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I l l 

F r e e - R a d i c a l R e a c t i o n o f F l u o r i n e C o n t a i n i n g Compounds 

by 

O. M. A b u - N a s r i e h 

ABSTRACT 

T h i s t h e s i s i s c o n c e r n e d w i t h t h e f r e e - r a d i c a l a d d i t i o n 

o f o x y g e n c o n t a i n i n g compounds o f t h e a d d u c t s p r o d u c e d . 

F r e e - r a d i c a l a d d i t i o n s o f e t h e r compounds t o 

f l u o r o a l k e n e s have been done by p r e v i o u s w o r k e r s and t h e 

c h e m i s t r y o f some o f t h e s e a d d u c t s has been i n v e s t i g a t e d . 

The f o l l o w i n g new compounds have been s y n t h e s i s e d and 

i d e n t i f i e d by g . l . c , mass s p e c t . , i . r . , and NMR s p e c t r o s c o p y 

CH3CH2 —0— ( j:HCH3 CH3CH —0—CHCH3 

C=CFCF3 CF3CF=C C=CFCF3 
I -I 
OR Ro OR 

RO = CH3O, C3H7O, C4H9 . RO = CH3O, C2H5, C3H7, C4H9 

These a r o s e f r o m r e a c t i o n o f t h e <x-( 1,2 ,3; 3, 3 - p e n t a f l u o r o - l -

p r o p e n y l ) d i e t h y l e t h e r and <x/«c-bis( 1,2, 3, 3 - p e n t a f l u o r o - 1 -

p r o p e n y l ) d i e t h y l e t h e r w h i c h were p r e p a r e d by 

d e h y d r o f l u o r i n a t i o n o f d i e t h y l e t h e r / h e x a f l u o r o p r o p e n e mono-

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

r e s p e c t i v e l y . 



I V 

F r e e - r a d i c a l a d d i t i o n s o f m o n o - f u n c t i o n a l a l d e h y e s and 

d i - f u n c t i o n a l a l d e h y d e s t o f l u o r o a l k e n e s has p r o d u c e d new 

k e t o n e compounds w i t h a good y i e l d . 

The f o l l o w i n g new compounds have been s y n t h e s i s e d and 

i d e n t i f i e d by mass s p e c t . , NMR s p e c t r o s c o p y . H 

CH3(CH2)4-C-CF2CFHCF3 CHsCCHj )^ -^ ' - / ^ 

^"^11 i i 

CH3 -C-C-CF2CFHCF3 CH3-C-CH2CH 

CH3 

CH3-C-CH2CH2CF3 

CF3 

CH2CH2CF3 

0 
II 

^C-CFjCFHCFj 

II 

s ^ ^ ^ ^ ^ CF2CFHCF3 

F \ ri R / F 
C- (CH2) io-C-

CF3CFHCF2-C-(CH2)6-C-CF2CFHCF. 

H 

0 0 
F V c - ( C H 2 ) , o - C - < F 

0 
II 

CF3CFHCF2-C-(CH2)io-C-CF2CFHCF3 

The d e h y d r o f l u o r i n a t i o n o f e t h e r / h e x a f l u o r o c y c l o b u t e n e 

mono-adduct has been i n v e s t i g a t e d and a new d i e n e was 

p r o d u c e d . 

CH3CH2OCHCH3 



NOMENCLATURE 

To d e n o t e t h a t a compound i s f u l l y f l u o r i n a t e d , 

e i t h e r a c a p i t a l 'F' o r t h e p r e f i x ' p e r f l u o r o ' i s 

i n c l u d e d b e f o r e t h e c h e m i c a l name. I f a c a p i t a l 'F* 

o r t h e p r e f i x ' p e r f l u r o ' i s i n c l u d e d i n t h e m i d d l e o f 

a c h e m i c a l name, t h i s d e n o t e s t h a t t h e p a r t o f t h e 

compound f o l l o w i n g t h e 'F' o r ' p e r f l u o r o ' i s f u l l y 

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

2. A c a p i t a l 'F' w i t h i n a r i n g d e n o t e s t h a t a l l 

unmarked s u b s t i t u e n t s a r e f l u o r i n e , e.g. 

F 
F-

F-
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INTRODUCTION 



CHAPTER ONE 

FREE RADICAL ADDITION REACTIONS 

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

An e x t e n s i v e number o f books and p a p e r s have been p u b l i s h e d 

on t h e s u b j e c t o f o r g a n o f l o u r i n e compounds and t h e i r u n i q u e 

c h e m i s t r y 1 - 6 , because t h e r e p l a c e m e n t o f hy d r o g e n by 

f l u o r i n e i n o r g a n i c m o l e c u l e s can l e a d t o compounds w h i c h 

d i s p l a y u n i q u e p h y s i c a l and c h e m i c a l p r o p e r t i e s . These 

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

s m a l l s i z e o f f l u o r i n e (Van d e r Waals r a d i u s , 1.35 A ) , ( b ) 

t h e h i g h e l e c t r o n e g a t i v i t y o f f l u o r i n e ( P a u l i n g S c a l e , 4 . 0 ) , 

( c ) t h e p r e s e n c e o f u n s h a r e d e l e c t r o n p a i r s on f l u o r i n e and 

( d ) t h e h i g h bond s t r e n g t h o f C-F (116 K c a l / m o l e s q ) . 

P r o p e r t i e s s u c h as h i g h t h e r m a l and c h e m i c a l s t a b i l i t y , and 

b i o l o g i c a l a c t i v i t y have r e s u l t e d i n a d i v e r s i t y o f 

a p p l i c a t i o n s f o r o r g a n i c f l u o r i n e compounds. These compounds 

do n o t o c c u r n a t u r a l l y b u t have f o u n d a w i d e range o f 

a p p l i c a t i o n s . 

T a b l e 1 summarises a number o f t h e a p p l i c a t i o n s o f h i g h l y 

f l u o r i n a t e d compounds and g i v e s an example o f each. A l l t h e 

compounds i n t h i s c a t e g o r y have h i g h t h e r m a l and c h e m i c a l 

s t a b i l i t y , i m p o r t a n t l y , and l o w t o x i c i t y . 

T a b l e 2 summarises t h e low f l u o r i n a t e d compounds. These, 

i n c o n t r a s t t o h i g h l y f l u o r i n a t e d due, i n p a r t t o t h e f a c t 
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t h a t compounds b e a r a c e r t a i n s i m i l a r i t y t o n a t u r a l p r o d u c t s 

( e . g . n u c l e o b a s e s , s t e r o i d s and amino a c i d s ) . 

T a b l e 1 H i g h l y f l u o r i n a t e d compounds 

APPLICATION COMPOUNDS 

F i r e E x t i n g u i s h e r s B r o m o f l u o r o a l k e n e s 

e.g. CF3Br 

B l o o d S u b s t i t u t e s P e r f l u o r i n a t e d c y c l o a l k a n e s 

P o l y m e r s P o l y t e t r a f l u o r o e t h y l e n e 

e . g . l u b r i c a n t s P.T.F.E. 

R e f r i g e r a n t s C h l o r o f l u o r o c a r b o n s 

e.g. CF2CI2 

T a b l e 2 Low f l u o r i n a t e d compounds 

APPLICATION 

P l a n t p r o t e c t i o n 

P h a r m a c e u t i c a l s 

COMPOUNDS 

N-

T h i a z a f l u o n 
\N-C0N-HCH3 

F3C CH3 

CH2F 

H2N-C-D 
I 
COOH 

• DFA • 

a c e l l w a l l a c t i v e 

a n t i b i o t i c 
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C l e a r l y , development of t e c h n i q u e s f o r i n t r o d u c i n g of 
f l u o r i n e or f l u o r o c a r b o n groups i n t o o r g a n i c m o lecules i s of 
g r e a t s i g n i f i c a n c e . 

I B F r e e - R a d i c a l A d d i t i o n s To F l u o r i n a t e d A l k e n e s . 

I n t h i s l a b o r a t o r y , we have a c o n t i n u i n g i n t e r e s t i n 

f r e e - r a d i c a l a d d i t i o n r e a c t i o n s of carbon c e n t r e d r a d i c a l s to 

f l u o r i n a t e d a l k e n e s 7,8. R a d i c a l s s t a b i l i s e d by an a d j a c e n t 

oxygen ( e . g . e t h e r s , a l c o h o l s ) or n i t r o g e n ( e . g . amines, 

amides) a r e n u c l e o p h i l i c i n c h a r a c t e r and a r e t h e r e f o r e 

i d e a l l y s e t up to r e a c t w i t h e l e c t r o p h i l i c f l u o r i n a t e d 

a l k e n e s . Thus, such r e a c t i o n s i n e f f e c t u t i l i z e carbon-

hydrogen bonds as a f u n c t i o n a l group. 

1. Mechanism of F r e e - R a d i c a l A d d i t i o n 

The g e n e r a l i s e d p r o c e s s f o r the f r e e - r a d i c a l r e a c t i o n s 

can be d e s c r i b e d as shown below u s i n g normal terminology 

d e s c r i b i n g the v a r i o u s s t e p s . Scheme 1 below uses the f r e e -

r a d i c a l a d d i t i o n of an e t h e r to an a l k e n e i n orde r to e x p l a i n 

the m e c h a n i s t i c s t e p s . 

1 .1 .+ 1 
R — 0 CH2R In i t i a t i o n R — 0 — C H R < > R — 0 — C H R 

(1) 
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. 1 \ / P r o p a g a t i o n 1 I / CHR + ^ C = C ^ —0—CHR— 
( 1 ) ( 2 ) 

\ \ y 1 Ch a i n 
) — C H R — C - " ~ • R 0 CHR C C- + R — 0 — C H - R 

I 

( 2 ) 

1 I / \ / 
R—0—CHR—C—C • + C 

I \ / \ 
( 2 ) 

^' T r a n s f e r 

i l l . 1 
R — 0 — C H R — C — C H + R — 0 — C H R 

T e l o m e r i s a t i o n 

1 1 1 1 / 
R — 0 CHR—C C — C — C • 

I I I \ 

( 4 ) 

( i ) I n i t i a t i o n s t e p c o n s i s t s of the a b s t r a c t i o n of a 

hydrogen atom from the e t h e r s u b s t r a t e to g i v e a 

r a d i c a l ( 1 ) which w i l l be s t a b i l i z e d due to the lone 

p a i r of e l e c t r o n s on the oxygen. 
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( i i ) P r o p a g a t i o n s t e p c o n s i s t s of the a d d i t i o n of r a d i c a l 
( 1 ) to an a l k e n e which w i l l be from an i n t e r m e d i a t e 
r a d i c a l (2) 

The o r i e n t a t i o n of a d d i t i o n of r a d i c a l (1) to an 

u n s y m m e t r i c a l l y s u b s t i t u t e d a l k e n e depends on a 

complex i n t e r p l a y of s t e r i c e f f e c t s / p o l a r e f f e c t s / 

s t a b i l i t y of the produced r a d i c a l / and s g t r e n g t h of 

the forming bond 7. 

( i i i ) C h a i n - T r a n s f e r s t e p c o n s i s t s of the 

a b s t r a c t i o n of a hydrogen atom from the e t h e r 

s u b s t r a t e by the r a d i c a l (2) to form the product (3) 

T h i s s t e p a l s o r e g e n e r a t e s the i n i t i a l r a d i c a l ( 1 ) 

( i v ) T e l o m e r i s a t i o n s t e p i s a f r e q u e n t s i d e r e a c t i o n 

where the r a d i c a l (2) adds to another a l k e n e 

molecule to form t e l o m e r s (4) r a t h e r than a b s t r a c t a 

hydrogen atom from e i t h e r s u b s t r a t e . 

The n a t u r e of the a l k e n e and the r a t i o of e t h e r to 

an a l k e n e a r e v e r y i m p o r t a n t to know which s t e p w i l l 

o c c u r . 

( v ) C h a i n - T e r m i n a t i o n S t e p i s termed a mono-adduct (3) 

and f u r t h e r a l k e n e m o l e c u l e w i l l form d i - a d d u c t i f 

the e t h e r c o n t a i n s more than one e a s i l y a b s t r a c t a b l e 

hydrogen atom. 
2 

e.g. I f R= RCH2 then d i - a d d u c t (5) could be formed. 

1 ) 2 1 f I 
CH — C — R H C — O — C H R — C — C H I i i I 
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2. I n t e r m o l e c u l a r A d d i t i o n R e a c t i o n s . 

Many f r e e - r a d i c a l a d d i t i o n r e a c t i o n s have been r e p o r t e d s i n c e 

the 1940's and a d d i t i o n of a l k a n e , a l d e h y d e , ketone, amine 

and e t h e r s to hydrocarbon o l e f i n s v i a f r e e - r a d i c a l r e a c t i o n 

a r e w e l l e s t a b l i s h e d 7,8. 

T a b l e 3 summarises a number of f r e e - r a d i c a l a d d i t i o n 

r e a c t i o n s to e t h y l e n e . 

T a b l e 3 F r e e - R a d i c a l A d d i t i o n to E t h y l e n e 

S u b s t r a t e Method of 
I n i t i a t i o n 

P r o d uct R e f e r e n c e 

CHCI3 BZ2O2 CCl^CH^CH^ 
CH3 0 

[ 9 , 1 0 ] 

T r i m e t h y l - gamma CH3-C-C-CH2CH3 [ 1 1 ] 
a c e t a l d e h y d e CH3 

E t h a n o l DTBP CH3CH2(^HCH3 
p . OH 

[ 1 2 ] 

P i p e r i d i n e 

Methyl f o ­

DTBP 

DTBP 

I J-CHCH, 
0 
fi 

CH3CH2-C-0CH3 

[ 1 3 ] 

[ 14, 15] 

rmate 

T e t r a h y d r o - Thermal I /CH CH [ 1 6 ] 

f uran 0 
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But the a d d i t i o n to f l u o r i n a t e d o l e f i n s has been known s i n c e 
1948/ 17. I n most common r a d i c a l systems i n v o l v v l i n g 
n u c l e o p h i l i c r a d i c a l s / e l e c t r o n d e f i c i e n t f l u o r i n a t e d o l e f i n s 
a r e i d e a l f o r a d d i t i o n r e a c t i o n s and t h e i r use has been 
r e p o r t e d 18. Some c o m p l e x i t y w i t h many o l e f i n s ( e . g . 
t e t r a f l u o r o e t h a n e ) i s a f r e q u e n t s i d e r e a c t i o n where the 
s u b s t r a t e r a d i c a l adds to another f l u o r o o l e f i n molecule to 
form t e l o m e r s . The a d d i t i o n of hexafl u o r o p r o p e n e does not 
g i v e any t e l o m e r i c product/ so, 

m 

R + C F 2 = C F 2 — ^ RCP2-CF2 A d d i t i o n s t e p . 

R-CF2-CF2 + CF2==CF2 ^ R-CF2CF 2CF2-CF2 T e l o m e r i s a t i o n s t e p . 

i t i s an i d e a l o l e f i n f o r the s y n t h e s i s of f u n c t i o n a l 

f l u o r o c a r b o n s . 

Some r e a c t i o n s have been r e p o r t e d on the a d d i t i o n of 

e l e c t r o p h i l i c r a d i c a l to hydrocarbon o l e f i n s , f o r example/ 

the a d d i t i o n of d i - c a r b o x y l i c a c i d 19. 

ROOCCCH^)^ COOR + CHg=CH^ DTBP ROQCCH ( CH^ ) ̂  . ^ . COOR 

CH2CH2R 

( 6 ) 

R= A l k y l n= 1,2,4,7,8 . 

R= H, CH3,Et 
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3. I n t r a m o l e c u l a r A d d i t i o n R e a c t i o n s 

F r e e - r a d i c a l a d d i t i o n to carbon-carbon double bonds can a l s o 

o c c u r by a p r o c e s s of i n t r a m o l e c u l a r a d d i t i o n r e a c t i o n s , to 

produce c y c l i c p r o d u c t s . R a d i c a l c y c l i z a t i o n i s becoming 

i n c r e a s i n g l y i m p o r t a n t i n m e c h a n i s t i c and s y n t h e t i c o r g a n i c 

c h e m i s t r y . 

The dominant system i n t h i s s o r t of r e a c t i o n i s the 

forming of 5 -or 6-membered r i n g . 

The s i z e of r i n g formed i s c o n t r o l l e d by both 

thermodynamic and k i n e t i c f a c t o r s and having a s t r o n g 

background i n t h e s e f a c t o r s i s v e r y i m p o r t a n t i n o r d e r to 

choose the c o n d i t i o n s which a r e s u i t a b l e f o r the r e q u i r e d 

r i n g s i z e . 

P r o d u c t i o n of a 6-membered r i n g i n v o l v e s a d d i t i o n of the 

u n s u b s t i t u t e d end of the double bond and i t w i l l produce a 

more s t a b l e s e c o n d a r y r a d i c a l . 

The v a r i a b i l i t y of r i n g s i z e produced can be b u i l t by the 

c y c l i z a t i o n of a s e r i e s of s t a b i l i z e d 5-hexenyl r a d i c a l s 

DTBP [ 2 0 ] 

CN 
DTBP / \ [ 2 0 ] 

(8) 
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/ / B r 

Bu3Sn [ 2 1 ] 

(9) (10) 

C0CH3 
DTBP 

C02Et 

COsEt D T B P 

C02Et 

CN 

EtOsC 
EtOjC 

[ 2 0 ] 

OoEt 

[ 2 0 ] 

OoEt 

(15) 
16% 

(16) 
84% 

The above examples show an i n c r e a s i n g p r e f e r e n t i a l f o r m a t i o n 

of 6-membered r i n g w i t h i n c r e a s i n g s t a b i l i t y of the r a d i c a l s 

and d e c r e a s i n g r e a c t i v i t y of the r a d i c a l s , because the 

r a d i c a l s t a b i l i z e d w i t h e l e c t r o n - w i t h drawing s u b s t i t u e n t s 

a d j a c e n t to the u n p a i r e d e l e c t r o n . 

The c y c l i z a t i o n p r o c e s s c o u l d happen by the a d i t i o n of a 

r a d i c a l to a s u i t a b l e d i e n e , f o r example/ the a d d i t i o n of 

a c e t a l d e h y d e to e s t e r 20 (17) 
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OMe 
CH , . l 

( 1 7 

[20] 

4. F a c t o r s I n f l u e n c i n g F r e e - R a d i c a l A d d i t i o n . 

( a ) S t e r i c E f f e c t s . 

I t has been o b s e r v e d t h a t s t e r i c e f f e c t s have an important 

f u n c t i o n i n a number of f r e e - r a d i c a l a d d i t i o n r e a c t i o n s , f o r 

example, t h e s t e r e o c h e m i s t r y of the c h a i n - t r a n s f e r s t e p i n 

the a d d i t i o n r e a c t i o n s of f r e e - r a d i c a l s to n o rbornylene 22. 

I t seems to be c o n t r o l l e d by the a v a i l a b i l i t y of unhindered 

s o l i d a n g l e of approach which p e r m i t s c h a i n t r a n s f e r r e a d i l y 

from the exo s i d e , but not e a s i l y from the endo s i d e and i n 

common, c i s a d d i t i o n f r e q u e n t l y o c c u r s i n t h i s c a s e . 

+ XY 
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(b) T e m p e r a t u r e . 

I t has been o b s e r v e d t h a t changes i n tempe r a t u r e have a deep 

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

T h i s e f f e c t comes from the low a c t i v a t i o n e n e r g i e s of 

many p r o p a g a t i o n s t e p s where an i n c r e a s e i n temperature may 

i n c r e a s e the r a t e v i o l e n t l y . On the o t h e r hand/ a change i n 

te m p e r a t u r e may o f t e n open the door to c o m p e t i t i o n by ot h e r 

r e a c t i o n s . F o r example/ i f the p r o p a g a t i o n s t e p i s 

r e v e r s i b l e / an i n c r e a s e i n temperature w i l l d e c r e a s e the 

c o n c e n t r a t i o n of the f r e e - r a d i c a l i n t e r m e d i a t e and slow the 

r e a c t i o n down a s f a r a s the r a t e of f o r m a t i o n of product i n 

c h a i n t r a n s f e r s t e p . 

( c ) Resonance. 

I t was found t h a t i f the r a d i c a l p r o d u c t i n the propagation 

s t e p i s q u i t e s t a b l e then i t w i l l e x h i b i t a r e l u c t a n c e to 

c o n t i n u e on i n t o c h a i n t r a n s f e r , e i t h e r w i t h the s u b s t r a t e 

R-H o r w i t h o l e f i n i n telomer f o r m a t i o n . T h i s r e l u c t a n c e 

comes from two s o u r c e s : ( a ) a h i g h e r a c t i v a t i o n energy f o r 

c h a i n t r a n s f e r i s the u s u a l consequence of high r a d i c a l 

s t a b i l i t y and (b) the i n a b i l i t y of a h i g h l y s t a b i l i z e d 

r a d i c a l to a c q u i r e energy s u f f i c i e n t to break a r e l a t i v e l y 

s t r o n g R-H bond. 

I t i s o b v i o u s t h a t the r a d i c a l a c q u i r e s enough s t a b i l i t y 

through normal r e s o n a n c e and h y p e r c o n j u g a t i o n . The f r e e 

e l e c t r o n i s h i g h l y d e l o c a l i z e d i n c o n j u g a t e d s t r u c t u r e s and 

i f the s y s t e m p r o v i d e s s u f f i c i e n t d e l o c a l i z a t i o n / the r a d i c a l 
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may become so s t a b l e t h a t i t r e f u s e s to r e a c t a t a l l . 

S i m i l a r l y , t h e e v i d e n c e of e l e c t r o n s p i n r e s o n a n c e (ESR) 

s p e c t r o s c o p y i n d i c a t e s t h a t h y p e r c o n j u g a t i o n i s 

e x t r a o r d i n a r i l y e f f e c t i v e i n s t a b i l i z i n g r a d i c a l s , 

( d ) E nergy s t a t e 

I t i s becoming i n c r e a s i n g l y e v i d e n t t h a t the energy 22 

c o n s i d e r a t i o n s i n f r e e - r a d i c a l r e a c t i o n s have been too o f t e n 

n e g l e c t e d i n the p a s t , and t h a t s m a l l d i f f e r e n c e s i n the 

e n e r g i e s of v a r i o u s i n t e r m e d i a t e s or the s t e p s t h a t produce 

them i n a c h a i n p r o c e s s may have a profound e f f e c t on the 

c o u r s e o f the r e a c t i o n . F o r example, the a d d i t i o n of R' to an 

o l e f i n w i l l produce r a d i c a l s c o n t a i n i n g the e n t i r e energy of 

the new R-C bond. I f t h i s energy cannot be s p r e a d out 

through the s t r u c t u r e of the i n t e r m e d i a t e r a d i c a l f a i r l y 

q u i c k l y , o r d i s s i p a t e d by c o l l i s o n s , then the bond w i l l 

d i s s o c i a t e to s t a r t i n g m a t e r i a l R* and o l e f i n . The 

r e v e r s i b l i l i t y , a s a r e f l e c t i o n of a l a c k of e f f e c t i v e energy 

d i s s i p a t i o n , w i l l v a r y w i t h the s t r u c t u r e of the o l e f i n . Thus 

some a d d i t i o n s of R* to o l e f i n w i l l be h i g h l y r e v e r s i b l e and 

o t h e r s not a t a l l . 

A gain, the r e s o n a n c e energy of the i n t e r m e d i a t e 
1 1 1 

r a d i c a l R-C-C*, w i l l d e termine the r e a c t i v i t y and l i f e t i m e 
1 1 1 

of t h a t r a d i c a l . I f t h e r e i s c o n s i d e r a b l e r e s o n a n c e 
1 I I 

s t a b i l i z a t i o n , then R-C-C w i l l b u i l d up i n the t e r m i n a t i o n 
1 1 1 

s t e p of the c h a i n p r o c e s s by d i m e r i z a t i o n or d i s p r o p o r t i o n a t i o n 
I I 1 1 I 1 : I I ( 1 

2 R-C-C* ^ R-C-C-C-C-R or R-C=z.C-H + R-C-C- [ 2 2 ] 
t I I 1 1 I 1 1 
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I 1 

I f R-C-C' i s v e r y r e a c t i v e , and t h e r e f o r e v e r y s h o r t - l i v e d , 
I 1 

the t e r m i n a t i o n w i l l p r o b a b l y ta k e a d i f f e r e n t path, such as 

the d i m e r i z a t i o n of R w i t h a c o r r e s p o n d i n g change i n the 

k i n e t i c s of the p r o c e s s . 

R • "H" R • ^ R 2 

Here, too, energy s t a t e s and energy d i s s i p a t i o n f u n c t i o n / f o r 

the d i m e r i z a t i o n of R. when R i s an atom or a s m a l l molecule, 

l e a v e R w i t h a c o n s i d e r a b l e e x c e s s of energy/ and o f t e n t h i s 

s o r t of d i m e r i z a t i o n r e q u i r e s e i t h e r a t h i r d body to c a r r y 

o f f the energy or i t t a k e s p l a c e on the w a l l of the 

c o n t a i n e r / w i t h d i f f e r e n t k i n e t i c s f o r e a c h . 

R. + R.+ M—>R2 + M [ 2 2 ] 

R- + w a l l — R 2 

A l l of t h e s e / p l u s o t h e r c o n s i d e r a t i o n s must go i n t o the 

p r o c e s s of comprehending the d e t a i l s of an a d d i t i o n r e a c t i o n 

mechanism. The t o t a l r e a c t i o n can then be summed up 

t h e r m o d y n a m i c a l l y i n an e n e r g y - r e a c t i o n c o o r d i n a t e diagram/ of 

which F i g u r e 1 i s an example. 

I n the u n d e r s t a n d i n g of an a d d i t i o n r e a c t i o n , the 

a c t i v a t i o n e n e r g i e s , h e a t s of r e a c t i o n s , and entropy changes 

of e a c h s t e p and i n both d i r e c t i o n s / w i l l then c o n s t i t u t e a 

f a i r l y good d e s c r i p t i o n . 



-15-

R-C-C 

+ R-H 

I I 
R-C-C-H + R-

AH t r 

R e a c t i o n c o o r d i n a t e 

F i g u r e 1: E n e r g y - r e a c t i o n c o o r d i n a t e diagram 

( e ) P o l a r E f f e c t 

P o l a r e f f e c t s i n a f r e e - r a d i c a l a d d i t i o n s have not o f t e n been 

o b s e r v e d . T h a t i s coming f o r many r e a s o n s . F i r s t , the f r e e 

r a d i c a l , l a c k i n g a formal charge, i s l e s s s u b j e c t to the 

d i p o l a r a c t i o n of the s o l v e n t ; and second, many of the f r e e 

r a d i c a l s t h a t have been s t u d i e d a r e most e x t e n s i v e l y 22 

r e a c t i v e t h a t the types of s o l v e n t s t h a t may be employed a r e 

s e v e r e l y l i m i t e d . A l s o , s o l v e n t e f f e c t s may tend to c a n c e l 

out i n t h a t the the s o l v a t i o n of an i n t e r m e d i a t e r a d i c a l such 
1 1 I 

a s R-C-C •, which w i l l r e duce the a c t i v a t i o n energy needed to 
1 1 I 

produce i t , may be c o u n t e r b a l a n c e d by s o l v a t i o n of the 

a t t a c k i n g r a d i c a l R* w i t h consequent l o s s of i t s r e a c t i v i t y . 

I n any c a s e , r e l a t i v e l y few examples of p o l a r e f f e c t s i n 

r a d i c a l a d d i t i o n r e a c t i o n s a r e documented. 
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TO FLUORINATED ALKENES 
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CHAPTER 2 

FREE RADICAL ADDITIONS OF OXYGEN CONTAINING COMPOUNDS 

TO FLOURINATED ALKENES. 

I I A INTRODUCTION. 

The m a j o r i t y of r e c e n t work on f r e e r a d i c a l a d d i t i o n 

r e a c t i o n s of f u n c t i o n a l compounds to f l u o r o a l k e n e s has 

c o n c e n t r a t e d on o x y g e n - f u n c t i o n a l s u b s t r a t e s . A v a r i e t y of 

oxygen c o n t a i n i n g systems have been added and have been 

documented i n the p a s t 18/ 28/ 29, 31-38. The work i n t h i s 

s t u d y i s the a d d i t i o n of e t h e r s , and aldehydes to f l u o r i n a t e d 

a l k e n e s and the c h e m i s t r y of t h e s e a d d u c t s . 

I I B ADDITION OF-ETHERS. 

An e x c e l l e n t s e r i e s of papers 23-27 r e p o r t i n g the r e s u l t s of 

i n v e s t i g a t i n g the a d d i t i o n of e t h e r s to f l u o r i n a t e d a l k e n e s 

v i a a c h a i n mechanism was d e s c r i b e d on page two. The r e a c t i o n 

may be i n i t i a t e d t h e r m a l l y by the use of c h e m i c a l i n i t i a t o r s , 

by h i g h energy r a d i a t i o n such a s gammar r a y s , or 

p h o t o - c h e m i c a l l y . 
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I n the f o r m a t i o n of the e t h e r r a d i c a l ( 1 ) i s e n e r g e t i c a l l y 

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

by the a d j a c e n t oxygen atom. T h i s s t a b i l i z a t i o n comes from 

the i n t e r a c t i o n s shown i n F i g u r e 2. 

R-O-CHR 

( I ) 

R—"o —CHR ( a ) 

( I I ) 

-CH- (b) 

energ y F i g u r e 2 
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The p r o p a g a t i o n s t e p which c o n s i s t s the a d d i t i o n of (X 

e t h e r r a d i c a l ( 1 ) to f l u o r o a l k e n e s i s g e n e r a l l y f a v o u r a b l e . 

C o n s i d e r i n g F i g u r e 1, i t i s obvious from the s t r u c t u r e s ( i ) 

and ( i i ) t h a t e t h e r r a d i c a l ( 1) has a n u c l e o p h i l i c 

c h a r a c t e r . So, we f i n d t h a t the e t h e r r a d i c a l s r e a c t r e a d i l y 

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

a b s t r a c t i o n of a hydrogen atom from the eher s u b s t r a t e by the 

r a d i c a l ( 2 ) t a k e s p l a c e to form the product ( 3 ) / but i f t h i s 

s t e p i s h i n d e r e d then a ' s h o r t c h a i n ' mechanism w i l l r e s u l t 

w i t h low c o n v e r s i o n to pr o d u c t . 

A v a r i e t y of r e a c t i o n s of e t h e r s w i t h f l u o r o a l k e n e s have 

been r e p o r t e d and i n the r e s u l t s a r e summarized i n T a b l e 4. 

