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SUMMARY 

The work described i n t h i s thesis i s concerned with reactions 

of a perfluorotetraalkylated ethylene, namely perfluoro-3,4-dimethyl-

3-hexene, and some related systems, which include a perfluorinated 

diene and perfluoro t r i - and tetra-methyl furans. Also described are 

f l u o r i d e ion induced oligomerisations and co-oligomerisations of some 

simple f l u o r o - o l e f i n s . 

Perfluoro-3,4-dimethyl-3-hexene and other oligomers (see examples) 

are produced from chlorotrifluoroethylene and perfluoro-2-butene by 

C 2 F 5 y C 2 F 5 C 2 F 5 yCf3 

/ \ s \ / 
C F 3 C F 3 C F 3 C = ( ^ 

CF 7 C = C F C F , 
+ trans / 

C F 3 

flu o r i d e ion induced reactions. Two i n t e r e s t i n g dehalogenation processe 

occur during oligomerisation, one of which i s suggested t o be induced 

by caesium f l u o r i d e . 

The reactions of perfluoro-j5,4-dimethyl-3-hexene with a v a r i e t y of 

0- and N-nucleophiles gave a diverse range of products formed by various 

s u b s t i t u t i o n mechanisms. These reactions are rat i o n a l i s e d by a general 

overall scheme when several factors are taken i n t o consideration. For 

example the products from reactions with amines are dependent upon the 

s t e r i c requirements of the amine, i t s bascity, and the presence or 

absence of active f l u o r i d e ion. 



Two unusual i n t e r n a l nucleophilic substitutions from a saturated 

difluoromethylene group are reported. One of these produces a furan 

derived from perfluoro-j5,4-dimethyl-3-hexene. 

Pyrolysis of perfluoro-3,4-dimethyl-3-hexene over hot platinum 

gave a good y i e l d of F-2, j5-dimethylbutadiene, whereas hot i r o n or 

caesium f l u o r i d e gave de f l u o r i n a t i o n products. Passage of perfluoro-3, 

4-dimethyl-3-hexene over hot surfaces also gave a mixture of the s t a r t i n g 

o l e f i n and i t s two isomers r e s u l t i n g from 1,3-fluorine s h i f t s . The 

reaction of a mixture of these isomers with neutral methanol c l e a r l y 

demonstrates the r e l a t i v e r e a c t i v i t i e s of isomeric terminal and 

in t e r n a l perfluoro-olefins. 

Similar pyrolyses of some related systems are also described. 

I n p a r t i c u l a r two i n t e r e s t i n g furan derivatives were produced. 

CF CF CF 5 / 
c = c 

\ C F - C F F—CF CF,F FCF 
• \ - o CF 

CF CF CF CF 

i i x X CF 

Fe Pt 
< 

CF CF CF CF 

The reported reactions of these furans include photolyses 

giving cyclopropenyl derivatives, and the f l u o r i d e ion induced 

dimerisation of perfluoro-2,3,4-trimethylfuran. 



Some reactions of F-2,3-dimethylbutadiene are also described, 

including an i n t e r e s t i n g f l u o r i d e ion induced dimerisation when there 

i s a competition between either end of an a l l y l i c anion for the 

s t a r t i n g material. 
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INTRODUCTION 
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CHAPTER I 

Ionic Oligomerisation of Fluoro-olefIns 

Introduction 

Low molecular weight f l u o r o - o l e f i n s , such as F-ethylene, F-propene, 

and F-cyclobutene, are either available commercially or, i n some cases, 

may be rea d i l y prepared on a laboratory scale. These flu o r o - o l e f i n s are, 

i n themselves, chemically i n t e r e s t i n g , but i t i s possible t o convert 

them t o a range of higher molecular weight fluorocarbons by a number of 

routes, some of which are outlined below. 

The formation of higher f l u o r o - o l e f i n s , which are oligomers of the 

s t a r t i n g materials, i s p a r t i c u l a r l y relevant to the work described i n t h i s 

thesis. These oligomers are i n t e r e s t i n g because t h e i r chemistry i s 

r e l a t i v e l y unexplored, They are also proving t o be useful, i n d u s t r i a l l y , 

as intermediates i n the production of various surface active agents and, 

when fluorina t e d , as solvents, i n e r t f l u i d s , etc. 

I n t h i s chapter the formation of these higher f l u o r o - o l e f i n s , by 

ionic oligomerisation processes, i s reviewed, and i n Chapter I I t h e i r 

chemistry i s discussed. 

I.A Oligomerisation i n General 

Oligomerisation involves taking a monomer, M, and reacting i t i n 

some way, such that a product consisting of a number of monomer u n i t s , 

(M) , i s obtained ( e q . I . l ) . This i s essentially d i f f e r e n t from telomerisatlon n 

and many polymerisation processes (eq.1.2) where a rad i c a l i n i t i a t o r , AB, 

is used and t h i s i s normally incorporated i n t o the product as end groups. 

* P- i s an accepted abbreviation for a f u l l y fluorinated system. 
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(1.1) rM » M n = ^ 2 - 8 
n 

(1.2) AB + rfl * AM B n > l 

n 

There are a number of other important differences between the two types 

of process and, to i l l u s t r a t e these, some examples of ra d i c a l processes 

(eq.1.2) are l i s t e d i n Table 1. The products formed, from r a d i c a l 

processes, contain repeating units and so for F-ethylene ( l ) s t r a i g h t 

chain saturated fluorocarbons are obtained. This i s i n contrast t o , f o r 

example, an anionic oligomerisation process, which produces highly 

branched, unsaturated f l u o r o - o l e f i n s , and which cannot be induced t o 

give s i g n i f i c a n t amounts of products containing greater than about 

eight monomer u n i t s . 

Oligomers may be produced from thermal and photochemical reactions 

and more extensively from ionic processes. Some examples of thermal 

and photochemical oligomerisations are given i n Table 2. Before 

reviewing cationic and anionic oligomerisation i t i s worthwhile t o 

outline the various effects of fl u o r i n e on r e a c t i v i t y and s t a b i l i t y 

of carbocations, carbanions, and f l u o r o - o l e f i n s . Only a summary of 
12-15 

these effects i s given here but further reviews are available. 

I.B Effects of Fluorine on Reactive Centres 

I.B.I Fluor oc arb oc at i o ns 

Two situations arise for fluorocarbocations:- 1) when f l u o r i n e 

.is attached t o carbon having some formal positive charge, that i s 

d i r e c t l y bonded to a positive centre (eq.1.3) or to carbon conjugated 

t o a positive centre (eq.1.4); and 2) when f l u o r i n e i s not d i r e c t l y 

attached to carbon having some formal positive charge (eq.1.5 and 1.6). 



Table 1 

Reactions of Fluoro-olefins Giving Telomers and, or Polymers. 

100°, pressure v 
C C 1 4 + C 2 F 4 Cu, or CuCl 2 > C C 1 3 ( C 2 F 4 } n C 1 

r a t i o n = 1-5 : n > 5, = 4 

194° CF.I + CF,CF=CF„ > CF-.-{-CF -CF-)-I 3 3 2 3 2 | n 
CF U 3 

n = 1 (47%) , n = 2-4 (50%) 

-77° 
F 2 + CF 3CF=CFCF 3 * C 4 F l o ( 5 0 % ) + C 8 F 1 8 ( 2 0 % ) 

r a d i c a l . 
2 F4 i n i t i a t o r ( C2 F4'n 

n = 400,000-9,000,000 
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Table 2 

Thermal and Photochemical Oligomerisation 

170°, 4h. 

,CF, 

CF, CF. CF. 3 ~ 3 - ~ 3 
+ 3 trimers + 1 tetramer 

(5) 

C F T 4 
200 

pressure (6) 

CF2=CFC1 1 3 ° - 2 ° ° ) 
F 2 FC1 

FC1 
(7) 

CF 3CF=CF 2
 2 5 ° - 3 9 ° ° ) • 2 

FCF. 

F 2 FCF 3 
C F 3 F 

FCF. 
(8) 

( C F3> 2Cv 
loo 

(CF 3) 2C=C=CF 2
 1 U U ) 

F 2 C ^ «*3}2 

(9) 

(10) 

CF,CF=CF, 
J 1 6 weeks 

-» 2̂  (20%) . + C 9 F 1 8 (41%) 

+ C12 F24 (* 1 0 % ) + C 1 5 F
3 0

 (* 1 0 % ) 

(11) 

Fluorinated ring systems w i l l be represented i n t h i s way throughout t h i s t h e s i s . 
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(1.3) 

(1.4) 

(1.5) 

(1.6) 

+ 

F-C=C-Cr'. 

+ 
F=C-

F-£-C=C N 2"=c-c=c' 
s t a b i l i s i n g 

F-C-£ I ^ 

- C - C ^ - i ^ f > F-C-£-C=C 
> d e s t a b i l i s i n g 

I n the f i r s t case fluorine has a s t a b i l i s i n g influence, r e l a t i v e to 

hydrogen, because d e s t a b i l i s i n g electron withdrawal, J — * F , i s o f f s e t 

by mesomeric electron release, F - c ^ (equivalent to C=$), whereas 

i n the second case fluorine i s d e s t a b i l i s i n g , r e l a t i v e to hydrogen, 

because electron withdrawal cannot be offset by mesomeric electron 

release, F < C-C. Mesomeric electron release, by fluorine, has been 

demonstrated experimentally for stable carbocations,' by the large 

17 
deshielding observed using nmr spectroscopy. For example, the dimethyl 

l8 
fluorocation i s deshielded by 260 ppm from the s t a r t i n g material 

(eq.1.7). S i m i l a r l y the F-cyclopropenium ion shows one s i g n a l , 57»8 ppm 

19 

downfield from the average s h i f t of F-cyclopropane (eq.1.8). Like 

fluorine, chlorine and bromine are found to s t a b i l i s e carbocations, 

again by mesomeric electron release. Thus the trichlorocyclopropenium 

ion, which i s r e a d i l y formed from tetrachlorocyclopropane and aluminium 

t r i c h l o r i d e (eq.1.9), has been shown, by spectroscopic techniques, to 

have about h a l f the positive charge delocalised through the ir system onto 

the c h l o r i n e s . ^ 
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SbF SO 

60 
(1.7) CH-CF_CF CH.CFCH., SbF 6 

A F SbF A (1.8) 
SO SbF 6 

F F 
CI 

(1.9) A A1C1 3 A A1C1 4 
CI CI 

I.B.2 Fluorooarbanions 

For fluorocarbanions one might expect that f l u o r i n e d i r e c t l y bonded 

to the negative centre, C , would be strongly s t a b i l i s i n g as a r e s u l t of 

inductive electron withdrawal, I<j. ( e q . I . l l ) , but i n practice i t i s found 

that f l u o r i n e has a much greater s t a b i l i s i n g e f f e c t when bonded to carbon 

adjacent t o the negative centre (eq.1.10). Obviously, f o r f l u o r i n e 

d i r e c t l y bonded to C a d e s t a b i l i s i n g e f f e c t must also operate. One 

explanation f o r t h i s e f f e c t i s that there i s considerable ITT repulsion 

between lone pairs on fl u o r i n e and carbon (eq.1.12). 

The other halogens, i n order CI < Br < I , become progressively 

more s t a b i l i s i n g r e l a t i v e to f l u o r i n e when d i r e c t l y bonded t o C , 

probably as a r e s u l t of a combination of factors: 

1) reduced I n repulsion^! 

2) r e l i e f of s t e r i c crowding on formation of the anion; and 

3) increasing p o l a r i s a b i l i t y and a v a i l a b i l i t y of d- o r b i t a l s , especially 

for bromine and i o d i n e ^ (eq.1.13). 
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Table 3 

Stable Carbanions 

< C F3>2 C = C F2 C 5 F > ^ g l y m e > ( C F 3 } 3 5 (24) 

(CF 3) 2C=CFC 2F 5 CsF, diglyme } - ^ 
50 

(25) 

or 
CsF, DMF 

20° 
(26) 

+ R3N 
20°. 

(R = E t , Bu) 

(27) 
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(1.10) F#-C-C ^ 

? s t a b i l i s i n g 

(1.11) F<-C J 

(1.12) F — C d e s t a b i l i s i n g 

(1.13) -C-Br <—> -C=Ir 

These observations allow one to predict the r e l a t i v e s t a b i l i t i e s 

of a series of fluorocarbanions (v/hich i s , of course, the reverse order 

of r e a c t i v i t y ) . 

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

3 C F 2 < CF3CFC1 < CF^CFBr 

Normally f l u o r o - o l e f i n s react w i t h f l u o r i d e ion t o form the most stable 

carbanion and so, for example, chlorotrifluoroethylene (3) gives 

CT3CFCI, rather than CI^CICB^ * as intermediate, shown by the formation 

of CPjCHFCl from (3) using potassium f l u o r i d e i n formamide. 2^ 

A number of fluorocarbanions are stable under cer t a i n conditions and 

some may be observed, i n solution, using nmr spectroscopy. Examples are 

given i n Table 3« 

I.B.3 Fluoro-olefins 

I t i s w e l l established t h a t f l u o r i n e prefers not t o be bonded t o 

unsaturated carbon. This may be a r e s u l t of a d e s t a b i l i s i n g i n t e r a c t i o n 

between lone pairs on fl u o r i n e and the IX system of the carbon-carbon 

double bond, i n an analagous manner to that described f o r fluorocarbanions 

(Section I.B.2). A l t e r n a t i v e l y the C-F bond strength may be decreased f o r 



f l u o r i n e attached to sp2 carbon compared to sp3 carbon because of an 

increase i n the electronegativity of carbon i n going from sp3 t o sp2 

h y b r i d i s a t i o n . 2 8 

The e f f e c t of f l u o r i n e on s t a b i l i t y i s c l e a r l y demonstrated by 

comparison of the t o t a l bond energies ̂  for the carbon skeletons of 

butadiene and 2-butyne. 

C = C C = C C C = C C 

374.2 364.8 kcal/mole 

On t h i s basis, one would expect butadiene t o be the more stable, as 

i s found, i n practice, f o r the hydrocarbon compounds, but F-butadiene 

i s r e a d i l y isomerised t o F-2-butyne by fl u o r i d e i o n - ^ (see below). 

I.B.3«a Fluoride Ion Induced Isomerisation 

Fluoride ion induced isomerisations of f l u o r o - o l e f i n s may be SN21 

(concerted) processes (scheme 1) or may proceed v i a intermediate 

carbanions (4), giving (5) (scheme 2 ) . For convenience the term SN21 

w i l l be used, although the reactions described may not be concerted. 

Some examples are given i n Table 4.' 

These isomerisations are reversible and i t w i l l be seen l a t e r that 

various nucleophilic reactions involve i n i t i a l isomerisation t o less stable 

f l u o r o - o l e f i n s . Another reaction pathway f o r carbanion (4) (scheme 2) i s 

the elimination of f l u o r i d e giving a non-rearranged product (6). Although 

t h i s w i l l be described as v i n y l i c s u b s t i t u t i o n i t i s not generally a 

concerted process. The preference f o r either pathway, i n scheme 2, 

depends on the r e l a t i v e s t a b i l i t i e s of the various possible products. 
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CF 2=CFCF 2CF=CF 2 CF 3CF 2C=CCF 3 

SN2' SN21 

CF 3CF=CFCF=CF 2 SN2 CF3CF=C=CFCF3 

Scheme 1 (see eq. 1.16) 

Nuc-C-C=C 

SN2 F 
Nuc-C-C-C Nuc 

v i n y l I C subst. Nuc-C=C-C 

Scheme 2 
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Table 4 

Fluoride Ion Induced Isomerisations 

CHC1-, Et.NF 
(1.14) n-C 4F g-CF 2CF=CF 2 > 1_ (12%) + i n t e r n a l o l e f i n s (23) 

22°, 5 rain. 

CsF 
(1.15) CF_=CF-CF=CF0 ) CF,C=CCF, (30) ^ * -> __o 3 3 100 , 30 mxn. 

o 
or 20 , 100 days 

f CF 3C=CC 2F 5 + CF 3CF=C=CFCF 3 

(1.16) CF 2=CFCF 2CF=CF 2 o 
CSF 

45 , 8h 

5% 

+ CF 3CF=CFCF=CF 2 

22% 

8% 

(30) 
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For a more detailed discussion of nucleophilic reactions of some 

flu o r o - o l e f i n s see Chapter I I . 

I.B.3«b Antimony Pentafluoride Induced Isomerisations 

Antimony pentafluoride induced isomerisations (eq.1.17 and I . l 8 ) 

appear t o involve a l l y l cations as intermediates. The conversion of 

F - 1, 7-octadiene t o , s p e c i f i c a l l y , F-trans, trans-2, 6-octadiene^ 

(eq.1.17) i s readily explained by considering the stereochemistry of 

the intermediate a l l y l cation (8) (eq.1.19). The most stable configuration 
SbF,. 

(1.17) CF 2=CF(CF 2) 4CF=CF 2 -> CF 3CF=CFCF 2CF 2CF=CFCF 3 

trans, trans-isomer 
(31) 

(1.18) 

CFHCF-

SbF c 

reflux 

CHCF. 

(32) 

F 
I (1.19) CF_=CF-C-R_, -2 1 F ~ 
F 

C 
,C ''V^C-R 
F F 

8 

F R„ 
\ / 

C=C 
ce^ ^ F 

trans 

for planar cation (8) has a cis arrangement fo r the C-l and C-3 f l u o r i n e s . 

