Durham Chemistry Teachers' Centre) 
Double Award Science 

TURNER, Prof. J.J. (University of Nottingham) 
Catching Organometallic Intermediates 

BORER, Dr. K. (Industrial Research Laboratories) 
The Brighton Bomb - A Forensic Science View 

UNDERBILL. Prof. A. (University of Bangor) 
Molecular Electronics 

GRAHAM. Prof. W.A.G. (University of Alberta) 
Rhodium and Iridium Complexes in the 
Activation of Carbon-Hydrogen Bonds 

KOCH, Prof. H.F. (Ithaca College, U.S.A.) 
Does the E2 Mechanism Occur in Solution? 

BOSSONS. L. (Durham Chemistry Teachers' Centre) 
GCSE Practical Assessment 

HARTSHORN, Prof. M.P. (Canterbury University) 
Aspects of Ipso-Nitration 
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13th Apr i l ROBERTS, Mrs. E. (SATRO Officer for Sunderland) 
Links Between School and Industry 

18th Apri l NIETO DE CASTRO, Prof. C.A. (University of 
Lisbon and Imperial College) 
Transport Properties of Non-Polar Fluids 

25th Apr i l BIRCHALL, Prof. D. ( I . C . I . Advanced Materials) 
* Environmental Chemistry of Aluminium 

27th Apr i l RICHARDSON, Dr. R. (University of Bristol) 
X-Ray Diffract ion from Spread Monolayers 

27th Apr i l ROBINSON, Dr. J.A. (University of Southampton) 
* Aspects of Antibiotic Synthesis 

28th Apr i l PINES, Prof. A. (University of California) 
* Some Magnetic Moments 

n t h May SODEAU, Dr. J. (University of East Anglia) 
Spray Cans, Smog and Society 

n t h May McDONALD, Dr. W.A. ( I . C . I . Wilton) 
* Liquid Crystal Polymers 

8th June MAJORAL, Prof. J.-P. (Universite Paul Sabatier) 
Stabilisation by Complexation of Short-Lived 
Phosphorous Species 

29th June OLAH, Prof. G.A. (University of Southern 
* California) 

New Aspects of Hydrocarbon Chemistry 

29th June JONES, Dr. M.E. (Durham Teachers' Centre) 
GCSE Chemistry Post-Mortem 

6th July JONES, Dr. M.E. (Durham Teachers' Centre) 
GCE Chemistry A Level Post-Mortem 

Lectures attended are starred. 

b) RESEARCH CONFERENCES ATTENDED 

21st Sheffield Symposium on 'Heterocycles', Sheffield, 
Decemeber, 1987. 

Graduate Symposium, Durham, Apr i l , 1988. 
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c) POSTGRADUATE INDUCTION COURSE 

In each part of the course, the uses and limitations of the 
various services available were explained. 

Departmental Organisation:- Dr. E.J.F. Ross. 

Saftey Matters:- Dr. M.R. Crampton. 

Electrical Appliances:- Mr. B.T. Barker and Dr. A. Royston 

Chromatography and Micro Analysis:- Mr. T.H.F. Holmes. 

Atomic Adsorption Spectrometry and Inorganic Analysis:-
Mr R. Coult. 

Library Fac i l i t i es : - Mr. R.B. Woodward. 

Mass Spectrometry:- Dr. M. Jones. 

Nuclear Magnetic Resonance Spectroscopy:- Dr. R.S. Matthews. 
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