Table 4 The A d d i t i o n of Ethers Via Free-Radical 

Alkene Ether Method o f 

I n i t i a t i o n 

Product Ref erence 

CF3CF=CF2 (CH3)20 gamma CH3OCH2CF2CFHCF3 28 

I I (C2H5)20 gamma CH3CH2OCHCH3 + 

Rf 

CH3CHOCHCH3 

Rf Rf 

28 

I I 0 gamma <>" 28 

Rf= CF2CFHCF3 
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A l k e n e 

CF3CF=CF2 

E t h e r 

R f C F 2 0 E t 

C F C l = C C l 2 

CFC1=CFC1 

Method of 

I n i t i a t i o n 

gamma 

(C2H5)20 

(CH3)20 

(CH3)20 

gamma 

gamma 

gamma, 

DBP 

gamma 

gamma 

gamma 

gamma 

Product 

RfCF20CH(CH3)CF2CFH-

CF3 

Rf= CHF2 / CHFCl, 

CHCL2 

^ ^CFC1CHCI2 

CH3CHOCK2CH3 

CFCICFHCI 

TH2OCH3 

CH2OCH3 

r e f e r e n c e 

30 

24 

24 

29 

28 

29 

28 

28 
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I I C ADDITION OF ALDEHYDES 

The a d d i t i o n of an aldehyde to an o l e f i n r e s u l t s i n the 

f o r m a t i o n o f a ketone. 

o o 
I I n i t i a t o r II 

R-C-H ^ R - C -

( 1 9 ) 

o 

(20) 

0 

a . . > = < - — 

( 2 0 ) (21) 

P o 

I I 

( 2 1 ) 

R-C-C-C-H 

(30) 

The r e a c t i v i t y i s accounted f o r by s t a b i l i z a t i o n , 

i n v o l v i n g the a d j a c e n t oxygen l o n e p a i r of e l e c t r o n s i n an 

analogous manner to t h a t w i t h e t h e r s . 

A s e r i e s of r e a c t i o n s of a l d e h y d e s w i t h f l u o r i n a t e d 

a l k e n e s r e s u l t s i n f l u o r i n a t e d ketone which have been 

o b t a i n e d by gamma r a d i a t i o n - i n i t i a t e d 23, 24, 39-45 and 

p e r o x i d e 46-47. 

I n some c a s e s , the y i e l d of 1:1 ad d u c t s a r e f a i r l y good, 
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With s i m p l e o l e f i n s s u c h a s e t h y l e n e , telomer f o r m a t i o n does 

o c c u r . 

C y c l i c o l e f i n s r e a c t r e a d i l y w i t h a l d e h y d e s , f o r example, 

h e x a f l u o r o c y c l o b u t e n e r e a c t e d r e a d i l y w i t h a l d e h y d e s 43, the 

y i e l d of 1:1 adduct i n c r e a s i n g the s i z e of R. As i n the 

c o r r e s p o n d i n g a l c o h o l a d d i t i o n s 43 two s t e r e o i s o m e r s of (31) 

were produced and once a g a i n the t r a n s isomer was more 

abundant i n a l l c a s e s . ^ 

I I „ 
o / ^ - ^ i 
il 

R-C-H + F [ 4 3 ] 

H 
R= CH3, C2H5, C3H7. (31) 

A s i d e r e a c t i o n which tends to lower the y i e l d s of ketone 

i s the d e c a r b o n y l a t i o n of an a c y l r a d i c a l . 

o 
R - C ^' ' 

S u b s t i t u t i o n of the ^ -carbon atom i n c r e a s e s the 

p o s s i b i l i t y of the e l i m i n a t i o n of carbon monoxide from the 

a c y l r a d i c a l . I n some c a s e s , such as t r i - m e t h y l a c e t a l d e h y d e , 

breakdown i s complete. The e l i m i n a t i o n i s t e m p e r a t u r e -

dependent and becomes a p p r e c i a b l e even w i t h the normal 

a l d e h y d e s a t t e m p e r a t u r e s above 100°C 43. 
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T a b l e 5 The A d d i t i o n of Aldehydes V i a F r e e - R a d i c a l 

AldehydGs 

o 
I I 

CH3 - C-H 

CH^CH^ C — " 

CH3CH2CH2-C—H 

o 
I I 

C H - C - H 

A l k e n e s 
Method 

of I n i t i a ­
t i o n 

ganriia , 
peroxide 

camma 

ganma 

gamma, 
peroxide 

Product 

CH3 

c=o 

H 

CH3 

i ^ 
c=o 

H' 

CK-5 
CH2 

c=o 

CH3 
c=o 

Ref 

27.53 

21 

11 

53 



DISCUSSION 
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CHAPTER 3 

FREE RADICAL ADDITION OF ETHERS TO FLUORINATED 

ALKENES AND THE CHEMISTRY OF THESE ADDUCTS 

P r e v i o u s work on the a d d i t i o n of e t h e r s to f l u o r o a l k e n e s 

has been l i s t e d i n T a b l e 4. I t was n e c e s s a r y to r e p e a t a few 

of t h e s e r e a c t i o n s i n o r d e r to p r e p a r e some e t h e r adducts and 

to do some c h e m i s t r y on t h e s e a d u c t s . 

I l l A ADDITION OF ETHERS TO FLUORINATED ALKENES 

1. A d d i t i o n of D i e t h y l e t h e r to Hexafluoropropene. 

D i e t h y l e t h e r r e a c t e d w i t h hexafluoropropene and gave 

a m i x t u r e of mono-adduct (32) and d i - a d d u c t (33) i n 

r o u g h l y e q u a l p r o p o r t i o n s . 

gamma [ 4 8 ] 
/ ^ O ^ + CF3CF=CF2 ^ 

rays 

CF3CFHCF2 ^ CF3CFHCF2 CF2CFHCF3 

(32) 

39 0/ 

(33) 

A6% 
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A p r e v i o u s worker 48 has shown t h a t the a d d i t i o n of 

adduct ( 3 2 ) to hex a f l u o r o p r o p e n e gave low c o n v e r s i o n to the 

d i - a d d u c t ( 3 3 ) . 

(32) 

CF2CFHCF3 gamma 

rays 
ro 

CF2CFHCF-

O 
-n 
u 
o 
-n 
II 
O 
T l 

ro 

CF3CFHCF2 CF2CFHCF3 F2CFHCF3 

(33) 

I t was b e l i e v e d t h a t the p r o d u c t i o n of di - a d d u c t (33) i n 

good y i e l d i s coming^ from the i n t r a m o l e c u l a r 1,5 hydrogen 

t r a n s f e r . 

r a y s 

CF3CF=CF2 
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CF2CFHCF3 CF3CFHCF2 CF2CFHCF3 
^ O A CF3CF = C F ^ ^ 

(33) 

2. A d d i t i o n of D i e t h y l e t h e r to H e x a f l u o r o c y c l o b u t e n e . 

The a d d i t i o n of d i e t h y l e t h e r to h e x a f l u o r o c y c l o b u t e n e 

o c c u r s v e r y r e a d i l y u s i n g g-ray i n i t i a t i o n . High y i e l d s 

were o b t a i n e d . A mixture of t r a n s - c i s - i s o m e r s was a l s o 

o b t a i n e d . 

F 
gamma 
r a y s 

(34) 
77% 

(35) 
13% 

I t was b e l i e v e d t h a t F - c y c l o b u t e n e does not 

f a v o u r a b l y undergo the 1,5-hydrogen t r a n s f e r s t e p . The 

hydrogen t r a n s f e r p r o c e s s , both i n t e r - a n d i n t r a m o l e c u l a r 

mechanism, i s w e l l documented 49 and i s g e n e r a l l y 

b e l i e v e d to o c c u r through a l i n e a r t r a n s i t i o n s t a t e . 

H 0 0 0 
I t i s obvious t h a t w i t h F - c y c l o b u t e n e , the s t r a i n e d 

4-membered r i n g i s not f l e x i b l e enough to a l l o w a l i n e a r 

t r a n s i t i o n s t a t e to form e a s i l y and hence mainly mono-

adduct ( 3 4 ) i s formed. 
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3. A d d i t i o n of D i e t h y l e t h e r to O c t a f l u o r o c y c l o p e n t e n e . 

The a d d i t i o n of d i e t h y l e t h e r to 

o c t a f l u o r o c y c l o p e n t e n e which was i n i t i a t e d by gamma r a y s 

and gave a high y i e l d of p r o d u c t s . 

gamma 
rays 

(36) (37) 

65% 

I t i s c l e a r t h a t F - c y c l o p e n t e n e has more tendency than F-

c y c l o b u t e n e to undergo the 1,5-hydrogen t r a n s f e r . So, we 

o b t a i n e d a l i t t l e more of the d i - a d d u c t i n the a d d i t i o n 

of d i e t h y l e t h e r to o c t a f l u o r o c y c l o p e n t e n e . 
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I I I B DEHYDROFLUORINATION 

The d e h y d r o f l u o r i n a t i o n of e t h e r / h e x a f l u o r o p r o p e n e mono-

ad d u c t s have been p r e p a r e d by o t h e r workers 31, 35, 49 w i t h 

v a r y i n g y i e l d s ( T a b l e 6) 

T a b l e 6 

E t h e r a d d u c t s 

- O - CF2CFHCF3 

( 3 8 ) 

- ( 3 8 ) 

- ( 3 8 ) 

- ( 3 8 ) 

C o n d i t i o n s 

O h / " 

( 3 9 ) , 75% 

KOH Powder, 

150''C,7.5hr ( 3 9 ) 

KOH Powder, 

r e f l u x , 2hris 

KOH Powder, 

diglyme, 

120"0,8 hr 

N a / t - b u t y l (39) 

b l c o h o l , 2 5 C 

7 h r s . 

Product 

( 3 9 ) , 7 5 % 

Ref 

[ 4 9 ] 

[ 3 1 ] 

[ 3 5 ] 

[ 3 5 ] 

Rf= CF =CFCF3 
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E t h e r adduct C o n d i t i o n s Product Ref, 

^^y-CF2CFHCF3 KOH Powder 

150'c,7.5 

h r s . 

o 

( 4 0 ) 

O 
( 4 1 ) 

2 1 % 

[49] 

CF2CFHCF3 ĵ Qu P e l l e t s 

85C,7hrs 

( 3 2 ) 

CF3CFHCF2 F2CFHCF3 

( 3 3 ) 

KOH P e l l e t s 

S S ^ C l S h r s , . 

130^C, I h r s 

( 4 2 ) 

7 8 % 

( 4 3 ) 
60% 

[50] 

[50] 

I n t h i s s t u d y some attempts to d e h y d r o f l u o r i n a t e (33) d i -

a d d u c t s u s i n g p o t a s s i u m f l u o r i d e , p o t a s s i u m hydroxide i n 

d i g l y m e , s o d i u m / t - b u t a n o l and t r i e t h y l a m i n e y i e l d e d very low 

c o n v e r s i o n to p r o d u c t , or j u s t s t a r t i n g m a t e r i a l s were 

r e c o v e r e d . 

CF3CFHCF2 F2CFHCF3 
KOH powder/diglyme 

( 3 3 ) lOO^'C, 12 hrs 

( 4 3 ) 

20% 



- 30 -

CF3CFHCF2 
K F 

F2CFHCF3 

(3 3 ) 85°C, 24 hrs 

No reaction 

CF3CFHCF 

( 3 3 ) 

F2CFHCF3 
Na/t-butanol 

r.temp. 6 hrs 
( 4 3 ) 

2 5 % 

CF3CFHCF2 CF2CFHCF3 
Et3N 

( 3 3 ) 
90°C, 12 hrs 

NO reaction 

We o b t a i n e d d e h y d r o f l u o r i n a t i o n of the mono-adduct (32) 

and d i - a d d u c t (33) by u s i n g p o t a s s i u m hydroxide p e l l e t s 

w h i c h was improved by a p r e v i o u s worker 50, i n o r d e r to get 

enough m a t e r i a l of t h e s e a d d u c t s to do some c h e m i s t r y on them, 

CF2CFHCF3 

( 3 2 ) 

KOH flakes 
85''C, 7 hrs 

C F r C F C F g 

( 4 2 ) 

7 0% 
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CF3CFHCF2 CF=CFCF3 CF2CFHCF3 C F a C F s C F 
KOH flakes 

85 "C, 9 hrs 
( 4 3 ) 

7 0 % 

A l s o , i n t h i s s t u d y a s u c c e s s f u l attempt to 

d e h y d r o f l u o r i n a t e d i e t h y l e t h e r / h e x a f l u o r o c y c l o b u t e n e mono-

adduct ( 3 4 ) was c a r r i e d out by h e a t i n g the mono-adduct (34) 

w i t h c a e s i u m f l u o r i d e i n a s e a l e d s y s t e m . 

I n c o n t r a s t , o t h e r attempts to d e h y d r o f l u o r i n a t e (34) 

u s i n g t r i e t h y l a m i n e and sodium methoxide proved u n s u c c e s s f u l , 

even a t e l e v a t e d t e m p e r a t u r e s . 

( 3 4 ) 

Et3N 

100 C, 6 hrs 

CH3O Na 

No reaction 

120 C, 3 hrs 

CsF 

No reaction 

(34) 85 0, 3 hrs (44) 

45% 
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IJ^I C NUCLEOPHILIC REACTIONS OF FLUOROOLEFIN ADDUCTS 

1. I n t r o d u c t i o n 

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

c h l o r o o l e f i n s c o n t a i n i n g two to fo u r carbon atoms i n the 

mol e c u l e have been r e p o r t e d i n numerous p u b l i c a t i o n s 51. 

These o l e f i n s combine r e a d i l y , p r e f e r a b l y i n the presence 

of b a s i c c a t a l y s t s , w i t h a l c o h o l s , t h i o l s , and phenols to 

g i v e s a t u r a t e d e t h e r s as major or s o l e p r o d u c t s . 

Some u n s a t u r a t e d e t h e r s formed by replacement of 

v i n y l i c f l u o r i n e by a l k o x y or a r y l o x y groups were 

o b t a i n e d o c c a s i o n a l l y i n the r e a c t i o n s of a l c o h o l s w i t h 

f l u o r o o l e f i n s 1,35. The tendency of u n s a t u r a t e d e t h e r s to 

form a t the expense of adducts, observed i n the r e a c t i o n s 

w i t h p e r f l u o r o i s o b u t e n e 1, i n c r e a s e s w i t h the r i s e i n 

b a s i c i t y of the a t t a c k i n g a l k o x y a n i o n , v i z . , 

C2iic^0^ n-CgHyO C iso-C^HyO <̂  n-C^HgO 

I t has been r e p o r t e d 6 t h a t , i n n u c l e o p h i l i c r e a c t i o n s 

w i t h i n t e r n a l l y branched p e r f l u o r o o l e f i n s , t h e r e i s a 

d e f i n i t e tendency to form u n s a t u r a t e d p r o d u c t s as a 

r e s u l t of the r i s i n g s t a b i l i t y of the c a r b a n i o n i c 

i n t e r m e d i a t e i n v o l v e d (46) 
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CF=CFCF3 + RONa 

( 4 5 ) 

Rz: C2H5, n-CaHy, iso-CaHy. 

C - - C F C F 3 

( 4 6 ) 

CF=CFCF3 

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

above r e a c t i o n s as compared w i t h the analogous r e a c t i o n s 

of p e r f l u o r o p r o p e n e , which y i e l d e d s a t u r a t e d adducts 

m a i n l y 1,52 can be r a t i o n a l i s e d i n terms of the r e l a t i v e 

a b i l i t i e s of the p o s s i b l e c a r b a n i o n i c i n t e r m e d i a t e (46) 

to e j e c t the f l u o r i d e ion and p r o d u c i n g u n s a t u r a t e d 

a d d u c t s ( 4 7 ) , r a t h e r than of t h e i r s t a b i l i t i e s . 

T h i s s t u d y s e t out to d e s c r i b e the r e s u l t s of the 

r e a c t i o n s of v a r i o u s a l c o h o l s w i t h ^ - (1,2,3,3,3-

p e n t a f l u o r o - l - p r o p e n y l ) d i e t h y l e t h e r (42) and 

b i s ( 1 , 2 , 3 , 3 , 3 - p e n t a f l u o r o - l - p r o p e n y l ) d i e t h y l e t h e r (43) 

which were p r e p a r e d by d e h y d r o f l u o r i n a t i o n of 

l - m e t h y l - 2 , 2 , 3 , 4 , 4 - h e x a f l u o r o b u t y l e t h e r (32) and 

d i ( l - m e t h y l - 2 , 2 , 3 , 4 , 4 , 4 - h e x a f l u o r o b u t y l ) e t h e r (33) 

r e s p e c t i v e l y . 
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2. N u c l e o p h i l i c r e a c t i o n s of <gc-(1, 2 , 3, 3 , 3-pentaf l u o r o - 1 -

p r o p e n y l ) d i e t h y l e t h e r (42) w i t h sodium a l k o x i d e 

<oc - ( 1 , 2 , 3 , 3 , 3 - p e n t a f l u o r o - l - p r o p e n y l ) d i e t h y l e t h e r 

( 4 2 ) r e a c t e d w i t h sodium a l k o x i d e i n parent a l c o h o l 

s o l u t i o n s to g i v e m i x t u r e s of i s o m e r s Z and E of 

l - a l k o x y - l - ( 1 - e t h o x y e t h y l ) - t e t r a f l u o r o p r o p e n e as a s o l e 

p r o d u c t i n a good y i e l d . 

With sodium methoxide i n s o l u t i o n (42) gave 

l - m e t h y l - m e t h o x y - l - ( 1 - e t h o x y e t h y l ) - t e t r a f l u o r o p r o p e n e ( 48) 

a s s o l e p r o d u c t . 

F=CFCF3 ^ - ^ CH3O 
CH30Na/CH30H Q=CFCF3 

75 C, 24 hrs 

(42) (48) 

7 3% 

S i m i l a r l y sodium propoxide (42) gave 1 - p r o p o x y - l - ( 1 -

e t h o x y - e t h y l ) - t e t r a f l u o r o p r o p e n e (49) 

c3H7a 
F=CFCF3 _ ^ (p=CFCF3 

C3H7O Na/ C3H7OH 
" 75 °C, 24 hrs 

(42) 
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w i t h sodium b u t o x i d e (42) gave 1 - b u t o x y - l - ( 1 - e t h o x y e t h y l ) • 

t e t r a f l u o r o p r o p e n e (50) 

( 4 2 ) 

F=CFCF3 
C4H9O Na/C4H90H 

75*0. 24 hrs 

C4H90^ 
(frCFCFs 

( 5 0 ) 
7 5 % 

3. N u c l e o p h i l i c r e a c t i o n s of <x ̂  Sc- b i s (1/2,3/3/3-

p e n t a f l u o r o - l - p r o p e n y l ) d i e t h y l e t h e r (43) w i t h sodium 

a l k o x i d e . 

«/ "2x-Bis( 1 / 2 / 3 / 3 , 3 /-pentaf l u o r o - l - p r o p e n y l ) d i e t h y l e t h e r 

( 4 3 ) r e a c t e d w i t h sodium a l k o x i d e i n par e n t a l c o h o l s o l u t i o n s 

to g i v e a complex m i x t u r e of isomers Z and E of ex. fix. - b i s ( l -

a l k o x y - t e t r a f l u o r o - l - p r o p e n y l ) d i e t h y l e t h e r as a s o l e 

p r o d u c t . 

With sodium methoxide (43) gave <5:/0c -bis-(1-methoxy-

t e t r a f l u o r o - l - p r o p e n y l ) d i e t h y l e t h e r (51) as s o l e product 

. ^ " ^ ^ ^ ^ / ^ CHaONa/CHaOH "1 j^y^r^ 

( 4 3 , ^ ^ ^ T ^ ^ 

w i t h sodium e t h o x i d e (43) gave <a:/ <ac - b i s ( 1-ethoxy-

t e t r a f l u o r o - l - p r o p e n y l ) d i e t h y l e t h e r (52) 

CF^=CF=CF F=CFCF3 C2H5O 

C H c O N a / E t O H CF3CF= 

9C2H5 
CrCFCF 

( 4 3 ) 
75*C, 24 hrs 

( 5 2 ) 
75% 
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w i t h sodium propoxide, (43) gave oc - b i s ( l -

p r o p o x y - t e t r a f l u o r o - l - p r o p e n y l ) d i e t h y l e t h e r (53) 

CF3CF=CF 

( 4 3 ) 

F=CFCF3 , ^ ^ " ^ 9 
C3H7O Na/CsHyOH CFsCFrC 

75 C, 7 hrs 

9C3H7 
=CFCF3 

( 5 3 ) 
75% 

w i t h sodium, b u t o x i d e (43) gave oc,4c - b i s ( 1 - b u t o x y -

t e t r a f l u o r o - l - p r o p e n y l ) d i e t h y l e t h e r (54) 

CF3CF=CF F=CFCF3 

75 C , 7 hrs 

C4H99 
^ .. - CF3CF=C 
C4H9O Na/C4H90H 

9C4H9 
C=CFCF3 

( 5 4 ) 

74% 

4. M i s c e l l a n e o u s attempted n u c l e o p h i l i c r e a c t i o n s of cit <x 

b i s ( 1 / 2 / 3 / 3 / 3 - p e n t a f l u o r o - l - p r o p e n y l ) d i e t h y l e t h e r (43) 

w i t h n i t r o g e n c o n t a i n i n g compounds. 

CF3CF=CF CF=CFCF, 

( 4 3 ) 
+ NH2CH2CH2NH2 75 C 

( 5 5 ) 
12 hrs 

Product not identified 

« / «-bis(1,2,3,3,3-pentafluoro-l-propenyl) d i e t h y l e t h e r (43) 

r e a c t e d w i t h e t h y l e n e d i a m i n e to g i v e a complex product 

which was not i d e n t i f i e d . 
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No p r o d u c t was o b t a i n e d from the r e a c t i o n of (43) w i t h 
d i e t h y l a m i n e . 

CF3CF=CF CF=CFCF3 
Et2NH 

( 4 3 ) 
QO'C/ 2-1 h r s 

No reaction 

I I I D IDENTIFICATION OF THE PRODUCTS 

The most u s e f u l t e c h n i q u e s f o r the c h a r a c t e r i z a t i o n of the 

e t h e r a d d u c t s were mass s p e c t r o s c o p y and NMR s p e c t r o s c o p y . 

The mass s p e c t r a c o n s i s t e d of v e r y s m a l l m o l e c u l a r i o n 

peaks and w i t h d i - a d d u c t s the m o l e c u l a r i o n peak was o f t e n 

m i s s i n g . The p r i n c i p a l f r a g m e n t a t i o n was the c l e a v a g e of 

the carbon-oxygen bond and t h i s p r o c e s s g i v e s the base peak, 

CH3CH2OCHCH3 o 
CH3CH20--CHCH3 

Rf 

CH3CH20=CHCH3 

m/e 73 (100%)' 
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The NMR s p e c t r a a r e v e r y complex. The proton r e s o n a n c e s a r e 
u s u a l l y broad but the appearances of a d o u b l e t of m u l t i p l e t s 
a t about 4.95 ppm (TMS r e f e r e n c e ) w i t h a c o u p l i n g c o n s t a n t 
of about 44 Hz i s v e r y c h a r a c t e r i s t i c of the CFH proton. The 
1 /1 / 2 , 3 , 3 , 3 - h e x a f l o u r o p r o p y l g r o u p i n g from hexafluoropropene 
a d d u c t s g i v e a s i m i l a r f l u o r i n e - 1 9 spectrum i r r e s p e c t i v e of 
the r e s t of the adducts s t r u c t u r e . The t r i f l u o r o m e t h y l 
r e s o n a n c e s o c c u r as m u l t i p l e t a t 73 to 78 ppm (CFC13 
r e f e r e n c e ) . The d i f l u o r o m e t h y l e n e r e s o n a n c e s occur u s u a l l y a t 
119 to 130 ppm, and the t e r t i a r y f l u o r i n e resonances occur 
a s m u l t i p l e t s a t 212 to 220 ppm. 

The p o l y f l u o r o c y c l o a l k e n e a d d u c t s were p r e s e n t as c i s 

and t r a n s i s o m e r s . The f l u r o i n e - 1 9 c h e m i c a l s h i f t of the 

t e r t i a r y f l u o r i n e atoms i n such a d d u c t s may be used to 

a s s i g n t h e i r s t e r o c h e m i s t r y 29. The c h e m i c a l s h i f t s of the 

CFR and CFH f l u o r i n e atoms were found to be c o n s i s t e n t l y a t 

h i g h e r f i e l d i n the c i s isomer t h a n i n t r a n s isomer. 

The d e h y d r o f l u o r i n a t i o n a d d u c t s were p r e s e n t as c i s and 

t r a n s i s o m e r s . The f l u o r i n e - 1 9 c h e m i c a l s h i f t of v i n y l i c 

f l u o r i n e s atom o c c u r a t 140 ppm, a l l y l i c f l u o r i n e s atom 

o c c u r a t 160 ppm. No peaks o c c u r a t 210 to 220 ppm. 
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CHAPTER 4 

FREE RADICAL ADDITION OF ALDEHYDES TO 

FLUORINATED ALKENES 

P r e v i o u s work on the a d d i t i o n of a l d e h y d e s to f l u o r o a l k e n e s 

has been l i s t e d i n T a b l e 5-p23. 

I n t h i s s t u d y , we r a n a s e r i e s of r e a c t i o n s of mono-

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

f l u o r o a l k e n e s . 

I V A ADDITION OF MONO-FUNCTIONAL ALDEHYDES TO 

FLUORINATED ALKENES. 

1. A d d i t i o n s to Hexafluoropropene 

A s e r i e s of mono-functional a l d e h y d e s r e a c t w i t h 

h e x a f l u o r o p r o p e n e to form ketones u s u a l l y i n good y i e l d . 

With a c e t a l d e h y d e and C3F5, 3,3,4,5/5,5-hexafluoropentan-2-

one ( 5 6 ) formed a s s o l e p r o d u c t . 

o o 

CH3 - C-H + CF^CF=CF7 ^CH3-CCF2CFHCF3 
rays 

( 5 6 ) 
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H e x a n a l g a v e 1 , 1 , 1 , 2 , 3 - h e x a f l u o r o n o n a - 4 - o n e ( 5 7 ) 

H-C • Cf jCFrCFj 
gamma 

rays 

CF3CFHCF2 

(57) 

T r i m e t h y l a c e t a l d e h y d e gave 2-H- h e x a f l u o r o p r o p y l t - b u t y l k e t o n e ( 5 8 ) 

gamma CH3-C C-H ^ CF3CF=CF2 
CH3-C-C-<:F2CFKCF3 

*r»TT -CH3 

(58) 

3 - C y c l o h e x y l p r o p a n a l gave a polymer from s t a r t i n g m a t e r i a l which 

was i n i t i a t e d by gamma rayS/ but by p e r o x i d e i t gave t h r e e 

p r o d u c t s . 

gamma rays 
+ C F s C F r C F z " Polymer for S.M 

O 
II 
C-H 

Di-t-butyl peroxide 
+ C F s C F r C F z 

CF2CFHCF3 
140 C, 17 hrs 

C-CF2CFHCF3 1̂ 
CF2CFHCF3 

CF2CFHCF3 

(60) W 
( 6 1 ) 
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Attempted a d d i t i o n of C^Fgto 6 - h e p t e n a l gave a polymer f o r 

s t a r t i n g m a t e r i a l , was o b t a i n e d w i t h e i t h e r s o l v e n t or without 

s o l v e n t . 

• CFjCFrCFj 
gamma rays 

i-With solvent 

2.vYilhoul solvent 

Polymer for S.M 

S i m i l a r l y , i n the a d d i t i o n of C3F5to monodecanal a polymer was 
o b t a i n e d w i t h e i t h e r s o l v e n t or w i t h o u t s o l v e n t . 

+ CFjCFzCFj 
gamma rays 

1. wi th solvent 

2. wUhout solvent 

Polymer for S.M 

Attempted a d d i t i o n of C^F^ to t r a n s - 2 - h e p t e n a l gave no product 

from e i t h e r ^ - r a y s or p e r o x i d e i n i t i a t e d r e a c t i o n s . 

gamma rays 
+ CFjCFzCFj 

Di-t-bulyl peroxide 
NO reaction 
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2. A d d i t i o n to H e x a f l u o r o c y c l o b u t e n e 

Hexanal r e a c t e d w i t h h e x a f l u o r o c y c l o b u t e n e and produced 

2 - H y d r o - h e x a f l u o r o c y c l o b u t y l p e n t y l ketone (62) a s the s o l e 

p r o d u c t . 

K 

H - C - ( C K 2 ) 4 C H 3 s H gamma 
rays 

o 
II 
C—(CH2)4CH3 

(62) 

80% 

3. A d d i t i o n to O c t a f l u o r o c y c l o p e n t e n e 

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

produced 2 - H y d r o - o c t a f l u o r o p e n t y l p e n t y l ketone ( 6 3 ) . 

H - C -(CH2)4CH3+^ gamma 

H 

o 
II 
C - (CH2)4CH3 

(63) 

85^ 

4. A d d i t i o n s to 3 , 3 , 3 - T r i f l u o r o p r o p e n e 

A c e t a l d e h y d e r e a c t e d w i t h 3 , 3 , 3 - t r i f l u o r o p r o p e n e and 

gave two major p r o d u c t s , 5 , 5 , 5 - t r i f l u o p e n t a n - 2 - o n e (64) and 

4 - t r i f l u o r o m e t h y l h e p t a n - 2 - o n e (65) 
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o 
CH3 

J _ H . CF3CH=CH2 2 ™ a _ ^ C H 3 - J i - C H 2 C H 2 C F 3 . 
r a y s (64) 

40.7% 

CH3 -C-CH2CH 
•CH2CH2CF3 

(65) 

48.3% 

IV B ADDITION OF DI-FUNCTIONAL ALDEHYDES TO 

FLUORINATED ALKENES 

1. A d d i t i o n s to Hexafluoropropene 

1 , 8 - o c t a n e d i a l r e a c t e d w i t h h e x a f l u o r o p r o p e n e and 

produced 1,1,1,2/3/3/12/12,13/14/14/14-tetradecan-4/11-dione 

(66) a s a s o l e p r o d u c t . 

H , _ } l _ ( C H 2 ) ._^_H, + C F 3 C F = C F _ 2 _ H ! ^ 
6 r a y s 

V II 
CF3CFHCF2 _ C - ( C H 2 ) 6 - C ~ C F 2 C F H C F 3 

(66) 

90% 
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No p r o d u c t was ob t a i n e d from the x - r a y i n i t i a t e d r e a c t i o n 
of 1,12-dodecanedial w i t h hexafluoropropene; but w i t h 
p e r o x i d e a r e a c t i o n o c c u r r e d and formed 

1,1,1,2,3,3,3,16,16,17,18,18,18-octadecan-4,15-dione ( 6 7 ) . 

o o 
H _ C - ( C H 2 ) + C F 3 C F = CF2 -
" • 1 0 r a y s 

gamma .No r e a c t i o n 

o o 
II II u rv D i - t - b u t y l p e r o x i d e ^ 

H J m C H 2 ) i O - C - H . C F 3 C F . C F 2 - _ _ ^ 

o o 
CF3CFHCF2 — C — ( ^ " 2 ) —c—CF2CFHCF3 

(67) •45% 

2. A d d i t i o n s to H e x a f l u o r o c y c l o b u t e n e 

1 , 8 - o c t a n e d i a l r e a c t e d w i t h h e x a f l u o r o c y c l o b u t e n e , and 

y i e l d e d a high m o l e c u l a r weight product which was not 

i d e n t i f i e d . 