I t has been shown, by nmr spectroscopy, f o r a similar a l l y l cation 

(p-MeOCgH^ replaces Rp i n 8) that there i s considerable i n t e r a c t i o n between 

the cis C-l and C-3 f l u o r i n e s ? ^ A trans arrangement fo r these flu o r i n e s 

would therefore produce a s i g n i f i c a n t d e s t a b i l i s i n g i n t e r a c t i o n between 

F and Rj- i n (8). 

I.C E l e c t r o p h i l i c Oligomerisation 

I t has been reported that F-ethylene i s polymerised, at room 
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temperature, by antimony pentafluorlde and fluorosulphonic acid. I n 
the presence of a ra d i c a l I n h i b i t o r (°C -pinene)?-^ This suggests a 
cationic polymerisation process, although the s t a b i l i t y of «c -pinene 
under these conditions i s somewhat uncertain. 

I n general, though, only dimers and, i n one instance a trimer, 

have been produced from fluoro-olefins using either fluorosulphonic acid 

or antimony pentafluoride. These are strong Lewis acids and, i n p a r t i c u l a r , 

SbPg very r e a d i l y accepts f l u o r i d e ion. A comprehensive l i s t of these 

oligomerisations i s given i n Table 5« 

I.C.I Fluoropropene Dimerlsations 

Myhre^5 published the f i r s t example of e l e c t r o p h i l i c dimerisation 

of a f l u o r o - o l e f i n , for 3>3»3-trifluoropropene (9a), which i n HSÔ F or 

DSÔ F gave only one dimer (10a) (scheme 3)« Furthermore, the same o l e f i n 

labelled at C-2 with deuterium (CF 0CD=CF2i 9b) i n HS03F gave dimer (10b) 

labelled with deuterium at C-2 and C-4 only. (See also Table 5). The 

absence of H,D exchange with solvent and specific formation of dimer (10b) 

from the deuterium labelled fluoropropene (9b) indicated an e l e c t r o p h i l i c 

mechanism f o r t h i s dimerisation (scheme 3). Intermediate cation (11) 

i s suggested to rearrange, v i a a 1,3-hydride s h i f t t o give a l l y l 

cation (12). 
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CH2=CX-CF3 + HS0 3F 
cx 

f CH2 -' + CF 2 + FHOS02F 

9a, X = H 
9b, X = D 

.CX. ,CF. X—X ^ 3 
F„C ' + • C—CX A ^ H 3 12 H J 

FHOS02F 

CF, H 
c=c 

s h i f t 

X 
+ HS0 3F 

'CF-
10a, X = H 
10b, X = D 

9a or 9b 

CF2=CX-CH2 

CF. 

CH-+ 2 

11 

Scheme 3 
35 

An analagous mechanism has been described for the dimerisation of 

F-propene ( 2 ) , giving F.-trans-4-methyl-2-pentene (13) (see Table 5)* 

but now a 1,3 fluoride s h i f t i s proposed.^ A s l i g h t l y d i f f e r e n t mechanism 

i s given i n scheme 4, where intermediate cation (14) i s suggested to 

abstract fluoride from SbFg , giving a terminal o l e f i n (15), although 

6̂ 

t h i s was not i s o l a t e d . The terminal o l e f i n w i l l then isomerise, i n 

the presence of SbF^, to give dimer (13) (see also Section I.B . 3^b). 

Further isomerisation to the thermodynamically more stable dimer, 

F-2-methyl-2-pentene (16) does not occur, with SbFg, although t h i s i s 

a well known process with fluoride ion.-^ 
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SbF t 

CF 2=CF-CF 3 CF, 
,CF 
+ > CF, CF =CF-CF -CF 

14 

,CF. 

CF. 

F 5 C 2 ^ 3 F C F ( C F 3 ) 2 

SbF r 

16 13 

SbF. 

CF 2=CF-CF 2~CF(CF 3) 

15 

Scheme 4 36 

CF 
CF " + % ̂ >CF_ 

1 19 
+ C 2 F 4 -> C F 2 = C F C F 2 C F 2 S F 2 

CF 3CF=CFC 2F 5 

18 
CF 2=CFCF 2CF 2CF 3 

Scheme 5 36 

^ + 
CF 2=CFCF 2CFC1CF 2 

i 
i 

CF 3CF=CFCFC1CF 3 

i 
i 

CF 3CF 2CF=CXCF 3 

18, X = F. 
X = CI. 

CF 
CF 2 ' + -^CF2 + CF2=CFC1 

19 i 3 

1 + 
CF 2=CFCF 2CF 2CFC1 

\ 
I 

CF 3CF=CFCF 2CF 2C1 

Scheme 6 36 
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The absence of isomerisation to (lb), with SbFg, i s suggested to 

be a r e s u l t of the i n s t a b i l i t y of the required intermediate cation (17) 

(eq .1 .20) . The CFg groups i n (17) are strongly d e s t a b i l i s i n g , and so 

(17) w i l l not be r e a d i l y formed from F-4-methyl-2-pentene (13); thus 

the fluorine i n (15) i s not s u f f i c i e n t l y l a b i l e ^ 

CF F P. F v CF, 

(1.20) XC=C X > C F
3 — C ' + '>C^ C F3 > C=C 

F NCF(CF ) 2 F CF 3
 F 5 C 2 3 

13 17 16 

I.C.2 Co-oligomerisations using Fluoro-propenes 

F-ethylene (1) reacts r e a d i l y with F-propene (2), using SbF^ 

as c a t a l y s t , to give F-trans -2-pentene ( l 8 ) , derived from attack of the 

F - a l l y l cation (19) on F-ethylene (scheme 5). A s i m i l a r dimerisation 

occurs with trifluoroethylene (20) and F-propene (2), giving 

s p e c i f i c a l l y 2-H-nonafluoro-2-pentene (21) v i a attack of the F - a l l y l c a t i o n 

36 

(19) on the CFH end of (20) (see Table 5)^ I n contrast, F-propene and chlorc 

trifluoroethylene (3) give products a r i s i n g from attack of the F - a l l y l 

cation on both ends of (3) (scheme 6), suggesting that the intermediate 

carbocations have s i m i l a r s t a b i l i t i e s , as would be expected (see 

Section I . B . I ) . 

I n t e r e s t i n g l y 2H-pentafluoropropene and F-ethylene gave the expected 

dimer, 2H-nonafluoro-2-pentene (21) ( a l s o formed from F-propene and 

trifluoroethylene, see above) and a trimer, which was also produced 

d i r e c t l y from (21) and F-ethylene (Table 5) . Using s i m i l a r conditions, 

F-2-pentene (18) and F-ethylene (1) did not reac t . The difference i n 
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r e a c t i v i t y of 2H-nonafluoro-2-pentene and F-2-pentene, towards ( l ) i s 

again r e f l e c t e d i n the s t a b i l i t y of the intermediate a l l y l c a t i o n s ^ 

(eq.1.21 and 1.22). 

(1.21) CF 3CF=CFC 2F 5 

18 

(1.22) CF 3CH=CFC 2F 5 

.CF 
CF 2 ' + ^ C F C 2 F 5 

CH 
-> CF 2 + "->CFC2F5 

21 

I.CO Co-oligomers from Cy c l i c Olefins 

F-cyclobutene (22) f a i l e d to dimerise, using SbP^.^ This i s possibly 

because reaction of (22) with the F-cyclobutenium ion (23), would produce 

a r e l a t i v e l y unstable cation (24) (eq .1.23). 

11.23) F 

, F 

+ i i 

, F 

+ 

22 23 2U 

However, F-cyclobutene w i l l react with F-ethylene ( l ) , F-propene (2), 

and trifluoroethylene, to give dimerP 2 (Table 5). I n each case the 

products are explained by attack of the F-cyclobutenium ion on the 

f l u o r o - o l e f i n (scheme 7 ) . With ( l ) and (2) only cyclobutene d e r i v a t i v e s , 

(25, X = F,CF2) are obtained, whereas with trifluoroethylene, although 

the expected cyclobutene derivative, (35, X = H), i s formed, the major 

product, (26, X = H), a r i s e s from isomerisation of (25, X = H) (see 

Section I.B.J.b). 
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+ CFXCF, 

X = F, CF 3, H 

,CFXCF. 

/ X C F 3 

26 X = H 

£XCF-

27 

Scheme 7 32 

CFXCF. 

25 X = F, CF H 

Again the r e l a t i v e s t a b i l i t i e s of the postulated intermediate 

cations (27) explains why cyclobutene derivative (25, X = H) isomerises 

and (25, X = CF-j) does not. C l e a r l y cation (27j X = H) w i l l be much 

more stable. One would expect that cation (27, X = F ) would be even more 

re a d i l y formed that (27, X = H) (see Section I . B . I ) and, presumably, 

the reason that cyclobutene derivative (25,X = F ) does not isomerise i s 

because i t i s the more stable isomer. 

I n contrast, F-cyclopentene f a i l e d to react with F-ethylene, using 

conditions where F-cyclobutene gave products. I t has been suggested that 

the difference i n r e a c t i v i t y could possibly be explained by additional 

homoaromatic s t a b i l i s a t i o n for the F-cyclobutenium ion. The cyclobutenium 

ion (28) i s thought to be s t a b i l i s e d i n t h i s way, but the cyclopentenium 

/ x 38 ion (29) probably has no additional s t a b i l i s a t i o n . However long l i v e d 

fluorocyclobutenium ions have been observed, using nmr spectroscopy, and 

the evidence suggests that additional homoaromatic s t a b i l i s a t i o n i s not 

33 
s i g n i f i c a n t . 
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Table 5 

E l e c t r o p h l l i c Oligomerisation of Fluoro-olefins^ 

, o 3 \ s 
CF,CH=CH „ p„ „ n e n „ ) C=C (35) 3 2 HS0 3F or DS0 3F / 

H CHCH., 
I 3 

CF-
80% 

C F 3 / H 

<*3<***2 S i ^ F * ) \ ( 3 5 ) 

D CDCH 
I J 

CF 3 

20° 

CF 3CH=CF 2 > CF 3CH=CFCH(CF 3) 2 c i s : t r a n s = 1:5 (39) 

57% 

7 o 
CF 3CF=CF 2 » CF 3CF=CFCF(CF 3) 2 trans (39) 

13 24% 

45° 
CF-,CF=CF_ + C.F. ) CF,CF=CFC„F_ trans (36) 

18 60% 

45° 
CF 3CF=CF 2 + CF 2CFH i CF 3CH=CFC 2F 5 trans (36) 

21 68% 

45° 
CF 3CF=CF 2 + CF 2CFC1 > 18 + CF 3CF 2CF=CC1CF 3 c i s / t r a n s (36) 

+ CF 3CF=CFCF 2CF 2C1 trans 

45° 
CF 3CH=CF 2 + C 2 F 4 -=—> 21 + CF 3CF 2CF 2CH=CFC 2F 5 (36) 

(trimer) 

45° 
CF 3CH=CFC 2F 5 + C 2 F 4 > CF 3CF 2CF 2CH=CFC 2F 5 (36) 

60% 
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Table 5 continued 

: F 2*5 
55" 

+ C 2 F 4 » (32) 

73% 

, C F ( C F 3 ) 2 

100 
+ C F , C F = C F „ ) 3 2 

(32) 

32% 

,CFHCF 

+ C F 2 C F H 
100 L 

H C F . 

(32) 

4% 36% 

using antimony pentafluoride, unless otherwise stated. 
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I.D Nucleophlllc Oligomerlsation 

I.D.I General Considerations 

I.D.I.a Mechanism 

K 
(1.24) C=C + F~ ; C-C 

C=C 
k 

(1.25) C=C + C-C > C-C-C-C ^ — > 

K 
These oligomerisations are, i n general, catalysed by fluoride ion. 

The f i r s t stage of reaction, an equilibrium, i s the formation of a 

carbanion, from the fluoro-olefin and fluoride ion (eq.1.24). Subsequent 

reaction between t h i s carbanion and fluoro-olefin produces a larger 

carbanion (eq.1.25). This r e a d i l y loses fluoride and, i f possible, 

isomerises to a more stable i n t e r n a l o l e f i n (see Section I . B . J . a ) , 

rather than reacting d i r e c t l y with another molecule of fl u o r o - o l e f i n . 

Thus the products tend to be highly branched rather than s t r a i g h t chain 

materials. 

For t h i s mechanism:-

r a k K [ C = C ] 2 [ F ~ ] 

where r i s reaction r a t e ; k, the rate constant for eq.1.25; 

K, the equilibrium constant for eq.1.24; and [C=C], [F~],the 

concentrations of o l e f i n and flu o r i d e . The constant, kK, i s a measure of 

flu o r o - o l e f i n r e a c t i v i t y towards oligomerisation. For a s e r i e s of 

o l e f i n s , though, a comparison of r e a c t i v i t i e s i s complicated by the 

wide range of experimental conditions used, because of rate dependence 

on o l e f i n concentration. This, i n turn, i s affected by o l e f i n s o l u b i l i t y , 

temperature, and pressure. 

However, the ease of oligomerisation appears to r e f l e c t the 
40 

r e a c t i v i t y towards nucleophilic attack for the s e r i e s : -
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C F 2 = C F 2 <C C F 2 = C F C F 3 <C C F ^ C I C F ^ 

F-isobutene r e a d i l y forms an anion and i t i s very susceptible to 

nucleophilic attack by t h i s anion, kK i s therefore large. I n 

contrast F-ethylene does not r e a d i l y form an anion and i t i s not 

very susceptible to attack by t h i s anion, which i s however, very 

r e a c t i v e . Although kK i s probably smaller than for F-isobutene, 

the i n s o l u b i l i t y of F-ethylene, i n the solvents used, w i l l markedly 

reduce reaction rate, making comparisons d i f f i c u l t . 

The ease of oligomerisation i s affected by the cation counter 

to fluoride and by the particular solvent used, i f one i s present. 

The solvent e f f e c t i s not Just a r e s u l t of fluoro-olefin s o l u b i l i t y . 

I.D.l-b. Fluoride Ion Rea c t i v i t y 

The r e a c t i v i t y of fluoride increases for the s e r i e s KF,, CsF, 

Et^NF (anhydrous materials) as a r e s u l t of decreased l a t t i c e energy 

for fluorides with large cations. I n the absence of solvent only 

l a t t i c e energy and, of course, the surface area of c a t a l y s t w i l l a f f e c t 

r e a c t i v i t y . More generally, though, a solvent i s employed. With s u i t a b l e 

solvents fluorides are more active than i n the absence of solvent. 

Fluoride ion i s a weak nucleophile i n polar protic solvents, such 

as water and methanol, because i t i s highly solvated. I n polar, aprotic 

solvents, however, for example DMF, a c e t o n i t r i l e , and the glymes, there i s 

much l e s s solvation and fluoride i s a strong nucleophile, as i s required 

for these oligomerisations. Anhydrous conditions are advantageous because 

water, obviously, w i l l solvate fluoride and therefore decrease r e a c t i v i t y . 

The s o l u b i l i t y of fluorides, i n these preferred solvents, increases i n 

order KF, CsF, Et, NF as l a t t i c e energy decreases ; KF i s only sparingly 
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i n these solvents. As the cation s i z e increases, i t i s probable that 

r e a c t i v i t y increases because ion pairing, i n solution, i s reduced for 

the cation with fluoride ion, and with carbanions. I t w i l l be seen 

l a t e r that fluoride ion r e a c t i v i t y can markedly affe c t product 

d i s t r i b u t i o n . 

I . D . l . c . Crown Ethers and Phase Transfer C a t a l y s i s 

Crown ethers are very useful macrocyolic multidentate ligands 

for metal ions, e s p e c i a l l y when the crown-ether hole and ion are of 

sim i l a r s i z e . For example l8-crown-6 ethers, which have eighteen r i n g 

carbon and oxygen atoms and s i x equally spaced oxygens, form p a r t i c u l a r l y 
+ 41 

stable complexes with K . 

Two important e f f e c t s r e s u l t from the use of crown ethers for 

oligomerisation reactions:-

1) The s o l u b i l i t y of a l k a l i metal fluorides i s increased i n polar 

aprotic solvents and they may become soluble, to a limited 

extent, i n hydrocarbon solvents; and 

2) Ion pairing i s decreased because the metal ion i s shielded by 
42 

the crown ether and therefore fluoride ion i s more act i v e , 

p a r t i c u l a r l y i n hydrocarbon solvents, such as methylene chloride, 

when fluoride ion solvation i s probably absent. 

Thus, KF, l8-crown-6 ether i s as active as CsF alone for F-propene 
37 

oligomerisation i n a c e t o n i t r i l e and KF, l8-crown-6 ether i n methylene 
o 43 chloride, at -78 C, r e a d i l y oligomerises F-propene. 

Crown ether may be described as a s o l i d - l i q u i d phase tran s f e r 

c a t a l y s t for the KF, methylene chloride system because 1CF i s otherv/ise 



-24-

insoluble. As yet there have been no reports of l i q u i d - l i q u i d phase 

transf e r c a t a l y s i s for oligomerisation, although t h i s i s well known 

for other ionic organic reactions. An aqueous-hydrocarbon system i s 

normally used, with either an a l k a l i metal ion-crown ether complex or 

quaternary-ammonium or phosphonium s a l t s acting as the phase trans f e r 

c a t a l y s t for fluoride. There i s probably no great advantage to be 

derived from t h i s system for oligomerisations. 