H —C ( C H 2 ) 6 
'__H 

gamma 

N o t i d e n t i f i e d 

No p r o d u c t was o b t a i n e d from the 5-ray i n i t i a t e d r e a c t i o n 

of 1,12-dodecanedial w i t h h e x a f l u o r o c y c l o b u t e n e , but w i t h 
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p e r o x i d e , a r e a c t i o n o c c u r r e d and formed 1,12-di 

( 2 - H y d r o - p e r f l u o r o c y c l o b u t y l ) dodecanedione (69) 

o o 
H r = C ^ ( C H 2 j o - C - " -

gamma .No r e a c t i o n 
rays 

o o 
II II „ 

H - C - ( C H 2 ) i 0 - C - " 

D i -1 -bu t y l ^ ^ e ^ r qxjL̂ de_ 

140 C, 24 h r s 

H o o o 
- C - ( C H 2 ) ^ - C 

( 6 9 ) 

8 3 % 

3. A d d i t i o n to O c t a f l u o r o c y c l o p e n t e n e 

1 , 8 - o c t a n e d i a l r e a c t e d w i t h o c t a f l u o r o c y c l o p e n t e n e i 

and y i e l d e d a h i g h e r m o l e c u l a r weight product which was 

not i d e n t i f i e d . 

o o 
H _ C - < C H 2 ) i O - C - H 4-

gamma r a y | (70) 

Not i d e n t i f i e d 

No p r o d u c t was o b t a i n e d from the g-ray i n i t i a t e d r e a c t i o n 

of 1,12-dodecanedial w i t h o c t a f l u o r o c y c l o p e n t e n e , but 
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w i t h p e r o x i d e i n i t i a t e d , a product was o b t a i n e d which was 

1/12-di ( 2 - H y d r o - p e r f l u o r o c y c l o p e n t y l ) dodecanedione ( 7 l ) 

H 
II 

_ £ _ ( c H 2 ) i a - C -
gamma No r e a c t i o n 
Rays 

H X (CH2) 

D i - t - b u t y l peroxide 

140 C, 24 h r s 

F ^ ; ^ c-^cH2)io--0 

(71) 

80% 

I V C IDENTIFICATION OF PRODUCTS 

The i n f r a r e d s p e c t r a of aldehyde adducts ( k e t o n e ) show the 

c a r b o n y l s t r e t c h i n g v i b r a t i o n a t 1765 to 1789 cm-"!' 

The p r o t o n NMR s p e c t r a were u s e f u l i n i d e n t i f y i n g CFH and 

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

The mass s p e c t r a show v e r y s m a l l p a r e n t peaks and the base 

peak r e s u l t s u s u a l l y from c l e a v a g e next to the c a r b o n y l group 

w i t h c h a r g e r e s i d i n g on the c a r b o n y l fragment. 

-e C F 3 C F H C F 2 C - ( C H 2 ) 6 - C - C F 2 C F H C F 3 

o o* 9 
11 111 \\ _ + 

CF3CFHCF2-C-(CH2)6-C-CF2CFHCF3 ^CF3CFHCF2-C-(CH2)6-C.== 0 
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IV D C o n c l u s i o n s 

The f r e e - r a d i c a l a d d i t i o n s of a l d e h y d e s to f l u o r i n a t e d 

a l k e n e s p r o v i d e d an e x c e l l e n t r o u t e to f u n c t i o n a l 

f l u o r o c a r b o n s . The r e a c t i o n s of mono-functional a l d e h y d e s and 

d i - f u n c t i o n a l a l d e h y d e s w i t h f l u o r o a l k e n e s produced new ketone 

compounds. The a d d u c t s produced from t h e s e r e a c t i o n s can be 

c o n v e r t e d i n t o n o v e l and i n t e r e s t i n g p r o d u c t s w i t h a whole new 

c h e m i s t r y o f t h e i r own. 



E X P E R I M E N T A L 
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INSTRUMENTATION 

F r a c t i o n a l d i s t i l l a t i o n of product m i x t u r e s was c a r r i e d out 

u s i n g F i s c h e r - S p a l t r o h r HMS 255 and HMS 500, s m a l l and l a r g e 

c o n c e n t r i c tube s y s t e m . 

Gas l i q u i d chromatographic ( g . l . c . ) a n a l y s e s were c a r r i e d 

out on a V a r i a n Aerograph Model 920 (gas d e n s i t y b a l a n c e 

d e t e c t o r ) g a s chromatograph u s i n g columns packed w i t h 20% 

d i - i s o d e c y l p h t h a l a t e on chromosorb P (column A), 20% Kryto x on 

chromosorb P (column K ) , 5% P o l y ( e h t y l e n e g l y c o l ) 20M on 

chromosorb W (column PEG20M) or 10% s i l i c o n e e l a s t o m e r 30 on 

chromosorb p (column 10% S E 3 0 ) . A H e w l e t t - P a c k a r d 5890A gas 

chromatograph f i t t e d w i t h a 25m c r o s s - l i n k e d methyl s i l i c o n e 

c a p i l l a r y column was a l s o used. P r e p a r a t i v e g . l . c . was c a r r i e d 

out u s i n g a V a r i a n Aerograph Model 920 (c a t h a r o m e t e r d e t e c t o r ) 

gas chromatograph. 

B o i l i n g p o i n t s were determined a t at m o s p h e r i c p r e s s u r e 

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

r e c o r d e d by the S i w o l o b o f f method o r d u r i n g f r a c t i o n a l 

d i s t i l l a t i o n . Carbon, Hydrogen and n i t r o g e n a n a l y s e s were 

o b t a i n e d u s i n g a P e r k i n - E l m e r 240 E l e m e n t a l A n a l y s e r or a C a r l o 

E r b a 1106 E l e m e n t a l A n a l y s e r . A n a l y s e s f o r halogens were 

performed a s d e s c r i b e d i n the l i t e r a t u r e . 

I n f r a r e d ( i . r . ) s p e c t r a were r e c o r d e d on e i t h e r a P e r k i n -

E l m e r 457 o r 577 G r a t i n g Spectrophotometer u s i n g c o n v e n t i o n a l 

t e c h n i q u e s . 
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1 

P r o t o n (H) n.m.r. s p e c t r a were r e c o r d e d on a V a r i a n EM360L 
s p e c t r o m e t e r o p e r a t i n g a t 60 MHz, an H i t a c h i P e r k i n - E l m e r R-24B 
s p e c t r o m e t e r o p e r a t i n g a t 60 MHz or a B r u k e r AC250 spectrometer 
o p e r a t i n g a t 250 MHz. 

19 

F l u o r i n e ( F ) n.m.r. s p e c t r a were recorded on a V a r i a n 

EM360L s p e c t r o m e t e r o p e r a t i n g a t 56.45 MHz or a B r u k e r AC250 

s p e c t r o m e t e r o p e r a t i n g a t 235.3 MHz. 

Mass s p e c t r a of s o l i d or one component l i q u i d samples were 

r e c o r d e d on a VG 7070E s p e c t r o m e t e r . G . l . c . mass s p e c t r a were 

r e c o r d e d on e i t h e r a VG Micromass 12B s p e c t r o m e t e r l i n k e d to a 

Pye 104 gas chromatograph or the VG 7070E s p e c t r o m e t e r l i n k e d to 

a H e w l e t t - P a c k a r d 5790A gas chromatograph f i t t e d w i t h a 25 m 

c r o s s - l i n k e d methyl s i l i c o n e c a p i l l a r y column. 
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PURIFICATION OF REAGENTS 

I n g e n e r a l / h y d r o c a r b o n r e a g e n t s were d r i e d w i t h a n h y d r o u s 

magnesium s u l p h a t e and d i s t i l l e d o n t o 4A m o l e c u l a r s i e v e s . 

D i e t h y l e t h e r w i t h s o d i u m . The h a z a r d s o f e t h e r s used gave 

a n e g a t i v e p e r o x i d e t e s t 

GAMMA RAY I N I T I A T I O N 

a. C o b a l t - 6 0 Gamma Ray S o u r c e 

A l l gamma r a y i n i t i a t e d r e a c t i o n s were c a r r i e d o u t u s i n g 

c o b a l t - 6 0 gamma r a y s . The s o u r c e i s housed i n a p u r p o s e ^ 

b u i l t i r r a d i a t i o n chamber. P e l l e t s o f t h e s o u r c e m a t e r i a l 

a r e e n c l o s e d i n a s t e e l c o n t a i n e r w h i c h i s l o c a t e d on t h e 

end o f a s t e e l hawser w i t h i n a s t e e l g u i d i n g t u b e . When n o t 

i n use t h e s o u r c e i s l o c a t e d w i t h i n a l e a d and c o n c r e t e 

b u n k e r . The s o u r c e may be e l e c t r i c a l l y o r m e c h a n i c a l l y 

d r i v e n f r o m t h e b u n k e r v i a t h e s t e e l g u i d e t u b e t o t h e 

i r r a d i a t i o n s i t e b y w i n d i n g t h e hawser. A number o f s a f e t y 

p r o c e d u r e s a r e i n c o r p o r a t e d i n t h e w i n d i n g mechanism such 

t h a t a c c e s s t o t h e i r r a d i a t i o n chamber t h r o u g h t h e g a t e i s 

n o t p o s s i b l e u n l e s s t h e s o u r c e i s i n t h e b u n k e r . Samples t o 

be i r r a d i a t e d a r e p l a c e d i n a m e t a l h o l d e r w h i c h p o s i t i o n s 

them a s e t d i s t a n c e f r o m t h e s o u r c e . 
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b. M e a s u r e m e n t s o f Dose Rates 
( i ) F r i c k e D o s i m e t e r 

The d o se o f r a d i a t i o n r e c e i v e d by t h e samples was 

c a l c u l a t e d u s i n g t h e F r i c k e d o s i m e t e r . The method 

i n v o l v e s t h e o x i d a t i o n o f an a c i d s o l u t i o n o f f e r r o u s 

i o n s t o f e r r i c , i n t h e p r e s e n c e o f oxygen and u n d e r t h e 

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

c o n c e n t r a t i o n was d e t e r m i n e d s p e c t r o m e t r i c a l l y . The 

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

AR s u l p h u r i c a c i d ( 2 2 m l ) t o d i s t i l l e d w a t e r ( 6 0 0 m l ) w i t h 

c o n t i n u a l s t i r r i n g . When c o o l , AR f e r r o u s ammonium 

s u l p h a t e ( 0 . 5 6 g ) and AR s o d i u m c h l o r i d e ( 0 . 0 6 g ) were 

d i s s o l v e d and t h e volume made up t o one l i t r e u s i n g 

d i s t i l l e d w a t e r . The s o l u t i o n was i r r a d i a t e d w i t h gamma 

r a y s u s i n g t h e same c o n d i t i o n s as used f o r t h e 

r e a c t i o n s . An optimum dose o f 15 t o 20 K r a d i s r e q u i r e d 

f o r most a c c u r a t e r e s u l t s because above a dose o f 40 

K r a d t h e d i s s o l v e d o xygen becomes d e p l e t e d i n t h e 

d o s i m e t e r s o l u t i o n . 

( i i ) D e f i n i t i o n s 

RAD; The u n i t o f a b s o r b e d dose, c o r r e s p o n d s 

t o any e n e r g y a b s o r p t i o n o f 100 e r g / g o f 

m a t e r i a l . 

G v a l u e ; The r a d i a t i o n c h e m i c a l y i e l d . The number 

o f m o l e c u l e s o f m a t e r i a l s changed o r 

o f p r o d u c t f o r m e d , f o r each 100 eV o f 



•52-

r a d i a t i o n e n e r g y a b s o r b e d by t h e s y s t e m . 

( i i i ) C a l c u l a t i o n 

A w o r k e d example i s g i v e n b e l o w t o show how t h e dose 

r a t e may be c a l c u l a t e d u s i n g t h e F r i c k e d o s i m e t e r . 

F r i c k e s o l u t i o n ( 2 0 m l ) was i r r a d i a t e d f o r 1.2 h o u r s a t 5 
60 

cm f r o m t h e Co gamma r a y s o u r c e . The a b s o r b a n c e o f t h e 

i r r a d i a t e d s o l u t i o n was f o u n d t o be 0.61 ( a t 304nm) when 

measured i n a 1 cm c e l l a t 24°C. 

1 r a d 

1 r a d 
100 e r g / g 

13 
6.242x10 eV/g 

13 1 r a d w i l l c o n v e r t 6.242 x 10 x 

6.242 X 10 X 

1 r a d w i l l c o n v e r t 

100 
G 

m o l e c u l e s / g 

mol/g 

where Na= A v o g a d r o number. 

-12 
= 1.036 X G X 10 mol/g 

-3 3 
1.036 X 10 X G x l . 0 2 4 mol/dm 

(1) 

where 1.024g/cm i s t h e d e n s i t y 

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

The v a r i a t i o n o f t h e m o l a r e x t i n c t i o n c o e f f i c i e n t w i t h 

t e m p e r a t u r e i s g i v e n by t h e e x p r e s s i o n 

\ = 1+ 0 . 0 0 7 ( t 2 - t i ) ] 

1^= 2193 a t t l = 2 5 C f o r Fe a t 304nm, t h e n 2178 

C o n c e n t r a t i o n = a b s o r b a n c e = 0-61 
9-. 2178 



-53-

3+ -3 3 
C o n c e n t r a t i o n o f Fe =0.28 x 10 mol/dm 

T h e r e f o r e t h e dose ppoduces a change o f 
-3 3 

0.28 X 10 mol/dm ( 2 ) 
( 1 ) ( 2 ) S Dose = lOOOx ^'^^ Krad 

15.5x1.036x1.024 

^ Dose = 17.0 K r a d . 

Dose r a t e = l l l ^ K r a d / h r . 
1.2 

Dose r a t e = 14.2 K r a d / h r . 

The v a l u e o f t h e dose i s w i t h i n t h e optimum range 

f o r t h e d o s i m e t e r . T h e dose r a t e was d e t e r m i n e d 

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

The h a l f l i f e o f c o b a l t - 6 0 i s 5.26 y e a r s . 

T h e r m a l I n i t i a t i o n . 

One p e r o x i d e i n i t i a t o r has been 

u s e d d u r i n g t h i s s t u d y . D i - t - b u t y l p e r o x i d e has 

a u s e f u l h a l f l i f e above 120 C, 

CH3 CHo 
' ' > 120^C CH3 C 0 C CH3 V 2 ^BuO 
CH3 CH3 

I t was added t o t h e r e a c t a n t m i x t u r e a t 1 t o 5% 

( w t : v t ) c o n c e n t r a t i o n . 
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CHAPTER 5 

EXPERIMENTAL TO CHAPTER 3 

V A GENERAL PROCEDURE 

1 . X-Ray I n i t i a t e d R e a c t i o n s 

S o l i d a n d / o r l i q u i d r e a g e n t s were i n t r o d u c e d i n t o a 

p y r e x C a r i u s t u b e ( c a . 1 0 0 m l ) and de g a s s e d . Any gaseous 

r e a g e n t s were t h e n t r a n s f e r r e d i n t o t h e t u b e u s i n g n o r m a l 

vacuum l i n e t e c h n i q u e s . The t u b e was s e a l e d w i t h t h e 

r e a g e n t s f r o z e n ( l i q u i d a i r ) and under vacuum. The t u b e was 

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

t h e n i r r a d i a t e d w i t h g - r a y s t o a t o t a l dose o f c a . l O Mrad 

a t a t e m p e r a t u r e o f IS'-'C. The Tube was opened w h i l e t h e 

c o n t e n t s were f r o z e n ( l i q u i d a i r ) and any gaseous s p e c i e s 

w e r e t r a n s f e r r e d u n d e r vacuum. 

2. P e r o x i d e I n i t i a t e d R e a c t i o n s 

L i q u i d a n d /or s o l i d r e a g e n t s and d i - t - b u t y l p e r o x i d e as 

i n i t i a t o r were i n t r o d u c e d i n t o a n i c k e l t u b e ( c a . l S O m l ) w h i c h 

was t h e n s e a l e d w i t h t h e r e a g e n t s f r o z e n ( l i q u i d a i r ) and 

u n d e r vacuum. The t u b e was h e a t e d a t t h e r e q u i r e d 

t e m p e r a t u r e i n a t h e r m o s t a t i c a l l y c o n t r o l l e d r o c k i n g f u r n a c e . 

The t u b e was opened w h i l e t h e c o n t e n t s were f r o z e n ( l i q u i d 

a i r ) and any gaseous s p e c i e s were t r a n s f e r r e d u n d e r vacuum. 
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V B ADDITION OF ETHERS 

( a ) A d d i t i o n o f D i e t h y l e t h e r t o H e x a f l u o r o p r o p e n e 

A m i x t u r e o f d i e t h y l e t h e r ( l l . O g , 150mmole) and 

h e x a f l u o r o p r o p e n e (22.5g,150mmole) was i r r a d i a t e d f o r t h e p e r i o d 

o f f i v e d a y s . The r e a c t i o n t u b e was opened under vacuum and t h e 

e x c e s s f r o m h e x a f l u o r o p r o p e n e was c o l l e c t e d and t h e r e s i d u e was 

d i s t i l l e d , y i e l d e d two p r o d u c t s : t h e f i r s t one w h i c h i s 

l - m e t h y l - 2 , 2 , 3 , 4 , 4 , 4 , - h e x a f l u o r o b u t y l e t h y l e t h e r ( 3 2 ) , ( 1 3 . I g , 

3 9 % ) ; ( F o u n d : C, 37.9; H, 4.6; F, 51.3%; M, 224. C a l c . f o r C7H^Q 

F5O : C, 37.5; H, 4.5; F, 50.9%; M, 2 2 4 ) ; n.m.r. s p e c t r u m 1 , 

mass s p e c t r u m 1 and i . r . s p e c t r u m 1 . 

The o t h e r p r o d u c t w h i c h i s d i ( l - m e t h y l - 2 , 2 , 3 , 4 , 4 , 4,-

h e x a f l u o r o b u t y l ) e t h e r ( 3 3 ) , ( 2 5 . 8 g , 4 6 % ) ; (Found: C, 31.9; H, 

2.4; F, 6 1 . 2 % ; ( P - 1 5 0 ) , 224. C a l c . f o r C^OH^QF;,20 : C, 3 2 . 1 ; H, 

2.6; F, 6 0 . 9 % ; M, 3 7 4 ) ; n.m.r. s p e c t r u m 2, mass s p e c t r u m 2 and 

i . r . s p e c t r u m 2. 

( b ) A d d i t i o n o f D i e t h y l e t h e r t o H e x a f l u o r o c y c l o b u t e n e 

A m i x t u r e o f d r y d i e t h y l e t h e r ( 2 1 . 7 g , 239mmole) and 

h e x a f l u o r o c y c l o b u t e n e (15.0g,93mmole) was i r r a d i a t e d f o r t h e 

p e r i o d o f f i v e d a y s . The r e a c t i o n t u b e was opened under vacuum 

and t h e e x c e s s f r o m h e x a - f l u o r o c y c l o b u t e n e was c o l l e c t e d and t h e 

r e s i d u e d i s t i l l e d i n v a c u o , y i e l d e d two p r o d u c t s : t h e f i r s t 
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one i s l - m e t h y l - 2 - H - p e r f l u o r o c y c l o b u t y l e t h y l e t h e r ( 3 4 ) , 

( 1 6 . 9 g , 7 7 % ) ; ( F o u n d : C, 41.0; H, 4.5; F, 48.7%, M, 236. C a l c . 

f o r CgH gO : C, 4 0 . 7 ; H, 4.3; F, 48.3%; M, 2 3 6 ) ; n.m.r. 

s p e c t r u m 3, mass s p e c t r u m 3 and i . r . s p e c t r u m 3. 

The s e c o n d p r o d u c t i s d i ( l - m e t h y l - 2 - H - p e r f l u o r o c y c l o b u t y l ) 

e t h e r ( 3 5 ) , ( 4 . 8 g , 1 3 % ) ; (Found: C, 36.7; H, 2.6; F, 58.0%; 

( P - 9 8 ) , 300. C a l c . f o r C12H1 0^120 36.2; H, 2.5; F, 57.3%; 

M, 3 9 8 ) ; n.m.r. s p e c t r u m 4, mass s p e c t r u m 4 and i . r . s p e c t r u m 4. 

( c ) A d d i t i o n o f D i e t h y l e t h e r t o O c t a f l u o r o c y c l o p e n t e n e 

A m i x t u r e o f d i e t h y l e t h e r ( l l . O g , 140mmole) and 

o c t a f l u o r o c y c l o p e n t e n e ( 1 0 . 3 g , was i r r a d i a t e d f o r t h e p e r i o d o f 

f i v e d a y s . The r e a c t i o n t u b e was opened un d e r vacuum and t h e 

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

was d i s t i l l e d i n v a c u o , y i e l d e d two p r o d u c t s : t h e f i r s t one i s 

l - m e t h y l - 2 - H - p e r f l u o r o c y c l o p e n t y l e t h y l e t h e r ( 3 6 ) , ( 9 . 1 g , 6 5 % ) ; 

( F o u n d : C, 4 0 . 1 ; H, 3.2; F, 53.6%; M+,286). C a l c . f o r CgHiQFg 0 

: C, 37.8; H, 3 . 1 ; F, 5 3 . 1 % ; M, 2 8 6 ) ; n.m.r. s p e c t r u m 5, mass 

s p e c t r u m 5 and i . r s p e c t r u m 5. 

The second p r o d u c t i s d i ( l - m e t h y l - 2 - H - p e r f l u o r o c y c l o -

p e n t y u l ) e t h e r ( 3 7 ) ( 5 . 4 g , 2 2 % ) ; ( F o u n d : C,34.0; H, 2 . 1 ; F, 

61.4%; M+,286). C a l c . f o r C ]^ ^^^0 : C, 33.7; H, 2.0; F, 

61.0%; M, 4 9 8 ) ; n.m.r. s p e c t r u m 6, mass s p e c t r u m 6 and i . r . 

s p e c t r u m 6. 
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V C DEHYDROFLUORINATIONS 

( a ) £i ( l - m e t h y l - 2 , 2 , 3 , 4 , 4 , 4 - h e x a f l u o r o b u t y l ) e t h e r ( 3 3 ) 

( i ) U s i n g P o t a s s i u m H y d r o x i d e 

A m i x t u r e o f d i ( l - r a e t h y l - 2 , 2 , 3 , 4 , 4 , 4 -

h e x a f l u o r o b u t y l ) e t h e r ( 3 3 ) , ( 3 . 7 4 g , 0.01 mole) and 

p o t a s s i u m h y d r o x i d e f l a k e s ( 2 . 2 g , 40 mmole) was h e a t e d i n 

a s e a l e d r o t a f l o a t f o r 7 h o u r s . V o l a t i l e m a t e r i a l 

i n t h e r o t a f l o was t r a n s f e r r e d under vacuum t o g i v e dc,«-

b i s ( 1 , 2 , 3 , 3 , 3 - p e n t a f l u o r o - l - p r o p e n y l ) d i e t h y l e t h e r ( 4 3 ) , 

( 2 . 5 g , 70%) as a m i x t u r e o f i s o m e r s ; (Found: C, 35.6; H, 

2.3; F, 57.4%; M+,334. C a l c . f o r C i o H s ^ l o O ^' 35.9; 

H, 2.3; F, 56.9%; M, 3 3 4 ) ; n.ra.r. s p e c t r u m 8, mass s p e c t r u m 

8 and i . r . s p e c t r u m 8. 

( i i ) U s i n g P o t a s s i u m F l u o r i d e 

A m i x t u r e o f d i ( l - m e t h y l - 2 , 2 , 3 , 4 , 4 , 4 -

h e x a f l u o r o b u t y l ) e t h e r ( 3 3 ) , ( 3 . 7 4 g , O.Olmole) and 

p o t a s s i u m f l u o r i d e ( 2 . 3 0 g , 0.04 mmole) was h e a t e d i n a 

s e a l e d r o t a f l o a t 85^C f o r 24 h o u r s b u t t h e r e s u l t i n g 

l i q u i d was shown t o c o n t a i n o n l y s t a r t i n g m a t e r i a l s by 

g . l . c . I n a d d i t i o n o n l y s t a r t i n g m a t e r i a l s were r e c o v e r e d 

a f t e r h e a t i n g t h e r e a c t a n t s t o 100°c f o r 8 h o u r s and 130 *C 

f o r 8 h o u r s i n a s e a l e d r o t a f l o r (shown by g . l . c . ) 
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( i i i ) U s i n g P o t a s s i u m H y d r o x i d e i n d i g l y m e 

A m i x t u r e o f d i ( l - m e t h y l - 2 , 2 , 3 , 4 , 4 , 4 -

h e x a f l u o r o b u t y l ) e t h e r ( 3 3 ) , ( 3 . 7 4 g , O.Olmole), p o t a s s i u m 

h y d r o x i d e powder ( 2 . 2 g , 0.04mole) and 100 ml d i g l y m e was 

s t i r r e d a t lOOOc f o r 12 h o u r s f o l l o w e d by 12 h o u r s a t l l O O c 

V o l a t i l e m a t e r i a l i n t h e r o t a f l o was t r a n s f e r r e d under 

vacuum t o g i v e « , 'oc-bis( 1,2 , 3, 3, 3 - p e n t a f l u o r o - 1 -

p r o p e n y l ) d i e t h y l e t h e r ( 4 3 ) , ( 0 . 7 g , 20%) w h i c h was 

i d e n t i f i e d by g . l . c . 

( i v ) U s i n g Sodium t - b u t o x i d e 

A m i x t u r e o f d i ( l - m e t h y l - 2 , 2 , 3 , 4 , 4 , 4 -

h e x a f l u o r o b u t y l ) e t h e r ( 3 3 ) , ( 3 . 7 4 g , 0.01 mmole) and sodium 

t - b u t o x i d e w h i c h was p r e p a r e d by a d d i t i o n o f s o d i u m m e t a l 

( 0 . 5 0 g , 0.0195 mole) t o a b s o l u t e t - b u t a n o l (70 m l ) . The 

m i x t u r e was s t i r r e d a t room t e m p e r a t u r e f o r 6 h o u r s . The 

r e a c t i o n m i x t u r e was d i l u t e d w i t h H2O and h y d r o c h l o r i c 

a c i d , i n o r d e r t o b r i n g t h e pH t o pH = 7.5. The o r g a n i c 

l a y e r was e x t r a c t e d w i t h e t h e r and d r i e d o v e r a n h y d r o u s 

MgS04, e v a p o r a t i o n o f f i l t r a t e y i e l d e d compound oc, oc-

b i s ( 1 , 2 , 3 , 3 , 3 - p e n t a f l u o r o - l - p r o p e n y l ) d i e t h y l e t h e r ( 4 3 ) , 

( 0 . 8 g , 25%) as a m i x t u r e o f i s o m e r s w h i c h was i d e n t i f i e d 

by g . l . c . 



-59-

( v ) U s i n g T r i e t h y l a m i n e 

A m i x t u r e o f d i ( l - m e t h y l - 2 , 2 , 3 , 4 , 4 , 4 -

h e x a f l u o r o b u t y l ) e t h e r ( 3 3 ) , ( 3 . 7 4 g . O.Olmole) and 

t r i e t h y l a m i n e { 4 . 0 g , 0.04 o l e ) was s t i r r e d a t room 

t e m p e r a t u r e f o r 24 ho u r s b u t t h e r e s u l t i n g l i q u i d was 

shown t o c o n t a i n s t a r t i n g m a t e r i a l by g . l . c . I n a d d i t i o n , 

o n l y s t a r t i n g m a t e r i a l s were r e c o v e r e d a f t e r h e a t i n g t h e 

r e a c t a n t s t o 90°C f o r 12 ho u r s i n a s e a l e d r o t a f l o 

(shown by g . l . c . ) . 

( b ) l - M e t h y l - 2 , 2 , 3 , 4 , 4 , 4 - h e x a f l u o r o b u t y l e t h y l e t h e r ( 3 2 ) 

( i ) U s i n g P o t a s s i u m H y d r o x i d e 

A m i x t u r e o f l - m e t h y l - 2 , 2 , 3 , 4 , 4 , 4 - h e x a f l u o r o b u t y l 

e t h y l e t h e r ( 3 2 ) , ( 2 . 2 g , 100 mmole) and p o t a s s i u m 

h y d r o x i d e f l a k e s ( 5 . 6 g , 0.1 mmole) was h e a t e d i n a s e a l e d 

r o t a f l o a t 85°C f o r 7 h o u r s . 

V o l a t i l e m a t e r i a l i n t h e r o t a f l o was t r a n s f e r r e d 

u n d e r vacuum t o g i v e < x - ( 1 , 2 , 3 , 3 , 3 - p e n t a f l u o r o - l -

p r o p e n y l ) d i e t h y l e t h e r ( 4 2 ) , ( 1 . 4 g , 70%) as a m i x t u r e o f 

i s o m e r s ; ( F o u n d : C, 40.8; H, 4.5; F, 46.0. %; M+, 204. 

C a l c . f o r C7H9F5O : C, 4 1 . 1 ; H, 4.4; F, 46.5%; M, 2 0 4 ) ; 

n.m.r. s p e c t r u m 7, mass s p e c t r u m 7 and i . r . s p e c t r u m 7. 
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( c ) l - M e t h y l - 2 - H - p e r f l u o r o c y c l o b u t y l e t h y l e t h e r 

( i ) U s i n g T r i e t h y l a m i n e 

A m i x t u r e o f l - m e t h y l - 2 - H - p e r f l u o r o c y c l o b u t y l e t h y l 

e t h e r ( 3 4 ) , ( 5 . 0 g , 21 mmole) and t r i e t h y l a m i n e ( 4 . 0 g , 

40 mmole) was s t i r r e d a t room t e m p e r a t u r e f o r 24 hours b u t 

t h e r e s u l t i n g l i q u i d was shown t o c o n t a i n s t a r t i n g 

m a t e r i a l by g . l . c . I n a d d i t i o n , o n l y s t a r t i n g m a t e r i a l s 

w ere r e c o v e r e d a f t e r h e a t i n g t h e r e a c t a n t s t o lOO^C f o r 6 

h o u r s i n a s e a l e d r o t a f l o (shown by g . l . c . ) . 

( i i ) U s i n g s o d i u m m e t h o x i d e 

A m i x t u r e o f l - m e t h y l - 2 - H - p e r f l u o r o c y c l p o b u t y l e t h y l 

e t h e r ( 3 4 ) , ( 5 . 0 g , 21 mmole) and s o d i u m m e t h o x i d e d r i e d 

powder ( 2 . 2 g , 40 mmole) was s t i r r e d a t 700C f o r 12 h o u r s 

b u t t h e r e s u l t i n g l i q u i d was shown t o be s t a r t i n g 

m a t e r i a l by g . l . c . I n a d i t i o n , o n l y s t a r t i n g m a t e r i a l s 

were r e c o v e r e d a f t e r h e a t i n g t h e r e a c t a n t s t o 120^0 f o r 3 

h o u r s i n a s e a l e d r o t a f l o (shown by g . l . c . ) . 
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( i i i ) U s i n g Caesium F l u o r i d e 

A m i x t u r e o f l - m e t h y l - 2 - H - p e r f l u o r o c y c l o b u t y l 

e t h y l e t h e r ( 3 4 ) , ( 5 . 0 g , 21 mmole) and caesium f l u o r i d e 

( d r i e d ) ( 9 . 6 g , 63 mmole) was h e a t e d t o 85°C f o r 3 h o u r s . 