I.D.l.d. Other Catalysts 

Other c a t a l y s t s can either produce fluoride ion i n solution, by 

reaction with the fluoro-olefin, or d i r e c t l y catalyse oligomerisation. 

Normally these c a t a l y s t s give the same products as fluoride ion catalysed 

reactions. Even so both types of c a t a l y s i s may s t i l l occur. However, 

F-cyclobutene, with pyridine as c a t a l y s t , gives a d i f f e r e n t trimer to 

the one formed using fluoride ion and an e n t i r e l y d i f f e r e n t mechanism 

i s thought to operate (see section I.D . 4.C.). For F-propene, the 

formation of a tetramer and higher oligomers was reported only for 

amine catalysed reactions (see section I.D . 2.C.). 

I n principle any compound which reacts with the flu o r o - o l e f i n to 

produce fluoride ion could be used as c a t a l y s t and NaOH, NaBr, NaCl, 

KBr, Me^NCl, and MeOH have, i n fact, been used for the oligomerisation of 
44 

F-propene. 

More generally, though t e r t i a r y amines are used and these have the 

advantage of s o l u b i l i t y i n polar aprotic solvents. T e r t i a r y amines can 

react, r e v e r s i b l y , with fl u o r o - o l e f i n giving a quaternary ammonium ion and 

fluoride ion (eq .1.26). I f a fluoride ion mechanism operates, then 
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simple amines, such as Me^N, w i l l probably have the same order of 

r e a c t i v i t y as simple quaternary ammonium fluorides, l i k e Me^NF, because 
F 

( 1 . 2 6 ) R , N + C = C - C , ' R- ,N-C=C-C or R J I - C F - C = C + F~ 
3 | 3 I J 

F F 

the cations are not very d i f f e r e n t . More complex amines, p a r t i c u l a r l y 

fluorinated amines, w i l l give cations having very shielded positive 

centres, and t h i s probably reduces ion pairing. An example i s given 
45 

i n scheme 8, when the fluorinated amine i s formed i n s i t u . 

C 3 F 6 
N ( C H 2 C H 2 O H ) 3 — - > N ( C H ^ O C F ^ F H C F ^ 3 

C 3 F 6 

F~ + CF 2=CF-CF 2 - lS(CH 2CK 2CCF 2 CFHCF3) 3 

Scheme 8 

I.D.l.e Side Reactions 

Although solvents produce many advantages for oligomerisations, 

side reactions with the solvent can occur. These are most extensive 

for very reactive carbanions, such as the F-ethyl anion. For example, 
o , . 

using CsF and diglyme at 100 C, 4056 of the F-ethylene reacted with the 
46 

solvent. However i t has been observed that the presence of crown ethers 
47 

reduces reaction of F-ethylene with solvent, (see section I.V.J.b.) 

although t h i s i s not e a s i l y explained. 
I.D.2 Oligomerisation of F-propene and Related Olefins 

Oligomerisation of F-propene has been achieved i n the absence of 

48-50 
solvent, using CsF as c a t a l y s t . More generally, a polar aprotic 

44 
solvent i s employed,although benzene and cyclohexane (with a 
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3̂ , tetraalkylammonium chloride) and methylene chloride (with kF, crown ether) 

have also been used. For very nucleophilic solvents, l i k e IMSO, oligomers 
44 

can be produced without any additional c a t a l y s t present. The choice of 

solvent-catalyst system can strongly influence product d i s t r i b u t i o n and 

a l i s t of the more s p e c i f i c oligomerisations i s given i n Table 6. Other, 
51-53 

l e s s s e l e c t i v e oligomerisations have used a l k a l i metal f l u o r i d e s . 

Some interconversion of the F-propene oligomers i s also possible, and the 

various reaction conditions used are given i n Table J. 

The probable mechanism for formation of oligomers i s given i n 

scheme 9« 

I.D.2.a Dimer Formation 

The k i n e t i c dimer, F-4-methyl-2-pentene (13), i s most probably 

formed from F-propene (2) by nucleophilic attack of the F-isopropyl anion (30) 

on (2) and loss of fluoride, either as a concerted process, or by i n t e r ­

mediate formation of a carbanion (31) (scheme 9)« Dimer (13) i s produced 

i n good yield s using l e s s active c a t a l y s t s , such as KF or (CF^CHFCF^OCI^CH., J^N, 

presumably because these l e s s r e a d i l y isomerise (13) to the thermodynamic 

dimer, F-2-methyl-2-pentene ( l6) . The i s o l a t i o n of k i n e t i c dimer (13) i s 
37 

aided by use of a c e t o n i t r i l e , i n which the dimers are sparingly soluble. 
With more active c a t a l y s t s , for example CsF or KF-crown ether i n 

37 

a c e t o n i t r i l e , good y i e l d s of thermodynamic dimer (l6) are obtained 

(Table 6). A l t e r n a t i v e l y dimer (13) may be isomerised to (l6) by various 

solvent-catalyst systems (Table 7)» 

I.D.2.b Trimer Formation 

Two of the three trimers produced have the same carbon framework 
and are derived from F-2-methyl-2-pentene (16) by v i n y i i c s u b s t i t u t i o n of 
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Probable Mechanism for Oligomerlsation of F-Propene 

CF 3CF=CF 2 ~ - (CF 3) 2CF 

30 

C F 3 . / C 2 F 5 
C=C 

CFJ 

CF. 

CF. 

16 

,C-CF 2-CF 2-CF 3 

35 

-F" 

CF 2=C-CF 2-CF 2-CF 3 

CF 3 36 

(CF 3) 2CFCF 2CFCF 3 

-F 
31 

SN21 

30, -F ; v i n y l i c subst. 

(CF 3) 2CF-CF=C—CF 2CF 2CF 3 

CF. 

34 

(CF,) 0CF V F 
3 2 \ / 

c=c 
F ^ ^ C F . 

13 

-F ; v i n y l i c subst. 

c=c 
C F 3 ^ N s C F ( C F 3 ) 2 

32 

SN2' 

(CF 3 ) 2 C F CF 3 

C=C 
(CF 3) 2CF 

33 

30, -F; 
v i n y l i c subst. 

( C F 3 ) 2 C F 

c=c 
( C F 3 ) 2 C F ' / / N > X C F ( C F 3 ) 2 

37 

Scheme 9 54 
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fluoride giving i n i t i a l l y trimer (32), which i s r e a d i l y isomerised to (3_3) 

(scheme 9)« Trimers (32) and (33) are products of k i n e t i c control, t h e i r 

formation being favoured by low temperatures. 

At higher temperatures, thermodynamic trimer (>4) i s the major 

trimer produced from F-propene (see Table 6) and under s i m i l a r 

conditions k i n e t i c trimers (3.2) and (33) are isomerised to (3_4) 

(Table 7)- This, presumably, occurs v i a the intermediate formation of 

25 

F-2-methyl-2-pentene (16). Dimer (16) very r e a d i l y forms an anion (35) * 

which w i l l be i n equilibrium with a low concentration of terminal o l e f i n (36). 

V i n y l i c substitution of fluoride from (3_6) by the F-isopropyl anion (30) 
54 

leads to trimer (>4) (scheme 9). 
I.D.2.C Tetramer and Higher Oligomers 

Tetramer (37) i s produced from F-propene using (C F2C F H C F2 O C H2 C H2)3 n (^8) 

45 55 

and triethylamine i n a c e t o n i t r i l e . ' The tetramer (37) i s most probably 

derived from k i n e t i c trimer (33) by v i n y l i c s u b s t i t u t i o n of fluoride 

(scheme 9)' Lesser amounts of higher oligomers, p a r t i c u l a r l y three 

F£gisomers of unknown structure, are also formed. The y i e l d of 

F2g isomers may be increased by using fluorinated ether (38) with 

1 ,4-diazobicyclo (2.2.2) octane (39) i n EMSO, or other very polar, aprotic 
45 

solvents (Table 6). Increasing the r a t i o of (39) i n the reaction system 
56 

increases the y i e l d of tetramer and F2g• 
. The C^F2g isomers may possibly be formed by loss of the elements C F ^ 

45 

from pentamer(s), which, i n turn, could be derived from either tetramer (37) 

or the thermodynamic trimer (34). One possible route to F2g from 

pentamer, a very crowded molecule, would be l o s s of an F-methyl r a d i c a l , 
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Table 6 

Formation of P a r t i c u l a r Oligomers from Hexafluoropropene (2) 

Solvent Catalyst Temp (°C) Time (h) Yi e l d (%) Other Products 

CF- F 
^C=C (13) 

F N S s C F ( C F 3 ) 2 

CH3CN KF 20 20 86 (16) 6% (37) 

THF or Diglyme Me3N 25 35 61 (16) 3% + trimers (54) 

CH3CN KF 90 2.5 88 (16) 6% (57) 

CH3CN KF or KHF2 RT - a (58) 

DMSO KHF 2 RT - b (59) 

CH 2C1 2 KF/CE C -76 0.5 83 (16) + (13 c i s ) 4% (43) 

CH3CN R 3N d RT - 81 (13 c i s ) 5% (55,60) 

C F 3 X / C 2 F 5 
"^C=C (16) 

CF 3 F 

CH3CN CsF 20 20 92 none (37) 

CH3CN KF/CE C 20 18 89 trimers 7% (37) 

CH3CN CsF 150-160 24 86 (61) 

THF or Diglyme Me-jN 25 65 67 trimers 12% (54) 
then 115 24 

CsF 215 87 6 5 E (50) 

CF. CjP. 

^C=C (32) 
C F ^ C F ( C F 3 ) 2 

+ 
( C F 3 ) 2 C F F 

( C F 3 ) 2 c e ' S ^ C F 3 

(33) 

THF CsF/CE C 20 2 92 (37) 

CH3CN R 3N/Et 3N < 50 9 2 F (45,55,6< 
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Table 6 continued 

Solvent Catalyst Temp ( C) Time (h) Y i e l d (%) Other products 

(CF 3) 2CF.CF=C(CF 3)CF 2CF 2CF 3 (34) 

THF CsF/CE 130-200 

THF or Diglyme Mê N 

DMSO 

100 

^N/DABCO 5 < 70 

{ C F 3 ) 2 C F \ / C F 3 
C=C 

(C F 3 ) 2 C F 

CH3OJ 

DMSO 

CF(CF 3) 2 

^ N / E ^ N 60-70 

R̂-jN/DABCO 60 

18 

60 

10 
h 

^ 20 
j 

Dimers 34% (37) 
No other Triraers 

No other Trimers (54) 

(32) and (33) (45,55) 

trimers + > C 14 
trimers + > C 14 

(45,55) 

(45) 

a, exclusive formation of 13; b, no y i e l d given; c, CE = 18-crown-6 ether; 

d, R = CF 3CFHCF 2OCH 2CH 2; e, 70% conversion of (2); f, 32:33 = 2.2:1; 

g, DABCO = Diazabicyclo(2.2.2)octane; h, (34) i s 76% of trimer f r a c t i o n , 

(34 trans):(34 c i s ) = 3.1:1; i , consists of 3 isomers; j , Q^4F26 ^ S a P P r o x 

50% of recovered oligomers. 
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Table 7 

Interconversion of Hexafluoropropene Oligomers 

CF F F CF, 
c=c - ^ c=c 

F ^ N s C F ( C F 3 ) 2
 F 5 C 2 ^ > S S c F 3 

(13) (16) 

using:- a) DMSO, R̂ N and DABCOA at 20° (55) 

b) Sulpholane and KF with heating (59) 

c) CH3CN, KF and OS at 40° for 3h. (62) 

d) DMF and KHF^ at 100° for 2h. (44) 

C F 3 X y / C 2 F 5 (CF 3) 2CF F 
o c + c=c • N:=CF.CF(CF3) 2 

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

(32) (33) (34) 

using:- a) DMF and KHF2 at 100° for lOOh. (34, 50%) (54) 

b) Diglyme and CsF at 100° (55) 

c) CH3CN, KF and CE at 70° for 20h. (34_; 22%) (62) 

(CF 3 ) 2 C F ^ , C F ( C F 3 ) 2 

^C=C . 32 + 33 + 34 
(CF3) 2CF N: 2F 5 

(43) 

using:- Diglyme and CsF at 100° (55) 

a, R = CF-XFHCF-OCH-CH-; DABCO = Diazabicyclo(2.2.2)octane. 
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followed by electron transfer and loss of f l u o r i d e (scheme 10). 

C 1 4 F 2 7 - C F 3 C14F2*7 
- CF^ 

nuc +e 

C14 F26 C14 F27~ 

Scheme 10 

I.D.2.d Related Olefins 

Fluoro-olefins of the type R p — GF=CP 2
 o r (Rp^2 C = C P 2 w 1 1 1 

only oligomerise i n a manner similar to that of P-propene i f they cannot 

p r e f e r e n t i a l l y undergo isomerisation t o i n t e r n a l o l e f i n s . 

Such a s i t u a t i o n arises for F-4-vinylpyridine, which gives a dimer 
63 

analagous t o the k i n e t i c dimer of F-propene (eq .1.26). S i m i l a r l y 
64 , 

F-isobutene r e a d i l y gives a dimer, using CsF wit h ether (eq.1.27) or 
24 65 diglyme , but dimerisation does not occur i n the absence of solvent. 

66 

F-vinylethers are claimed t o dimerise i n the presence of f l u o r i d e 

(eq.1.28) but these r e s u l t s have recently been disputed, when i t was 
67 

suggested that reactions are more complex and dimers are not formed. 

Some aza-analogues of F-propene also give dimers (eq.1.29 and I.30). 
ArCFCF^ F 

(1.26) Ar-CF=CF_ S u l P h o l a n e > Nx:^ 
CsF, 25° \ 

(63) 

Ar = 
F Ar 

33% 

CF3 

(1.27) (CF-)_C=CF. CsF, ether ) (CF-)_C-C-C^ (64) 
3 2 2 -30° 3 3 I \ F C F 3 

90% 
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(1.28) R _ O C F - C F , C S F ' D M F > X C = < (66) 
Y 2 50-120° _ ^ \ 

ce-f C F

2

0 R F 

= C F 3 , C F 3 ( C F 2 ) n (n = 1-9) 

(1.29) C F 3 N = C F 2 

C s F 
( C F 3 ) 2 N C F = N C F 3 (49,50) 

(1.30) SF,-N=CF 0 < 20 , Pyridine > S F _ N ( C F , ) C F = N S F C (68) 
5 2 or K F , 225° 5 3 5 

I.D.3 Oligomerisation of F-ethylene and F-2-butene 

I.D.3.a Solvent-Catalyst Systems 

Like F-propene, F-ethylene w i l l oligomerise, using a f l u o r i d e 

catalyst i n the absence of solvent, but much less r e a d i l y . Using CsF at 
o 69 100 only high polymer and unreacted F-ethylene were recovered, whereas 

wit h Et^NF at 150°, a 10$ y i e l d of oligomers was obtained."^ 0 Normally 

polar aprotic solvents are used with a fluoride ion catalyst, such as 
37 46 47 70 71 a l k a l i metal f l u o r i d e s , * * or tetraalkylammonium f l u o r i d e s , ' 

70 

although CsS02F, KSOjF and KHF2 are also e f f e c t i v e . 

The particular solvent-catalyst system used does have an e f f e c t on 

the product d i s t r i b u t i o n , but not t o the extent found for F-propene 

(see Section I.D.2). The product d i s t r i b u t i o n s f o r three s i m i l a r solvents, 

using the same experimental conditions, are given i n Table 8a. I t should 

be noticed that pentamer (40) i s the major component i n each case, as i s 

generally found f o r other solvent-catalyst systems (see Table 8b). For 
example, CgF^g (15$), C^B^O a " d ci2 F24 ( 1 0 ^ ) w a s d e s c r i b e d a s the 

72 
composition of a t y p i c a l reaction product, using DMF and f l u o r i d e ion. 
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Pressure, however, can have a marked effect on product composition 
46 

leading to heptamers as the main component (see Table 8a). 

I.D.3«b Side Reactions 

I t was stated previously that side reactions of the F-ethyl anion 

with solvent can occur (see Section I.D.l.e) and normally the y i e l d of 

oligomers i s less than 70$. For example KF, DMF, and F-ethylene (approx. 
o 70 200 p s i ) , at 130 f o r 2.5h, gave 65$ oligomers. This problem can be 

overcome, to some extent, by using crown ethers (see Table 8b); thus 

with KF and dibenzo-l8-crown-6 ether i n DMF at 75°, oligomers (43$) and F-
47 

ethylene (57$) accounts f o r a l l the s t a r t i n g material. Crown ether 
37 

does not have a marked ef f e c t on the product d i s t r i b u t i o n and pentamer 
47 

remains the major component (see Table 8b). 

I.D.3^0 Reaction Mechanism and Structures of Products 
73 

A possible mechanism for formation of the i d e n t i f i e d products 
i s given i n scheme 11. Tetramer (4l) , a cis-trans mixture are the only 

71 71 46 isomers former, (4o) Is the main isomer of three pentamers, and two 
71 74 hexamers are formed, of which (42) i s approx. 90$. 

The formation of trimer (44) i s unambiguous, and successive reactions 

of (44), with the F-ethyl-anion, would lead t o tetramer (4l) , pentamer (4o) 

and, f i n a l l y , the main hexamer (42) (Scheme 11). Pentamer would also 

r e s u l t from attack of trimer anion (45)* which i s l i k e l y t o be present i n 

solutio n (see I.D.2.b), on the dimer, F-2-butene (46). 

( i ) F-2-Butene Dimerisation 

Tetramer (41) could also be formed by dimerisation of F-2-butene; 
51 75 76 

a known process using s i m i l a r conditions ' ' (eq.1.31 and 1.32). 
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Possible Mechanism for Oligomerisation of F-ethylene 

CF 2=CF 2 ± CF 3CF 2 

49 

-» CF 3CF 2CF 2CF 2 

49 

CF 3CF=CFCF 3 

46 

C F 3 V / C F 3 
C=C 

F ̂  F T 5 
44 

49 

F5C2-C; 
45 

.CF-

" C 2 F 5 
46 

SN2 1 CF2CF2CF=CF2 V"""-
CF- _CF, 

3 \ / 3 

,C=C + trans 
F 5 C 2 

41 

49 

CF-. CF, 
3 \ / 3 

^c=c 
F 3C-*C F . C 2 F 5 

49 

40 

C 2 F 5 

CF 3CF 2CF 2CF 2 

CF CF 
C=C 

3 CF 2CF 2CF 2CF 3 

43 

F C C - C F _ ^ C F „ 5 2 v | 3 3 
F . C - ^ p - C - C F 

F 5 C 2 
C 2 F 5 

48 

CF CF_ 3 \ X 3 

-C C-P,. 
I 2 5 

F 5 C 2 > CF CF, 
II 2 / 3 

F 3C-
C 2 F 5 

F.C-C-C-C-F 
F 5 C 2 C 2 F 5 

42 

47 

Scheme 11 
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(1.31) CF„CF=CFCF 

4£ 
3 

CsF, sulpholane 
100°, 24h. 

* ^ 5 (62%) + 
CF 

CF 
41 

(75) 

(1.32) CF.CF=CFCF CsF, DMF •> 41 (80%) + trimers (14%) (76) 3 45 ,o 89h. 

( i i ) Hexamer Formation 

The. main hexamer (42), formed from pentamer, i s a terminal o l e f i n , 

which i s somewhat surprising because the al t e r n a t i v e isomer (47) 

i s an i n t e r n a l o l e f i n (scheme 11). Both are derived from the same 

carbanion (48). Isomer (42) may be formed because loss of f l u o r i d e 

from CF^, i n carbanion (48), i s k i n e t i c a l l y preferred due to 

s t e r i c e f f e c t s . A l t e r n a t i v e l y s t e r i c crowding i n hexamer (47) 

may preclude i t s formation. 

The minor hexamer (43) i s probably produced from tetramer (4l) and 

the n-F-butyl anion. Although (43) i s only 10% of the hexamers 

and therefore approx. 1% of the t o t a l product, i t s formation, i f i t 

" i s produced i n the suggested manner, indicates that tetramer must 

be very susceptible- to nucleophilic attack, under these conditions, 

i n order to trap the n-F-butyl anion before i t loses f l u o r i d e . 

( i i i ) Degradation of Oligomers 

The oligornerisation of F-ethylene i s reversable; thus pentamer and 

hexamers are degraded t o mainly tetramer by r e f l u x i n g with an 

a l k a l i metal f l u o r i d e i n polar aprotic solvents. I n p a r t i c u l a r 
T 

r e f l u x i n g pentamer with DMF and CsF, f o r 24h, gave tetramer (68$). 
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Table 8 

a) E f f e c t s of solvent , 46 and pressure. 

Solvent Product Composition ( % ) a 

C F C 8 16 C F 10 20 C F 12 24 C14 F28 Residue 

Diglyme b , C 11 58 12 14 5 
Q 

Triglyme 3 65 21 2 9 

Tetraglyme c 6 80 12 0.5 1.5 

Triglyme^ 6 21 25 42 6 

a, A l l reactions CsF catalysed at lO0°C; b, y i e l d of oligomers ̂  60%; 

c, 10-20 p s i of C 2 F 4 ; d, 150-200 p s i of C ^ . 

b) Use of crown e t h e r s . ^ 

A l l experiments used DMF as solvent, KF, < 25 atmos. C 2F^ and a-pinene. 

Crown Ether Temp Time Conversion to S e l e c t i v i t y for c
1 0

F 2 o i n 

(°C) (h.) products (%) Oligomers (%) Oligomers 

18-crown-6 a 75 5 60.4 64.9 58.6 

Dibenzo-18-C-6 a 83 4 69.1 69.8 59.6 

Dibenzo-18-C-6 b 75 4 42.6 100 58.7 

Benzo-15-C-5 a 100 4 79.7 45.5 59.7 

None0 100 3.5 65.9 43.5 57.3 

NoneC 125 2.5 82.7 37.3 51.8 

Approx molar r a t i o C 2F 4:KF:CE a, 30:2:1; b, 15:2:1; c, 15:2:0. 
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I.D.4 Oligomers from Cyclic Olefins 

P-cyclobutene readily oligomerises, using a f l u o r i d e ion catalyst 
51 78 

i n solvent, t o give two dimers, and one major trimer (50)» ' but 

P-cyclopentene and F-cyclohexene each give only one dimer using f o r c i n g 

conditions. At s t i l l higher temperatures, for F-cyclopentene, a diene 
78 , 

becomes the major product (See Table 9)« 

I.D.4.a Effect of Ring Size 

The difference i n r e a c t i v i t y of these f l u o r o - o l e f i n s i s probably 

a r e s u l t of r i n g s t r a i n . The double bond i n an F-cyclobutene r i n g i s 

very strained and formation of a less strained c y c l i c anion therefore 

means that F-cyclobutene i s very susceptible t o nucleophilic attack. 

I t should be noticed that although P-cyclobutene gives two dimers, 

w i t h an exocyclic or r i n g double bond, the preferred F-cyclopentene dimer 

has an exocyclic double bond, whereas the preferred F-cyclohexene dimer 

has a r i n g double bond. As yet i t i s not clear why a reversal of s t a b i l i t i e s 

f o r the two types of dimer, should occur as r i n g size increases from 5 t o 6. 

I.D.4.b Mechanism 
78 

A mechanism fo r the formation of oligomers from F-cyclobutene, 

using f l u o r i d e ion, i s given i n scheme 12, and, of course, t h i s also 

explains the production of dimers from the other c y c l i c o l e f i n s . 
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Table 9 

Oligomers from C y c l i c Olefins 

125°, 24h. 

50 (67%) 

(78) 

CsF, DMF 
66h. -» 50 (43%) + 

(26%) 

(51) 

(16%) 

pyridine „ 
" > dimers + (26, 79) 

125 , 20h. 

(86%) 

(78) 

y 2 > 
/ 150°, 70h. 

52 (78%) 

52 (19%) + ( F 
170 , 65h. 

(57%) 

a, CsF, sulpholane; b, large excess of solvent. 

(78) 

(78) 
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22 

22 51 

F A it* 

F F 

22 

Scheme 12 
78 

I.D.4.C Reaction of F-cyclobutene with Pyridine 

When pyridine i s used instead of f l u o r i d e ion, with F-cyclobutene, 

then the same dimers are formed, but a d i f f e r e n t trimer t o (50) i s 

produced. Equivalent amounts of F-cyclobutene and pyridine favour the 
79 

trimer, whereas a c a t a l y t i c amount of pyridine gives more dimers. 
26 

The trimer i s a l i n e a r trimer, presumably a r i s i n g by a completely 

d i f f e r e n t mechanism to the one given i n Scheme 12. I t i s probably produced 

by the i n i t i a l formation of an yl i d e from F-cyclobutene and pyridine, 
followed by subsequent reaction of the y l i d e with more F-cyclobutene. 

27 
A similar y l i d e i s formed with triethylamine (see Table 3). 

79 

I.D.5 Formation of Co-oligomers 

I.D.5«a Requirements 

To achieve good yields of co-oligomers i t i s probably necessary 

that the fl u o r o - o l e f i n s used have sim i l a r r e a c t i v i t i e s and concentrations, 
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i n order t o suppress Independent reaction. For example, reaction between 

F-ethylene and F-isobutene would be expected t o be i n e f f i c i e n t due to 

t h e i r very d i f f e r e n t r e a c t i v i t i e s , and t h i s was found, even when using 
+ 65 preformed Cs C(CF 3) 3 i n solution. A concentration e f f e c t i s 

demonstrated by the reaction of CFjCC^ with F-2-butene, using CsF. 

A poor y i e l d of F-3-methyl-2-pentene (44) was obtained using DMF, but 

a DMF - THF mixture gave a higher y i e l d of (44) (see Table 10). The 

suggested explanation i s that both olefins are soluble i n the mixed 
51 

solvent, and only CF2 C C 12 i s s o l u o l e i n alone. 

Co-oligomers have been produced i n the absence of solvent, but 

more frequently from reactions i n solution. Table 10 contains a l i s t of 

the various co-oligomer forming reactions. 

I.D.5.b. Without Solvent 

Good yields of co-dimers were obtained by heating pairs of f l u o r o -
80 

olefins w i t h CsF, and i n each case the thermodynamic product i s formed 

(Table 10a). For example reaction between F-propene and F-isobutene 

gives a dimer a r i s i n g from attack of the F-isopropyl anion on F-isobutene, 

and not the k i n e t i c product, formed from anion attack on F-propene 

(Scheme 13)• For F-isobutene with F-azapropene k i n e t i c or thermodynamic 

control w i l l give the same product (Table 10a), 
( C F 3 ) 3 C + CF 2=CFCF 3 " (CF 3) 3C-CF=CFCF 3 

CF 2=C(CF 3) 2 + ( C F 3 ) 2 C F > (CF 3) 2CF-CF=C(CF 3), 

Scheme 13 
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I.D.5.C I n the Presence of Solvent 

I n contrast t o reactions i n the absence of solvent, i n solution 

at low temperatures i t appears that the co-oligomers formed are products 

of k i n e t i c c o n t r o l . They therefore r e s u l t from attack of the more 

stable anion. Thus the reaction between preformed (CF.^ N Cs + (53) and 

F-isobutene gives a dimer, which i s also produced from F-2-azapropene 

and F-isobutene without solvent. The dimer arises by i n i t i a l f l u o r i d e 

exchange and then attack of (CF^^C on F-2-azapropene. 
81 However, F-cyclobutene and (53) give cyclobutene derivatives, although 

a dimer formed by i n i t i a l f l u o r i d e exchange would probably be thermo-

dynamically more stable (scheme 15 )• 

The same considerations hold f o r reactions of F-cyclopentene w i t h 
82 

F-propene, and F-cyclobutene w i t h F-propene, although, i n t h i s case, 
51 

reaction i s complex (Table 10b). 

(CF 3) 2NCs + + 

X 

N ( C F 3 ) 2 

N(CF,) „ 3 2 

N(CF 3) 

CF 3N=CF 2 + -> CF3N=CF-< F 

Scheme 15 
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Table LO 

a) Without solvent 

Co-oligomers from Fluoro-olefins 
80 

CF 3CF=CF 2 + (CF 3) 2C=CF > (CF 3) 2CFCF=C(CF 3) 2 

CF 3CF=CF 2 + CF 3N=CF 2 

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

a, CsF, A. 

(CF 3) 2CFCF=NCF 3 

_̂  (CF 3) 3CCF=NCF3 

b) With solvent present 

CF,-CC1, + CF,CF=CFCF, CsF, DMF, THF , 
i. z. i J 88n. 

^ / C F 3 

F 5 C 2 

C=C (51) 

CF 3CF=CF 2 + CF3CF=CFCF CsF, DMF 
3 7 h . > (CF 3) 2C=C(CF 3)C 2F 5 

7% is o l a t e d y i e l d 

(51) 

( C F 3 ) 2 N C s + + (CF 3) 2C=CF 2
 d i q l y m 6 ) (CF 3) 3CCF=NCF 3 (81) 

( C F 3 ) 2 N C s + + diglyme 
N ( C F 3 ) 2 

N ( C F 3 ) 2 

kN(CF 3) 2 

(81) 

(51) 
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Table 10 continued 

0 CsF CF_CF=CF 82) tetraglyme 

CF, .CF C F ( C F j 

3c 0 CsF 82) tetraglyme 

a l l compounds are f u l l y flourinated. 
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CHAPTER I I 

Reactions of Oligomers and Related Fluoro-olefins 

Introduction 

The chemistry of fluo r o - o l e f i n s i s extensive, p a r t i c u l a r l y f o r 
13,14,28,83-86. 

fluoro-ethylenes and -propenes, and has been widely reviewed. 

I n t h i s chapter discussion w i l l be li m i t e d mainly t o reactions of t r i -

and tetra-substituted f l u o r o - o l e f i n s , although some comparable reactions 

of less, substituted olefins are also mentioned. The highly substituted 

olef i n s include the various oligomers (see Chapter I ) and other f l u o r o -

o l e f i n s , such as:-
C F 3 N / C F 3 

^C=C 
O F / N * 

X = F,H,I,CF3 

Their chemistry may be divided i n t o three broad areas:-

1) Ionic reactions involving carbanionic and, t o a much lesser 

extent, carbocationic intermediates; 

2) The various types of addition reactions across carbon-carbon 

double bonds; and 

3) Thermal and photochemical isomerisations and fragmentations. 

The formation of polymers and co-polymers from these olef i n s would 

not be expected to readily occur. The required intermediate radicals 

would be r e l a t i v e l y stable and s t e r i c a l l y hindered. Thus F-2, 3-dimethyl-

2-butene was found not t o polymerise with F-ethylene, using conditions 

which gave poly-F-ethylene. 
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I I . A Reaction with Fluoride; Carbanion Trapping 

Oligomerisation of flu o r o - o l e f i n s (Chapter I ) and polyfluoro-
88 

a l k y l a t i o n of aromatics are two examples of reactions involving 

i n i t i a l formation of a carbanion with f l u o r i d e ion, and subsequent 

trapping of the carbanion with electrophiles. I n the simplest case 

the electrophile i s H + ( e q . I I . l ) . 
( I I . 1 ) CF0=CFC1 CT> formamid e ) [ C F ? H CF,CHFC1 (23) 
N i £ C o . J solvent J 

6 5 C 72% 
There are numerous examples of carbanion trapping reactions 

28,89 

f o r lower ole f i n s l i k e F-ethylene, F-propene, and F-isobutene, 

but r e l a t i v e l y few for higher f l u o r o - o l e f i n s . Some examples are given 

i n Table 11. 

II. A . 1 Requirements 

Obviously, for these reactions t o occur the f l u o r o - o l e f i n has t o 

form a carbanion. The rate of reaction w i l l be influenced by the 

concentration of carbanion i n solution and i t s r e a c t i v i t y (l.B.2).' 

A l l the F-olefins discussed i n t h i s section give t e r t i a r y carbaniona 

and the r e a c t i v i t i e s of these carbanions are probably influenced by s t e r i c 

effects, but the o v e r a l l reaction rate w i l l be very dependent on the 

position of equilibrium between o l e f i n and carbanion. For example 

F-2-methyl-2-pentene ( l 6 ) , l i k e F-isobutene, gives a stable carbanion 

(eq.II.2), which i s r e a d i l y trapped by electrophiles. For F-3>4-

dimethyl-3-hexene ( 4 l ) , however, there i s very l i t t l e carbanion 
76 

present at equilibrium and trapping reactions are much slower. 

Clearly F-olefins, having v i n y l i c f l u o r i n e s , are more susceptible 

to nucleophilic attack than F - t e t r a a l k y l o l e f i n s (see l a t e r ) . 



Olefin 

(CF 3) 2C=CF 2 

CF 3CF=CFCF 3 

Table 11 

Carbanion Trapping Reactions 

El e c t r o p h i l e Conditions 

C1CECCF, 

Product 

N=NPh 

diglyme, CsF (CF 3) 3CCECCF 3 

1 h., 40 

DMF, CsF 

Ag0 2CCF 3 DMF, KF 
-78'-

CH3CN, KF 

90% 

(CF3)3CN=NPh 

(CF 3) 3CAg 

C F 3 C F I C 2 F 5 

17% 

(91) 

(92) 
(93) 

(94) 

FC10. DMF, CsF C.F,^ + s t . mat. 4 10 
90 h., 30 64% 31% 

(76) 

(CF 3) 2C=CFC 2F 5 PhCH2Br diglyme, CsF n - C ^ ( C F 3 ) 2CCH 2Ph 
60° 90% 

(25) 

Br, CH3CN, AgF n " c
3

F
7 (CF 3). 2CBr 

0° 62% 
(95) 

HC1 CH 3CN, AgF n-C 3F 7(CF 3) 2CH 
95% 

(95) 

FC10. CH3CN, CsF n - C 3 F ? C F ( C F 3 ) 2 

3 h., 30° 97% 
(76) 

F 5 C 2 . y C F 3 
C=C 

CF C 2 F 5 

FC10. CH3CN, CsF C 8 F 1 8 + S t " m a t ' 
24 h., 30 49% 49% 

(76) 

+ c i s 
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in.2) 
C F 

v . / 
\ C F 

C s F 
n-CoF < 

C F 

C F 

in.3) 

CF 
V / 

/ \ 
C F 

C s F 
F C 

/ 
C F 3 

C F 

/ 
C \ 

II.A.2 With Al k y l Halides 

Substitution products are formed from F-2-methyl-2-pentene using 

primary a l k y l halides. None were obtained from secondary or t e r t i a r y 

a l k y l halides. These re s u l t s are consistent with an SM2 mechanism 

( e q . I I . 4 ) . Analagous products were not obtained from F-3,4-dimethyl-

3-hexene or F-2-methyl-3-isopropyl-2-pentene (32) even when using 

R H ~ C H 3 > C H 2 = C H C H 2 t A r - C H 2 f R - 0 - C H 2 

X = C1, Br , I 

primary a l k y l halides. With (32) only products derived from F-2-methyl-

2-pentene (l6) were formed. 