80% c o n v e r s i o n t o p r o d u c t was o b t a i n e d . A f u r t h e r 10 

h o u r s a t llOOC gave <x-( 2 ,3, 3 , 4, 4, - p e n t a f l u o r o c y c l o b u t y l -

l - e n e ) d i e t h y l e t h e r ( 4 4 ) , ( 2 . 0 g , 4 5 % ) , (Found: C,44.1; 

H, 4 . 1 ; F, 44.2%; ( P - 1 5 ) , 2 0 1 . CgHgF^O r e q u i r e s C, 44.4; 

H, 4 . 1 ; F, 43.9%; M, 2 1 6 ) ; n.m.r. s p e c t r u m 9, mass 

s p e c t r u m 9 and i . r . s p e c t r u m 9. 
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V D NUCLEOPHILIC REACTIONS-OF FLUOROOLEFINADUCTS 

1 . N u c l e o p h i l i c R e a c t i o n s o f ( 1 , 2 , 3 , 3 , 3 - p e n t a f l u o r o - 1 -

p r o p e n y l ) D i e t h y l e t h e r ( 4 2 ) w i t h Sodium A l k o x i d e 

( i ) W i t h s o d i u m m e t h o x i d e . 

I n a r o u n d b o t t o m e d f l a s k c o n n e c t e d t o r e f l u x 

c o n d e n s e r c o n t a i n i n g sodium m e t h o x i d e s o l u t i o n w h i c h was 

p r e p a r e d by a d d i t i o n o f sodium m e t a l ( l . O g , 40 mmole) t o 

a b s o l u t e m e t h a n o l ( 1 2 . 8 g , 400 mmole), <x-(1,2,3,3,3-

p e n t a f l u o r o - l - p r o p e n y l ) d i e t h y l e t h e r ( 4 2 ) , ( 2 . 0 g , 

10 ramole) was added i n one p o r t i o n a t 75°C and t h e 

r e a c t i o n m i x t u r e was l e f t s t i r r i n g a t 75*^0 f o r 24 h o u r s . 

The r e a c t i o n m i x t u r e was d i l u t e d w i t h H2O and 

h y d r o c h l o r i c a c i d , i n o r d e r t o b r i n g t h e pH t o pB = 7.5. 

The o r g a n i c l a y e r was e x t r a c t e d by e t h e r and d r i e d o v e r 

a n h y d r o u s MgS04, e v a p o r a t i o n o f f i l t r a t e y i e l d e d compound 

l - m e t h o x y - l - ( 1 - e t h o x y e t h y l ) t e t r a f l u o r o p r o p e n e ( 4 8 ) , 

( 1 . 6 g , 7 3 % ) ; (Found: C, 43.9; H, 5.5; F, 35.6%; ( P - 1 4 ) , 

( 2 0 2 ) . CQH ^2^8^2^^'^^^^^^ ^' ^' 5-5; F, 35.2%; M, 

2 1 6 ) ; n.m.r. s p e c t r u m 10, mass s p e c t r u m 10 and i . r . 

s p e c t r u m 1 0. 

( i i ) W i t h s o d i u m p r o p o x i d e 

I n a r o u n d b o t t o m e d f l a s k c o n n e c t e d t o r e f l u x 

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

p r e p a r e d by a d d i t i o n o f so d i u m m e t a l ( l . O g , 40 mmole) 



-63-

and a b s o l u t e p r o b o n o l (24.Og, 400 mraole). <a-(1,2,3,3,3-

p e n t a f l u o r o - l - p r o p e n y l ) d i e t h y l e t h e r ( 4 2 ) , ( 2 . 0 g , 

10 mmole) was added as one p o r t i o n a t 750c and t h e 

r e a c t i o n m i x t u r e was l e f t s t i r r i n g a t f o r 24 h o u r s . 

The r e a c t i o n m i x t u r e was d i l u t e d w i t h H2O and 

h y d r o c h l o r i c a c i d , i n o r d e r t o b r i n g t h e ̂ H t o pH = 7.5. 

The o r g a n i c l a y e r was e x t r a c t e d w i t h e t h e r and d r i e d o v e r 

MgS04, e v a p o r a t i o n o f f i l t r a t e y i e l d e d 1 - p r o p o x y - l - ( 1 -

e t h o x y e t h y l ) - t e t r a f l u o r o p r o p e n e ( 4 9 ) , ( 1 . 8 g , 7 5 % ) ; 

( F o u n d : C, 48.8; H, 6.6; F, 30.7%; M, 244. C10HI6F4O2 

r e q u i r e s C, 49.2; H, 6.6; F, 3 1 . 1 % ; M, 2 4 4 ) ; n.m.r. 

s p e c t r u m 1 1 , mass s p e c t r u m 11 and i . r . s p e c t r u m 1 1 . 

( i i i ) W i t h s o d i u m b u t o x i d e . 

I n a r o u n d b o t t o m e d f l a s k c o n n e c t e d t o r e f l u x 

c o n d e n s e r c o n t a i n i n g sodium b u t o x i d e w h i c h was p r e p a r e d 

by a d d i t i o n o f s o d i u m m e t a l ( l . O g , 40 mmole) t o a b s o l u t e 

b u t a n o l ( 2 9 . 6 g , 400 mmole). o c - ( 1 , 2 , 3 , 3 , 3 - p e n t a f l u o r o - l -

p r o p e n y l ) d i e t h y l e t h e r ( 4 3 ) , ( 2 . 0 g , 10 mmole) was added as 

one p o r t i o n a t 75°C and t h e r e a c t i o n m i x t u r e was l e f t 

s t i r r i n g a t f o r 24 h o u r s . The r e a c t i o n m i x t u r e was 

d i l u t e d w i t h H2O and h y d r o c h l o r i c a c i d , i n o r d e r t o b r i n g 

t h e pH t o pH = 7.5. The o r g a n i c l a y e r was e x t r a c t e d w i t h 

e t h e r and d r i e d o v e r MgS04, e v a p o r a t i o n o f f i l t r a t e 

y i e l d e d compound l - b u t o x y - l - ( 1 - e t h o x y e t h y l ) -

t e t r a f l u o r o p r o p e n e ( 5 0 ) , ( 1 . 9 g , 7 5 % ) ; (Found: C, 51.3; H, 
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7.4; F, 29.0%; ( P - 1 5 ) , ( 2 4 3 ) . C 1 ̂ H 0 2 r e q u i r e s C, 

5 1 . 1 ; H, 7.0; F, 29.4%; M, 2 5 8 ) ; n.m.r. s p e c t r u m 12, mass 

s p e c t r u m 12 and i . r . s p e c t r u m 12. 

2 . N u c l e o p h i l i c R e a c t i o n s o f A , ^ - b i s ( 1 , 2 , 3 , 3 , 3 - p e n t a f l u o r o -

l - p r o p e n y l ) D i e t h y l e t h e r W i t h Sodium A l k o x i d e 

( i ) W i t h s o d i u m m e t h o x i d e 

I n a r o u n d b o t t o m e d f l a s k c o n n e c t e d t o r e f l u x 

c o n d e n s e r c o n t a i n i n g s o d i u m m e t h o x i d e s o l u t i o n w h i c h was 

p r e p a r e d by a d d i t i o n o f sodium m e t a l ( l . O g , 40 mmole) t o 

a b s o l u t e m e t h a n o l ( 1 1 . 4 g , 400 mmole). <x,5c-bis ( 1 , 2 , 3 , 3 , 3 -

p e n t a f l u o r o - l - p r o p e n y l ) d i e t h y l e t h e r ( 4 3 ) , ( 3 , 3 4 g , 

10 mmole) was added i n one p o r t i o n a t 75°C and t h e 

r e a c t i o n m i x t u r e was d i l u t e d w i t h H2O and h y d r o c h l o r i c 

a c i d , i n o r d e r t o b r i n g t h e pH t o pH = 7.5. The o r g a n i c 

l a y e r was e x t r a c t e d w i t h e t h e r and d r i e d o v e r a n h y d r o u s 

MgS04, e v a p o r a t i o n o f f i l t r a t e y i e l d e d ^x j < x - b i s ( 1 -

m e t h o x y - t e t r a f l u o r o - l - p r o p e n y l ) d i e t h y l e t h e r ( 5 1 ) , ( 2 . 5 g , 

7 1 % ) ; ( F o u n d : C, 39.8; H, 3.9; F, 42.4%; M, 354. ^'\2^]^i P Q'^ 2 

r e q u i r e s C, 40.2; H, 3.9; F, 42.3%; M, 3 5 4 ) ; n.m.r. 

s p e c t r u m 13, mass s p e c t r u m 13 and i . r . s p e c t r u m 13. 

( i i ) W i t h s o d i u m e t h o x i d e . 

I n a r o u n d b o t t o m e d f l a s k c o n n e c t e d t o r e f l u x 

c o n d e n s e r , c o n t a i n i n g s o d i u m e t h o x i d e s o l u t i o n w h i c h was 

p r e p a r e d by a d d i t i o n o f s o d i u m m e t a l ( l . O g , 40 mmole) t o 
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a b s o l u t e e t h a n o l ( 1 8 . 4 g , 400 mmole). <x ,«-bis ( 1, 2 ,3 , 3, 3-

p e n t a f l u b r o - l - p r o p e n y l ) d i e t h y l e t h e r ( 4 3 ) was added i n 

one p o r t i o n a t 75 C and t h e r e a c t i o n m i x t u r e was l e f t 

s t i r r i n g a t 75 C f o r 7 h o u r s . The r e a c t i o n m i x t u r e was 

d i l u t e d w i t h H 0 and h y d r o c h l o r i c a c i d , i n o r d e r t o b r i n g 

t h e pH t o pH = 7.5. The o r g a n i c l a y e r was e x t r a c t e d w i t h 

e t h e r and d r i e d o v e r a n h y d r o u s o v e r MgS04, e v a p o r a t i o n o f 

f i l t r a t e y i e l d e d compound g , ^ - b i s ( 1 - e t h o x y - t e t r a f l u o r o -

l - p r o p e n y l ) d i e t h y l e t h e r ( 5 2 ) , ( 2 . 9 g , 75%; (Found: C, 

44. 0 ; H, 4.9; F, 40.5%; M, 386. C 14H 3O3 r e q u i r e s C, 

43.5 ; H, 4.7; F, 39.4%; M, 3 8 6 ) ; n.m.r. s p e c t r u m 14, mass 

s p e c t r u m 14 and i . r . s p e c t r u m 14. 

( i i i ) W i t h s o d i u m p r o p o x i d e 

I n a r o u n d b o t t o m e d f l a s k c o n n e c t e d t o a r e f l u x 

c o n d e n s e r c o n t a i n i n g s o d i u m p r o p o x i d e s o l u t i o n w h i c h 

was p r e p a r e d by a d d i t i o n o f s o d i u m m e t a l ( l . O g , 40 mmole) 

t o a b s o l u t e p r o b a n o l (24.Og, 400 mmole). «,2c-bis ( 1 , 2 ,3, 3, 3-

p e n t a f l u o r o - l - p r o p e n y l ) d i e t h y l e t h e r ( 4 3 ) , ( 3 . 3 4 g , 

10 mraole) was added i n one p o r t i o n a t 750C and t h e 

r e a c t i o n m i x t u r e was l e f t f o r s t i r r i n g a t 75°C f o r 7 

h o u r s . The r e a c t i o n m i x t u r e was d i l u t e d w i t h H^O and 

h y d r o c h l o r i c a c i d , i n o r d e r t o b r i n g t h e pH t o pH = 7.5. 

The o r g a n i c l a y e r was e x t r a c t e d w i t h e t h e r and d r i e d o v e r 

a n h y d r o u s MgS04, e v a p o r a t i o n o f f i l t r a t e y i e l d e d £f. 

b i s ( 1 - p r o p o x y - t e t r a f l u o r o - l - p r o p e n y l ) d i e t h y l e t h e r ( 5 3 ) , 

( 3 . 1 g , 75%; (Found: C, 46.5; H, 5.3; F, 37.4%; ( P - 4 2 , 3 7 2 ) . 
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*-16^22^4 °3 r e q u i r e s C, 46.6; H, 5.3; F, 36.7%; 

M; 4 1 4 ) ; n.m.r. s p e c t r u m 15/ mass s p e c t r u m 15 and i . r . 

s p e c t r u m 1 5 . 

( i v ) W i t h s o d i u m b u t o x i d e . 

I n a r o u n d b o t t o m e d f l a s k c o n n e c t e d t o r e f l u x 

c o n d e n s e r c o n t a i n i n g s o d i u m b u t o x i d e s o l u t i o n w h i c h was 

p r e p a r e d by a d d i t i o n o f sodium m e t a l ( l . O g , 40mmole) t o 

a b s o l u t e b u t a n o l ( 2 9 . 6 g , 400 mmole) . «,ac-bis ( 1 , 2 ; 3; 3 # 3-

p e n t a f l u o r o - l - p r o p e n y l ) d i e t h y l e t h e r was added i n one 

p o r t i o n a t 75*^0 and t h e r e a c t i o n m i x t u r e l e f t f o r 

s t i r r i n g a t 75°C f o r 7 h o u r s . The r e a c t i o n m i x t u r e was 

d i l u t e d w i t h H2O and h y d r o c h l o r i c a c i d , i n o r d e r t o b r i n g 

t h e t o pH = 7.5. The o r g a n i c l a y e r was e x t r a c t e d w i t h 

e t h e r and d r i e d o v e r a n h y d r o u s MgS04/ e v a p o r a t i o n o f 

f i l t r a t e y i e l d e d compound o c , t f - b i s ( 1 - b u t o x y - t e t r a f l u o r o - l -

p r o p e n y l ) d i e t h y l e t h e r ( 5 4 ) , ( 3 . 2 g , 7 4 % ) ; (Found: C, 48.3; 

H, 5.8; F, 40.0%; ( P - 5 9 ) , 383. C^gH 2 ^ gO3 r e q u i r e s C, 

48.8; H, 5.8; F, 34.4%; M, 4 4 2 ) ; n.m.r. s p e c t r u m 16, mass 

s p e c t r u m 15 and i . r . s p e c t r u m 16. 

3. N u r c l e o p h i l i c R e a c t i o n o f <x , & - b i s ( 1 , 2 ,3, 3, 3 - p e n t a f l u o r o -

l - p r o p e n y l ) D i e t h y l e t h e r W i t h D i e t h y l a m i n e 

I n a r o u n d b o t t o m e d f l a s k c o n n e c t e d t o r e f l u x 

c o n d e n s e r , c o n t a i n i n g d i e t h y l a m i n e ( 2 . 9 g , 400 mmole). 

A,«-bis(1,2 , 3 , 3 , 3 - p e n t a f l u o r o - l - p r o p e n y l ) d i e t h y l e t h e r 

( 4 3 ) , ( 3 . 3 4 g , 10 mmole) was added i n one p o r t i o n a t 1500C 

and t h e r e a c t i o n m i x t u r e was l e f t s t i r r i n g a t 900c f o r 24 
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h o u r s . The r e a c t i o n m i x t u r e was d i l u t e d w i t h H 0 and 
h y d r o c h l o r i c a c i d , i n o r d e r t o b r i n g t h e PH t o PH = 7.5. 
The o r g a n i c l a y e r was e x t r a c t e d by e t h e r and d r i e d o v e r 
MgS04, e v a p o r a t i o n o f f i l t r a t e b u t t h e r e s u l t a n t l i q u i d 
was shown t o c o n t a i n o n l y s t a r t i n g m a t e r i a l by g . l . c . 

4 . N u c l e o p h i l i c R e a c t i o n o f zc/tf"-bis( 1,2 , 3/ 3/ 3 - p e n t a f l u o r o - 1 -
p r o p e n y l ) D i e t h y l e t h e r ( 4 3 ) w i t h E t h y l e n e d i a m i n e 

I n a r o u n d b o t t o m e d f l a s k c o n n e c t e d t o r e f l u x 

c o n d e n s e r c o n t a i n i n g e t h y l e n e d i a m i n e ( 6 . 0 g / 100 mmole), 

<x ,2c-bis( 1,2,3,3, 3 - p e n t a f l u o r o - l - p r o p e n y l ) d i e t h y l e t h e r 

( 4 3 ) , ( 3 . 3 4 g , 10 mmole) was added i n one p o r t i o n a t 750c 

f o r 12 h o u r s . The r e a c t i o n m i x t u r e was d i l u t e d w i t h 

and h y d r o c h l o r i c a c i d , i n o r d e r t o b r i n g t h e PH t o 

PH=7.5. The o r g a n i c l a y e r was e x t r a c t e d w i t h e t h e r and 

d r i e d o v e r a n h y d r o u s MgS04; e v a p o r a t i o n o f f i l t r a t e 

y i e l d e d a compound (55) w h i c h c o u l d n o t be i d e n t i f i e d . 
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CHAPTER 6 

EXPERIMENTAL TO CHAPTER 4 

V I A THE ADDITION OF MONO-

FUNCTIONAL ALDEHYDES TO FLUOROALKENES 

1 . A d d i t i o n o f A c e t a l d e h y d e t o H e x a f l u o r o p r o p e n e 

A m i x t u r e o f a c e t a l d e h y d e ( 9 . 0 g , 200 mmole) and 

h e x f l u r o p r o p e n e (50.Og, 330 mmole) was i r r a d i a t e d f o r t h e 

p e r i o d o f f i v e d a y s . The r e a c t i o n t u b e was opened under 

vacuum and t h e e x c e s s o f h e x f l u o r o p r o p e n e was c o l l e c t e d 

and t h e r e s i d u e was d i s t i l l e d , y i e l d e d 3,3,4,5,5,5-

h e x a f l u o r o p e n t a - 2 - o n e ( 5 6 ) , ( 2 8 . 5 g , 7 4 % ) ; ( F o u n d : C, 

3 1 . 1 ; H, 2.2; F, 58.6%; M+, 194. C a l c . f o r C^H^FgO : C, 

30.9; H, 2 . 1 : F, 58.8%; M, 1 9 4 ) ; n.m.r. s p e c t r u m 17, mass 

s p e c t r u m 17, and i . r . s p e c t r u m 17. 

2. A d d i t i o n o f Hexana t o H e x a f l u o r o p r o p e n e 

A m i x t u r e o f h e x a n a l ( 5 . 0 g , 50 mmole) and 

h e x a f l u o r o p r o p e n e (23.Og, 150 mmole) was i r r a d i a t e d f o r 

t h e p e r i o d o f f i v e d a y s . The r e a c t i o n t u b e was opened 

u n d e r vacuum and e x c e s s o f h e x a f l u o r o p r o p e n e was 

c o l l e c t e d and t h e r e s i d u e d i s t i l l e d i n vacuo, y i e l d e d 

1 , 1 , 1 , 2 , 3 , 3 - h e x a f l u o r o n o n a n - 4 - o n e ( 5 7 ) , (10.Og, 8 0 % ) ; 

( F o u n d : C, 43.2; H, 4.8; F, 45.7%; ( P — 1 7 ) , 233. C^H]^^0 

r e q u i r e s C, 43.5; H, 4.8; F, 45.6%; M, 2 5 0 ) ; n.m.r. 

s p e c t r u m 18, mass s p e c t r u m 18 and i . r . s p e c t r u m 18. 
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3 . A d d i t i o n o f T r i m e t h y l a c e t a l d e h y d e _ t o _ H e x a f l u o r o p r o p e n e 

A m i x t u r e o f t r i m e t h y l a c e t a l d e h y d e ( 6 . 0 g , 70 mmole) 

and h e x a f l u o r o p r o p e n e (28.Og, 186 mmole) was i r r a d i a t e d 

f o r t h e p e r i o d o f f i v e d a y s . The r e a c t i o n t u b e was opened 

u n d e r vacuum and t h e excess h e x a f l u o r o p r o p e n e was 

c o l l e c t e d and t h e r e s i d u e was d i s t i l l e d t o y i e l d 2-H-

h e x a f l u o r o p r o p y l t - b u t y l k e t o n e ( 5 8 ) , (14.Og, 8 1 % ) ; 

( F o u n d : C, 40.9; H, 4.2; F, 48.7%; ( P - 1 5 ) , 2 2 1 . CQH^QF^O 

r e q u i r e s C, 40.7; H, 4.2; F, 48.3%; M, 2 3 6 ) ; n.m.r. 

s p e c t r u m 19, mass s p e c t r u m 19 and i . r . s p e c t r u m 19. 

4. A d d i t i o n o f 3 - C y c l o h e x l p r o p a n a l t o H e x a f l u o r o p r o p e n e 

( i ) ^-Ray I n i t i a t i o n 

A m i x t u r e o f 3 - c y c l o h e x y l p r o p a n a l ( 8 . 0 g , 

57 mmole), and h e x a f l u o r o p r o p e n e ( 5 3 . 6 g , 357 

mmole) was i r r a d i a t e d f o r t h e p e r i o d o f f i v e 

d a y s . The r e a c t i o n t u b e was opened under vacuum 

and most o f t h e h e x a f l u o r o p r o p e n e was r e c o v e r e d 

w i t h a m a t e r i a l w h i c h was b e l i e v e d t o be p o l y m e r 

f r o m s t a r t i n g m a t e r i a l s . 

( i i ) P e r o x i d e I n i t i a t i o n 

A m i x t u r e o f 3 - c y c l o h e x y l p r o p a n a l ( 8 . 0 g , 

57 mmole), h e x a f l u o r o p r o p e n e ( 5 1 . 6 g , 350 mmole) 

and d i - t - b u t y l p e r o x i d e ( 0 . 4 g ) was h e a t e d a t 

1400C i n a t h e r m o s t a t i c a l l y c o n t r o l l e d r o c k i n g 

f u r n a c e f o r 24 h o u r s . The t u b e was opened unde 

vacuum and t h e e x c e s s f r o m h e x a f l u o r o p r o p e n e 
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was r e c o v e r e d and t h e r e s i d u e was shown t o 

c o n t a i n t h r e e p r o d u c t s by g . l . c . , w h i c h were 

s e p a r a t e d by p r e p a r a t i v e s c a l e g . l . c . ( c o l u m n 

10% SE 30, 9 0 0 c ) , t h e f i r s t compound was 

i d e n t i f i e d as 1 , 1 , 1 , 2 , 3 , 3 - h e x a f l u o r o - S -

c y c l o h e x y l - p e n t a n e ( 5 9 ) , ( 3 . 0 g , 2 0 % ) ; (Found: 

C, 49.7; H, 6.0; F, 44%; M, 218. C^^H^gFg 

r e q u i r e s C, 50.3; H, 5.8; F, 43.5%; M, 2 6 2 ) ; 

n.m.r. s p e c t r u m 20, mass s p e c t r u m 20, and i . r . 

s p e c t r u m 20. The second p r o d u c t was i d e n t i f i e d 

as 1 , 1 , 1 , 2 , 3 , 3 - h e x a f l u o r o - 6 - c y l o h e x y l - h e x a n - 4 -

one ( 6 0 ) , ( 5 . 0 g , 3 0 % ) ; ( F o u n d : C, 51.6; H, 6.0; 

F, 40.4%; M+, 290 C12H16F6 0 r e q u i r e s C, 49.7; 

H, 5.5; F, 39.3%; M,290); n.m.r. s p e c t r u m 2 1 , 

mass s p e c t r u m 2 1 , and i . r . s p e c t r u m 2 1 . The 

l a s t p r o d u c t was i d e n t i f i e d as 

I , 1 , 1 , 2 , 3 , 3 , 7 , 7 , 8 , 9 , 9 , 9 - d o d e c a f l u o r o - 6 - c y c l o -

h e x y l - n o n a n - 4 - o n e ( 6 1 ) , ( 9 . 0 g , 3 9 % ) , (Found: 

C, 40.7; H, 4 . 1 ; F, 51.8%; M, 440. C 1 5 H I 6 F 1 2 O 

r e q u i r e s C, 40.9; H, 3.6; F, 52.5%; M+,440); 

n.m.r. s p e c t r u m 22, mass s p e c t r u m 22 and i . r . 

s p e c t r u m 22. 

5. A d d i t i o n o f Hexanal t o H e x a f l u o r o c y c l o b u t e n e 

A m i x t u r e o f h e x a n a l ( 5 . 0 g , 50 mmole) and 

h e x a f l u o r o c y c l o b u t e n e (17.Og, 104 mmole) was i r r a d i a t e d 

f o r t h e p e r i o d o f f i v e d a y s . The r e a c t i o n t u b e was opened 



- 7 1 -

u n d e r vacuum and t h e e x c e s s h e x a f l u o r o c y c l o b u t e n e was 

c o l l e c t e d and t h e r e s i d u e was d i s t i l l e d i n vacuo, 

y i e l d e d 2 - H y d r o - H e x a f l u o r o c y c l o b u t y l p e n t y l k e t o n e ( 6 2 ) , 

(10.Og, 8 0 % ) ; ( F o u n d : C, 45.6; H, 4.5; F, 43.7%; C ^"50 

r e q u i r e s C, 45.8; H, 4.5; F, 43.5%; M, 262) n.m.r. 

s p e c t r u m 23, mass s p e c t r u m 23 and i . r . s p e c t r u m 23. 

A d d i t i o n o f Hexanal t o O c t a f l u o r o c y c l o p e n t e n e 

A m i x t u r e o f h e x a n a l ( 5 . 0 g , 50 mmole) and 

o c t a f l u o r o c y c l o p e n t e n e ( 3 1 . 8 g , 150 mmole) was i r r a d i a t e d 

f o r t h e p e r i o d o f f i v e d a y s . The r e a c t i o n t u b e was opened 

u n d e r vacuum and t h e e x c e s s o c t a f l u o r o c y c l o p e n t e n e was 

r e c o v e r e d and t h e r e s i d u e d i s t i l l e d i n vacuo, y i e l d e d 2-

H y d r o - o c t a f l u o r o c y c l o p e n t y l p e n t y l k e t o n e ( 6 3 ) , ( 1 3 , 2 g 

8 5 % ) ; ( F o u n d : C, 42.8; H, 3 . 1 ; F, 49.4%; M+, 312. C^^H^^FgO 

r e q u i r e s C, 42.6; H, 3.2; F, 49.0%; M, 3 1 2 ) ; n.m.r. 

s p e c t r u m 24, mass s p e c t r u m 24 and i . r . s p e c t r u m 24. 

A d d i t i o n o f A c e t a l d e h y d e t o 3 , 3 , 3 - T r i f l u o r o p r o p e n e 

A m i x t u r e o f a c e t a l d e h y d e ( 1 4 . 0 g , 318 mmole) and 

3 , 3 , 3 - t r i f l u o r o p r o p e n e (17.Og, 180 mmole) was i r r a d i a t e d 

f o r t h e p e r i o d o f f i v e d a y s . The r e a c t i o n t u b e was opened 

u n d e r vacuum and t h e e x c e s s 3 , 3 , 3 - t r i f l u o r o p r o p e n e was 

c o l l e c t e d and t h e r e s i d u e was d i s t i l l e d t o g i v e two 

p r o d u c t s ; t h e f i r s t one was 5 , 5 , 5 - t r i f l u o r o - p e n t a n - 2 - o n e 

( 6 4 ) , ( 7 . 5 g 3 0 % ) ; ( F o u n d : C, 43.0; H, 5.2; F, 40.0%; 

M+,140. C5H7F3O r e q u i r e s C, 42.8; H, 5.0; F,40.7%; M, 

1 4 0 ) ; n.m.r. s p e c t r u m 25, mass s p e c t r u m 25 and i . r . 
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s p e c t r u m 25. The second p r o d u c t was 4 - t r i f l u o r o m e t h y l -

7 , 7 , 7- t r i f l u o r o p h e p t a n - 2 - o n e ( 6 5 ) , (17.Og, 4 0 % ) ; (Fo u n d : 

C, 39.3; H, 4.2; F, 47.5%; M+, 236. CgH^QFg 0 r e q u i r e s C, 

40.7; H, 4.2; F, 48.3%; M, 236; n.m.r. s p e c t r u m 26, mass 

s p e c t r u m 26 and i . r . s p e c t r u m 26. 

8. A t t e m p t e d A d d i t i o n o f Monodecanal t o H e x a f l u o r o p r o p e n e 

( i ) W i t h o u t S o l v e n t 

A m i x t u r e o f monodecanal ( 9 . 5 g , 55 mmole) and 

h e x a f l u o r o p r o p e n e ( 2 2 . 5 g , 150 mmole) was i r r a d i a t e d f o r 

t h e p e r i o d o f f i v e d a y s . The r e a c t i o n t u b e was opened 

u n d e r vacuum and a l l t h e h e x a f l u o r o p r o p e n e was r e c o v e r e d 

w i t h a m a t e r i a l w h i c h was b e l i e v e d t o be p o l y m e r f r o m 

s t a r t i n g m a t e r i a l s , 

( i i ) I n A c e t o n e 

A m i x t u r e o f monodecanal ( 9 . 5 g , 55 mmole), d r y 

a c e t o n e ( 1 2 , 7 g , 220 mmole) and h e x a f l u o r o p r o p e n e ( 2 2 . 5 g , 

150 mmole) was i r r a d i a t e d f o r t h e p e r i o d o f f i v e d a y s . 

The r e a c t i o n t u b e was opened u n d e r vacuum and a l l t h e 

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

m a t e r i a l w h i c h was b e l i v e d t o be p o l y m e r f r o m s t a r t i n g 

m a t e r i a l s . 

9. A t t e m p t e d A d d i t i o n o f T r a n s - 2 - h e p t e n a l t o H e x a f l u o r o p r o p e n e 

( i ) g-Ray I n i t i a t i o n 

A m i x t u r e o f t r a n s - 2 - h e p t e n a l (10.Og, 89 ramole), and 

h e x a f l u o r o p r o p e n e ( 5 2 . 5 g , 350 mmole) was i r r a d i a t e d f o r 

t h e p e r i o d o f f i v e d a y s . The r e a c t i o n t u b e was opened 
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u n d e r vacuum. The p r o d u c t was shown t o c o n t a i n o n l y 

s t a r t i n g m a t e r i a l s by g . l . c . 

( i i ) P e r o x i d e I n i t i a t i o n 

A m i x t u r e o f t r a n s - 2 - h e p t e n a l ( l O . O g , 89 mmole) and 

h e x a f l u o r o p r o p e n e (52.5g, 350 mmole) and d i - t - b u t y l 

p e r o x i d e ( 0 . 4 g ) was h e a t e d a t 1400c i n a t h e r m o s t a t i c a l l y 

c o n t r o l l e d r o c k i n g f u r n a c e f o r 24 h o u r s . The t u b e was 

opened u n d e r vacuum and t h e p r o d u c t was shown t o c o n t a i n 

o n l y s t a r t i n g m a t e r i a l s by g . l . c . 