II.A.3 With Perchloryl Fluoride 

The reactions of some flu o r o - o l e f i n s w i t h CsF and perchloryl 
76 

f l u o r i d e i n a c e t o n i t r i l e gave good yields of F-alkanes (see Table 11). 

The i n i t i a l formation of a carbanion seems most probable because 

F-propene did not react with FCIO^ i n the absence of CsF. Two 

mechanisms (scheme 16) were therefore suggested; 1) Nucleophilic attack 

n - C 3 F 7 - C ( C F 3 ) 2 + R H ~ X * n - C 3 F 7 ( C F 3 ) 2 C - R H 4- X 
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Rp + FCIO3 2) > R p F + CIO3 

X 
R F C 1 0 3 + F~ 

Scheme 16 

by a carbanion on chlorine, generating f l u o r i d e , followed 
90 

by SN2 displacement of CIO3 by f l u o r i d e ; and 2) d i r e c t nucleophilic 

attack on f l u o r i n e displacing CIO3. 

For primary and secondary F-carbanions the f i r s t mechanism i s 

thought to operate because 2-perchloryl-F-propane was isolated from the 

reaction of F-propene wi t h FCIO^ ( e q . I I . 5 ) . Although there are no 
90 

other examples of nucleophilic attack on f l u o r i n e , even wi t h FCIO3, 

i t was argued, as follows, that t h i s could explain the reaction of t e r t i a r y 

F-carbanions with FCIO^. 

II.A.3.a Possible Nucleophilic Attack on Fluorine 

2-perchloryl-F-propane, isolated from F-propene and FClO-j, produces 

F-propane with CsF i n a c e t o n i t r i l e ( e q . I I . 5 ) . This i s probably an SN2 

displacement of CIO3 because no F-propene dimers were formed, but 

intermediate formation of and FCIO3 i n a solvent cage i s also 
76 

possible. I t was argued that the non-isolation of perchloryl-F-ethane, 

from F-ethylene and FClO-j ( e q . I I . 6 ) could be a r e s u l t of reduced s t e r i c 

hindrance i n CF3CF2CIO3 aiding the SN2 displacement of CIO3 . However, 
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(11.5) CF3CF=CF2 I r ^ [ = r (CF3)2CFC103 ^ - j U n-Cfa + 54 (4%) 
54, 34% * 50% 

+ C6 F12 ( 5 5 % ) 

(11.6) CF2=CF2 2 6 0
3

h > > 1 (22%) + C 2F 6 (20%) 

1_ + poly-F-ethylene (25%) 

(11.7) (CF 3) 2OCFC 2F 5 3 1 ^. n > > 16 (61%) + nC 3F 7CF(CF 3) 2 (35%) 
16 

a , CsF, FC103 and CILjCN; b, CsF and CH3CN. 

F-2-methyl-2-pentene, using comparable conditions t o those used for 

the formation of 2rperchloryl-F-propane, gave no perchloryl derivatives 

(eq.II.7). I f a t e r t i a r y perchloryl derivative had been formed, then 

i t would be resistant t o SN2 displacement of ClO-j because of s t e r i c 
76 

hindrance. Obviously, an SN1 reaction i s very u n l i k e l y . Thus 

d i r e c t attack on f l u o r i n e , by a t e r t i a r y carbanion, could explain the 
TjfL 

formation of F-alkanes. 

II.A.jJ«b Alternative Radical Mechanism 

There i s an alt e r n a t i v e mechanism to the proposed attack on f l u o r i n e , 

which does, i n f a c t , seem more plausible. Again, there are two competing 

mechanisms (scheme 17). The f i r s t , as before, i s displacement of f l u o r i d e 

Rp + FC10 3

 1 1 R F C 1 0 3 + F ' 

2) I 
[ R F + FCIO3] * R F F + CIO3 

Scheme 17 
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from FClOg which may be followed by SN2 displacement of CIO3. Competing 

with t h i s i s a one electron transfer from Rp t o FC103, giving a r a d i c a l 

pair, which collapses to give products. I t should be noticed (eq.II.6) 

that poly-F-ethylene i s produced from F-ethylene and FClO-j. I n t h i s 

case, once the radical pair has been formed C2Fg can escape the solvent 

cage and i n i t i a t e polymerisation. Of course route 1) can also operate. 
96 

With F-propene, a much less e f f i c i e n t electron donor, route 1) 

probably predominates. For t e r t i a r y carbanions, the r a d i c a l pathway 2) 

i s probably the only mechanism operating. As stated e a r l i e r polymerisati' 

does not occur w i t h these crowded F-olefins. 

A si m i l a r r a d i c a l mechanism was proposed t o account f o r the 

reaction of F-isobutene w i t h 2-nitroso-F-propane, using KF and IMF, 

when the product resulted from attack on oxygen and not, as expected, 
97 

on nitrogen (scheme 18). A r a d i c a l mechanism has been shown t o operate 
98 

for the reaction of the F-t-butyl anion with t r i a r y l m e t h y l halides. 

( C F 3 ) 3 C + 0 = N - C ( C F 3 ) 2 X > ( C F 3 ) 3 C — N — C ( C F 3 ) 2 + F" 

0 

I C F 3 ) 3 C " + 0 — N ^ C ( C F 3 ) 2 -> ( C : F 3 ) 3 C - 0 - N - C ( C F 3 ) 2 + F" 

Scheme 18 97 
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I I . B Reactions with Nucleophiles 

I I . B . l Formation of Products 

\ / H 
A — C — C — H 
/ \ 

SN2 vinylic Subst . 

Scheme 19 

The i n i t i a l step f o r the reaction of flu o r o - o l e f i n s w i t h 

nucleophiles i s the formation of a carbanion (see also Section I . B . ^ a ) . 
28 -

This i s shown i n scheme 19 f o r charged nucleophiles, A , but a si m i l a r 

mechanism w i l l apply for neutral species. The carbanion may have a 

transient l i f e t i m e or be long l i v e d and therefore more stable. Subsequent 

reactions, as shown, w i l l give products or reactive intermediates. I n 

some cases reactions of the carbanion can be reversable (scheme 19) and 

carbanion s t a b i l i t y w i l l greatly influence t h i s r e v e r s a b i l i t y . 

I I . B . l . a Kinetic and Thermodynamic Control 

Obviously, v i n y l i c s u b s t i t u t i o n requires the presence of a v i n y l i c 

f l u o r i n e atom and an SN21 process requires an a l l y l i c f l u o r i n e atom i n 

the f l u o r o - o l e f i n . The preference f o r either v i n y l i c or SN21 s u b s t i t u t i o n , 

when both are possible does not always depend on the r e l a t i v e s t a b i l i t i e s 

of the two products. For example the reaction of F-2-methyl-2-pentene 

with sodium phenoxide i n ether at low temperatures gives products a r i s i n g 
99 

from both v i n y l i c s u b s t i t u t i o n , (55), and SN21 s u b s t i t u t i o n , (56) 
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(eq.II.8). However subsequent reaction of a mixture of (55), and (56), 

C \ NaOPh,EUO C f \ ^ Z2'5 

( I I . 8) S = C ' ^ > \—C \-C—F 
/ \ - 1 5 - - 1 0 ° / \ / \ 

C F 3 F C F 3 OPh C F 3 \ ) P h 
55 ,11% 5 J , 5 9 % 

with Et N i n ether at room temperature gave only the more stable isomer (55)< 

Using NaOPh i n ether, i t i s l i k e l y that f l u o r i d e ion induced 

isomerisation i s much reduced because NaF i s not a good catalyst f o r 

isomerieation. A concerted SN2* process w i l l therefore explain the 

formation of terminal o l e f i n (56). 

I t w i l l be seen l a t e r that even some mono-substituted products 

are derived from isomeric terminal o l e f i n s . I n these cases reaction of 

the nucleophile w i t h the more stable isomer i s s u f f i c i e n t l y slow, such 

that any f l u o r i d e generated promotes isomerisation t o a terminal o l e f i n , 

which can then react much faster. 

I / A~ CF 3-C=C N — > F + product 

I / A " 
CF2=C-C- — > product 

I I . B . l . b Relative Reactivities of Fluoro-olefins 

The r e l a t i v e r e a c t i v i t i e s of terminal and i n t e r n a l o l e f i n s are 

demonstrated by the reactions of F-isobutene, F-2-methyl-2-butene, and 

F-2,3-dimethyl-2-butene with methanol (see below). F-isobutene r e a d i l y 
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reacts with neutral methanol at room temperature but F-2-methyl-2-butene 

w i l l only react, at a comparable ra t e , using elevated temperatures. 

F-2,3-dimethyl-2-butene, however, does not react with neutral methanol. 

(CF 3) 2C=CF 2 (CF3)2CHCF2OCH3 (100) 
65% 

36h 

(CF3)2C=CFCF3 — 
> No Reaction RT 

161V (CF,)„CHCF(CFJ0CK, 

(87) 

(CF 3) 2C=C(CF 3 ) 2 H 

^ 0 0 ^ 3 2 ^ 3 ' — 3 
92% 

3 d a v s , No Reaction 
110° 

(87) 
E t £ (CF3)2CHC(CF3)20CH3 

4 days, 100° 
62% 

From the r e l a t i v e r e a c t i v i t i e s of these three o l e f i n s and the 

order of r e a c t i v i t y CF^-rz^CF^ <C CF 3CF=CF 2 <C (CF 3 ) 2 < C^CF^ i t i s 

clear that f l u o r i n e and F-alkyl groups influence r e a c t i v i t y as follows. 

A + C C A - C 
I 
X 1 1 

X = F, a c t i v a t i n g Y = F, deactivating 
Y = Rp, a c t i v a t i n g 

The rate determining step of these reactions w i l l be the formation 

of an intermediate carbanion. The t r a n s i t i o n state l i e s somewhere between 

i n i t i a l state ( o l e f i n ) and intermediate carbanion and therefore there w i l l 

be some negative charge developed on carbon i n the t r a n s i t i o n state. 

A C—C 
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Pactors which raise the energy of the i n i t i a l state and lower the 

energy of the t r a n s i t i o n state w i l l increase r e a c t i v i t y . 

( i ) I n i t i a l State Effects 

V i n y l i c fluorines have a de s t a b i l i s i n g influence on P-olefins 

probably as a r e s u l t of 1^ repulsion (see Section I.B.3). Thus 

going from an F-olefin, having one or two v i n y l i c fluorines at the 

s i t e of attack, to a carbanion, having no v i n y l i c f l u o r i n e s , removes 

t h i s d e s t a b i l i s i n g e f f e c t . 

For crowded olefins the i n i t i a l state may be destabilised by s t e r i c 

e f f e c t s , which w i l l probably be reduced on forming a carbanion. 

( i i ) Transition State Effects 

The t r a n s i t i o n state energy w i l l be lowered by s t a b i l i s a t i o n of 

negative charge. Indeed the r e l a t i v e r e a c t i v i t i e s of the series 

CF 2—CF 2, CF 3CF=CF 2, and ( C F 3 ) 2 C = C F 2
1 0 1 r e f l e c t the s t a b i l i t i e s 

of t h e i r intermediate carbanions (Section I.B.2). This e f f e c t i s 

demonstrated, for more complex o l e f i n s , by F-2-methyl-2-pentene (16) 

and F-4-methyl-2-pentene (13) (F-propene dimers). F- o l e f i n (16) 
99 

i s the more reactive, even though i t i s , thermodynamically, the 

more stable isomer. 
C F 

/ 
\ C F 

16 

A" 
C F 

\ 

C F 
P— C F A - C 2 F , 

( C F 3 ) 2 C F 
\ / 
/ \ 

C F 
13 

F 
A" 

I C F 3 ) 2 C F N \ 
/ 

•> C — C F A - C F 3 

F 
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( i i i ) Other Effects 

The effects described above w i l l adequately explain the r e a c t i v i t i e s 

of most P-olefins and are easily understandable because they a l t e r 

the energies of i n i t i a l and t r a n s i t i o n states. 

I t i s probable that other effects, outlined below, may also be 

important. These are more d i f f i c u l t to assign the terms i n i t i a l 

and t r a n s i t i o n state effects because although they modify the i n i t i a l 

state they do not necessarily raise i t s energy. 

Polarisation of the C — F bond may increase s u s c e p t i b i l i t y t o 

nucleophilic attack. This e f f e c t has been suggested t o contribute 

to the greater r e a c t i v i t y of CF2=CF2 compared t o CCl2=CCl2 
101 because F-ethylene would give a less stable intermediate carbanion 

Bond p o l a r i t y would probably be reduced f o r C — CI (and also C — Rp) 

thereby decreasing r e a c t i v i t y . 

However the lower r e a c t i v i t y of CCl2 = =CCl 2 can be explained by the 

de s t a b i l i s i n g e f f e c t of v i n y l i c f l u o r i n e on CF2=^CF2 and the s t e r i c 

shielding of the double bond by chlorine. I n fact CCl2=CCl2 i s 

probably not very d i f f e r e n t from (CFj ̂ C^cCCF-j ̂  • 

A less accessible double bond i n (5_8)was suggested t o account for 

the lower r e a c t i v i t y of (58), when compared to (59)-102 

58 5J 
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I I . B . l . c Effect of Substituents on Further Reaction 

Once a mono-substituted f l u o r o - o l e f i n has been formed then any 

further reaction may be influenced by the nature of the substituent, 

especially when i t i s attached t o the double bond. For example, further 
* 72 

reaction of fl u o r o - o l e f i n s (60) occurs at the CF^ group. I t has been 

found that a l k y l ethers (60, A = OR) are more susceptible t o nucleophilic 

attack than phenyl ethers (60, A = OPh). This suggests that the i n i t i a l 

step i s the formation of terminal o l e f i n (6l) by donation of a lone pair 

C F 3 ^ / C F 3 F 2 ^ / C F 3 

F 60 F 61 

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

of.electrons from oxygen. The lone pair w i l l be more available f o r 
72 

a l k y l ethers. 
Further examples of t h i s e f f e c t are given l a t e r . 

The following sections describe reactions of f l u o r o - o l e f ins w i t h 

various' types of nucleophile. Reactions with each nucleophilic type are 

grouped together so that differences between the olefins can easily be 

seen. Most of the reactions proceed by mechanisms already described and 

attention w i l l be drawn only to important features and differences. 

Further i n t e r e s t i n g reactions of some products are also given. Some of 

the work contained i n t h i s thesis describes reactions of F-3,4-dimethyl-

3-hexene. Therefore l i t e r a t u r e reports of i t s reactions w i t h nucleophiles 

are reserved for the discussion as are the reported reactions of F-propene 

trimers with O-nucleophiles''"^ because these are also p a r t i c u l a r l y 

relevant. 
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II.B.2 O-Nucleophiles 

II.B.2.a Alcohols and Phenols 

See Table 12 for a l i s t of these reactions. The reactions can a l l be 

accommodated by previously described mechanisms except f o r F-hexamethyl-

bicyclopropenyl, when an intermediate i n t e r n a l nucleophilic s u b s t i t u t i o n 
107 

probably occurs. 

There are two s i g n i f i c a n t differences between alcohols and phenols; 

1) Alcohols are, generally, the stronger bases and alkoxy substituents 

can promote further reaction (see Section I I . B . l . c ) , and 

2) The increased .steric requirements of phenols can be important. 

Thus phenols may f a i l to react, using conditions where alcohols give 

products, and when products are formed these may be s t r u c t u r a l l y d i f f e r e n t 

to those obtained using alcohols. 

Using si m i l a r experimental conditions the s t e r i c requirements of the 

OR group are suggested to account for F-2-methyl-2-pentene giving an 
addition product with methanol, but s u b s t i t u t i o n products w i t h ethanol 

99 
and phenol. 

II.B.2.b Hydroxide 

Hydroxide, l i k e alkoxides, i s a strong nucleophile and reactions w i t h 

more than one equivalent of hydroxide can r e a d i l y occur. Thus F-ethylene 

pentamer can give any one of three products depending on the choice of 

conditions. These and reactions of related o l e f i n s are contained i n 

Table 13. A mechanism accounting f o r the various products from F-ethylene 

pentamer i s given i n scheme 20. 
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Table 12 

Reactions with Alcohols^ and Phenols 

SO 
CF.CF^FCF, ^ a ° ^ 6 ) CF -C C-CF, — C F , - C - C - C F , (108) 

3 3 MeOH 3 I | 3 II II 
OMe OMe O O 

(CF 3 ) 2 C F F 
C=C ̂  N a ° R

 0 > R0-CF=C CF-CF-CF-. (99) 
/ \ ROH, 0° l i t 3 

F . C F 3 CF 3 OR OR 
62, c i s / t r a n s 

R = E t , Me; 1:1 or excess NaOR gives 62; R = Ph, no reaction. 

C F 3 X / C 2 F 5 
C=C 

CF^ ^ F 

Conditions Product(s) Further Reactions 
MeOH, cat. Et.N (97) CF,^ ^C-F,. CF_ .0 

-10-0° H-C-C-OMe — ^ ^C-C { (99) 
or MeOH, cat. NaOCH3 (109) CF F F ^ ^ C 2 F 5 

EtOH, cat. E t N CF • c o F r 
RT. C=C . (99) 

^ O E t 

MeOH, NaOH 
0-10° 

MeOCF- OCH, 
2 \ X 3 

c=c 
C F / X C 2 F 5 

c i s / t r a n s 

SO. 0=C=C 

F5 C2 

C=0 
(109) 

ROH, NaOH 
-10-0° 

R = E t , Me; 

RO-CF=C CF-C 0F_ (̂  50%) 
I. I 2 5 

C F 3 OR 

63 c i s / t r a n s 

(99) 

EtO , -80 F 0C=C C F — C 0 F C (10%) + 63 (58%) 
2 | | 2 5 — 

C F 3 OEt 

(54) 
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Table 12 continued 

Et-N C F 3 \ / C 2 F 5 
NaOPh, E t 2 0 F 2 C = C — C F — C 2 F 5 —±-> N>< (99) 

.o -15 - -5" CF 3 OPh C F 3 ^ ^ O P h 

CF CP, 

r > * / 

T5C2^7 
c p 3 

ROH,- base or RO 
solvent 

CF, 

F 5 C 2 V 

P 5 C 2 ^ / 

/ C F 3 
C=C • (110-119) 

^ O R 
CF. 

R = a r y l or a l k y l and includes bifunctional compounds. 

CF, CF 3 \ / 3 
F5 C

2 >X C- C\ O R 

F 5 C 2 CF, 

HOR 
Base, H 20 

R = (CH_CH_0) R' *• & n 

RO O 

P C » 
5 2 C F 3 

(72) 

C F3>. / C F 3 
C=C 

C F ^ ^ H 

MeOH, Et 3N 
RT 

C F 3 \ 
H-C-C-OMe (84%) 

CF, 
(87) 

F F 

KOMe 
MeOH 

OMe F (OMe) 

(120) 

MeOH, NaOMe 
reflux (95%) (121) 
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Table 12 continued 

OMe 

MeOH, NaOH 
reflux, 24 h. 

NaOPh, DMF 
RT, 18 h. 

(122) 

MeOH, KOH 
RT 

F (OMe) 

(102) 

MeOH 
NaOMe 

OMe OMe 

(102) 

OMe (MeO) F OMe 

MeO 

E t 3 N 

MeOH (107) 

Q^ ( C F3>6 

(64%) C g ( C F 3 ) 5 C 0 2 H 

NaOMe C g CCF 3) 5C(OMe) 3 (92%) 

H 20 H 2 S 0 4 
C g(CF 3) 5C0 2Me (95%) 

(123) 

see also section I I . B . l . b . 
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C F 3 X ^ C F 3 C F3N. ^ C F 3 C F 3 \ / C F 3 
C=C, • ^ C = C \ - H-C-Cv 

OH k/^ 

64 

N a 0 0 C
X / C F 3 F 2 C s ^ / C F 3 

R^CH.-C-CF, <—^- C=C' « XC-C^ 
2 II 3 " C 0 2 / \ / % O R„-^ OH x O F 
65 // 67 

'NaOOC^ 1 1 0^ CF, 1) H.,0 3 ' 2 -» R„CH„COOH H-C-C' -CF,COOH F 2 
^ % + RJT O 2) H 66 r - -

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

Scheme 20 

Using the m i l d e s t c o n d i t i o n s , replacement of the v i n y l i c f l u o r i n e 

occurs g i v i n g ketone ( 6 4 ) r a t h e r than i t s tautomeric a l c o h o l . At 

elevated temperatures, u s i n g d i l u t e a l k a l i , ketone (65) i s obtained, 

whereas- concentrated a l k a l i gives c a r b o x y l i c a c i d ( 6 6 ) , a f t e r a c i d i f i c a t i o n . 

72 

Decarboxylation t o ketone (65) only occurs on a c i d i f i c a t i o n , but the 

int e r m e d i a t e sodium s a l t ( 6 7 ) can r e a c t f u r t h e r t o give the a c i d ( 6 6 ) , 

presumably by displacement of t r i f l u o r o a c e t i c a c i d . The a c i d ( 6 6 ) i s 

formed from e i t h e r the pentamer or the i n i t i a l ketone ( 6 4 ) u s i n g s t r o n g 
72 

aqueous a l k a l i . 

D ecarboxylation, on a c i d i f i c a t i o n , i s found a l s o f o r t h e enolate anion 

d e r i v e d from F-2-methyl-2-pentene, but i n t h i s case a c i d catalysed 
124 

h y d r o l y s i s o f the CF^group occurs (Table 

1 



-63-

Table 13 

Reactions of F-Olefins, having one V i n y l i c Fluorine, with Hydroxide 

CF., CF„ 
3 \ _ / 3 

R F 

C=C 
y n. 

H20, Et 3N 

DMF, 20° 

dil.NaOH 
diglyme 
90°, 1 h. 

C F 3 \ / C F 3 
H-C-cC 

R„CH -C-CF, F 2 M 3 
8 

(127) 

(126) 

«F - C F 3 C ( C 2 P 5 ) 2 

^c.KOH, diglyme. 
reflux, l 1 ! h. R„CH.,C0OH F 2 

P2°5 ISO4" 

-CH=C=0 

(126) 

(128) 

C F 3 \ X
C F 3 dil.NaOH 

diglyme 
Rp' 90°, 5 h. 

C=C r-»- R'CH0-C-CF, (126) 
/ \ diglyme F 2 n 3 • x \o — p ^ . ^ 

R F = n - C 4 F 9 ( C F 3 ) C C 2 F 5 

C F 3 X ^ 2 F 5 

C F 3 ^ F 

H 20, Et 3N 
"CHZSN 

J o < 45 

CF. 

^ 0 " HNEt 3 

(75%) 

C.H 2S0 4 

CF. 

60°, 2 h. (124) 

pC-CC2T5 + CF 3CH 2CC 2F 5 

C F 3 6 

(60%) 
0 

(40%) 
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Carboxylic acids, from h y d r o l y s i s o f some f l u o r o - o l e f i n s , r e a d i l y 

dehydrate t o give s t a b l e ketenes. These can be ve r y u s e f u l intermediates 

(see scheme 21). 

HO, THF P 0 
(CF 3) 2C=CF 2 ^ • (CF3)2CHCOOH (CF ) 2C-O0 

diglyme/CsF 
NaF\ 300 

(P,C),C-C-C(CF,), < q U a f Z
 ( ¥ 3 C ) 2 ^ P 

3 2 3 2 600° 
<F 3C> 2C 

3 v / / 
F 2C' F 

Scheme 21 125 

I n t e r e s t i n g l y a ketene i s produced d i r e c t l y from an P-ethylene hexamer, 

u s i n g d i l u t e NaOH. The s t a b i l i t y o f the ketene, under the 

r e a c t i o n c o n d i t i o n s , probably i s a r e s u l t of bulky P - a l k y l groups promoting 
126 

dehydration because r e f l u x i n g w i t h n e u t r a l ethanol gives the e t h y l e s t e r . 

-> H-C-C/ / 2 diglyme / r e f l u x / \ 
90°, 5h 

,0 

OEt 

= CF 3C(C 2F 5) 2; R̂ , = CF 3CFC 2F 5 

I n c o n t r a s t t o f l u o r o - o l e f i n s having a v i n y l i c f l u o r i n e , P->-2,3-dimethyl-

2-butene ( e q . I I . 9 ) and 2H-F-3-methyl-2-butene (eq.II.10) add water across 

t h e i r double bonds, u s i n g m i l d c o n d i t i o n s : 

http://eq.II.10
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( I I . 9 ) / C = C 

CF 3
 N s'CF 3 

H 20, Et 3N 
CH3CN '' 
RT, 3d. 

C F 3 X / C F 3 
H-C-C-OH (58%) 

CF^ N ^ C F 3 

(129) 

CF CF 3 «2Q, Et 3N C F 3 X ^ C F 3 

(11.10) C=C CH3CN H-C-CrOH (79%) (87) 
CF^ ^ N l RT, lOd. ZF^ H 

II.B.2.C Carboxylate 

The r e a c t i o n o f carboxylates w i t h i n t e r n a l F - o l e f i n s has been found 

t o be u s e f u l i n two ways:- 1) as a f a c i l e synthesis of a c i d f l u o r i d e s 

u s i n g the F - o l e f i n as a f l u o r i n a t i n g agent; and 2) as a r o u t e t o d e r i v a t i v e : 

of the F - o l e f i n . . 

l ) F a c i l e Synthesis of Acid F l u o r i d e s 

The r e a c t i o n of F-2-methyl-2-pentene w i t h carboxylate anions, 

u s i n g polar a p r o t i c s o l v e n t s , produces poor t o good y i e l d s o f 

aromatic and a l i p h a t i c a c i d f l u o r i d e s but r a t h e r poor y i e l d s o f 

F - o l e f i n d e r i v a t i v e s ^ " ^ ( e q . I I . l l ) . As an a l t e r n a t i v e t o pola r 

RCOF + (CFJ 0CHCC0F_ 

C F 3 X / C 2 F 5 K 2C0 3 

(11.11) RCOOH + C=CV : —> 

C F 3 \ / ° 2 P5 
+ c=c 
CF^ ^ OCOR 

(t r a c e t o minor) 
R = a r y l , a l k y l b ut n o t F - a l k y l 

a p r o t i c s o l v e n t s , benzene and methylene c h l o r i d e can be used i n 

c o n j u n c t i o n w i t h a phase t r a n s f e r c a t a l y s t (l8-crown-6-ether or 
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trioctylmethylammonium c h l o r i d e ) . The p r e f e r r e d mechanism f o r 

fo r m a t i o n of the a c i d f l u o r i d e s i s given i n scheme 22. The enolate 

anion, thus formed, and i t s derive d ketone are also produced from 
124 

F-2-methyl-2-pentene by h y d r o l y s i s (see Sec t i o n I I . B . 2 . b ) . 

C F 3 X ^ C 2 F 5 
C=C 

CF^ ^ F 

RCOO 
CF, F 

C-C-F^ 
CF I S , 

/ C 2 F 5 

CF^ x O 

C F 3 X / C 2 F 5 
C=C 

QF^ ^ O " 
+ RC 

Scheme 22 130 

D e r i v a t i v e s from F - o l e f i n s 

F-ethylene pentamer, when heated w i t h a lower a l i p h a t i c a c i d 

and/or i t s s a l t i n anhydrous EMF or diglyme, gives an F-acetylene 131 

C F 3 \ / C F 3 
C=C NaOAc, HOAc 

Et^N, diglyme r 
reflux, 20h. 

C5CCF 3 + RFCH=CFCF3 

d i l . NaHS03, diglyme 
135°, 12h. 

d i l . Na 2S0 3 

180°, 12h. 
* RpCH=C /

C F 3 
S0 3Na 

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

Scheme 23 
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The a c e t y l ene"*"̂ " or F-ethylene pentamer i t s e l f on 
h e a t i n g w i t h sodium b i s u l p h i t e or s u l p h i t e , give the soldium s a l t 
o f a sulphonic a c i d (scheme 23). 

The F-acetylene could be produced from pentamer and carboxylate 

as shown i n scheme 24 and i t seems l i k e l y t h a t the r e a c t i o n o f 

pentamer w i t h s u l p h i t e i n v o l v e s the F-acetylene as i n t e r m e d i a t e . 

A s i m i l a r mechanism i s t h e r e f o r e probable f o r t h i s r e a c t i o n . 

CF3 CF, CF 3 CF 3 

/ X F < V c - R " 
0 

O H , H 20 

ooa CF 3 

/ ^ 

0 

R F-C=C-CF 3 + C0 2+ RC02 « C=C 

RF O - j j - R 

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

Scheme 24 

II . B . 3 S-Nucleophiles 

The r e a c t i o n s of F-propene dimers w i t h t h i o p h e n o l and phenyl-

methanethiol have r e c e n t l y been r e p o r t e d . T h e r e s u l t s are summarised 

i n Table 14. 

The v a r i o u s products can be explained by the usual n u c l e o p h i l i c 

mechanisms i f a novel 1 , 4 - e l i m i n a t i o n o f RSF i s a l s o assumed (eq. I I . 1 2 ) . 

Sulphenyl f l u o r i d e , RSF, would then immediately r e a c t w i t h t h i o l (eq.II.13). 

A i r o x i d a t i o n t o give RSSR was shown not t o occur. 

http://eq.II.12
http://eq.II.13
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Table 14 

Reactions of F-Propene Dimers with Thiols 133 

CF C F 3 v / 2 5 
C=C 

/ \ CF 3 F 

16 

+ RSH 

SR 
(CF 3) 2C=C-C 2F 5 + (CF 3) 2C-C=CFCF 3 

SR SR 
68 69 

+ (CF ) CH-C=CFCF 
SR 

70 

SR 
+ (CF 3) 2C=C-C=C(SR) 2 + RSSR 

SR 
71 

72 

RSH 

PhCH2SH 

PhCH2SH 

PhSH 

Mol. r a t i o 
RSH: 16_ 

1 

10 

10 

Yields (%) 
68 

59 

trans 69_ 

32 

70 

3 

71 

26 

30 

72 

6 

15 

32 

( C F 3 ) 2 C F ^ F 
/ C=C 

/ \ F CF. 
+ RSH 

(CF ) CF SR 
\ / 
c=c 
/ \ 

F CF. 

(CF 3) 2CH ^ R 
/ \ 

F CF. 

+ RSSR 

(CF ) CH SR 
3 2 \ / 

c=c 
RS / 

RSH = PhCH2SH; 

a, E t 3 N f CH3CN, 0°-5°. 
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C F . 

(11.12) C C F -

/\ / 
- R S F 

C F 3 

C F 3 / C - C / 

(11.13) R S F + RSH R S S R + HF 

Only the t r a n s isomer of d i s u b s t i t u t e d product (69) was detected 

I n the r e a c t i o n m i x t u r e , although the c i s isomer should also have been 

formed. E l i m i n a t i o n of RSF from the c i s isomer of (69) would account 

f o r i t s n o n - i s o l a t i o n . Molecular models have i n d i c a t e d t h a t the 

CFn SR 

/\ / 
C F 3 f=\ 

RS ' N C F , 

C F -

V 
SR 

C F , 

C F / \ / / = C\ 
R S F 

Cis 69 trans 52 

i n t e r a t o m i c distance between S and P i n ( c i s 69) i s approx. 1 .6A, an 

average S — F bond l e n g t h . Although e l i m i n a t i o n of RSF appears t o be 
134 -1 unfavourable from a c o n s i d e r a t i o n of bond energies ( A H = + 189 k j mol ) 

s t e r i c and entropy e f f e c t s w i l l be important. A s i m i l a r e l i m i n a t i o n of 

ROF seems very u n l i k e l y ( A H = + 389 k j mol ^ ~ ) . 

C F , 

C F , 

\ / 
c=c / \ SR 

CF- , 

\ 
R S C — C 

/ 
C F 3 73 

C F 3 * 

R S -
\ 

^ 2 F5 

SR 

C — C = r C F C F , 

C F , 
/ 1 

SR 

69 

-> R-
/ 
V 

Scheme 25 
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I n t e r e s t i n g l y the d i s u b s t i t u t e d product (69) i s formed more 

r e a d i l y than a s i m i l a r product from the r e a c t i o n of P-2-methyl-2-pentene 

99 

w i t h phenol. This d i f f e r e n c e can be a t t r i b u t e d t o s t a b i l i s a t i o n of 

i n t e r m e d i a t e carbanion (73) by sulphur, through i t s a v a i l a b l e 3d o r b i t a l s ^ 

(scheme 25)-
I I , B . 4 N-Nucleophiles 

Sodium n i t r i t e r e a c t s , as an N-nucleophile, w i t h F-propene and 

135 

other simple t e r m i n a l f l u o r o - o l e f i n s . 

A f t e r the i n i t i a l r e a c t i o n of a f l u o r o - o l e f i n w i t h an amine 

( i n c l u d i n g ammonia and h y d r a z i n e ) , i f there i s hydrogen attached t o 

n i t r o g e n , then loss of HF w i l l occur i f a t a l l possible because t h i s i s , 

thermodynamically, very favourable. T e r t i a r y amines normally do not 

give s t a b l e compounds w i t h i n t e r n a l o l e f i n s ( b u t see Table 3) because t h e 

amine group i s r e a d i l y d i s p l a c e d by f l u o r i d e or other n u c l e o p h i l e s , 

hence t h e i r use e i t h e r as bases or as c a t a l y s t s f o r o l i g o m e r i s a t i o n 

( S e c t i o n I . D ) . 