10. A t t e m p t e d A d d i t i o n o f 6 - H e p t e n a l t o H e x a f l u o r o p r o p e n e 

( i ) W i t h o u t S o l v e n t 

A m i x t u r e o f 6 - h e p t e n a l (5.0g, 50 mmole) and 

h e x a f l u o r o p r o p e n e (15.Og, 100 mmole) was i r r a d i a t e d f o r 

t h e p e r i o d o f f i v e d a y s . The r e a c t i o n t u b e was opened 

u n d e r vacuum and most o f h e x a f l u o r o p r o p e n e was r e c o v e r e d 

w i t h a m a t e r i a l w h i c h was b e l i v e d t o be p o l y m e r f r o m 

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

( i i ) I n A c e t o n e 

A m i x t u r e o f 6 - h e p t e n a l ( 5 . 0 g , 50 mmole), d r y 

a c e t o n e (11.6g, 200 mraole) and h e x a f l u o r o p r o p e n e (15.Og, 

100 mmole) was i r r a d i a t e d f o r t h e p e r i o d o f f i v e d a y s . 

The r e a c t i o n t u b e was opened under vacuum and t h e most o f 

h e x a f l u o r o p r o p e n e and a c e t o n e were r e c o v e r e d w i t h a 

m a t e r i a l w h i c h was b e l i e v e d t o be p o l y m e r f r o m s t a r t i n g 

m a t e r i a l s . 
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V I B THE ADDITION OF DI-FUNCTIONAL 

ALDEHYDES TO FLUOROALKENES 

1 . A d d i t i o n o f 1 , 8 - O c t a n e d i a l t o H e x a f l u o r o p r o p e n e 

A m i x t u r e o f 1 , 8 - o c t a n e d i a l ( 4 . 3 g , 30 mmole) and 

h e x a f l u o r o p r o p e n e ( 1 5 . 0 g , 100 mmole) was i r r a d i a t e d f o r 

t h e p e r i o d o f f i v e d a y s . The r e a c t i o n t u b e was opened 

und e r vacuum and t h e e x c e s s h e x a f l u o r o p r o p e n e was 

c o l l e c t e d and t h e r e s i d u e d i s t i l l e d i n vacuo, y i e l d e d 

1 , 1 , 1 , 2 , 3 , 3 , 1 2 , 1 2 , 1 3 , 1 4 , 1 4 , 1 4 - t e t r a d e c a n — 4 , 1 1 - d i o n e 

( 6 6 ) , (12,Og, 9 0 % ) ; (Found: C, 38.2; H, 3.4; F, 50.9%; 

( P - 1 5 1 ) , 2 9 1 . C 1 4 H 1 4 F 1 2 O 2 r e q u i r e s C, 38.0; H, 3.2; F, 

51.6%; M, 4 4 2 ) ; n.m.r. s p e c t r u m 27, mass s p e c t r u m , and 

i . r . s p e c t r u m 27. 

2. A d d i t i o n o f 1 , 1 2 - D o d e c a n e d i a l t o H e x a f l u o r o p r o p e n e 

( i ) X-Ray I n i t i a t i o n 

A m i x t u r e o f 1 , 1 2 - d o d e c a n e d i a l ( 3 . 0 g , 15 mmole) and 

h e x a f l u o r o p r o p e n e (48.Og, 320 mmole) was i r r a d i a t e d f o r 

t h e p e r i o d o f f i v e d a y s . The r e a c t i o n t u b e was opened 

u n d e r vacuum and t h e p r o d u c t was shown t o c o n t a i n o n l y 

s t a r t i n g m a t e r i a l s by n.m.r. s p e c t r o s c o p y . 
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( i i ) P e r o x i d e _ I n i t i a t i o n 

A m i x t u r e o f 1 , 1 2 - d o d e c a n e d i a l ( 5 . 0 g , 25 mmole), 

h e x a f l u o r o p r o p e n e (26.Og, 170 mmole) and d i - t - b u t y l 

p e r o x i d e ( 0 . 2 g ) was h e a t e d a t 140^0 i n a t h e r m o s t a t i c a l l y 

c o n t r o l l e d r o c k i n g f u r n a c e f o r 48 h o u r s . The r e a c t i o n 

t u b e was opened under vacuum and t h e excess 

h e x a f l u o r o p r o p e n e was r e c o v e r e d and t h e p r o d u c t was 

c o l l e c t e d by f i l t r a t i o n and p u r i f i e d by s u b l i m a t i o n t o 

g i v e 1 , 1 , 1 , 2 , 3 , 3 , 3 , 1 6 , 1 6 , 1 7 , 1 8 , 1 8 , 1 8 - o c t a d e c a n - 4 , 1 5 - d i o n e 

( 6 7 ) , ( 5 . 7 g , 4 5 % ) ; Found: C, 43.8; H, 4.6; F, 45.5%; M+, 

4 9 8 . C ^gH22 F12° 2 ^^^^^'^^^ ^' "13.3; H, 4.4; F, 45.8%; M, 

4 9 8 ) ; n.m.r. s p e c t r u m 28, mass s s p e c t r u m 28 and i . r . 

s p e c t r u m 28. 

A d d i t i o n o f 1 . 8 - O c t a n e d i a l t o H e x a f l u o r o c y c l o b u t e n e 

A m i x t u r e o f 1 , 8 - o c t a n e d i a l ( 4 . 3 g , 30 mmole) and 

h e x a f l u o r o c y c l p b u t e n e ( 1 9 . 1 g , 120 mmole) was i r r a d i a t e d 

f o r t h e p e r i o d o f f i v e d a y s . The r e a c t i o n t u b e was opened 

u n d e r vacuum and t h e e x c e s s h e x a f l u o r o c y c l o b u t e n e was 

c o l l e c t e d w i t h a m a t e r i a l w h i c h was b e l i v e d t o be 

p o l y m e r . 

A d d i t i o n o f 1 , 1 2 - D o d e c a n e d i a l t o H e x a f l u o r o c y c l o b u t e n e 

( i ) j{-Ray I n i t i a t i o n 

A m i x t u r e o f 1 , 1 2 - d o d e c a n e d i a l ( 3 . 5 g , 18 mmole) and 

h e x a f l u o r o c y c l o b u t e n e (16.Og, 99 mmole) was i r r a d i a t e d 

f o r t h e p e r i o d o f f i v e d a y s . The r e a c t i o n t u b e was opened 
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u n d e r vacuum and t h e p r o d u c t was shown t o c o n t a i n o n l y 

s t a r t i n g m a t e r i a l s by n.m.r. s p e c t r o s c o p y . 

( i i ) P e r o x i d e I n i t i a t i o n 

A m i x t u r e o f 1 , 1 2 - d o d e c a n e d i a l ( 2 . 0 g , 10 mmole), 

h e x a f l u o r o c y c l o b u t e n e ( 7 . 0 g , 43 mmole) and d i - t - b u t y l 

p e r o x i d e ( O . l g ) was h e a t e d a t 140^0, i n a 

t h e r m o s t a t i c a l l y c o n t r o l l e d r o c k i n g f u r n a c e f o r 24 h o u r s . 

The r e a c t i o n t u b e was opened u n d e r vacuum and t h e e x c e s s 

h e x a f l u o r o c y c l o b u t e n e was r e c o v e r e d and t h e p r o d u c t was 

c o l l e c t e d by f i l t r a t i o n and p u r i f i e d by s u b l i m a t i o n t o 

g i v e 1 , 1 2 - d i ( 2 - H y d r o - p e r f l u o r o c y c l o b u t y l ) d o d e c a n d i o n e 

( 6 9 ) , ( 4 . 3 g , 8 3 % ) ; (Found: C, 45.3; H, 3.9; F, 4 3 . 1 % ; 

( P - 1 6 5 ) , 3 57. C2QH2^F^2'^2 ' ^ ^ ^ ^ ^ i ' ^ ^ s C, 45.9; H, 4.2; F, 

4 3 . 6 % ; M, 5 2 2 ) ; n.m.r. s p e c t r u m 29, mass s p e c t r u m 29 and 

i . r . s p e c t r u m 29. 

A d d i t i o n o f 1 , 8 - O c t a n e d i a l t o O c t a f l u o r o c y c l o p e n t e n e 

A m i x t u r e o f 1 , 8 - o c t a n e d i a l ( 5 . 0 g , 35 mmole) and 

o c t a f l u o r o c y c l o p e n t e n e (46.Og, 217 mmole) was i r r a d i a t e d 

f o r t h e p e r i o d o f f i v e d a y s . The r e a c t i o n t u b e was opened 

u n d e r vacuum and t h e e x c e s s o c t a f l u o r o c y c l o p e n t e n e was 

c o l l e c t e d w i t h a m a t e r i a l w h i c h was b e l i e v e d t o be 

p o l y m e r . 
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6. A d d i t i o n o f 1 , 1 2 - D o d e c a n e d i a l t o O c t a f l u o r o c y c l o p e n t e n e 

( i ) j^-Ray I n i t i a t i o n 

A m i x t u r e o f 1 , 1 2 - d o d e c a n e d i a l { 5 . 0 g , 25 mmole) and 

o c t a f l u o r o c y c l o p e n t e n e ( 2 1 . 4 g , 101 mmole) was i r r a d i a t e d 

f o r t h e p e r i o d o f f i v e d a y s . The r e a c t i o n t u b e was opened 

u n d e r vacuum and t h e p r o d u c t was shown t o c o n t a i n o n l y 

s t a r t i n g m a t e r i a l by n.m.r. s p e c t r o s c o p y . 

( i i ) P e r o x i d e I n i t i a t i o n 

A m i x t u r e o f 1 , 1 2 - d o d e c a n e d i a l ( 2 . 5 g , 12.6 mmole) 

o c t a f l u o r o c y c l o p e n t e n e ( 8 . 0 g , 37.7 mmole) and d i - t - b u t y l 

p e r o x i d e ( 0 . 1 5 g ) was h e a t e d a t 1400c i n a 

t h e r m o s t a t i c a l l y c o n t r o l l e d r o c k i n g f u r n a c e f o r 24 h o u r s . 

The r e a c t i o n t u b e was opened un d e r vacuum and t h e excess 

o c t a f l u o r o c y c l o p e n t e n e was r e c o v e r e d and t h e p r o d u c t was 

c o l l e c t e d by f i l t r a t i o n and p u r i f i e d by s u b l i m a t i o n t o 

g i v e 1 , 1 2 - d i ( 2 - H y d r o - p e r f l u o r o c y c l o p e n t y l ) d o d e c a n d i o n e 

( 7 1 ) , ( 6 . 2 g , 8 0 % ) ; Found: C, 41.0; H, 3 . 1 ; F, 40.2%; M, 

622. 022^22^*1602 r e q u i r e s C, 42.4; H, 3.5; F, 48.8%; M. 

6 2 2 ) ; n.m.r. s p e c t r u m 30, mass s p e c t r u m 30 and i . r . 

s p e c t r u m 30. 
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COMPOUND ENDEX 

1. l - m e t h y l - 2 , 2 , 3 , 4 ,4 , 4 - h e x a f l u o r o b u t y l e t h y l fether ( 3 2 ) 

2. d i ( l - m e t h y l - 2 , 2 , 3 , 4 , 4 , 4 - h e x a f l u o r o b u t y l ) e t h e r (33) 

3. l - m e t T i y l - 2 - H - p e r f l u o r o c y c l o b u t y l ) e t h y l e t h e r (34) 

4. d i ( l - m e t h y l - 2 - H - p e r f l u o r o c y c l o b u t y l ) e t h e r (35) 

5. l - m e t h y l - 2 - H - p e r f l u o r o c y c l o p e n t y l e t h y l e t h e r (36) 

6. d i ( l - m e t h y l - 2 - H - p e r f l u o r o c y c l o p e n t y l ) e t h e r (37) 

7. <2c-( 1, 2 , 3 , 3 , 3 - p e n t a f l u o r o - 1 - p r o p e n y l ) d i e t h y l e t h e r (42) 

8. ^ , 2 c - b i s ( l , 2 , 3 , 3 , 3 - p e n t a f luoro-tpropenyl ) d i e t h y l e t h e r (43) 

9. ,«-( 2 , 3 , 3 , 4 , 4 - p e n t a f l u o r o c y c l o b u t y l ) d i e t h y l e t h e r ( 4 4 ) 

10. 1 - m e t h o x y - l - ( 1 - e t h o x y e t h y l ) t e t r a f l u o r o p r o p e n e (48) 

11. 1 - p r o p o x y - ( 1 - e t h o x y e t h y l ) - t e t r a f l u o r o p r o p e n e (49) 

12. l - b u t o x j i - 1 - ( 1 - e t h o x y e t h y l ) - t e t r a f l u o r o p r o p e n e ( 5 0 ) 

13 .«,«-bis ( 1 - m e t h o x y - t e t r a f luoro-1-propenyl ) d i e t h y l e t h e r ( 5 1 ) 

14. 4X,«.-bis( 1 - e t h o x y - t e t r a f l u o r o : 1 - p r o p e n y l ) d i e t h y l e t h e r (52) 

15. <5c,<5c-bis( l - p r o p o x y - t e t r a f l u o r o - 1 - p r o p e n y l ) d i e t h y l e t h e r (53) 

16. ^,«c-bis( 1 - b u t o x y - t e t r a f luoro^l-propenyl ) d i e t h y l e t h e r (54) 

17. 3 , 3 , 4 , 5 , 5 , 5 - h e x a f l u o r o p e n t a n - 2 - o n e (56) 

18. 1,1,1 , 2 , 3 , 3 , 3 - h e x a f l u o r o n o n a n - 4 - o n e (57) 

19. 2 - H - h e x a f l u o r o p r o p y l , t - b u t y l k e t o n e (58) 

20. 1, 1 , 1 , 2 , 3 , 3 - h e x a f l u o r o - 5 - c y c l o h e x y l - p e n t a n e (59) 

21. 1, 1 , 1 , 2 , 3 , 3 - h e x a f l u o r o - 6 - c y c l o h e x y l - h e x a n - 4 - o n e ( 6 0 ) 

22. 1 , 1 , 1 , 2 , 3 , 3 , 7 , 7 , 8 , 9 , 9 , 9 - d o d e c a f l u o r o - 6 - c y c l o h e x y l -

nonan-4-one ( 6 1 ) 

2 3 . 2 - H y d r o - h e x a f l u o r o c y c l o b u t y l p e n t y l k e t o n e (62) 
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24. 2 - H y d r o - o c t a f l u o r o c y c l o p e n t y l p e n t y l k e t o n e ( 6 3 ) 

25. 5 , 5 , 5 - t r i f l u o r o - p e n t a n - 2 - o n e ( 6 4 ) 

26. 4 - t r i f l u o r o m e t h y l - 7 , 7 , 7 - t r i f l u o r o h e p t a n - 2 - o n e ( 6 5 ) 

27. 1 , 1 , 1 , 2 , 3 , 3 , 1 2 , 1 2 , 1 3 , 1 4 , 1 4 , 1 4 - d o d e c d f l u o r o - t e t r a d e c a n -

4 , l l - d i o n e ( 6 6 ) . 

28. 1 , 1 , 1 , 2 , 3 , 3 , 3 , 1 6 , 1 6 , 1 7 , 1 8 , 1 8 , 1 8 - d o d e c a f l u o r o - o c t a d o d e c a n -

4 , 1 5 - d i o n e ( 6 7 ) 
29. 1,12-di ( 2 - H y d r o - p e r f l u o r o c y c l o b u t y D d o d e c a n d i o n e ( 6 9 ) 

30. 1 , 1 2 - d i ( 2 - H y d r o - p e r f l u o r o c y c l o p e n t y l ) d o d e c a n d i o n e ( 7 1 ) 



ABBREVIATIONS 

The f o l l o w i n g a b b r e v i a t i o n s a r e used f o r t h e s p l i t t i n g 

p a t t e r n s o f t h e NMR r e s o n a n c e s ; 

S = s i n g l e t 

D = d o u b l e t 

T = t r i p l e t 

Q = q u a r t e t 

AB = AB q u a r t e t 

1 2. 

2 

C h e m i c a l s h i f t q u o t e d as ' c e n t r e o f g r a v i t y 

o r + v/2 f r o m t h e mid p o i n t o f t h e p a t t e r n , 

c a l c u l a t e d f r o m ( s i - S3) = ( 6 2 - 6 4 ) = \ J ( A v ) + J = \ ( 

P 

Sx 

Sp 

Oc 

M 

p e n t e t 

s e x t e t 

s e p t e t 

o c t e t 

m u l t i p l e t 
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CH. 
b 

^ CH No. 1 

1 
H. n . m. r 

CFCFHCF-

( 32 ) 

Chemical S h i f t M u l t i p l i c i t y 

I n p.p.m 

R e l a t i v e 

I n t e n s i t y 

CH3(a) 

CH3(b) 

0.88 

0.97 D 

CH2(c) 

CH(d) 

3 . 3 

3.5 

M 

M 

CFH 4.87 M 

19 
F . n . m . r 

Chemical S h i f t 

I n p.p.m 

M u l t i p l i c i t y R e l a t i v e 

I n t e n s i t y 

CF. •76.6 ^-77. 1 M 

" 2 

CFH 

-121 .3-*--127.0 

•215.6 .--218.8 

M 

M 



1 
H.n.m.r 

-81-

a 
CH 

a 
CH 

3 \ J f ^ ^ 

CF„CFHCF2 ct2CFHCF3 

( 33 ) 

Mo. 2 

Chemical S h i f t 

I n p.p . m 

M u l t i p l i c i t y R e l a t i v e 

I n t e n s i t y 

CH3(a) 1 .09 D 6 

CH(b) 3 . 72 M(broad) 2 

CFH 4. 78 M 2 

19 
F . n . m. r 

Chemical S h i f t 

I n P.p.m 

M u l t i p l i c i t y R e l a t i v e 

I n t e n s i t y 

CF3 -76.5 ^ -77.0 M 6 

CF^ -117.0 ^ - 129.7 M 4 

CFH -213.5 ^- 216.5 M 2 
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No. 3 

19 
F.n.m.r 

( 34 ) 

1 
H.n.m.r 

CH3(a) 

CH3{b) 

CH2(c) 

CH (d) 

CFH 

Chemical S h i f t M u l t i p l i c i t y 

I n p.p.m 

1 .12 

1 .26 

3.34-

3.7-

4.9-

-3.64 

3.85 

5.2 

M 

D 

D(M) 

M 

M 

R e l a t i v e 

I n t e n s i t y 

CF 
2 

CFR 

CFH 

Chemical S h i f t 

I n p.p.m 

-121.7—^-134.5 

-188.5 

-215.5 

M u l t i p l i c i t y 

M 

D 

D(D) 

R e l a t i v e 

I n t e n s i t y 



H.n.m.r 

•83 

(35) 

Chemical S h i f t 

I n p.p.m 

M u l t i p l i c i t y 

No. 4 

R e l a t i v e 

I n t e n s i t y 

CH^(a) 

CH(a) 

CFH 

1 .36 

3 . 9 — ^ 4 . 19 

4.9-^5.25 

M 

M 

M 

6 

2 

2 

19 
F . n . m. r 

Chemical S h i f t 

I n p.p.m 

M u l t i p l i c i t y R e l a t i v e 

I n t e n s i t y 

CF. 

CFR 

115.4-^-136.0 

-188.4 
, -200.4 

M 

M 
M 

16 

4 
4 

CFH t -212.4 
-222.8 

M 
M 

4 
4 
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1 
H.n.m.r 

Chemical S h i f t 

I n p.p.m 

M u l t i p l i c i t y 

No. 5 

R e l a t i v e 

I n t e n s i t y 

CH3(a) 

CH3(b) 

CH2(c) 

CH; (d) 

CFH 

1 . 2 

1.4 

3.2-

3.6-

4.7-

3.5 

-3.8 

-5.0 

Q 

D 

D(M) 

D(M) 

D(M) 

3 

2 

1 

1 

19 
F . n . m̂  r 

Chemical S h i f t 

I n p.p.m 

M u l t i p l i c i t y R e l a t i v e 

I n t e n s i t y 

CF2 

CFR 

CFH 

-115.98 

-189.5 

-191.3 

K-195.14 

-209.33 
-210.64 
-224.36 

k-228.53 

•134.50 M 

M 

D(M) 



H.n.m.r 
(37) 

Chemical S h i f t 

I n p.p.m 

No. 6 

M u l t i p l i c i t y R e l a t i v e 

I n t e n s i t -

CH3(a) 

CH(b) 

CFH 

1 .44 

4.0^ ^4.3 

5.0' 5.2 

M 

M 

D(M) 

19 
F.n.m.r 

Chemical S h i f t 

I n p.p.m 

M u l t i p l i c i t y R e l a t i v 

I n t e n s i t 

CF2 

CFR 

CFH 

-116.5-

-189.7 

-193.3 

-194.5 

-210.0 

-226.5 

-230.0 

-134.3 M 

M 

12 

M 
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C 

CH 
a 

No. 7 
a b CF=CFCF. 

( 42 ) 

19 
p . n . m . r 

Chemical S h i f t 

I n P.p.m 

M u l t i p l i c i t y R e l a t i v e 

I n t e n s i t y 

CF3 -65.75 

CF{a) -140.3 

CF(b) -155.4 

^ . n . m . r 

Chemical S h i f t 

I n P.p.m 

Mult i p i i c i t y Relat i ve 

I n t e n s i t y 

CH3(f) 

CH3(c) 

CH2(e) 

CH(d) 

1 .19 

1 .40 

3.34 

4.30 

T 

D 

0 

Q 

3 

3 
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1 
H.n.m.r 

a CH 

CF3CF 
Id 

:CF C F = 

a 
CH-

c 
CFCF-

No . 8 

(43 ) 

19 
F . n . m. r 

Chemical S h i f t 

I n P.p.m 

M u l t i p l i c i t y R e l a t i v e 

I n t e n s i t y 

CH3(a) 1.4 D 

CH(b) 4.5 

Chemical S h i f t 

I n P.p.m 

M u l t i p l i c i t y R e l a t i v e 

I n t e n s i t v 

CF3 -66.8 

CF(c) -140. 1 

CF(d) -153.8 
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a 
CH-

No.9 

H.n.m.r 

19 
F . n . m. r 

Chemical S h i f t 

I n p.p.m 

M u l t i p l i c i t y R e l a t i v e 

I n t e n s i t y 

CH3(a) 

CH3(b) 

CH2(c) 

CH (d) 

1 .12 

1.3 

3.4 ^3.5 

4.2 

D 

Q 

Q 

Chemical S h i f t 

I n p.p.m 

M u l t i p l i c i t y R e l a t i v e 

I n t e n s i t y 

C F ( f ) 

CF2(g) 

CF2(h) 

-113.1 

-116.0 

-118.3 

1 
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1 
H.n.m.r 

a 
CH-

CH^ ^CH^ 

\ 

:CFCF. 

CH. 
(48) 

No. 10 

CH^la) 

CH3(b) 

CH^Cc) 

CH^ld) 

CH ( e ) 

19 
F . n . m . r 

CF. 

CF 

Chemical S h i f t 

I n p.p.m 

M u l t i p l i c i t y 

•62.9-

•156.6. 

-67.4 

-160.79 

M 

M 

R e l a t i v e 

I n t e n s i t y 

1 . 1 4 — 1 . 36 M 3 

1 . 5 — ^ 1.6 M 3 

3.7 —-•4.0 M 3 

3 . 3 3 . 55 M 2 

4 . 1 ^ 4.47 M 1 

Chemical S h i f t 

I n p.p.m 

M u l t i p l i c i t y R e l a t i v e 

I n t e n s i ty 



1 
H.n.m.r 

-90-

b 
CH 

^CH^^ CH 

c 
CH-

CFCF, 

\e d a 
CH2CH2CH3 

( 49 ) 

No. 11 

Chemical S h i f t 

I n p.p.m 

M u l t i p l i c i t y R e l a t i v e 

I n t e n s i t y 

CH3(a) 

CH3{b) 

CH3(c) 

CH2(d) 

CH2(f) 

CH2(e) 

CH (g) 

1 .74 

1 .95 

2.1 

2 . 4 — ^ 2.55 

4 . 1 ^4.25 

4.8 ^4.90 

4 . 9 1 — ^ 5.03 

D 

M 

M 

M 

M 

19 
F . n . m. r 

CF-

Chemical S h i f t 

I n p.p.m 

-61 . 8- -66. 13 

M u l t i p l i c i t y R e l a t i v e 

I n t e n s i t y 

M 

CF -154.9 ^ - 1 6 1 .40 M 
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1 
H.n.m.r. 

19 
F. n . m. r 

^CH2 ^ C H ^ No. 12 

CFCF3 

0 / 
\ g e d a 
CH2CH2CH2CH3 

( ^ ) 

Chemical S h i f t M u l t i p l i c i t y R e l a t i v e 

I n p.p.m I n t e n s i t : 

CH3(a) 0.95 M 

CH3(b) 1.20 

CH3(c) 1.32 D 

CH2(d) 1.42 M 

CH2(e) 1.65 M 

CH2(f) 3.40 M 

CK2(g) 4.0 M 

CH (h) 4.2 M 

Chemical S h i f t M u l t i p l i c i t y R e l a t i v e 

I n p.p.m I n t e n s i t : 

CF3 -62.7 ^ - 6 7 . 1 M 

CF -155.7 ^-160.9 M 
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19 
F . n . m . r 

a 
CH 

CH ^ 9" 

CF3FC: 

c 
H3 

\ 
C=CFCF 

0' 
\ c 
CH3 

No. 13 

1 
H.n.m.r 

( 51 ) 

CH^(a) 

CH(b) 

Chemical S h i f t 

I n p.p.m 

1 .09- 1.41 

4 . 2- •4.4 

M u l t i p l i c i t y R e l a t i v e 

I n t e n s i t y 

M 

M 

CH^(c) 3 . 5- 4.01 M 

Chemical S h i f t 

I n p.p.m 

M u l t i p l i c i t y R e l a t i v e 

Intens i ty 

CF. •62.4- -67.5 M 

CF -155.2- -160.2 M 
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b 
^CH 

CF^FC = t 

H36H2C^ 

t = CFCFs 

^CH2CH3 

No. 14 

( 52 ) 

1 
H.n.m.r 

Chemical s h i f t 

I n p.p.m 

M u l t i p l i c i t y R e l a t i v e 

I n t e n s i t y 

CH3(a) 1 .01 

CH3(b) 1 .27 D 

CH2(c) 4.2 

CH (d) 3.4 

19 
F.n.m, 

Chemical s h i f t 

I n p.p.m 

M u l t i p l i c i t y R e l a t i v e 

I n t e n s i t 

CF- -63.15—*- -67.0 

CF -155. 11 - * - r l 6 0 . 4 M 
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19 
F . n . m . r 

b 
CH. 

b 
ĈH-

F3CFC=(!: 
\ U / ^CH^ 

\ 
0 

a c d / 
CH3CH2CH2 

/ CFCF3 

0 ^ 
\d c a 
CH2CH2CH3 

No. 15 

H.n.m.r 

( 53 ) 

CH^faT 

Chemical S h i f t 

I n p.p.m 

0.98 

M u l t i p l i c i t y R e l a t i v e 

I n t e n s i t y 

CH3(b) 1 .29- 1.35 M 

1 .57' •1 .72 M 

CH^Cd) 4.0- -4 .4 M 

CH (e) 4 . 5- .4.9 M 

Chemical S h i f t 

I n p.p.m 

M u l t i p l i c i t y R e l a t i v e 

I n t e n s i t y 

CF. -63 . 1- --67.4 M 

CF -155.2- •160.6 M 
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CH 

1 
H.n.m.r 

CH (a) 
3 

CH (b) 
3 

CH^(c) 

CH (d) 
2 

CH (e) 
2 

CH ( f ) 

3 \ f No. 16 

CF3CP=C^ 
o 

a c d e / 
CH3CH2CH2CH2 

C==CFCF3 
I R e d c a 
\:H2CH2CH2CH3 

( 54 ) 

Chemical S h i f t 

I n p.p-m 

0.96 

1 .29-

1.4— 

1.51-

3.6-

4.1-

• 1 .40 

1 .48 

• 1 .67 

•4.05 

.4.5 

M u l t i p l i c i t y R e l a t i v e 
I n t e n s i t y 

M 

M 

M 

M 

M 

19 
F.n.m.r 

Chemical S h i f t 

I n p.p-m 

M u l t i p l i c i t y R e l a t i v e 
I n t e n s i t y 

CF. 

CF 

-62.2 

155.0 

-67.3 

.-160.1 M 
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o 
C H 3 _ C -CF2CFHCF3 

( 56 ) 

N'o. 17 

1 
H . n . m . r . Chemical s h i f t 

I n p.p.m 

M u l t i o l i c i t y R e l a t i v e 

I n t e n s i t i 

CH- 1 AO 

CFH 5.2 M 

19 
F - n . m . r Chemical s h i f t 

I n p.p .m 

M u l t i o l i c i t y R e l a t i v e 

I n t e n s i t y 

CF- -75.0 

CF. - 1 1 7 . 0 M 

CFH 2 15.9 



-97-

CF3CFHCF2-
( 57 

a b c c d 
:H2CH2CH2CH2CH3 

) 

No. 18 

1 
H.n.m.r 

Chemical s h i f t 

I n p.p.m 

M u l t i p l i c i t y R e l a t i v e 

I N t e n s i t ! 

CFH 

CH2(a) 

CH2(b) 

CH2(c) 

CH3(d) 

5.0 

2.5 

1.6 

1 .18 

0.81 

M 

M 

M 

19 
F.n.m.r 

Chemical s h i f t 

I n p.p.m 

M u l t i p l i c i t y R e l a t i v e 

I n t e n s i t ' 

CF- -75.4 M 

CF2 

CFH 

116.8 

-217.0 M 
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CH3 No. 19 

CH^—C-

1 
H . n . m . r 

-CF2CFH CF3 

CH. 

( 58 ) 

F . n . m . r 

Chemical s h i f t 

I n p.p.m 

M u l t i p l i c i t y R e l a t i v e 

I n t e n s i t y 

CH- 1 . 1 

CFH 5.0 M 

Chemical s h i f t 

I n p.p.m 

M U u l t i p l i c i t y R e l a t i v e 

I N t e n s i f 

CF. 75.4 M 

-117.0 

CFH •217.1 M 



H.n.m.r 

-99-

a 

CFoCFHCF. 

(59) 

No. 20 

19 
F.n.m.r 

Chemical S h i f t 

I n p.p.m 

M u l i p l i c i t y R e l a t i v e 

I n t e n s i t y 

2.1- 3.36 M 

0.98 M 

CH^Cg) 
C H ^ ( e ) j 

1.16- 1.3 M 

1 .48 M 

CH^Cb) 
CH2(h) 
CH ( c ) 

/ 

1 .74 broad 

Chemical S h i f t 

I n p.p.m 

M u l t i p l i c i t y R e l a t i v e 

I n t e n s i t y 

CF3 

CF2 

CFH 

-74.6 

- 1 0 7 — ^ -111.9 

-210.9 

D 

D(d) 

D 

3 

2 

1 



H.n.m.r 

-100-

h b 
f^'^^Y^^^^^^"^ CF2CFHCF3 

[J. 
No. 21 

(60) 

19 
F.n.m.r 

Chemical S h i f t 

I n p.p.m 

M u l t i p l i c i t y R e l a t i v e 

I n t e n s i t y 

CH^(f) 0.95 

1 . 1 9 — ^ 1 . 2 4 

Q 

M 

CH^Cd) 

CH2{h) 
CH ( c ) 

1.43—^1.55 

1 .67 

M 

broad 

CFH 

2 .78 

5.1. 5.38 D(M) 

CF3 

CF2 

CFH 

Chemical S h i f t 

I n p.p.m 

-74.6 -

-116.0. 

-216.3 

-75.2 

^ -124.7 

M u l t i p l i c i t y 

M 

D(d) 

D 

R e l a t i v e 

I n t e n s i t y 

3 

2 

1 



-101-

1 
H.n.m.r 

CH 2 ( f ) 

CH^Cg) 
CH (e) 

2 

CH^ld) 
CH2(h) 
CH ( c ) ^ 

CH (b) 

CF3CFHCF2 o No. 2 2 

CF2CFHCF3 

Chemical S h i f t 

I n p.p.m 

0.97 

1 . 1 7 — ^ 1 . 2 6 

1 .29 ^2.32 

2.39 

M u l t i p l i c i t y 

M 

M 

M 

D(T) 

R e l a t i v e 

I n t e n s i t y 

CH2(a) 

CFH ( i ) 

CFH ( j ) 

2 .87 

4.6 ^4.9 

5.0 - ^ 5 . 5 

M 

D(M) 

D(M) 

19 
F.n.m.r 

CF3 

CF2 

CFH 

Chemical S h i f t 

I n p.p.m 

-74.1 

-116.07-

-206.5 -

M u l t i p l i c i t y 

.-124.8 

.-216.4 

Q 

M 

M 

R e l a t i v e 

I n t e n s i t ' 

6 

4 

2 



-102 

F2 

F 2 

CH3 d 

CHo c 
I 
CHo c 
I 
CHo b 
I 
CM2 a 
c=o 

. F 

H 

No. 23 

K.n.m.r. 

( 62 ) 

CH3(d) 

CH2(c) 

CH2(b) 

CH2(a) 

CFH 

19 
F.n.m.r 

Chemical S h i f t 

I n P.P.m 

M u l t i p l i c i t y 

0.82 

1 .17 

1 .47 

2 .40 

5.0 

Chemical S h i f t 

I n P.P.m 

T 

M 

M 

M 

M u l t i p l i c i t y 

R e l a t i v e 

I n t e n s i t y 

3 

4 

2 

2 

1 

R e l a t i v e 

I n t e n s i ty 

CFR 

CFH 

-175.0 

-197 .81 

-213.57 

-223.0 

M 

M 



-103 

F2> 

CH3 a 

CH? b 
I 
CH, b 
I 
CH- c 
I ' , 
CH-, d 

• F 

H 

No. 24 

H.n.m.r 

{ 63 ) 

CH3(a) 

CH2(b) 

CH2(c) 

CH2(d) 

CFH 

Chemical S h i f t 

I n p.p.m 

M u l t i p l i c i t y 

0.91 

1 .15-

1 .47-

2 . 24-

4.91-

1.26 

1.61 

-2.82 

-5.65 

T 

M 

M 

M 

M 

R e l a t i v e 

I n t e n s i t y 

3 

4 

2 

2 

1 

19 
F.n.m.r 

CF, 

CF 

CFH 

Chemical S h i f t 

I n p.p.m 

_114.6 .-127.7 
-128.18-*--137.9 

-176.70 
-193.84 

-216.2 
-227.90 

M u l t i p l i c i t y 

M 
M 

R e l a t i v e 

I n t e n s i t y 

6 
6 



H . n . m . r 

CH7—C-

-104-

a b 
-CH2CH2CF3 No. 2 5 

( 64 ) 

19 
F.n.m.r 

Chemical s h i f t 

I n p.p.m 

M u l t i p l i c i t y R e l a t i v e 

I n t e n s i t y 

CH3(c) 1 .99 

2.7 M 

Chemical s h i f t 

I n p.p.m 

M u l t i p l i c i t y R e l a t i v e 

I n t e n s i t y 

CF. • 67.8 



-105-

•3 II b c d e { ) 
CH3_C—CH2CHCH2CH2CF3 

(65) i F , 
— 1 ̂  

1 
H.n.m.r 

No. 26 

19 
F.n.m.r 

Chemical s h i f t M u l t i p l i c i t y R e l a t i v e 

I n p.p.m I n t e n s i t y 

CH,(a) 

CH ( b ) • 
2 .08 M 

CH2(e) 

CH ( c ) 

CH2(d) 

2.7. 

2.4 

• 2.8 

1-4 ^ 1 .8 

D(b) 

Q 

M 

Chemical s h i f t 

I n p.p.m 

M u l t i - o l i c i t y Re la t i ve 

I n t e n s i t y 

CF3(1) -71 .08 

CF3(2) •67.90 



-106-

CF3CFHCF^ 

o o 
II a b c c b a || 
C-CH2CH2CH2CH2CH2CH2— C-CF2CFHCF3 

No. 27 

( 66 ) 

H.n.m.r 

Chemical s h i f t 

I n p.p.m 

M u l t i p l i c i t y R e l a t i v e 

I n t e n s i t y 

CH2(a) 3.4 

CH2(b) 2.5 

CH2(c) 1-8 

M 

M 

CFH 6.2 M 

19 
F.n.m.r 

Chemical s h i f t 

I n p.p.m. 

M u l t i p l i c i t y R e l a t i v e 

I n t e n s i t y 

CF- -75.07 

CF. -117.0 

CFH •217.0 M 



-107-

19 
F.n.m.r 

CF3CF2CFH_0_CH2CH2CH2CH2CH2CH2CH2CH2CH2CH2—<icF2CFHCF3 

( 67 ) No. 28 

1 
H.n.m.r 

Chemical s h i f t 

I n p.p.m 

M u l t i p l i c i t y R e l a t i v e 

I n t e n s i t y 

CH2(a) 

CH2(b) 

CH2(c) 

CH2(d) 

CH2(e) 

CFH 

2.71 

1 .64 

1.4 

5.1- 5.4 

M 

M 

D(M) 

12 

Chemical s h i f t 

I n p.p.m 

M u l t i p l i c i t y R e l a t i v e 

I n t e n s i t y 

CF- -75.0 M 

CF, -117.9 M 

CFH -217.2 M 



-108- No. 29 

H 

b 

O " 
r i c d e f q a f ^ d c H / \ 

C - C H i C H j C H j C H j C H j C H a C H j C H z C H j C H j - ^ G / F ) a 

( 6 9 ) 

H.n.m.r 

Chemical S h i f t 

I n p.p.m 

M u l t i p l i c i t y R e l a t i v e 

I n t e n s i t y 

CH2(e) 

CH2(f) 

CH2(g) 

CH2(c) 

CH2(d) 

CFH 

1 .28 

2.3 2.78 

5.1 5.5 

M(broad) 

M 

M 

12 

19 
F.n.m.r 

Chemical S h i f t 

I n p.p.m 

M u l t i p l i c i t y R e l a t i v e 

I n t e n s i t y 

CF2(a) -116.8 ••-121.9 

CF2(b) -126.2—^-131.2 

M 

M 

4 

4 

CFR 

CFH 

-172.6 

t-194.5 
-212.9 '-212.9 

-218.3 

-197, 
-216.6 

-221.6 

M 

M: 



-109-
H 

No. 30 
H 

1 
H.n.m.r 

/ F v U a b c d e e d c b a V /TTTX 

( 7 1 ) 

Chemical S h i f t 

I n p.p.m 

M u l t i p l i c i t y R e l a t i v e 

I n t e n s i t y 

CH2(c) 

CH2(d) 

CH2(e) 

1.27 — ^ 1 . 4 8 M(broad) 12 

CH2(b) 

CH2(a) 

CFH 

2.0—*-2.18 

2 .67 

5.0-^5.5 

M(broad) 4 

M(broad) 4 

D(M) 2 

19 
F.n.m.r 

CF2 

CFR 

CFH 

Chemical S h i f t 
I n p.p.m 

' - 1 1 4 . 4 — ^ 
y-176.2 

-133.1 

-184.83 ^ -193.2 

-208.0 ^ -215.5 

-225.0 » -227.11 

M u l t i p l i c i t y R e l a t i v e 
I n t e n s i t y 

M 

M 

M 

12 



A P P E N D I X I I - MASS SPECTRA 
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COMPOUND ENDEX 

1. l - m e t h y l - 2 , 2 , 3 , 4 , 4 , 4 - h e x a f l u o r o b u t y l e t h y l fether (32) 

2. d i ( l - m e t h y l - 2 , 2 , 3 , 4 , 4 , 4 - h e x a f l u o r o b u t y l ) e t h e r (33) 

3. l - m e t h y l - 2 - H - p e r f l u o r o c y c l o b u t y l ) e t h y l e t h e r (34) 

4. d i ( l - m e t h y l - 2 - H - p e r f l u o r o c y c l o b u t y l ) e t h e r (35) 

5. l - m e t h y l - 2 - H - p e r f l u o r o c y c l o p e n t y l e t h y l e t h e r (36) 

6. d i ( l - m e t h y l - 2 - H - p e r f l u o r o c y c l o p e n t y l ) e t h e r (37) 

7. <x-(l,2,3,3,3-pentafluoro-1 - p r q p e n y l)diethylether (42) 

8. ^ , 3 c - b i s ( l ,2,3,3, 3-pehtafluorc1 - p r o p e n y l)diethylether (43) 

9. i X - ( 2 , 3 , 3 , 4 , 4 - p e n t a f l u o r o c y c l o b u t y l ) d i e t h y l e t h e r (44) 

10. l - m e t h o x y - l - ( 1 - e t h o x y e t h y l ) t e t r a f l u o r o p r o p e n e (48) 

11. 1 - p r o p o x y - ( 1 - e t h o x y e t h y l ) - t e t r a f l u o r o p r o p e n e (49) 

12. l - b u t o x y - l - ( 1 - e t h o x y e t h y l ) - t e t r a f l u o r o p r o p e n e (50) 

13 .«,«-bis( 1 - m e t h o x y - t e t r a f luoro'l-propenyl ) d i e t h y l e t h e r ( 51) 

14. .«,«-bis( 1 - e t h o x y - t e t r a f luoro^l-propenyl ) d i e t h y l e t h e r (52) 

15. <5c,<5c-bis( l - p r o p o x y - t e t r a f l u o r o 1 - p r o p e n y l ) d i e t h y l e t h e r (53) 

16. .6{,«-bis ( 1 - b u t o x y - t e t r a f luoro-)|-propenyl ) d i e t h y l e t h e r (54) 

17. 3,3,4,5,5,5-hexafluoropentan-2-one (56) 

18. 1,1,1,2,3,3,3-hexafluorononan-4-one (57) 

19. 2-H-hexafluoropropyl. t - b u t y l ketone (58) 

20. 1,1,1,2,3,3-hexafluoro-5-cyclohexyl-pentane (59) 

21. 1,1,1 , 2 , 3,3-hexafluoro-6-cyclohexyl-hexan-4-one (60) 

22. 1,1,1,2,3,3,7,7,8,9,9,9-dodecafluoro-6-cyclohexyl-

nonan-4-one (61) 

2 3 . 2 - H y d r o - h e x a f l u o r o c y c l o b u t y l p e n t y l ketone (62) 



- 1 1 1 -

2 4 . 2 - H y d r o - o c t a f l u o r o c y c l o p e n t y l p e n t y l k e t o n e ( 6 3 ) 

2 5 . 5 , 5 , 5 - t r i f l u o r o - p e n t a n - 2 - o n e ( 6 4 ) 

2 6 . 4 - t r i f l u o r o m e t h y l - 7 , 7 , 7 - t r i f l u o r o h e p t a n - 2 - o n e ( 6 5 ) 

2 7 . 1 , 1 , 1 , 2 , 3 , 3 , 1 2 , 1 2 , 1 3 , 1 4 , 1 4 , 1 4 - d o d e c a f . l u o r o - t e t r a d e c a n -

4 , 1 1 - d i o n e ( 6 6 ) . 

2 8 . 1 , 1 , 1 , 2 , 3 , 3 , 3 , 1 6 , 1 6 , 1 7 , 1 8 , 1 8 , 1 8 - d o d e c a f l u o r o - o c t a « l o d e c a n -

4 , 1 5 - d i o n e ( 6 7 ) 

2 9 . 1 , 1 2 - d i ( 2 - H y d r o - p e r f l u o r o c y c l o b u t y D d o d e c a n d i o n e ( 6 9 ) 



- 1 1 2 -

M . W t = 2 2 4 N o . l 

95 J 

3B. 

85. 

2?3 

75. 

78. 

85. 

68. 

55. 

58. 

45. 

48. 

35. 

38. 

25 J 

28j 

15. 

18. 

5 . 

159 

77 

183 
69 

95 

133 

J _ i i 
58 158 see 25B 388 353 

Hass 7. Base 
50. 91 25 69 
58. 93 7. 06 
64. 91 18 .51 
68 89 3 1 1 2 
70. 93 2 39 
74. 91 8. 23 
76. 99 63 22 
77. 90 5 20 
8 1 . 88 1 . 23 
86. 89 2 22 
88. 88 6 42 
90. 89 5 43 
92 86 1 75 
B4 86 22. 42 
96. 98 5. 43 

100. 85 1 . 63 
106. 87 1 69 
108. 86 34 33 
1 12. 83 7 76 
114. 84 5. 31 
126. 81 1 28 
126 86 0 99 
128 83 7. 01 
136 82 9. 22 
138 82 10. 45 
140 79 3. 85 
150. 79 5. 66 
154. 79 2. 51 
156. 82 4. 50 
158. 80 67. 37 
159 83 3. 56 
160 78 4 03 
176 .80 9 40 
180 78 4. 09 
194 78 1 46 
7??. 7C 1 nn A/> 



- 1 1 3 -

M.Wt= 374 No . 2 

??3 

n 
ss 

sa 

55 

511 

<5 

<R 

35 

39 

?5 

;s 

15 

18 

5 

IJIL IIJ I ll.. .L LJJ1[ 
lis isa 

I?; 

en 256 

5 0 . 91 
5 6 . 9 1 
5 8 . 93 
5 9 . 93 
62. 92 
£ 3 . 9 1 
51. 91 
S 5 . 9 1 
66. 9 0 
fiS. 88 
£ 9 . 88 
7 0 . 92 
71 . 93 
7 2 . 48 
7 2 . 91 
7 4 . 9 0 
7 5 . 9 0 
76 S9 
7 7 . 9 0 
7 8 . 9 0 
7 9 . 88 
8 1 87 
8 2 . 98 
86 9 0 
8 8 . 88 
8 9 . 88 
9 0 89 
9 2 . 87 
93 88 
9 4 . 86 
95 88 
9 6 . as 
99 85 

1 0 0 . 8 5 
I C S . 8 7 
107 8 5 
1 0 8 . 8 6 
109 87 
1 1 2 . 8 3 
1 1 4 . 8 5 
1 1 8 . 8 5 
1 2 0 . 88 
1 2 6 . 8 5 
1 2 8 . 8 2 
1 3 0 . 8 1 
1 3 1 . 8 0 
1 3 2 . 8 3 
1 3 6 . 8 2 
1 3 7 . 8 4 
1 3 8 . 8 2 
1 3 9 . 8 4 
1 4 0 . 8 0 
1 4 4 . 8 0 
I S O . 7 9 
1 5 4 . 7 9 
1 5 6 . 8 2 
1 5 7 . 8 2 
1 5 8 8 1 

3 4 . OS 
0 . 9 1 
9 . 22 
0 . 6 2 
0 . 4 3 
1. 49 

2 0 . 83 
0 . S I 
0 . 4 4 

4 0 . 5 4 
0 . 3 2 
3 . 6 2 
0 . 38 
0 . 3 0 
0 95 
6 . OS 
0 . 95 

6 9 65 
6 . 71 
1 . 18 
0 4 4 
4 24 
0 . 83 
0 . 99 
8. 47 
1 . 7 0 
9 . 53 
2 78 
I . 27 

2 3 . 71 
0 . 89 
5 . 23 
0 . 4 1 
2 . 8 4 
2 . 73 
0 . 5 6 

38 76 
1 75 
7 8 2 
6 5 5 
1 06 
0 56 
1 43 
6 4 0 
0 97 
0 5 4 
0 5 9 

12 0 1 
0 . 4 4 

1 1 . 73 
1 . 0 6 
2 . 99 
0 . 2 2 
8 . 0 4 
2 . 3 0 
5 . 3 1 
0 . 4 1 

5 9 67 

n a s i 
1 6 2 . 8 0 
174 B l 
175 . 8 0 
1 7 6 . 9 0 
1 7 7 . 8 0 
1 7 8 . 8 1 
1 8 0 . 7 6 
1 9 4 . 7 7 
2 2 2 . 7 7 
2 2 3 . 7 7 
2 2 4 . 8 1 

0 5 4 
0 . 75 
0. 22 

1 1 . 03 
0 5 4 
0 86 
3 75 
1. 62 

1 0 0 . 0 0 
8. 02 
0. 46 



- 1 1 4 -

M.Wt= 236 No. 3 

in 
n 
m 

n 
n 
« 
n 
a 
a 
55 

5« 

•5 

<ll 

I'l 

H 

?5 

n. 
15 

la 

s 

I 
IN ill 

Mais y. B a t e Mast 7. Base 
SO. 91 7. 16 1 3 0 . 8 1 0 3 7 

51. 93 0. 37 132. 84 0 18 
52 . 94 0. 38 1 3 6 . B l 0 15 

54. 92 0. 35 1 3 8 . 8 3 0 8 9 

55. 92 0. 53 1 3 9 . 8 3 0 4 9 

S 6 . 92 2. 90 140. 83 0 6 3 
37 . 93 0 . 6B 142 .82 0 1 1 
SB. 92 6. 97 1 4 3 . 8 1 0 36 

39 . 93 0. 63 1 4 4 . 8 0 4 6 9 

E 2 . 91 0. S3 1 4 5 . 8 0 0 1 7 

63. 91 1. 64 150.81 i 2 5 
64. 91 2. 52 I S I . 8 2 0 3 1 

66. 89 0. 36 1 5 2 . 8 0 0 2 3 

ee. 88 3. 98 1 5 6 . 8 0 0 3 0 

69. 91 0. 60 1 6 2 . 7 9 0 4 3 

70. 91 4. 31 1 7 0 . 8 0 5 57 
71 . 92 0 . 96 1 7 : . 8 1 0 3 5 

72. 94 1 0 0 . 0 0 1 7 2 . 7 8 0 5 7 

73. 95 3. 92 190. 7 8 0 2 1 

74. B9 3. 97 192. 74 9 3 0 

75. 90 1 . 22 193. 7 6 0 4 5 

7 6 . B9 6. 24 2 0 0 . 8 0 0 1 3 

77. 90 1. 66 2 0 6 . 7 6 0 . 3 3 

78. 91 0. 20 208 7 8 0 . 1 0 

80. 87 0. 24 2 2 0 . 7 6 0 78 
81. 87 2. 81 2 3 6 . 7 9 0 33 
82. B9 0 77 
B6. 89 0. 24 
87. 88 0. 92 
88. 88 4. 40 
89. 89 2. 92 
90. 89 6. SB 
91. 89 0. 40 
92. 86 4. 38 
93. 86 0. 65 
94. 86 5. 56 
95. 87 0. 18 
99. 84 1 . 74 

100. 86 3. 96 
101. 87 0. 83 
1 0 2 . 8 8 0. 54 
1 0 3 . 8 6 0. 11 
1 0 4 . 8 6 0. 16 
1 0 5 . 8 6 1. 46 
1 0 6 . 8 6 2. 12 
1 0 7 . 9 6 1. 42 
1 0 8 . 8 5 10. 10 
1 0 9 . 8 6 0. 73 
1 1 0 . 8 3 5. 39 
11 1. 83 0. 22 
1 12. 82 6. 71 
1 1 8 . 8 4 0. E l 
1 1 9 . 8 3 0. 22 
1 2 0 . 8 4 6. 00 
1 2 1 . 8 5 0. 87 
122. 82 1. 20 
1 2 3 . 8 4 0. 35 
124. 83 1. 29 



- 1 1 5 -

M.Wt= 398 No. 4 

111 

151 

159 

Mass 
50 . 84 
5 1 . 86 
52. 87 
54. 85 
55 . 84 
56 83 
57 84 
58. 84 
59. 85 
6 1 . 83 
62 82 
63. 81 
64 . 82 
66. 79 
68. 79 
69. 81 
70. 81 
7 1 . 82 
72. 80 
74. 78 
75. 80 
76. 79 
77 80 
80. 77 
8 1 . 76 
82. 78 
84. 51 
86. 75 
87. 76 
88. 76 
89. 76 
90. 77 
9 1 . 78 
92 74 
93. 73 
94 74 
95. 76 
98. 74 
99. 71 

100. 73 
101 . 74 
102. 74 
105. 72 
106. 72 
107. 72 
108. 71 
109 72 
1 10. 69 
111 .67 
112. 68 
1 13. 68 
1 18. 68 
1 19 69 
120. 69 
121 . 70 
17? C-T 

Base Hass y. Base 
30. 13 127. 68 1. 56 

1. 07 130 .64 4. 60 
1. 87 131 .67 0. 39 
0. 31 132. 65 0. 81 
1. 32 132 88 0. 49 
9. 81 133 .15 0. 30 
1. 52 136. 65 0. 62 

4 1 . 80 138. 65 3. 62 
1. 41 139. 66 3 07 
0. 52 140 .66 3. 41 
2. 94 141 .65 0. 39 
5. 26 143. 62 1. 17 

13. 77 144. 62 20. 73 
0. 50 145. 64 0. 69 

16 69 150. 62 27. 17 
1. 45 151 .63 1 . 40 

20. 77 152.63 1. 02 
2. 90 156 .60 1. 66 
2. 47 158. 64 0. 24 

12. 87 162 .60 3. 99 
3. 96 168. 62 0. 73 

36. 83 169. 62 0. 30 
5. 10 170 60 41 . 60 
0 52 17 1 60 2. 32 

15. 76 172. 57 1. 22 
3. 08 188. 56 0 94 
0 22 190. 55 3 54 
0. 31 192. 52 9. 20 
2. 65 193. 53 0. 43 

25. 44 2 0 6 . 5 0 0. 35 
14. 42 234. 49 81 83 
53. 34 2 3 5 . 5 0 6. 51 

1 . 75 300 .36 0 46 
9. 93 
1 . 47 

26 14 
52 
30 
13 

0 
0 
9 

18. 83 
4. 54 
2. 27 
2. 70 
5. 81 
7 45 

100. 00 
5. 45 

12 03 
0. 41 

33 37 
0. 61 
2. 79 
0. 75 

38. 38 
6. 15 
o /to 



- 1 1 6 -

23 

73 

. l , M . . t l , . , l . l i | l , I . . M l | l t . l , , i , l . . , . J l > . . H . f c I ^ I 

M . W t = ' 2 8 6 N o . 5 

'y* *!• 
2B8 

1 
3ea 

I I 

•-I 

. . I 

\ _ , 

A -. I. I 
'• I ,. I . . ' > 

• .. I. 

, 1 / 1 

'< .' . A > 

I ] ' 

1 ' ) i 

1 I . M , , 
• .-I 

i ! • M 

I •)«•; , •-';•! 

\ • 3 . - ' ' •> 
I I ' . '. • i 
I ' l . ••.i 

; . , . I o 1 

.1 1.4 . " ; i 

.1 •; . - ' 

I V - , . I. 

..0'?. 

::.A :>1.0 

2 ! i V - I 0 

. :>7 . i . , .1.2 

- : i i r . 

. ••'0 ., H 

. ; i . . A A 

! . I 

I -
1 . ', ' 1 

I 

0 . 

1 . 0 : \ 

:• 7 I 

I. ,. o I 

0 .. c-O 

? . 1 6 

1 , 1.0 

i'.< . 4 , ' 

0 . 8 3 

0 ,. ' :<',! 

0 •• 

I. . 



- 1 1 7 -

2B 

W t = 4 9 8 

113 
1 7 1 

r J L l ^ i L ^ i l i^il ,>. .*l . . | l . J . ll.4.L%i.<l..LH..l... nII.,^ *.,[ iL ^̂  r . . ^ 
laa 288 

253 

N o . 6 

28S 

388 

M a s s 6 a « e % M a c ? E a s e % M a s s Base% M a s s B a s e 

2 6 . 3 0 0 . 4 7 6 8 . 9 6 7 . 9 0 1 3 1 , 0 2 3 . 3 0 2 0 7 . 11 0 . 4 1 
2 7 . 2 3 3 . 9 3 7 0 . 9 9 1 . 6 2 1 3 2 , 0 7 1 , 0 9 2 1 9 . 1 1 0 . 7 4 
2 8 . 11 4 7 . 3 6 7 2 . 0 5 0 . 6 8 1 3 3 . 0 8 1 . 1 3 221 . 10 4 . 48 
2 8 . 1 3 1 . ; .'4 7 3 . 11 0 , 4 1 1 3 7 . 0 7 0 . 5 6 2 2 3 . 09 1 .21 
2 8 . 9 . ? 4 . 6 3 7 5 . 0 a 3 . 6 6 1 3 9 . 0 5 1 , 8 9 2 2 5 . 09 0 . 8 0 
2 9 . 0 0 1 . 0 9 7 6 . 0 8 0 . 5 3 1 4 0 , 0 2 1 . 2 1 2 3 9 . 0 8 2 . 0 3 
3 0 . 8 6 1 . 3 3 7 7 . 0 6 3 . 5 7 1 4 1 , 0 6 0 . 38 241 . 10 'v'. 50 
3 0 . 3 9 0 . 6 2 8 2 . 0 2 1 . 0 0 1 4 3 . 0 7 0 . 3 5 24 3 . 0 9 1 3 , 0 6 
3 1 . 9 7 9 . 97 3 3 . 0 7 1 . 1 5 1 4 4 . 0 9 1 . 9 2 2 5 7 . 13 1 . 21 
3 3 . OS 1 . 2 1 8 8 . 0 3 0 . 5 0 1 4 5 . 1 0 ? . 3 3 2 8 5 . 16 24 . 15 
38 . 0 5 0 . 3 5 8 9 . 0 0 1 77 1 5 1 . 0 4 3 , 2 1 2 8 6 . 13 2 . 2 7 
38 . 9 7 2 . 7 4 8 9 . 9 5 1 . 3 3 1 5 2 . 0 7 0 , 8 3 
39 . 0 1 I . 4 2 91 . 0 2 1 . 8 9 1 5 3 . 0 9 0 , 8 3 
4 0 . 9 6 1 . 0 9 9 3 . 0 5 0 . 9 7 1 5 7 . 0 7 2 , 0 9 
4 2 . 0 2 0 . 6 8 94 . 0 6 0 . 9 1 1 5 9 . 0 5 1 , 74 
4 2 . 0 6 0 . 4 7 9 5 . 0 8 6 . 8 1 1 6 1 . 0 5 0 . 6 2 
4 3 . 0 9 1 1 . 6 3 9 9 . 9 5 1 , 3 6 1 6 3 . 0 7 2 . 4 8 
4 3 . 1 2 1 . 5 6 1 0 1 . 0 2 2 . 6 5 1 6 9 . 0 5 0 . 38 
44 . 1 0 1 . 0 3 1 0 2 . 0 6 0 . 8 8 1 7 1 . 0 7 1 3 . 6 8 
44 . 1 3 2 . 2 1 1 0 3 . 1 0 0 . 5 0 1 7 2 . 1 0 0 . 8 6 
4 5 . 16 1 0 0 . 0 0 1 0 6 . 0 6 0 . 7 1 1 7 3 . 0 9 0 . 5 6 
4 6 . 1 5 3 . 1 8 1 0 7 . 0 6 1 . 3 3 1 7 5 . 0 8 2 , 0 6 
4 7 . 1 2 4 . 1 0 1 0 8 , 0 5 0 . 6 2 1 7 7 . 0 8 1 , 8 9 
4 8 . 9 8 1 . 1 2 1 0 9 . 0 2 2 . 8 3 1 8 1 . 0 4 1 . 0 9 
5 0 . 9 6 1 0 . 2 9 1 1 3 . 0 7 1 0 . 8 5 1 8 9 . 0 5 0 . 5 9 
5 3 . 1 2 0 . 47 1 1 9 . 0 3 0 . 9 1 1 9 1 . 0 7 0 . 3 8 
5 7 . 11 1 . 9 5 1 2 1 . 0 5 3 . 2 1 1 9 4 . 0 9 0 . 6 2 
5 9 . 0 3 2 . 4 5 12 2 . 0 9 1 . 3 9 1 9 5 . 0 9 1 . 3 0 
6 3 . 1 1 0 . 4 1 1 2 5 . 1 0 0 . 9 4 2 0 1 . 0 7 4 . 5 4 
64 . 1 3 0 . 8 8 1 2 6 . 1 0 0 . 5 0 2 0 2 . 1 0 0 , 4 7 
6 5 . 1 2 6 . 2 8 1 2 7 . 0 7 2 , 0 3 2 0 3 . 0 9 0 . 7 7 



- 1 1 8 -

M.Wt= 204 No, 

IN 

« 

m 

K 

n 

ss 
6» 

55 

58 

«S 

41 
35 

38 

?i 
?B 

IS 

18 

5 

193. 113 

Ml I l i - . 
in 

HI 
183 

lU 

M a s s 7. B a s f Mass /. B a s r 
5 0 . 85 1 8 . 13 124 . 6 8 0 69 
5 1 ne 0 4 1 125 . 67 0 36 
5 2 . B5 0 15 176 60 1 44 
5 4 . 8 5 0 . 5 0 127 . CO 2 53 
5 5 . BS 1 . 27 128 . 6 7 0 26 
5 6 . 8 4 9 5 9 1 3 0 . 6 5 3. 46 
5 7 . 8 4 1 0 9 131 . 66 0 23 
5 8 . BS 1 1 75 134 7 1 2 . 6 7 
5 9 8 5 0 . 45 1 3 5 . 6 6 4 57 
6 1 8 2 0 . 38 1 3 6 . 6 7 13 70 
6 2 83 1 2 4 1 3 7 . 7 1 0 85 
6 3 . B2 3 . 4 0 1 3 8 . 6 5 30 4 0 
6 4 . 8 3 2 . 46 139 . 6S 3 SO 
6 6 . B l 0 . 2 1 1 4 0 . 6 3 52 94 
6 7 . 8 1 0 6 0 1 4 1 . 6 3 2 36 
6 8 . 79 2 5 3 4 142 63 0 22 
6 9 . 8 2 2 5 2 1 4 4 . 6 4 0 29 
7 0 8 2 3 56 145 65 0 14 
7 1. 93 0 18 1 5 4 . 6 1 2 Zl 
7 2 . S3 5 6 1 155 fi2 a sr. 
73 0 1 0 34 156 G3 1 n 1 
7 4 . 7 9 1 1 . 0 7 157 61 a 90 
7 5 . 79 1 31 1 5 8 . 6 1 76 15 
76 9 0 19 3 2 159 6 2 5 0 4 
77 8 0 0 . 71 ISO. 6 0 100 0 0 
8 0 77 0 . 5 0 161 6 1 4 21 
8 1 77 2 43 1 6 2 . 6 2 0. 29 
8 2 . 77 0 . 19 1 6 8 . 6 2 0 B l 
8 4 BO 0 12 1 6 9 . 6 4 0 13 
8 6 78 2 . 95 1 7 4 . 6 0 0 90 
B7 76 3 16 175 59 1. 19 
B8 7 7 2 4 9 1 176 61 0 1 7 
89 77 8. 27 I B B . 56 56 S I 
9 0 . 7 6 3 5 2 189 57 3. 27 
9 1 76 0 . I S 190 . 5 7 0 16 
9 2 . 7 4 2 9 3 2 0 2 . 5 7 0 13 
9 3 . 7 4 1. 5 7 2 0 3 5 7 0 . 15 
9 4 . 75 3 7 26 
9 5 . 75 1 1 7 
9 6 . 7 5 0 . 18 
9 8 7 4 0 3 0 
9 9 . 7 2 0 4 4 

100 75 1 . 1 1 
1 0 1 . 7 3 0 . 19 
1 0 4 . 76 0 . 7 0 
1 0 5 . 7 2 1 . 2 1 
106 73 1 1 4 7 
1 0 7 . 7 2 1 3 . 4 1 
1 0 8 . 7 2 3 4 . 5 0 
1 0 9 . 73 1. 4 8 
1 1 0 . 7 0 1 . 7 1 
1 1 1 . 6 9 2 . 2 8 
1 12 . 6 9 3 3 . 0 0 
1 1 3 . 7 0 1 . 1 1 
1 1 6 . 6 9 1 1 4 
1 18 6 9 9 14 
1 19 . 6 9 0 . 8 0 
1 2 0 . 7 0 0 . 6 0 
1 2 1 68 0 38 
1 2 3 . 0 5 0 . 5 3 



- 1 1 9 -

M . W t = 3 3 4 No. 8 

J5. 
a . 