I I . B . ^ . a Secondary Amines 

The r e a c t i o n s of F-propene dimers w i t h d i e t h y l a m i n e and p i p e r i d i n e 

(Table 15) are an e x c e l l e n t example o f the e f f e c t of c o m p e t i t i o n between 

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

F-2-methyl-2-pentene (16) and p i p e r i d i n e gives mainly the product 

d e r i v e d from v i n y l i c s u b s t i t u t i o n , whereas (16) and diet h y l a m i n e give 
136 

an enamine produced from isomeric t e r m i n a l o l e f i n (36). The r e a c t i o n 

o f d i e t h y l a m i n e w i t h ( l 6 ) , an i n t e r n a l o l e f i n , must be s u f f i c i e n t l y 

slow so t h a t once f l u o r i d e i o n has been generated a much f a s t e r r e a c t i o n 

w i t h t e r m i n a l o l e f i n (36) can occur. P i p e r i d i n e i s , i n f a c t , a s t r o n g e r 
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Table 15 

Reactions of F-Propene Dlmers with Secondary Amines 

CF 

piperidine 
CF. 

_ N / 2 5 

^ 3 . / C 2 F 5 
C=C 

(86%) 

CF. \ 
(136) 

16 Et 2NH 

Et„N-CF=C-CF -C„F,. 2 | 2 2 5 
CF 3 

Et_0. 
Et^NH (82% yield) 

(CF ) CF F 
3 2 \ / C=C 

F ^ ^ C F . 
(138) 

13 
E t 2 0 
piperidine 

N-CF=C-CF 2~C 2F 5 

CF, 

Et 2N-CF=C-CF 2-C 2F 5
 d l l ' H C 1 » E^N-C-CH-CF^C^ (80%) 

CF. 0 CF. 

KOH EtOH (138) 

Et_N-C-C=CFC„F_ 
2 II I 2 5 

O CF, 
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Table 16 

Reactions of Fluoro-oleflns with Secondary Amines 

E t NH 
(CF 3) 2C=CF 2 *• (CF 3) 2C=CFNEt 2 (65%) 

E t 2 0 , 0 
H 20 

(CF 3) 2CHCNEt 2 (85%) 

(100) 

CF CF / 3 Me NH / 3 
(CF 3) 2C=C x • « C T3>2 ( M\ 

F ( I ) NMe, 
(^90%) (87) 

° \ f*3 Et 2NH C F 3 N / * 3 

C=C - ~ - — > - c=c 
/ \ E t2° / \ 
*V p R F N E T ; 

(139) 

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

( C F 3 ) 2 C = C ( C F 3 ) 2 | Me2NH 

(CF 3) 2C=CHCF 3 

* complex reactions (87) 

NMe, 

Me2NH 
E t 2 0 , EtOH 

NMe, 

(102) 
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137 
base'than diethylamine (1.7 : l ) . 

(CF,)_CF F CF, C 0 F C _ CF, 
^C=C v -£ » OCT = = ± CF„=C-CF7-C,F 

y \ slow • \ f a s t z 1 2 => 
F CF 3

 C F 3 F 
13 16 36 

R2NH very 
slow 2 R„NH slow R2NH fa s t 

This e x p l a n a t i o n i s r e i n f o r c e d by s i m i l a r r e a c t i o n s o f 

F- Ji-methyl-2-pentene (13). For both diethylamine and p i p e r i d i n e 
I 3 8 

the major product i s d e r i v e d from t e r m i n a l o l e f i n (36). Isomer (13) 
99 

i s l e s s r e a c t i v e than F-2-methyl-2-pentene (16) (see Section I I . B . l . b . i i ) 

and so r e a c t i o n s w i t h both amines w i l l be slow. Once f l u o r i d e i s produced 

a slow i s o m e r i s a t i o n t o (16) w i l l occur. Subsequent i s o m e r i s a t i o n o f 

(16) t o t e r m i n a l o l e f i n (36) i s f a s t and r e a c t i o n s of (36) are f a s t . 

Thus t h e r e w i l l be only a low c o n c e n t r a t i o n o f F-2-methyl-2-pentene ( l 6 ) . 

Other r e a c t i o n s of secondary amines w i t h f l u o r o - o l e f i n s are given 

i n Table 16. 

II.B.4.b Primary Amines 

Reactions w i t h primary amines can be q u i t e complex. Two simple 

examples are shown i n e q . I I . l 4 and I I . 1 5 . 
C E \ CF, „„„ CF, CF_ 3 \ y 3 RNH 3v. y 3 

(11.14) ^C=C — — C = C (139) 
y \ E t

2 ° / \ 

R p
 X F NHR 

R p = C F 3 C ( C 2 F 5 ) ; 

R = CH2CH=CH2, (CH2) 3N(CH 3) 2, CgE^SO-jNa. 

MeNHn 

(11.15) (CF 3) 2C=CHCF3 (CF3)2CHCH(NHMe)CF3 (61%) (87) 
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C F 3 \ / C 2 F
5 RNH„ 

(11.16) ^C=C =-> 
/ \ 

CF-^ F 
16 

F 2 C ^ v / C 2 F 5 
c - c ( 

F3C NR 

RNH % / C 2 * 
> ^ C'% 

F 3 C X ^NR-

R = 2,6-Me2C6H3; Me3C (85% yield) ( 1 3 6 ) 

P-2-methyl-2-pentene (l6) gives i s o l a b l e ketenimines ( e q . I I . l 6 ) 

w i t h aromatic primary amines, having no ortho-hydrogen, and w i t h 
136 

t-butylamine. I f the aromatic primary amine has an a v a i l a b l e 

ortho-hydrogen then 4-arylaminoquinolines are obtained v i a c y c l i s a t i o n 

of the ketenimine 1^^'' 1" 1 0 , 1 2 , 1 (scheme 26). The ketenimines ( e q . I I . l 6 ) 

are formed by r e a c t i o n w i t h two moles of aromatic primary amines but 

i f f o u r moles of amine are used then the ketenimines can r e a c t f u r t h e r 
141 

w i t h amine p r i o r t o c y c l i s a t i o n t o produce a z e t i d i n e s and q u i n o l i n e s 

Scheme 26). 
II.B.4.C Ammonia and Hydrazine 

142 
Hydrazine i s approx. 20 times less basic than ammonia. This 

may e x p l a i n the d i f f e r e n c e between the r e a c t i o n s o f F-ethylene pentarner 

143 
w i t h ammonia and hydrazine. Hydrazine d e r i v a t i v e (74) w i l l l e s s r e a d i l y 

NH-, Et_0 N C V / C F 3 
j— » c=c 
'or .88O NH_ aq. s \ 

80°, 2h7 Rp NH 2 

C F 3 > . . ^ C F 3 " 
;c=cr 

H 20, EtOH * yC~C\ / C _ % v 
reflux, 2h. Kf NHNHj R p NNH2 

74 75 
*F -
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Reactlon of Aromatic Primary Amines with F-2-methyl-2-pentene 

NAr ArN I CF CF a 1 / 2 5 2ArNH 
4HF 

CF NAr N 

2ArNH 
NAr 4HF CO H 

CF 

NAr 
I N 

i» 
/ \ i / 2 5 

ArNH 
NAr X CF ArN 

NAr 
I N 

Ar-N 
NAr 

II NAr 

NAr ArNIl 06c ArNH NAr 
NHAr 

N NHAr 

Scheme 26 
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lose f l u o r i d e t o give t e r m i n a l o l e f i n ( 7 5 ) * whereas t h i s step 

obviously occurs f o r the corresponding ammonia d e r i v a t i v e . Other 

r e a c t i o n s w i t h ammonia are given below. 

1) E t 2 0 , - 6 0 ° 
( C R j L C = C F , 5—> ( C R . U C H C N + I C F ^ U C H C N H , 

2) H 2 0 , 0 
21% 13% 

(100) 

C F 3 C F = C F C F 3 

E t 2 0 
-10° 

E t 2 0 

50° 

C F 3 £ C H F C F 3 76 (42%) 
NH 

76(49%) 
2 ;c=c 

C F . CN 

C F 

CFo 

3 . / C 2 F 5 NC C 2 F 5 

-> X = C ( -100%) (136) 

E t 2 0 dil.HCl 

NH NH-

(102) 

I I . B . 5 C-Nucleophiles and Sodium Borohydride 

Examples of r e a c t i o n s w i t h these nuqleophiles are as f o l l o w s . 

C F , ' C F , 

W R'MgX or R NQ ? C _ C -
C F 3 C F 3 

\ / 

solvent, reflux 
(113,145) 

R ( R ) 

Rp = CP 3C(C 2F 5) 2; R"Na = NaCHCCOOC^ solvent = DMF,Dioxanj 

R'MgX = CH CHCH MgBr,C £F_MgCl,MeMgI,EtMgBr,solvent = Et^O.THF; 
d d O d 

C s i - C 3 F 6 

C 3 F 7 C 3 F 7 

sulpholane,100° 

NoBH^ 
h 2 diglyme h 2 

(35%) (121) 

(120) 
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I I . B . 6 C hloride 

So f a r t h e r e appear t o be no examples of n u c l e o p h i l i c r e a c t i o n of 

c h l o r i d e w i t h F - t r i a l k y l - and F - t e t r a a l k y l - o l e f i n s . However, the 

replacement of f l u o r i d e by c h l o r i d e or indeed other h a l i d e s seems q u i t e 

possible f o r these o l e f i n s . I t i s t h e r e f o r e worthwhile t o describe t h e 
146 

r e a c t i o n of F-isobutene w i t h c h l o r i d e because the r e s u l t s are probably 

a p p l i c a b l e t o more s u b s t i t u t e d F - o l e f i n s . 

The r e a c t i o n o f F-isobutene w i t h an excess of a tetraalkylammonium 

c h l o r i d e forms o n l y traces of a mono-substituted product. This i s thought 

Et,BzNCl t 

3 . (CF_).C=CFC1 ( t r a c e s ) 
CHgCN J L 

or diglyme 

cat.Et BzNCl | 3 
(CF.)_C=CF0 - > (CFJ.C=CFC1 + CFC1=CCF„C1 

P0C1 3, 165 , 25h 34% 9% 

7 f (CF,).C=CFC1 + (CF.),C=CC1-
165°, 25h J L i l l 

49% 21% 

t o be a r e s u l t of an e q u i l i b r i u m f a v o u r i n g F-isobutene, p o s s i b l y because 
147 

o f the stronger C — F bond. Replacement o f f l u o r i d e can, i n f a c t , be 

achieved i n the presence of POCI3 or benzoyl c h l o r i d e , compounds which 

t r a p out f l u o r i d e generating c h l o r i d e . That these r e a c t i o n s are n u c l e o p h i l i c 

i n nature i s confirmed by no r e a c t i o n o c c u r r i n g w i t h POCI3 i n the absence 

of i o n i c c h l o r i d e . 
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I I . C Reactions w i t h E l e c t r o p h i l e s 

I I . C . l At the Double Bond 

Although e l e c t r o p h i l i c a t t a c k on le s s s u b s t i t u t e d f l u o r o - o l e f i n s i s 
28 \ known , the order o f r e a c t i v i t y being CF 2"=CF 2 f CF 3CF=CF2 ̂  CF 3CP=CFCF 3 

m 

f o r a d d i t i o n o f anhydrous HF, th e r e are no examples o f e l e c t r o p h i l i c 

a t t a c k on the double bonds of F - t r i a l k y l - and F - t e t r a a l k y l - o l e f i n s . T h i s 

i s not s u r p r i s i n g because:- 1) Generation of p o s i t i v e charge on carbon 

attached t o F - a l k y l groups i s unfavourable; and 2) Strong e l e c t r o p h i l e s 

p r e f e r e n t i a l l y a b s t r a c t an a l l y l i c f l u o r i n e . 

Reactions w i t h e l e c t r o p h i l e s a f t e r i n i t i a l f o r m a t i o n of carbanions are 

described i n S e c t i o n I I . A . 

II.C.2 Replacement of A l l y l i c F l u o r i n e s 

Some examples o f the replacement of a l l y l i c and, i n some insta n c e s , 

v i n y l i c f l u o r i n e s are given i n t a b l e 17. A l l these r e a c t i o n s can be 

explained by an e l e c t r o p h i l i c mechanism i n v o l v i n g i n i t i a l l o s s o f f l u o r i d e , 

forming an in t e r m e d i a t e a l l y l i c c a t i o n (see Sections I . B . I and I . C . l ) , 

which then r e a c t s f u r t h e r t o give products. The d r i v i n g f o r c e f o r these 
/ 

r e a c t i o n s i s l i k e l y t o be formation o f very s t a b l e f l u o r i d e s such as AlF-j 
149 

from AlCLj and HF from I^SO^. The ease o f r e a c t i o n , however, w i l l be 

in f l u e n c e d by the s t a b i l i t y o f the intermediate a l l y l c a t i o n . This i s 

apparent from a comparison of the r e a c t i o n s , w i t h A1C1-, o f F-cyclobutene 

( a t O 0 ) 1 ^ 0 and F-isobutene (155° f o r 28h leaves J>7% unreacted F - i s o b u t e n e ) 1 ^ 

(see Table 17). 

Most o f the F - t r i a l k y l - and F - t e t r a a l k y l - o l e f i n s discussed i n t h i s 

chapter would produce a l l y l i c carbocations less s t a b l e than t h a t d e r i v e d 

from F-lsobutene and t h e r e f o r e t h i s type o f r e a c t i o n would need v e r y vigorous 

c o n d i t i o n s . 
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Table 17 

E l e c t r o p h l l i c Replacement of A l l y l l c Fluorines 

1 SbF 
2) HO 

c.H 2S0 4 

100 , 18 h. 

(151) 

(121) 

c.H.SO 

95 , 30 min. 
(152) 

A1C1„ 
F Cl 

0° 
(150) 

H2 S°4 
F > ~ — 2 ^ 0 = ( F 

(153) 

A1C1. 
^ 2 ^ 2 TZS 155 , 28 h. 

st.mat. (37%) + (CF 3) 2C=CFC1 

+ (CF 3) 2C=CC1 2 

+ CF,-C=CC1„ + CF -C=CC1„ 3 | 2 3 | 2 
CC1F, CFC1, 

(146) 
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The replacement of v i n y l i c f l u o r i n e probably occurs by double bond 

m i g r a t i o n . An example i s given below. 

AlCh CI 

etc. 
CI CI 

FCI 

+ i 

I I . D A d d i t i o n s across the Double Bond 

Although some o f t h e r e a c t i o n s described e a r l i e r i n t h i s chapter 

are a d d i t i o n s t o carbon-carbon double bonds, they proceed v i a i n t e r m e d i a t e 

carbanions. This s e c t i o n deals w i t h other a d d i t i o n s . These are e i t h e r 

concerted, have r a d i c a l s as intermediates or, f o r c o b a l t t r i f l u o r i d e 
154 

f l u o r i n a t i o n , . m a y proceed v i a intermediate r a d i c a l c a t i o n s . 

Examples o f these r e a c t i o n s are given i n Table 18 and Table 19 

( f l u o r i n a t i o n s ) . Permanganate o x i d a t i o n and f l u o r i n a t i o n are discussed 

b r i e f l y below. 

D i e l s - A l d e r r e a c t i o n s o f F - t r i a l k y l - and F - t e t r a a l k y l - o l e f i n s and 

p a r t i c u l a r l y t h e i r r e a c t i o n s w i t h ozone occur most r e a d i l y f o r o l e f i n s 

such as F-hexamethylbenzvalene (see Table 18) and F-hexamethyl-Dewar-

155 
benzene. 
I I . D . l Permanganate O x i d a t i o n 

The r e a c t i o n o f KMnO^ w i t h f l u o r o - o l e f i n s i s suggested t o i n v o l v e 

i n i t i a l n u c l e o p h i l i c a t t a c k by MnO^ g i v i n g a c y c l i c manganese complex. 

This step i s probably concerted. Subsequent a d d i t i o n o f water w i l l give 

159 
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Table 18 

Additions Across the Double Bond 

(CF 3) 2C=CHCF3 
HBr 

ZnCl2 or hv 

(CF 3) 2CHCH 2CF 3 

79% 
no reaction (87) 

4 days (CF 3) 2CC1CC1 2CF 3 + (CF 3) 2CC1CHC1CF 3 

39% 28% 
tentative s t r u c t . 

(CF 3) 2C=CICF 3 

-> (CF 3) 2CHCH 2CF 3 (79%) 

(87) 

3 days > (CF 3) 2CC1CC1 2CF 3 (77%) 

(CF 3) 2C=CFCF 3 

-> (CF 3) 2CHCHFCF3 (60%) 

(87) 

-t—- > - (CF,) „CClCClFCF, (74%) 
4 days 3 2 3 

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

•4 no reaction 

HBr 
A or hv -> no reaction 

4 days 

CH 2N 2 

E t 2 0 

22 h. 

(CF 3) 2CC1CC1(CF 3) 2 (92%) 

( C F3> 2^ ^ ^ B ^ 

(87) 
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Table 18 continued 

no reaction 1 week 

Pd, C H 
no reaction 120 a tin. 

CF CF=C(CFJ CH-N 
(CF,) nC=C[CF=C(CF,) „] 

3 C H 2 CF CF=C(CFJ 

Addition Reactions of F-hexamethylbenzvalene 

7 furan, C^H 5 12 7 quartz, RT, 5m. 

X T N 
\ CH_N 
N 

J A - v o 
a = H2, Pd, A1 20 3; b = C l 2 , hv 
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FY-°N<n/0" 
. — 0 ^ ^ 0 

0 = C — O H 4 H O — C — 0 <r ox id n 

H 2 0 OH 

C — O H 
- / N 

- 2 H F 

0 = C — C = 0 

d i o l s f o r F - t e t r a a l k y l - o l e f i n s , whereas loss o f HF and f u r t h e r o x i d a t i o n 

w i l l occur f o r o l e f i n s having v i n y l i c f l u o r i n e s . An example o f each 

type i s given below. 