B. 

M. 

;5 
PI 
ts. 
a . 
S5 

a . 
« . 
a . 

35. 
>. 

a 

IS. 

II. 
$ 

I 

I5S 

77 

1 llU ll.ill. i.l. L 

113 135 

1 ^ 
IN la 

H a t s t B a t * 
25 61 0 41 67 86 0 15 126 80 0. 42 
26 62 2 75 67. 87 0 15 127 77 0 19 
27 60 19 27 68 87 10 85 128 68 0 80 
28 60 3 39 69 92 0 79 130 79 1 94 
28 63 0 12 70 94 1 14 131 68 0 77 
30 60 I 26 73 97 0 18 131 77 0 19 
31 59 4 90 75. 01 3 05 132 79 0 16 
32 62 1. 45 76 04 0 38 133 67 0 23 
36 62 0 15 77 07 12 73 135 68 0 25 
37 64 0 50 78 10 0 51 135 79 0 27 
38 65 4 77 81 13 0 24 136 79 1 00 
39 59 0 35 82 13 0 75 138 79 17 83 
39 66 0 33 83 12 0 14 139 79 2 09 
40 67 0 34 87 08 0 23 140 77 3 01 
41 65 0 69 88 07 0 96 141 76 0 16 
41 6S 0 17 89 06 9 13 148 81 0 39 
42 67 7 04 90 06 3 66 194 76 0 37 
43 65 0 92 91 04 0 95 199 76 0 73 
44 69 9 77 92 99 1 22 196 76 0 34 
45 69 0 61 93 99 0 40 197 76 4 00 
46 66 0 14 94 98 37 43 198 47 0 11 
46 70 2 45 95 98 1 36 198 76 too 00 
48 70 0 14 99 91 0 21 199 76 5 91 
49 71 0 32 100 93 0 23 160 74 10 60 
50 71 8 15 104 93 0 29 161 74 0 49 
51 74 0 17 104 96 0 14 174 70 0 18 
55 75 0 34 109 88 0 26 179 72 3 16 
56 77 2 93 106 89 2 I ] 176 73 0 14 
56 81 0 19 107 18 3 49 202 68 0 24 
56 83 0 18 106 88 19 40 220 67 0 14 
57 78 0 33 109 87 0 61 318 91 0 34 
58 80 4 30 111 82 0 88 
59 81 0 13 112 82 17 66 
6 1 . 79 0 19 113 12 0 72 
62 82 0 2C 118 80 4 06 
63 84 1.06 119 81 0 39 
64. 28 0 1* 120 81 0 29 
64 85 1 23 124 78 0 19 
65 80 0. 14 124 82 0 11 



- 1 2 0 -

M.Wt=216 N o . 9 

I K 
B 
98. 
8S 
88. 
K 

78. 
ts. 
H 
55 
58. 
« 

35. 
a 
a 
za 
IS. 
18. 
S. 
8 . 

1)1 la; 

l i n l i „L 
88 188 

IZS 

.l|l.l 

l?3 

1?1 

I . I . . .U 1,1 
128 l U 188 188 2Z8 

Mass 
50. 92 
74. 88 
92. 85 
9 4 . 86 

100.86 
106.85 
120.85 
124.82 
150.79 
152.77 
170.78 
172.76 
173.76 
200.76 

Base 
5.01 
8. 81 
5 
6 

60 
79 

14. 91 
14. 71 
7. 07 

12 72 
31. 37 
26. 15 
37. 31 

100.00 
5. 67 

53. 86 



- 1 2 1 -

M.Wt= 216 No. 10 

I en 

95 

38. 

SS. 
88 

« 
78. 

65 

i t . 

55. 

58 . 

45 

48 

35. 

33 

25. 

29 

15 

18 

5 

153 

m 
131 

Jill ,1 , iJ 

M l 

ee 88 109 
II.Llli.L, I 

IJB 148 158 163 

f81 

;93 24i 

^1 01 

I I 01 

«l 01 
(1 01 
t 4 01 

01 
01 

70 01 
? l 04 

• • 0 1 
• < 04 
» 0 . 0« 

100 
l e i o« 
101 Of 
tOT 04 
10* OJ 
I 10 03 
I I I o l 
113 0 1 
I I I OJ 
1 1 * 0 ? 
1,-0 0« 
i : i o t 
i ; j 0* 
1.-^ 0* 
I I t o« 
13* 01 
179. 01 
n i n ) 
111 0 1 
n i 03 
I 40 c i 
141 or 
14: n.^ 
141 0« 

n i 0 ' 
i s j p« 
i 5 i o» 
114 O'j 
193 0 1 

U 10 
51 I I 



- 1 2 2 -

M . W t = 2 4 4 No . 11 

'111 I 

i r . 

HII I 

,M i 
I ' l 

IK 

, i l l l l l . .11.. 
1.11 

. . . iJiLL. 

i n ; 

i;4 

•I I 

ICS Hi 

'in. • 3 0 n . i II •% 
".? " 1 (• •1 1 1 7 ' . r'.T ' M 

',A *>? 1 7 1 T f . ( i- i 10 

• i ' l ' t l .1 ^ 1 I ' n o ,* 1 : 
S i . •' ' I • ) ! 1 r n n 1 f t . 

/ 1 1 '< 1 M r • • ' 
4 7 O ' l ! 3 ? 117 '• 

' , 1 ' ) . ) 1 1 i? n 1 

r . o n-t I t 3*. t 1 1 n ) '-• 
r . ? ' 11 (> •i 1 I M o 

' J i 1 41) 1 •) 

1 •^n 1 1) 1 .'11 

t . r , 9 0 f» ( 1 1 i r . n . ' I 7 ' • 1 

( ;n R * i 1 ) 7 M ) ' ( I 

• i l l 7G '1 . Tn i i n :a !(•: 
f . ' J H i • n't ; T ' ll 1 •' 

ro T i • I ;; : .1.) / • ' t . r t 

/ 1 n •} 1 ! •) 1 i t n 

/ / 't--. • t H 1."' 1 - 1 . ' 1 

I / I / 1 1 ^•7 

; .1 ->o . . 1 1' .' 1.1 

Ti <> 3 4 l ' - > r . o 

r r ' l i t '1 1 i *"••> '• I 

> i ( j i i / ( - 1 I "t ' l O ' . 1 ' . 

n i i i M <\ • 1-1 1 I .1.1 / r 

! i 2 ( i n 0 ' ( I 1 n 1 I ' • " 

» M ••() 1 ?^ 1 ' - ' i "• T 1 . . 

n «17 i'-'} •> 1 

ll o n : ' .o n n 

fl ' 0 ( 1 1 OS ; . ' I ' l n j • 

n i . 

'.T, 115 
M'.l 11-1 

l O o . n / 
no 
86 
nc 

104 
105 
I or. 
10? "••> 
I ( I I I I I I 

I O ' l P I 

1 I •> (1.1 
1 1 ; I I ' . 

1 I T 
11-1 
I I f , 0 4 
1 1 7 . no 
1 10 0 3 
n o n . i 

I 2 0 n o 

0 2 
. 2 0 

47 

4 I 

•)• ' 
nil 
3.1 

I S ? . 1 / 

i r . ' i 
I 7 : ' n n 
1 7 ] no 
I 74 n 1 
r.-<i n . i 
I 70 . n I 
i n o . Po 
I P ? n i 
104 BO 
i n f . 7 0 
111/ z** 
r t , n n 
I - i n ii.T 
• m 111 

, ' :o vn 
2 4 3 . OO 

f. I 

11 



- 1 2 3 -

M . W t = 2 5 8 N c \ 1 2 

I M , 

' I ' l 

B'. 

pn 1 
I 

V. 

3"] 

15] 

111 

1 » 

Liilj!, 

133 

292 

129 
JllllJ. .1,1 

148 IE9 
I 

299 229 249 

( 1 7 n.1 
111! n I 

i i ( 4 r>I 

l ? l .1.1 
I / l /•• 
17.1 -ij 
t ? r . . n ? 

1 711, UO 
i . ir lie 
m i M 
i.i-i ni 

nc II i 



124-

M . W t = 3 5 8 N o . 1 3 

259 399 351 

M a s s 
SO. 94 
52 95 
54. 96 
55.96 
56 96 
57 96 
58.37 
59 97 
62. 95 
63. 94 
64 95 
68 92 
69 34 
70 96 
71 97 
72 95 
74. 93 
75 93 
76 93 
80 92 
81. 92 
82 34 
86 93 
87 93 
88. 92 
89 93 
30. 92 
33 91 
94 91 
96 83 
98 34 
99 88 

100 91 
101 95 
102. 94 
104 91 
106 90 
107 90 
108 89 
109 89 
112. 90 
116 92 
118 90 
119 90 
120. 91 
121 91 
124 90 
126. 90 
127. 87 
128 88 
130.88 
131 89 
132. 90 
135 88 
136 89 
137 90 
138. 88 
139 89 
140. 89 
141 87 

B a s t 
6 33 
1 40 
7. SO 
2. 86 

29 87 
1. 35 

14 28 
0 SO 
5. 30 
1. 10 
2. 33 

10. 43 
1 23 
9 
3 
0 
2 
0 

40 
71 
89 

. 41 
45 
29 
08 
65 
51 
06 
96 

10. 33 
4. 34 
4. 08 
0. 82 
3 72 
5. 33 
0. S4 
4 18 F 
5 73 F 
2 70 
2 78 
0 47 
0. 69 
0. 57 

20. 64 
1 13 
1.47 
4 55 
6. 09 
1 95 

14 06 
1. 22 
I 90 
0. 51 
5 53 
1 38 

92 62 
2 84 
0 92 
1 12 
S 78 
0 72 

17. 73 
2 . S I 
7 32 
2 OS 

Mass 
142.89 
143 .as 
148. 90 
150.89 
151.90 
152 87 
154. 86 
155. 88 
156 89 
157. 33 
158 83 
166.88 
I E 7 . 8 8 
163. 86 
163.86 
170.51 
170. 93 
171. 89 
172. 88 
173. 88 
182. 87 
186. 96 
187 87 
210.86 
214.89 
244 86 
251.84 
281 82 
282 92 
283.33 
298 81 
325.82 
342. 82 
3S7. 83 

1 B a s f 
1 
t 
1 

21 
3 
3 
0 
1 
4 
0 
1. 
3. 
0. 
0. 
2 
1 

100 
43 

5 
1 
0 
s . 
0. 
1. 
2. 
0 
1. 
0. 
5. 
0. 
2 
I . 
0. 
0 

OS 
06 
35 

.68 
21 
38 
93 
53 
83 
87 
28 
83 
64 
81 F 

. 19 F 
66 F 
00 FQ 
22 F 
69 
08 
59 

. 58 

. 61 

. 36 

. 26 
82 
73 
S4 
39 
69 
98 
83 
42 
61 



-125 

189 

35 

°9 

6 5 . 

62 

75 . 

n . 

5 5 . 

( 3 . 

5 5 . 

: 2 . 

45 . 

40 ; 

•5 

• 8 . 

c 5 . 

M.V:t= 386 

183 

183 

137 

185 

213 

i i i i l 

257 

3^7 
313 

259 399 3^3 

No. 14 

4i3 

Mas s 
5 1 . 10 
5 3 12 
5 5 1 1 
5 6 13 
5 7 13 
5 9 14 
5 9 13 
6 0 13 
6 3 12 
6 4 . I 2 
6 5 13 
6 7 13 
6 9 1 1 
7 0 13 
71 16 
12 16 
73 l a 
7 4 . 18 
75 14 
76 15 
77 I 4 
7 9 15 
6 1 13 
8 2 . 13 
8 3 16 
8 5 17 
8 6 . 18 
8 7 16 
8 8 16 
8 9 16 
9 0 16 
9 1 . 16 
9 3 15 
9 5 15 
9 6 1 7 
9 7 . 15 
9 9 2 2 

1 0 0 14 
1 0 1 16 
1 3 2 2 0 
1 0 3 19 
1 0 5 19 
1 0 6 1 7 
107 18 
1 0 8 17 
1 0 9 16 
I 10 16 
1 1 1 16 
1 13 16 
1 1 4 17 
1 1 5 19 
1 1 7 . 19 
1 I S 3 0 
1 1 9 19 
I 19 7 5 

a s » M a s s . B a s r M a s s ' 
3 a s f 

1 7 1 1 2 0 . 1 8 0 8 4 1 8 7 . 3 1 1 39 
0 18 1 2 1 19 1 69 189 28 0 4-J 
6 98 1 2 2 . 2 0 0 . 16 191 26 0 15 
1 4 7 1 2 3 . 2 0 0. 2 8 193 3 0 0 39 
5 33 1 2 4 . 1 9 0. 17 1 9 9 . 3 1 0. 35 
1 0 2 

1 2 4 . 1 9 

0 . 39 
2 0 1 33 6 . 0 2 

3 8B 1 2 5 2 0 0 . 39 2 0 2 . 3 3 1 0 3 

0 1 7 1 2 7 2 ; 0 33 2 0 3 3 3 0. 4 2 
0 2 0 1 2 8 17 3 25 2 0 4 33 0 . 26 

0 2 2 1 2 9 18 2 . 7 0 2 0 5 3 4 0 . 15 

1 7 2 1 3 0 23 0 35 2 1 3 . 3 9 0 67 

0 2 1 1 3 1 . 2 1 0 16 2 1 8 . 3 0 0 ; 3 

2 1 7 1 3 3 . 2 3 0 . 7 : 2 2 1 32 0 25 

0 2 6 1 3 5 2 1 0 91 222 3 1 0 1 J 

1 0 8 1 3 6 2 0 1 42 2 2 3 . 32 0 1 9 

0 2 3 1 3 7 21 10 7 8 2 2 5 3 4 0 27 

11 3 9 1 33 2 2 2 32 2 2 9 3B 0 36 

0 5 9 1 3 9 . 2 1 a 43 2 3 8 . 3 1 0 25 

2 7 3 1 4 0 2 2 1 12 2 4 1 . 3 2 0 J -

0 4 1 1 4 1 2 0 2 . 10 2 4 3 3 4 0 19 

2 3 2 1 4 3 . 2 2 0 . 19 2 4 5 3 4 0 25 

0 14 1 4 5 2 2 2 . 3 4 3 4 6 3 2 0 27 

0 2 6 1 4 6 . 2 2 0 12 2 4 9 36 0 25 

0 2! 1 4 7 . 2 1 0 . 33 2 5 0 33 0 1 a 

0 2 5 1 4 9 . 2 1 0 . 19 2 5 1 . 3 3 0 13 

0 2 3 I S l . 3 4 0 27 2 6 1 . 3 1 2 36 

0 1 2 1 5 3 . 3 2 1 57 2 6 2 33 0 2 0 

4 6 4 1 5 4 2 3 0. 37 2 6 6 . 37 1 4 2 

0 5 3 1 5 5 . 2 4 1 15 2 6 7 . 3 8 0 2 0 

5 2 5 1 5 6 3 1 4 44 F 2 6 9 . 3 5 0 5 0 

1 7 2 1 5 7 . 23 1 0 0 . 0 0 F 2 7 0 36 0 2 1 

1 7 3 1S8 2 4 2 0 0 2 2 7 1 3 3 0 2 : 

0 I B 1 5 9 . 2 3 3 . 5 1 2 7 3 37 0 98 

2 0 7 1 6 0 2 4 0 12 2 7 4 39 0 1 1 

0 1 4 1 6 1 . 3 6 0. 13 2 8 5 37 0 49 

0 9 0 1 6 3 27 0 . 5 2 2 8 6 . 3S 0 

0 4 9 1 6 5 2 7 6 38 3 8 9 . 39 1 0 2 

0 8 7 1 6 6 2 0 I 46 3 3 0 4 0 0 l a 

1 9 9 1 6 7 . 2 6 0 44 2 9 4 4 1 0 10 

0 2 6 1 6 9 . 2 5 0 12 2 9 6 4 1 0 1 : 

0 3 3 1 7 1 2 7 0 17 2 9 7 4 1 1 6 « 

0 3 0 1 7 2 2 4 0 . 18 2 9 8 43 0 13 

0 2 9 1 73 25 2 . 8 3 2 9 9 4 1 0 1 7 

2 5 8 1 7 4 2 6 0 77 31 I a : 0 12 

0 4 2 1 7 5 2 6 0 6 1 3 1 2 4 4 0 1 4 

17 
1 

5 7 176 2 7 0 17 3 1 3 43 C 21 17 
1 0 9 1 7 7 . 2 6 3 . 27 3 2 7 46 I 0 6 

0 4 4 1 78 37 0. 12 3 2 8 . 4 9 0 1 4 

0 4 3 1 7 9 2 7 0 3 5 3 2 9 47 0 1 3 

0 13 1 8 1 3 8 1 . 33 3 4 0 48 0 83 

0 5 7 1 8 3 . 3 9 0. 13 3 4 1 4 9 0 14 
1 . S 5 1 8 3 . 3 9 0 4A 3 4 3 . 4 7 0 13 
0. 13 1 8 4 . 3 8 I 7 0 F 3 5 7 . 5 3 0 37 
1 S I 1 8 5 3 0 4 3 36 F 3 8 6 . 5 9 0 25 
0 I S 186 3 1 10 17 

3 8 6 . 5 9 



- 1 2 7 -

M . W t = 4 1 4 N o . 15 

I ! . j . 
11 i 

/. V. o . * s r 
SO o n 1 1II 157 70 0 i . n 

.1 n i . 103 70 0 no 
"iri ! io 1 . 07 1 5 1 r r . 1 no 

19 2 0 105 7 4 10 n i 
0 7 '.M 0 9o lOG 70 100 on 
0 0 9 2 40 03 157 70 1 9 
0 3 9 2 1 . 4r, 100 77 2 3 / 
fiO 91 I 44 170 7G 0 0 V 
G3 8 0 0 10 171 70 0 .•:o 
6 4 03 1 5 0 1 72 73 1 30 
r.o 09 1 40 173 73 10 " r . 
fi9 OM 0 19 174 / - I 0 0'". 
ro. no 1 1 (> 1 70 7G 0 l i n 
7 2 . 00 0 . 2 7 1 79 70 0 70 
7 4 . or. 0 5 0 100 7-1 1 V '-• 
7fi or, 1 411 107 77 ••) •' 
• 0 n ; i 0 . IG 104 7? 0 J ' . 
03 B9 0 14 19G 77 0 on 
GO 03 4 12 197 73 r. 07 
0 7 or. 0 2 i 190 73 8*̂  .37 
0 7 . 9 0 0 . 193 74 ; 03 
0 0 94 3 70 2 0 0 77 1 ».l 
09 00 2 . 1 9 701 69 •t 7n 
3 0 . 05 1 . 27 ?17 70 0 0 ; 
9 4 02 i GO .7 14 7 1 0 11 
9 6 . 07 0 . o n 737 r.4 r. ... 1 
99 n 1 ! 1 ') ;4r G7 .1 ,T3 

100 03 1 o.n r r . o G1 0 - i r 
1 0 2 . n o 0 t ? 200 f.O ; 1 3 
104 05 0 1 4 2 f i 9 GO •> : n 
1 0 6 . 8 2 1 . 67 2 7 0 SO 0 •; 1 
107 8 2 0 15 2 7 9 03 •1 3 7 
108 79 13 T.: 780 6 1 0 73 
109 no 0 40 2 0 4 o n 11 I 
1 1 0 . 8 3 0 41 2 0 5 5 9 0 7? 
1 12 70 0 25 301 05 0 7 r 
1 1 4 . 8 1 0 36 3 0 9 . 5 G 0 i n 
1 1 6 . 7 9 0 . 07 3 1 0 . 5 7 ? 71; 
1 1 8 . 0 0 1 . 75 31 1 So .1 r. 1 
1 19 0 0 0 0 0 3 17 0 0 !i f» : 
170 . 0 0 1 0 4 320 5 J 0 - i r 
121 0 1 0 i r .179 0.1 I) 7'" 
122 0 0 0 20 3 0 3 . 0 0 4 n: 
123 39 0 . 1 1 354 5G 7 07 
123 .19 0 . IC 3 5 5 5 0 0 77 
123 57 0 1 3 371 SG 0 1J 
1 2 3 . 7G 0 .75 

0 1J 

127 75 3 57 
1 2 8 . 7 8 0 . 6 4 
1 3 0 . 8 2 0 . GO 
1 3 1 . 7 9 0 10 
1 3 2 . 7 0 
134 7U 
135 7 7 
1 30 77 
137 . 70 



-128-

M.Wt= 442 NO. 16 

• I i i 

• i i ! 

J - . . U . . L . . - L 
i mil 

I. Jlt . - 0 1 u _ 

0 0 . 9 1 0 3 1 
5 2 9 3 0 . d 2 
5a. 9 5 *)G 3 2 
' i S 9 5 11 9 r . 

1 0 0 0 0 
5 7 . so • 9 . 1 ? 
i n 9 2 0 9 5 
6 0 . 9 1 0 r o 
r . 0 . 9 3 0 9 6 

0 . J.I 
72. Bl 1 8 7 
7 4 . p o 'J. i r . 
? 6 . 0 9 0 3U 
0 7 . 9 4 2 .Tl 
" 3 . 9 4 0 I f , 
« 6 . 8 9 0 J 3 
n o . 1 7 0 7 1 
n 9 . 9 7 
^ O . 0 7 
" 4 Q5 

1 0 0 . g o 
I O C , 0 5 
JOO. 9 2 
1 1 0 . o a 
I l e . 9 4 
1 1 9 . 9 3 
1 l a . 0 3 
1 2 0 . 0 3 
1 2 7 . 7 9 
1 2 0 . a o 
i 3 J . n i 
I 3 0 . n i 

1 3 6 . 8 1 
1 1 7 . 0 1 
1 3 0 . 0 1 
1 3 9 . 0 1 
I d O . 0 0 

HO 
1 5 3 . 7 9 
t^-i. 7 9 
1 5 5 . 7 0 
1 5 n . 70 
1 0 7 7n 
lliB. 7 9 
I C O . 0 1 
1 7 0 . 7 9 
1 7 1 . 9 0 
1 7 2 . 7 0 
1 7 3 . 7 7 
1 7 4 . 7 9 
1 9 2 . 7 7 
1 8 4 . 7 0 
1 9 2 . 7 9 
1 9 4 . 7 9 

0 . 7 2 
0 . 9 1 
0 3 3 
0 3 7 
O. 2 7 
1 3 0 

0 . 0 9 
1 . G7 
0 . 2 0 
1 . 19 

1 . 4 7 
4 . 77 

I f i 7 7 
3 ? 3 
0 . 3 3 
0 . 15 

1 3 . 0 2 
0 . 7 9 
0 . 3C 
5 . 6 3 
0 . 3 7 
0 . 15 

M 4 t t 
2 4 2 70 
2 7 0 f .4 
2 9 0 f.'j 
3 1 1 5 ? 
1 2 4 r .4 

i r c 6.-
i r . ; 6 0 
" I ' . o f..-
3 0 2 6 J 

1. 10 
i . 2 3 
. 6 5 



-129-

M.Wt= 194 No. 17 

m 

V, 

95 

t n 

•il) 

45 

40 

)5 

n 
? ' 

eo 

15 

IB 

5 , 

155 

I B 151 

129 149 199 

M i l t 
5 0 . 8 3 
5 1 . 0 4 
5 2 . 9 3 
5 4 . B 2 

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

8 7 . 7 6 
8 8 . 7 6 
8 9 . 7 6 
9 0 . 7 4 
9 1 . 7 4 

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

I O C . 7 2 
1 0 3 . 7 2 
1 0 5 . 7 1 
1 0 6 7 1 
1 0 7 . 7 2 

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

1 2 5 6 8 
1 2 6 6 8 
1 3 0 . 6 5 
1 3 1 . 6 5 
1 3 2 . 6 6 

8 i < r 
2 3 . 6 6 

0 . 3 2 
0 . 7 2 
0 . 2 3 
1 . 0 4 
2 . 5 5 
0 . 4 2 

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

1 0 . 7 3 
0 1 6 
I . 9 9 
0 . 3 0 

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

1 6 . 6 2 
1 . 6 1 
0 3 3 
0 6 1 

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

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

0 . 1 9 
0 . 2 4 
0 . 3 7 

2 2 . OS 
0 . 6 8 
0 . 1 1 
0 . 8 8 
0 . 1 8 
2 . 2 8 
0 . 9 2 
0 . 9 9 
0 . 1 4 

M a t t 
1 3 4 . 6 5 
1 4 0 . 6 4 
1 4 3 . 6 5 
1 4 9 . 5 9 
1 5 0 . 6 1 
1 5 1 . 6 1 
1 5 4 . 6 3 
1 5 5 . 6 2 
1 5 6 . 6 2 
1 5 8 . 6 0 
1 7 4 . 5 8 
1 7 8 . 5 6 
1 9 4 . 5 4 

0 . 9 0 
0 . 1 4 
1 . 0 5 
0 2 6 

2 0 6 9 
0 6 3 

5 9 8 0 
2 9 2 
0 . 17 
0 . 1 0 
2 0 9 
0 I I 
1 . 2 4 
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M.Wt=250 NO. 18 

99 

95. 

98. 

85. 

88. 

«. 
?i. 

B5J 

BB. 

55. 

58 

45. 

48. 

35. 

38. 

?5 

28. 

15 

18 

55 

I2B MB IBB 

194 

?BB 2?B ?48 268 288 

8 p l < = 0 
r 4 3 0 msEC 

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

7 2 0 6 
7 3 0 1 
7 5 0 1 
7 6 9 9 
7 9 0 2 
S I 0 4 
a i 9 8 
8 3 0 1 
9 7 0 3 
9 0 9 8 
9 2 9 8 
9 4 9 8 
9 7 0 3 
9 9 0 5 

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

8 a > > 
3 7 9 
0 2 2 
2 l i 
1 17 

3 0 7 7 
15 1 I 

5 SS 
0 9 7 
1 6 2 
0 5 0 

1 4 
3 8 2 

2 0 3 6 
0 S3 

6 5 4 4 
3 0 2 
0 6 5 
0 3 6 
1 5 3 
0 2 5 

: 0 2 
1 2 4 

0 4 ? 
1 0 0 0 0 

6 3 3 

C«l P F I 2 » < 

2 1 
3 2 

I 2 4 
I 2 5 

2 5 
2 8 
16 
3 6 
7 0 
3 4 
5 5 
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6 
IBB, 

35. 

9B. 

95. 

88 

75 

;B 

65 

BB 

55. 

58. 

45. 

4 8 . 

35 

38 

25 J 

28 

15J 

18 

5 

5J 

i i i 

83 

113 

68 

M.Wt= 2 36 No. 19 

151 

1E8 IBd 2BB E?8 248 

H a t s 
5 1 . 0 7 
5 3 . 10 
5 5 13 
5 6 . 13 
5 7 . 14 
5 8 . 15 
6 5 . 1 1 
6 9 . 0 9 
8 2 . 1 1 
8 5 . 18 
9 1 . 1 4 

100 . 13 
1 0 1 . 15 
103 . 17 
1 0 5 . 19 
109 16 
1 1 3 . 15 
1 1 5 . 19 
1 1 9 . 19 
1 2 7 . 19 
129 2 2 
1 3 1 . 17 
133 . 20 
135 22 
1 3 7 . 2 0 
1 3 9 . 21 
1 4 1 . 19 
1 4 9 26 
1 5 1 . 2 0 
152 2 0 
1 5 3 . 2 5 
155 24 
1 6 7 . 28 
1 7 3 . 27 
1 7 5 26 
2 2 1 . 34 

3 2 2 
30 
3 9 
41 

1 
4 
1 

100 . 0 0 
4 2 2 
6. 51 

18. 9 5 
2 
6 

56 
5 0 

1. 12 
0. 17 
0. 3 2 
0. 19 
0. 67 
0. 5 3 
1. 16 
0 . 0 7 
0 0 7 
0. 5 8 
0 0 9 
0 . 18 
0. 46 
0 0 8 
0 . 0 7 
0 0 9 
0. 19 
0 . 16 
5 . 9 9 
0 19 
0 0 9 
0 . 15 
0 0 9 
0 81 
0 . 10 
0 . 91 
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M.Wt=262 No. 20 

35. 
38. 
85 
88. 
75. 
78. 
65 
W 

55. 
58 
« 
48 
35 
31 
?5 
IS 

IS 

IB. 

5 . 

188 l£3 lie 1E8 183 2B3 228 243 2SS 288 323 

Mass 
50. 97 
53. 01 
54. 02 
55 02 
56 03 
59. 00 
64 99 
67. 01 
68. 02 
69. 02 
70 04 
76. 98 
79 01 
81 . 02 
82. 03 
83. 04 
84. 04 
97. 04 

108. 98 
126.94 
200.96 
218.91 

Base 
4. 64 
1. 75 
2. 58 

58. 44 
4. 08 
1 12 
1 . 01 
2. 74 
0 67 
5. 
0. 
1. 
0. 
2. 29 
8. 64 

100.00 
6. 26 
0. 49 
0. 31 
0. 45 
0. 79 
0. 61 

96 
58 
10 
83 
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M.Wt= 290 NO. 21 

i M , 

95 

159 c89 Hi » 9 

Mass %Base Mass %Base 

I f 
• I f 

1 • * t 

J W 6 1 
7 ) 1 

117 
I I ^ » • 
l i f t M 
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M.Wt= 440 No. 22 

1,1 , . 1 Jlil igLLi.Jl-L.^1. kl-iL JJ.ll.. ,.UL. 

5 0 8 0 

S-t 90 
5 5 9 1 
5 6 9 1 
5 G 9 5 
5 8 8 9 
6 0 91 
6 4 8 8 
6 5 . 9 0 
6 6 9 0 
6 7 9 1 
6 8 0 4 
6 8 9 1 
6 9 0 8 
7 0 n ; 
7 7 0 8 
7 4 91 
7G B 5 
7 7 9 7 
7 8 8 8 
7 9 8 9 
8 0 8 9 
8 1 8 8 
9 2 8 8 
0 3 8 6 
8 4 8 7 
8 6 8 7 
n n 0.3 
8 9 6 3 
9 0 8 5 
9 1 0 5 
9 2 8 7 
9 3 8 7 
9 4 8 7 
9 5 9 7 
9 6 9 5 
9 7 8 6 
9 8 8 6 

1 0 0 8 0 
1 0 2 8 2 
1 0 3 8 3 
1 0 4 8 4 
1 0 6 8 6 
1 0 7 0 6 
l O e 8 4 
1 0 9 8 3 
1 1 0 . 8 3 
1 1 1 9 3 
1 1 2 7 8 
1 1 2 . 8 6 
1 1 4 8 1 
1 1 6 8 1 
1 2 0 7 8 
1 2 2 8 0 

1 2 6 7 7 
1 2 7 7 9 
1 2 8 7 7 

•I. 8 l ! » 
3 6 1 
S 7 2 
4 0 6 

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

1 5 4 8 
2 7 6 

I 2 3 7 F 
1 0 1 7 F 

O 0 2 
O 8 9 
8 2 5 

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

1 3 8 4 
0 . 9 9 

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

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

1 3 1 7 0 
1 3 2 7 8 
l . i n 7 5 
1 4 0 ; s 
I 4 4 74 
1 4 6 7 6 
1 4 8 7 7 
1 0 0 7 1 
1 5 2 7 4 
1 5 4 7 2 

1 5 8 7 2 
1 5 9 7 5 
1 6 4 7 3 
1 6 6 7 5 
1 6 8 7 6 
1 7 0 7 1 
1 7 ? 7T 
1 7 3 . 7 3 
1 7 6 7 0 
1 7 8 7 2 
1 0 0 7 3 
1 6 4 6 9 
1 8 6 7 2 
1 9 0 7 0 
1 9 2 71 
1 ' '3 7 1 
1 9 4 1 I 
I 9 4 4 0 
1 9 4 6 5 
19 r , 7 0 
1 9 8 7 0 
2 0 0 6 9 
2 0 4 F, 7 
2 0 6 6 7 
2 0 8 6 5 
2 1 2 6 8 
2 1 3 . 6 8 
2 1 6 6 7 
2 1 8 6 6 
2 2 6 6 5 
2 2 0 . 6 4 

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

/. 8 J ! » 
0 3 7 

0 6 7 
1 0 7 

71 
n i 

0 4 8 
0 34 

2 0 8 4 

2 16 
0 3 7 
3 7 6 
0 5C 

0 5 2 
1 4 5 
1 0 9 

I 1 5 
0 4 8 
0 3 0 
1 1 4 

1 0 4 4 5 
11R 4 ! 
T 1 7 4 7 

-iifi -n 
• M O .11 
1 1 1 4 3 
4 2 0 5 3 
4 3 9 .13 
4 4 0 4 5 
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M.Wt=262 No. 23 

984 

85 

88. 

75. 

78. 

65.' 

63 . 

55. 

58 j 

45. 

48 . 

35 . 

38 . 

25 . 

28 

15. 

18. 

5 

56 

1E2 

£8 

113 124 

68 189 
11 i j i 

l?3 
x l i x . i i l . i i 

296 

191 
213 234 

148 1E3 168 223 223 
^ L . 

242 

l *a»» 
SO JO 
5 1 . 1 3 
32 M 
9 3 t 3 
3 - >.< 
5 3 J 3 
3 t J 3 
37 5 . 
34 J 2 
Co 92 

<: •• 
• •• JO 
« J 2 
• 7 J J 
• • I C 
• • J ] 
t J J 2 
70 J J 
71 J« 
7 J JO 
74 •< 
7 3 • > 
7< • • 
• 0 JO 
I I I C 
• 2 . 1 1 
• • • < 
1 0 • ] 
t J • : 
• ) I ] • ' •• 
• t ( I 
• • JO 
» J i j 

I C O • ( 
1 0 3 • ] 
IOC • ] 
101 11 
110 11 
111 10 
113 i l 
114 I J 
I K t l 
I I I 
i i j t l 
• 20 12 
111 10 
1 2 a ) j 
I 2 ( I I 
121 14 
1 2 1 10 
n c >t 
n r . >J 
131 J l 
l a o I I 
l a l I t 
l ' 3 Tt 

31 I J 
7 7 12 

e 31 
> i j 
I I t 
e i l 
0 J l 
« J J 

100 00 
• 7 J 
0 47 
1 <J 
I 70 
I I J 
0 4 , 

»3 77 
1 7a 
0 3 . 
1 J t 
I I J 
I 44 
I 4a 
1 a i 
I a j 
I 42 

• 0 2 J 
I ) J 

l a t t 
I I I 7J 
i : i 7 t 
l < : 7 j 
111 72 
173 ?4 
i : : -7 
1 1 ] 72 
115 ;i 
l i e 72 
I J O ( I 
201 70 
I C 3 t l 
set 19 
2:1 i l 
122 I I 
122 I I 
24] I J 
244 70 

0 : o 
9 Ja 
9 2a 
4 44 
0 2: 
0 J l 
0 2J 
0 J ] 
0 24 
1 37 
I I I 
3 ] ] 
I I I 
I I J 
0 J J 
1 12 
2 J J 
0 ] ] 
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M.Wt= 312 No. 24 

5G 

18L 

SS. 

S8 

BS 

88 

75 

;fl 
£5 J 

E8 

55 

SB J 

45 

48. 

35. 

38 

25. 

28. 

15 

18 

5 

I iLtlL... 

33 

71 

113 
1E3 

25; 

188 158 288 253 388 

Mass 

3 1 . 0 5 
5 2 . 0 7 
5 3 . 08 
5 4 . 0 9 

, 10 
1 1 
1 1 
12 

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

10 
1 1 
OS 

. 0 5 
12 
10 
14 
15 

6 6 . 
6 7 . 
6 8 . 
6 3 . 
6 9 . 
7 0 . 
7 1 . 
7 2 . 
7 3 . 10 

7 5 . 0 7 
7 6 . 0 8 
7 7 . 0 9 
7 9 12 
8 0 . 13 
8 1 . 13 
8 2 . 10 
8 3 . 
8 4 . 
Q7 

%Basa 

2 . 2 6 
0. 2 7 
2 . 5 0 
1 . 33 

3 3 . I B 
5 3 . 7 5 
I B . 3 4 

0 . 7 7 
0 . 5 5 
0 . 3 9 
0 . 3 0 
0 . 4 6 
0 . 13 
0 . 9 1 
0 . 2 2 
0 . 94 
0 . 3 0 
fi. 71 
4. 0 0 

Mass % B a s G 

I . 2 8 
7 3 . 17 

1 1 
12 

4 . 18 
0. 3 8 
3 . 2 3 
0 . 16 
0. 4 3 
0 . 18 
0 . 4 0 
6. 2 6 
0. 4 8 
0 4 0 
0. 13 

88 . 0 9 0 . M 
S9 0 9 0 . 54 
90 08 0 12 
91 0 7 I 21 
93 0 7 0 93 
94 08 0 88 
95 0 9 0 63 
96 12 0 13 
9 7 J 4 0 44 
98 15 0 I E 
99 15 100 00 

100 15 e 93 
101 13 0 48 
106 09 0 49 
1 0 7 . 10 0 . 21 
1 0 8 . 10 0 . 17 
1 0 9 . 08 0 . 65 
1 1 2 . OS 0. 23 
1 1 3 . 08 1 5 . 40 
114 . 0 9 0 . 4 9 
1 1 7 . 11 0 . 13 
1 1 3 . 10 0 . 43 
1 2 4 . 10 0 . 26 
1 2 5 . 10 1. 04 
1 2 6 . 11 0 . 20 
1 2 7 . 13 0 . 21 
1 3 1 . 0 9 2 . 35 
1 3 2 . 1 1 V . 1 1 

1 3 3 . 14 0 . 15 
1 3 7 . 12 0 . 46 
1 3 3 . 13 0 . 47 
143 1 1 0 41 

Mas: 

1 4 4 . 11 
1 4 5 . 13 
1 5 1 . 1 4 
1 5 5 . 14 
1 5 6 . 1 4 
1 5 7 . 1 4 
1 6 2 . 13 
1 6 3 . 13 
1 6 4 . 14 
1 6 9 . 15 
1 7 1 . 1 6 
1 7 5 . 14 
1 7 7 . 17 
1 8 3 . I B 
I B S . 1 8 
1 8 9 . 18 
1 9 3 . 17 
1 9 4 . 1 7 
1 9 5 . 2 1 
2 0 3 . 2 0 
2 0 7 . 2 1 

2 1 3 . 17 
2 1 4 . 18 
2 1 5 . 2 2 
2 2 1 . 16 
2 2 3 . 19 
2 3 6 . 2 0 
2 3 7 . 2 1 
2 4 1 . 18 
2 4 2 . 2 1 
2 5 1 . 2 3 
2 5 6 21 

%Base Mass 

2. 12 2 5 7 . 2 2 
0. 40 2 5 8 . 24 
0. 17 2 6 3 . 2 2 
0 26 2 7 0 . 24 
0. 12 2 7 9 . 2 6 
0. I S 2 8 3 . 2 5 
0 10 2 8 4 . 2 5 

10. 53 2 9 3 30 
0. 51 294 31 
0. 14 2 9 5 3 2 
0. 17 2 9 7 31 
0. e s 311 32 
0. 1 1 3 1 2 36 
0. 18 3 1 3 36 
0. 13 
0. 32 
0. 38 
0. 61 
0. 13 
0. 19 
0. 1 1 
7 . 40 
0. 37 
0. 12 
0. 72 
0. 16 
0. 29 
0. 40 
3 . 14 
0. 20 
0. 20 

21 22 

%Basa 

5 . 06 
0 . 36 
5 . 17 
0. 83 
0. 59 
2 . 03 
0. 76 
0. 59 
5 . 05 
0. 76 
0. 30 
0. 24 
0. 12 
0 . 29 
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Vi.Vlt= 140 No. 25 

188., 

3 5 . 

3 0 . 

8 5 . 

8 0 . 

•3 J -

63 

! j 

i 

! ! : ' ! 

id 

m 

125 

I c l 

Mass 

108 

%Base 

123 143 1S3 

Mass 
51 '7 1 5 0 2 : S 5 •2 2 0 
5 2 0 2 1 7 0 95 0 2 : or 
5 3 0 1 2'J e 5-3 = 2 f . 15 

J 0.! 1 C 3 rV C *. ; 2 
.•. " : - Z } 56 c - 2* 3 

5 -j . 50 0 2 C 1 
c - -: - to; 0 - c •• 

0 3 C- lo:- O J b -
'J ^ 0 j • J 75 I O J J 7 
r, .• •> 1 0 5 

_ ,-• U 5 C 2 
c . ; J I C b C J a ? 
\ , .1 I . ' ; ; ; 2 ! 0 9 c - : 5 
."..1 ( ; • ; ; 1:1 0 2 2 -

, , r 1 19 oc . f*. 
J \ • r 

1 . I 

.•; • ^• .: J i r : C-o r 2 
: I 1 23 0 3 2 " 

." ; . . i / ; i r - C" - 2 
; 7 7 125 0 - 5 7 

o : 126 C J 1 • 
I J O . 0 6 7*'; J 7 

. v., M i O H •• ^ « . 

* • I 1-12 0 8 0. I I 
7 • • r rr 183 1 1 0 3 5 
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Itt, 
31. 
88. 

a . 

5«. 

48. 

38. 

28. 

18. 

58 
M.Wt=236 

IL — 
cB-i 

- 0 -

258 ??8 

NO. 26 

35.! 488 

m a 
50 9a 
52 00 
5 J O l 
5-1 o: 
55 O l 
56 OC 
57 00 
57 a-j 
53 01 
58 9 ? 
53 
SO 

il 

0 2 
o: 
o-; 
99 

i : 9 ? 
b; 9e 
e j 99 
Si 00 
« 7 01 
lis 9a 
£ 9 ? -

7 : 0 : 

71 c : 
T J 95 
:5 93 
7« 99 
77 99 
79 01 
90 93 
32 39 
8 J 0-j 
55 01 
57 c : 
33 0 ) 
33 99 
• 3 99 
30 33 
3 J » 7 
35 93 
33 33 
93 98 

l')v 33 
: 0 l ? ? 
I ;2 9.-
I o j •.: 
U 5 2 ; 
1:3 r j 
i v 7 :z 
•• 33 33 
1 ' ? 9 r 
: 1 J 3 ? 
1 : : 2 • 
1: J • r 
: :3 ? c 

Si-.e nut Z 6 i i t 
J 3 129 00 7 3 3 

0 55 1 30 00 0 38 
1 59 131 01 0 11 
0 29 132 99 7 01 
3 3 J I 3 J 00 0 6 0 
•.• 2 • 1 3 5 0 9 t 0 7 
J 38 1 35 S 5 0 1 1 
3 00 c • 1 33 9 7 0 3 9 

I . 0 00 e 138 99 1 3 5 

5 79 r 140 99 0 28 
: :• .JO : J J 97 0 64 

c Z 14- CO 0 36 
C ! 1 J 9 01 12 24 

•• 1 3 150 0 2 0 9 4 
•J 0 t i 5 : 0: 2 98 
J s; 152 99 19 40 

: ; 73 1 5 ) 99 0 89 
30 l 5 7 00 1 25 

0 33 158 00 0 14 
1 3 9 J 159 00 3 I 1 

2 « ^ 1 « 0 9 9 0 12 
2 93 137 02 0 29 
'. 2 Z 1 3 9 02 0 £ 4 
: s j 1 00 0 10 
: 93 : 72 9 9 13 JO 
J 33 : 7 j CO 1 1 1 

2 J - 3 177 01 0 ( 9 
: 3 3 179 01 0 69 

J 7 18 1 0 2 2 9 7 
0 15 195 03 0 13 
1 J O 197 0 ) 3 00 
0 2 3 : 39 03 1 7 4 
1 7 ; 2 00 04 0 25 
- a * 20 1 CO 0 63 
•• "3 2 15 02 2 98 

c • 2 17 02 1 3 4 
'•• 7 3 218 0 2 0 12 
. ;: 220 99 4 13 
"i e i 222 00 0 26 
j : J 233 02 0 18 
; 2 r 237 02 0 20 

93 

.J 

-.3 

2Z 

1 . 0 .'a 
12" ? 3 

J . 
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M.Wt=440 NO.27 

.11,., .11. 
588 788 

1. et\a M<1< 
79 B 7 9 73 122 29 0 41 
BO BS 57 37 122 64 6 6 2 
11 8C 8 93 123 83 3 36 
f 3 • t 42 9 7 124 63 10 43 
•2 9 7 0 21 125 83 2 6 1 
83 8 7 14 28 136 8 2 1 I 8 2 
B4 8 6 10 64 127 63 3 4 2 
05 85 3 41 138 63 10 0 3 
B ( 35 1 74 129 83 3 39 
as >C 9 43 130 80 3 1 6 

9-r B 6 55 131 79 1 62 
S8 8 « 2 24 132 80 3 14 
89 B4 2 16 133 83 3 4 9 
90 84 9 37 134 S I 2 13 
91 8 « r 91 139 83 2 49 
92 B6 15 1 6 136 80 5 78 
93 45 1 76 137 81 5 32 
93 8 7 6 44 13B 8 1 ; 7 34 
94 8 7 32 80 138 93 0 33 
95 42 1 76 1 3 9 8 1 3 4 8 

95 72 0 20 140 8 1 2 1 4 1 
95 T4 i 76 | 4 | S I 3 71 
95 Bfi 9 46 143 80 8 32 
9 « 8 7 25 02 143 54 0 22 
97 87 9 45 142 80 1 7 5 

9B 85 B 93 144 76 3 ^5 
39 8 4 3 98 | 4 S 82 2 0 7 

JOC S4 6 28 146 79 3 28 
: o i 8 4 80 147 78 ~ 9 : 
: o 2 8 4 2 4 9 14B 76 3 7? 
103 8 4 1 71 149 1 1 0 2 4 
l O f l 65 3 7 4 149 79 1 9 3 

105 64 2 7 3 ISO 72 24 5 0 
:o« 0 0 C 2 1 151 77 2 6 0 
1 0 £ 31 1 74 152 78 3 SB 
1 0 ( 43 0 26 I S 3 79 1 S2 
106 85 £ 52 154 79 4 26 
• 07 26 3 46 135 79 2 0 6 
107 33 0 28 195 69 0 23 
107 85 3 3 B 196 79 5 7 5 0 
108 70 I 74 156 95 1 8 0 
I OB 85 13 84 157 55 0 2 1 
109 B 6 4 43 157 79 7 03 
: :o 86 22 43 156 77 5 5 5 

: 11 85 8 29 159 79 70 

1 1 z B4 7 69 160 76 3 44 

: 13 B4 2 99 161 82 1 a i 

: M 38 0 20 162 76 : 9 1 

I : ' B4 8 82 i 6 3 7 8 2 Z 1 

; i ; 84 2 63 164 76 1 7 8 
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COMPOUND ENDEX 

1. l - m e t h y l - 2 , 2 , 3 , 4 , 4 , 4 - h e x a f l u o r o b u t y l e t h y l fether (32) 

2. d i ( l-methyl-2,2,3,4,4,4-hexaf l u o r o b u t y D e t h e r (33) 

3. l - m e t f i y l - 2 - H - p e r f l u o r o c y c l o b u t y l ) e t h y l e t h e r (34) 

4. d i ( l - m e t h y l - 2 - H - p e r f l u o r o c y c l o b u t y l ) e t h e r (35) 

5. l - m e t h y l - 2 - H - p e r f l u o r o c y c l o p e n t y l e t h y l e t h e r (36) 

6. d i ( l - i n e t h y l - 2 - H - p e r f l u o r o c y c l o p e n t y l ) e t h e r (37) 

7. 43<-(l ,2,3,3, 3-pentafluoro-1-pFopenyl)diethylether (42) 

8. 4«:,2{-bis(l ,2,3,3, 3 - p e n t a f l u o r c - 1 p r o p e n y l ) d i e t h y l e t h e r (43) 

9. ^ - ( 2 , 3 , 3 , 4 , 4 - p e n t a f l u o r o c y c l o b u t y l ) d i e t h y l e t h e r (44) 

10. l - m e t h o x y - l - ( 1 - e t h o x y e t h y l ) t e t r a f l u o r o p r o p e n e (48) 

11. 1 - p r o p o x y - ( 1 - e t h o x y e t h y l ) - t e t r a f l u o r o p r o p e n e (49) 

12. 1 - b u t o x j i - l - ( 1 - e t h o x y e t h y l ) - t e t r a f luoropropene (50) 

13 .«,«-bis ( 1 - m e t h o x y - t e t r a f luoro^propenyl) d i e t h y l e t h e r ( 51 ) 

14. ^}{,oc-bis( 1 - e t h o x y - t e t r a f luoro-lpropenyl ) d i e t h y l e t h e r (52) 

15. •<ac,«-bis( 1 - p r o p o x y - t e t r a f l u o r o ^ p r o p e n y l ) d i e t h y l e t h e r (53) 

15. ^,oc-bis( 1 - b u t o x y - t e t r a f luoro-tpropenyl ) d i e t h y l e t h e r (54) 

17. 3,3,4,5,5,5-hexafluoropentan-2-one (56) 

18. 1,1,1,2,3,3,3-hexafluorononan-4-one (57) 

19. 2-H - h e x a f l u o r o p r o p y l . t - b u t y l ketone (58) 

20. 1,1,1,2,3,3-hexafluoro-S-cyclohexyl-pentane (59) 

21. 1 , 1 , 1 , 2 , 3 , 3-hexafluoro-6-cyclohexyl-hexan-4-one (60) 

22. 1,1,1,2,3,3,7,7,8,9,9,9-dodecafluoro-6-cyclohexyl-

nonan-4-one (61) 

2 3 . 2 - H y d r o - h e x a f l u o r o c y c l o b u t y l p e n t y l ketone (62) 
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24. 2 - H y d r o - o c t a f l u o r o c y c l o p e n t y l p e n t y l ketone (63) 

25. 5 / 5 , 5 - t r i f l u o r o - p e n t a n - 2 - o n e (64) 

26. 4 - t r i f l u o r o m e t h y l - 7 , 7 , 7 - t r i f l u o r o h e p t a n - 2 - o n e (65) 

27. 1,1,1,2,3,3,12,12,13,14,14,14-dodecafluoro-tetradecan-

4,11-dione ( 6 6 ) . 

28. 1,1,1,2,3,3,3,16,16,17,18,18,18-dodecafluoro-octadodecan-

4,15-dione (67) 

29. 1 , 1 2 - d i ( 2 - H y d r o - p e r f l u o r o c y c l o b u t y l ) d o d e c a n d i o n e (69) 

30. 1,12-di ( 2-Hydro-perf l u o r o c y c l o p e n t y D d o d e c a n d i o n e (71) 
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APPENDIX IV 

The Board of Studies i n Chemistry r e q u i r e s t h a t 

each postgraduate r e s e a r c h t h e s i s c o n t a i n s an appendix 

l i s t i n g : 

(a) a l l r e s e a r c h c o l l o q u i a , seminars and l e c t u r e s arranged 

by t he department of chemistry d u r i n g the p e r i o d of the 

aut h o r ' s r e s i d e n c e as a postgraduate student; 

(b) l e c t u r e s o r g a n i s e d by Durham U n i v e r s i t y Chemical 

S o c i e t y ; 

( c ) a l l r e s e a r c h conferences a t t e n d e d and papers presented 

by t he author d u r i n g the p e r i o d when research f o r the t h e s i s 

was c a r r i e d o u t ; 

(d) d e t a i l s o f t h e postgraduate i n d u c t i o n course. 
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UNIVERSITY OF DURHAM 
Board of Studies In Chemistry 

COLLOQUIA, LECTURES AND SEMINARS GIVEN BY INVITED SPEAKER 
6th OCTOBER 1988 TO 1th OCTOBER 1989 

6.10.88 Prof.R. Schmutzler (Technische U n i v e r s i t ^ ' t 

Braunschweig) Fluorop.h'OS phines Revisited-Nev/ 

C o n t r i b u t i o n s t o an Old Theme 

*18.10.88 D r . J . D i n g w a l l (Ciba Geigy) 

Phosphorus-Containing Amino Acids: B i o l o g i c a l l y 

A c t i v e N a t u r a l and Un n a t u r a l Products 

* 18.10.88 Dr.C.J.Ludman ( U n i v e r s i t y o f Durham) 

The E n e r g e t i c s of Exp l o s i v e s 

18.10.88 Mr.F.Bollen 

Durham Chemistry Teachers'' Centre L e c t u r e About 

Use o f SATIS i n the Classroom 

* 21.10.88 Prof.P.Von Rague Schleyer ( U n i v e r s i t a t Erlangen 

Nurnberg) The F r u i t f u l I n t e r p l a y Between C a l c u l a t i o n 

and E x p e r i m e n t a l Chemistry 

* 27.10.88 Prof.C.W.Rees ( I m p e r i a l C o l l e g e , London) 

Some v e r y H e t e r o c y c l i c Compounds (The Musgrave L e c t u r e ) 

* Seminars which were a t t e n d e d . 
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9.11.88 Dr.G.Singh (Teeside P o l y t e c h n i c ) 
Towards T h i r d Generation Anti-Leukaemics 

10.11.88 _ :PrOf-^JII .G5. Cadogan ( B r i t i s h Petroleum) 

From Pure Science t o P r o f i t 

* 16.11.88 Dr.K.A. M c l a u c h l i n ( U n i v e r s i t y o f Oxford) 

The E f f e c t of Magnetic F i e l d s on Chemical Reactions 

24.11.88 Dr.R.R. Baldwin and Dr. R.W. Walker ( H u l l U n i v e r s i t y ) 

Combustion: Some Burning Problems 

*1.12.88 Dr.R. S n a i t h (Cambridge U n i v e r s i t y ) 

E g y p t i a n Mummies: What, Where, Why and How? 

.12.88 Dr.G. Hardgrove ( S t . O l a f . C o l l e g e , U.S.A.) 

Polymers i n the P h y s i c a l Chemistry L a b o r a t o r y 

* 9.12.88 Dr.C. Jager ( F r i e d r i c h - S c h i l l e r U n i v e r s i t y ) 

NMR I n v e s t i g a t i o n s o f Fast I o n Conductors of 

the NASICON Type ( I n f o r m a l Research Seminar) 

14.12.88 Dr.C. Mortimer ( L a n c a s h i r e P o l y t e c h n i c ) 

The Hindenburg D i s a s t e r - A n Excuse For Some 

Experiments Durham Chemistry Teachers' Centre-

Schools Christmas L e c t u r e 



-156-

^5.1.89 Dr. L.Harwood ( U n i v e r s i t y of O x f o r d ) , ' S u y t h e t i c 
Approaches t o Phorbols Via I n t r a m o l e c u l a r Furan 
D i e l s - A l d e r Reactions: Chemistry Under Pressure. 

* 26.1.89 P r o f . K.R.Jennings ( U n i v e r s i t y of Warwick), Chemistry 

of t h e Masses'. 

* 

1.2.89. Mr. T. Cressey and Mr.D. Waters ( Durham Chemistry 

Teachers' C e n t r e ) , 'GCSE Chemistry 1988: A Coroner's 

Reports' . 

* 2.2.89 P r o f . L.D. H a l l (Addenbrookes'Hospital), ' NMR-

A Window t o the Human Body'. 

13.2.89 P r o f . R.R. Schrock ( M . I . T . ) , 'Recent Advances i n 

L i v i n g M e t a t h e s i s ' . 

15.2.89 Dr. A.R. B u t l e r ( S t . Andrews U n i v e r s i t y ) , 'Cancer 

i n L i n x i a m : The Chemical Dimension'. 

* 9.2.89 P r o f . J. Baldwin ( U n i v e r s i t y of O x f o r d ) , '??' . 

16.2.89 P r o f . J.B. A y l e t t (Queen Mary C o l l e g e ) , ' s i l i c o n -

based Chips: The Chemists C o n t r i b u t i o n ' . 

22.2.89 Dr. G. Macdougall (Edinburgh U n i v e r s i t y ) , ' v i b r a t i o n a l 

Spectroscopy of Model C a t a l y t i c System'. 

23.2.89 Dr. B. E.G. Johnson ( U n i v e r s i t y of Cambridge), 'The 

B i n a r y Carbonyls'. 
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* 1.3.89 Dr. R.J. E r r i n g t o n ( U n i v e r s i t y of Newcastle-upon-

Tyne), 'Polymetalate Assembly i n Organic Solvents'. 

* 9.3.89 Dr. I . Marko ( S h e f f i e l d U n i v e r s i t y ) , ' C a t a l y t i c 

Asymmetric Osmylation of O l e f i n s ' . 

14.3.89 Mr. P. R e v e l l (Durham Chemistry Teachers' C e n t r e ) , 

Implementing Broad and Balanced Science 11-16'. 

15.3.89 Dr. R. Aveyard ( U n i v e r s i t y of H u l l ) , ' S u r f a c t a n t s 

a t your Surface'. 

* 20.4.89 Dr. M. Casey ( U n i v e r s i t y o f S a l f o r d ) , 'Sulphoxjdes 

i n S t e r e o s e l e c t i v e S y n t h e s i s ' . 

* 27.4.89 Dr. D. C r i c h ( U n i v e r s i t y College London), 'Some 

Novel Uses of Free Radicals i n Organic Synthesis'. 

^ 3.5.89 Mr. A. Ashman (Durham Chemistry Teachers' C e n t r e ) , 

THe Chemical Aspects of the N a t i o n a l Cuiculum'. 

* 3.5.89 Dr. P.C.B. Page ( U n i v e r s i t y o f L i v e r p o o l ) , ' S t e r e o -

c o n t r o l of Organic Reactions Using 1 , 3 - d i t h i a n e - l - O x i d e 

*L0.5.89 P r o f . P.B. Wells ( H u l l U n i v e r s i t y ) , 'Catalyst Charact­

e r i s a t i o n and A c t i v i t y ' . 

* 11.5.89 Dr. J. Frey (Southampton U n i v e r s i t y , 'Spectroscopy 

of t h e Reaction Path: P h o t o d i s s o c i a t i o n Raman Spectra 

of NOCl'. 
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* 16,5.89 Dr. R. S t i b r (Czechoslovak Academy of Sciences) 

'Recent Developments i n t h e Chemistry of Intermed 

i a t e - S i t e d Carboranes'. 

* 17.5.89 Dr. C.J. Moody(Imperial C o l l e g e ) , ' R e a c t i v e I n t e r ­

mediates i n H e t e r o c y c l i c S y n t h e s i s ' . 

23.5.89 Prof. P. Paetzold (Aachen),'Iminoboranes XB NR: 

I n o r g a n i c Acetylenes?'. 

14.6.89 Dr. M.E. Jones (Durham Chemistry Teachers' C e n t r e ) , 

'GCSE and A - l e v e l Chemistry 1989'. 

* 15.6.89 Prof J.Pola (Czechslovak Academy of Sciences), 

'carbon D i o x i d e Laser Induced Chemical Reactions-

New Pathways i n Gas-Phase Chemistry'. 

28.6.89 Dr. M.E. Jones (Durham Chemistry Teachers'Centre), 

'GCSE and A - l e v e l Chemistry 1989'. 

* 11.7.89 Dr. D. N i c h o l l s (Durham Chemistry Teachers'Centre),' 

L i g u i d A i r Demonstration'. 
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POSTGRAPUATE INDUCTION COURSE. 

I n each p a r t of the course the uses and l i m i t a t i o n s 

of t h e v a r i o u s s e r v i c e s available were e x p l a i n e d . 

Departmental O r g a n i s a t i o n : - Dr.M.R.Crampton. 

E l e c t r i c a l A p p l i a n c e s : - Mr.B.T.Barker and Dr.A.Rayston. 

Chromatography and Micro A n a l y s i s : - Mr.T.H.F.Homes. 

Atomic A d s o r p t i o n Spectrometry and I n o r g a n i c A n a l y s i s : -

Mr.R.Coult. L i b r a r y F a c i l i t i e s : - Mr.R.B.Woodward. 

Mass s p e c t r o m e t r y : - Dr.M.Jones. 

Nuclear Magnetic Resonance s p e c t r o m e t r y : - Dr.R.S.Matthews, 

Glassblowing Techniques:- Mr.R.Hart and Mr.G.Haswell. 

RESEARCH CONFERENCES ATTENDED 
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