Acetone i s normally used as solvent because the r e a c t i o n s are 

much f a s t e r than i n water. O l e f i n s o l u b i l i t y and permanganate s o l v a t i o n 
159 

are the probable reasons f o r t h i s . 

KMnO/ 
acetone 

6 7 % (12D 

KMnO/ 

acetone 
H 0 2 C ( C F 2 ) 4 C 0 2 H 7 5 % (160) 

II.D.2 F l u o r i n a t i o n 

The e f f e c t o f increased s u b s t i t u t i o n on t h e f l u o r i n a t i o n of F - o l e f i n s 

i s demonstrated by the c o n d i t i o n s r e q u i r e d f o r d i r e c t f l u o r i n a t i o n o f 

F-propene and i t s oligomers (Table 19). The order o f r e a c t i v i t y i s 

F-propene"^> dimers ^ > t r i m e r s ̂ > tetramer.^"^ The i n i t i a l r e a c t i o n i s 

a d d i t i o n of F* g i v i n g a r a d i c a l , which can then r e a c t f u r t h e r by a 

C n F 2 n C n F 2 n « 1 

a d d i t i o n 
rearrangement 
fragmentation 
d i m e r i s a t i o n 
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Table 19 

Fluorination of F-01efins a 

^3]2CK y C F 3 X yC2F5 
C=C + ^ C = C — — > (CF3) 2 C F C F 2 C 2 F 5 (60) 

3 3 99% 
95% 4.2% 

— * C 30 
(CF 3) 2 C F X 

95% 
( C F 3 ) 2 C F " / ^ ^ F 

( C F 3 ) 2 C F F CF C 2 F 5 

3 ' 2 « ' / X c F 3 ^ 3 ^ ^ i ^ l a 
30% 66% 

, c = C v (60) 
( C F J . C F / ^CF CF / ^ C F ( C F - ) 

( C F 3 ) 2 C P \ ^ V s 
^ 100° / C \ 

C F 3 - C F 2
/ C F

3 

57% 

(CF,) „C V F 

CF/ X c f 2 - c 2 f 5 

( C F 3 ) 2 C = C ( C F 3 ) 2 £ • ( C F 3 ) 2 C F C F ( C F 3 ) 2 (162) 

C F 3 X / C 2 F 5 d i l . F 2 ^ ^ F 3 
C-C > F-C-C-F (74) 

+ c i s 

i, using undiluted F 2 unless stated; b r no conditions given. 



161 number o f routes depending on the c o n d i t i o n s used. Simple a d d i t i o n 
i s favoured by h i g h concentrations o f F 2 a t low temperatures, fragmentation 
and rearrangement by higher temperatures than r e q u i r e d f o r f l u o r i n a t i o n 
t o occur, and d i m e r i s a t i o n by low temperatures and a low F 2 c o n c e n t r a t i o n . 

For example F-propene t r i m e r s undergo a d d i t i o n w i t h o u t rearrangement 

o / \ o a t 30 (Table 19)* but a t 100 a rearrangement o f the in t e r m e d i a t e r a d i c a l 

60 
occurs (eq.II . 1 7 ) accompanied by some fragmentation. F-propene tetramer 

(11.17) C g F 18 

(CF 3 ) 2 CF 

F* . 

(CF 3 ) 2 CF 
y 

C 2
F 5 [CF 3) 2CF^ / C 2 F 5 

-> C g F 2 0 

CF 3 CF C F 3 

i s only f l u o r i n a t e d above room temperature and gives low y i e l d s of CQF2Q 

55 

alkanes v i a fragmentation r e a c t i o n s (Table 19)• 

D i m e r i s a t i o n ( e q . I I . l 8 ) can occur very r e a d i l y when the i n t e r m e d i a t e 

r a d i c a l and o l e f i n are not too s t e r i c a l l y hindered. Thus F-propene dimers, 
o 161 u s i n g d i l u t e d F 2 a t -50 , give decanes formula C^ 2F 2g. S i m i l a r l y 

F-2-butene produces CQF^Q (Table 1) and F-cyclobutene i s a l s o found 

t o dimerise (eq.II . 1 9 ) . 

(11.18) R* + . C=C Rr 
I I h I I 

(11.19) F * N 2 (162] 

I I . E Photochemically Induced I s o m e r i s a t i o n 

Examples o f photochemically induced i s o m e r i s a t i o n s of F - o l e f i n s 

are given i n Table 20. I n a l l cases the products a r i s e from 1 , 3 - a l l y l i c 
82 

s h i f t s o f f l u o r i n e or F - a l k y l groups. For s u b s t i t u t e d ethylenes t h e 

http://eq.II.19
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Table 2Qa 

Photochemically b Induced Isomerisations of F - O l e f i n s ^ ' 

X > < ^ 100% 

< > 
cis, trans 40% 35% <\. 10% 

> 

< \ 

\—^ , \ = / 
\ T 

Ob o 
~ \ x 

77 (55%) 78 (20% 79 (minor) 

for c l a r i t y compounds are represented schematically, a l l are f u l l y 
fluorinated. 

l i q u i d phase, medium pressure lamp, no f i l t e r , s i l i c a tubes. 
7 days. 
prolonged i r r a d i a t i o n , 
mild conditions. 
ambient temp. ^ 100°, 78 and 79 probably r e s u l t from thermolysis of 77 

,20° 
because 77 - > 78 (54%) + 79 (44%). 
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ease o f rearrangement i s i n the order F - t e t r a a l k y l ^ F - t r i a l k y l ^ > F - d i a l k y l ^ ^ 

I n f a c t , F-2-butene only undergoes c i s - t r a n s i s o m e r i s a t i o n u s i n g c o n d i t i o n s 

which induce rearrangements i n the more s u b s t i t u t e d o l e f i n s . F - t r i a l k y l e t h y - * 
163 

lenes a l s o undergo c i s - t r a n s i n t e r c o n v e r s i o n u s i n g m i l d e r c o n d i t i o n s . 

I I . F Thermolysis 

There are numerous r e p o r t s o f t h e r m o l y t i c r e a c t i o n s o f f l uorocarbons, 

but r e l a t i v e l y few concern unsaturated compounds. Some examples are shown 

below, i l l u s t r a t i n g t h r e e processes. These are:- l ) Loss o f fragments 

c o n t a i n i n g carbon, u s i n g an i n e r t surface (e.g. Pt or SiO^); 2) Double 

bond m i g r a t i o n , or j5) D e f l u o r i n a t i o n u s i n g a r e a c t i v e metal s u r f a c e , such 

as i r o n or z i n c , metals which r e a d i l y form f l u o r i d e s . 
Pt 

680 , 2 mmHg 
-> F F (40%) + i3J + 

C 2 F 4 

500 

22% 

Fe (IO) 

F (28%) + F F (trace) 

tentative s t r u c t . 

F C 
, c F ) Z n > 5 2 

F 5 C 2 

or 

CFCF. 

0.CFCF3 

^ C F C F 3 

C 2 F 5 

(164) 

65% 

Fe 
500 

(45%) (121] 
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CF=CF 
Fe 

(167) 600 

15% 

s i l i c a 
168 

620 

CF=CF 
-v 20% ^ 70% 

+ CF =CF 

Fe (60%) (121) 
500 

aged Ni 

400-600 

(165, 166) 
Fe, 400-600 



DISCUSSION 
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CHAPTER I I I 

Oligomers from C h l o r o t r i f l u o r o e t h y l e n e and F-2-butene 

The major pa r t o f t h i s chapter describes the f o r m a t i o n o f oligomers 

from c h l o r o t r i f l u o r o e t h y l e n e and F-2.-butene. This work i s a c o n t i n u a t i o n 

of a previous i n v e s t i g a t i o n c a r r i e d out i n t h i s l a b o r a t o r y 7^' These 

processes have a l s o been studied elsewhere ' (see chapter I ) . Some 

s i m i l a r r e a c t i o n s of F-propene are also described. 

I I I . A Oligomers from C h l o r o t r i f l u o r o e t h y l e n e 

I t i s w e l l e s t a b l i s h e d t h a t CF3CFCI can be generated from c h l o r o t r i f l u o r o ­

ethylene and f l u o r i d e i o n . This i s demonstrated by the f l u o r i d e i o n 
170 

induced r e a c t i o n s of c h l o r o t r i f l u o r o e t h y l e n e w i t h cyanuric f l u o r i d e 
171 

( e q . I I I . l ) and w i t h F - p y r i d i n e ( e q . I I I . 2 ) . 

(III.D 
70° 

C F C I C F 

( 6 0 % ) + 

X F C I C F -

9 
C F C I C F 3 

(10%) 

(III.2) 
90" 0 (15%) + 

a = CF2CFCl; C s F , and s u l p h o l a n e 
CFCICF3 

15%) 

C F 2 C F 3 

Since CF^CFCl (80) i s formed i t i s t o be expected t h a t r e a c t i o n o f 

(80) w i t h CF2CFCI should also occur. Previously i n t h i s l a b o r a t o r y i t 

has been found t h a t oligomers of CF2CFCI are, i n f a c t , formed by h e a t i n g 
169 

w i t h CsF and tetraglyme i n a Ni tube (see Table 22). The oligomers 
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were not separated and were i d e n t i f i e d by g.l.c.-ms. None contain chlorine 
and extra degrees of unsaturation are introduced. These features could 
have been a r e s u l t of dehalogenation at the Ni surface. Further 
investigation was therefore necessary to t r y to e s t a b l i s h the structures 
and mechanism of formation of the various oligomers, and also the 
dehalogenation mechanism. 

Table 22 

Y i e l d s {%) of Oligomers from Chlorotrifluoroethylene 

Temp. C C8 F16 C10 F18 C 1 2 F 2 0 C 1 2 P 2 2 > C 1 2 F 2 2 

3 16 - 19 ca.30 

56° 10 16 2 4 15 

140° 18 11 2 3 5 

a, a l l using CsF and tetraglyme 

b, i n glass at <1 atmos. press. (VTII.A.l.a) 
16 

c, Using Ni tube under autogenous pressure. 

Chlorotrifluoroethylene w i l l oligomerise at room temperature and 

<1 atmos. pressure forming CFgCFC^* as well as the same oligomers 

produced by the Ni tube reactions. The r e s u l t s are summarised i n 

Table 22. 

The important features of these reactions are: 

( i ) the oligomers contain no chlorine, 

( i i ) above Cg extra degrees of unsaturation are introduced, 

( i l l ) CF^CFC^ i s formed, and 

( i v ) the yi e l d of CgF^g(4l) increases at higher reaction temperatures. 

Although the oligomers given i n Table 22 contain no chlorine, when 

GF2CFCI was allowed to react at room temperature for a much shorter time 
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(l6h instead of 88h) then, after removal of CFgCFC^, elemental analysis 

of the remaining v o l a t i l e material showed the presence of chlorine. This 

v o l a t i l e material contained the expected oligomers, together with a complex 

mixture of products l e s s v o l a t i l e than ^^22' A s e x P e c ' t e d » a f t e r heating 

with fluoride the proportion of l e s s v o l a t i l e products was reduced and 

chlorine was absent. 

Samples of CF-jCFC^, c T Q P 1 8 ^ — ^' A N D C12P22 ^ — ^ w e r e S e P a r a ' t e d 

19 

by preparative scale g . l . c , CFgCPC^ being i d e n t i f i e d by i t s F n.m.r. 
172 

spectrum. Compound CgF^g ( ^ 1 ) , an approx. 50:50 mixture of c i s , 
trans isomers, was id e n t i f i e d i n the product obtained from oligomerisation 

o 19 of CF2CFCI at 120 by comparison of the F n.m.r. spectrum with that of 

an authentic sample of ( 4 1 ) . The structures of C^QF^Q ( 8 l ) , and 

1̂2̂ 22 mixtures of geometric isomers unresolvable by g.l.c., 
19 

follow mainly from t h e i r F n.m.r. spectra. A f u l l discussion of t h e i r 

s t r u c t u r a l derivations i s given l a t e r . 

C F 
/ 

+ t r a n s 

C F C F 
/ 

C F 
y v / 

/ 
C F 

C 1 2 F 2 2 , ^ 

/ 

C = C F C F 

C F 

+ 

C F C F 
/ 

F C F 

C 1 0 F 1 8 ; SI 
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I I I . A . 1 Formation of F-3,4-dimethyl-3-hexene 

A mechanism, accounting f o r the formation of CgF^(4l) , i s given i n 

Scheme 27 and i t i s very s i m i l a r t o the mechanism (Scheme 11) suggested 

f o r o l i g o m e r i s a t i o n of F-ethylene. 

CF CFC1 + CF-=CFC1 
80 

-> CF 3CFC1CF 2CFC1 -F -> CF3CFC1CF=CFC1 
F~| SN2' 

CF 3CF=CFCF 3 

46 
CF 3CF 2CF=CF 2 f - ^ CF 3CF=CFCF 2C1 

80 -F 

CF. 
C=CFCF. 

CF 3CFC1' 

CF, CF_ 
3 \ / 3 

c=c 
C 2 F 5 ^ 4 1

 X c 2 F 5 

f u r t h e r 
r e a c t i o n 

80 etc. 

^ S V / C F 3 
c=c 

F-C ' N F 
Z 44 

C,F_ - / 5 

±: CF,-C 
X C F 2 - C 2 F 5 

Scheme 27 

For CF2CFCI, however, replacement of c h l o r i n e by f l u o r i n e i s r e q u i r e d and 

t h i s almost c e r t a i n l y occurs v i a SN2' processes, since these are known 

t o occur very r e a d i l y ' • ( e q . I I I . 3 ) . 

(III.3J C F 2 = C F C C I 2 F C F 3 C F = C C I F (23) 

Once F-2-butene has been formed, f u r t h e r r e a c t i o n can occur v i a two 

r o u t e s : - l ) f l u o r i d e i o n induced d i m e r i s a t i o n of F-2-butene g i v i n g 

C g F ^ v ^ l ) ( e q . I I I . 4 ) ( t o be discussed l a t e r ) ; and 2) r e a c t i o n of 

F-2-butene w i t h CF2CFC1, l e a d i n g t o CgF^M) a n d
 C8 P16 ^—^' 
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CsF, 92 ( I I I . 4 ) CF,CF=CFCF_ „ fc ' _ 
3 3 tetraglyme 

C g F 1 6 (41) 49% 

C12 F20 (22? 1-5% 
C 1 2 F 2 2 (82) 26% 

CsF, 92° ( I I I . 5 ) CF 3CF=CFCF 3 + CF 2CFCl t e t £ ' a g l y m e > 

C 6 P 1 2 (44) 15% 

C8 F16 (41) 35% 

C10 F18 (81) 25% 

C12 F22 (82) 1% 

I n f a c t , the reaction between P-2-butene and C F 2 C F C I ( e q . I I I . 5 ) 

gives the same products as C F 2 C F C I alone except that a s i g n i f i c a n t 

amount of CgF^ (Ji^) i s formed (also produced from F-2-butene and 

C F 2 C C I 2 - see section I.D.5). 

Compound CgF^ ( ^ ) r e a d i l y forms an anion with, fluoride and t h i s 

may react with F-2-butene producing c I Q f 2 0 ^ ^ ^ during the oligomerisation 

of F-ethylene (see Scheme 1 1 and Section I.D.3.c). However, no C^QF2Q (j*0 

was detected i n the product from F-2-butene and C F 2 C F C I ( e q . I I I . 5 ) . 

C F 3 N / C F 3 
C 2 F 5 > = C f 

C F 3

 C 2 F 5 

The increased y i e l d of CgF^g ( 4 l ) at higher reaction temperatures 

can now be explained. Dimerisation of F-2-butene (46) i s a slow process 

at room temperature, and most of the CgF^g formed reacts further. At 

higher temperatures CgF^g i s produced more quickly than i t rea c t s , as 

a r e s u l t of the much faster dimerisation of (46), and i t therefore 

accumulates. 
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I I I . A . 2 Formation of Higher Oligomers 

The reaction of C ^ C F C l with CgF^g(4l) occurs very r e a d i l y and good 

yie l d s of higher oligomers are obtained ( e q . I I I . 6 ) . I n addition the 

reaction gives a high y i e l d of CF-jCFC^' which roughly corresponds to the 

extra degrees of unsaturation introduced into the higher oligomers. 

( I I I . 6 ) C
8

F
1 6

 + CF 2CFC1 
CsF, 25 
tetraglyme 

CF 3CFC1 2 

C10 F18 (81) 64% 

C F U12 22 (82) 21% 

C F C14 24 (84) 9% 

A mechanism accounting for the production of CF^CFCl^ and the 

introduction of an extra degree of unsaturation i s shown i n Scheme 28 

for the formation of C ^ F ^ ( 8 l ) . Nucleophilic attack, on chlorine 

F 
C„F 

CF CF 
3 \ / 3 CF 3CFC1 (80) 

8 16 SN2 
C 2F 5CFCF 3 F 

CF_ CF, 3 \ / 3 
* C=C 

C 2 F 5 C F C F 3 / / ' CFC1CF. 

QO >^-CF 3CFCl 2 

85 

F~XSN2' 

C F f 10 18 
81 

-F 
CF CF 

C=C 

C 2 F 5 C F C F 3
/ / N s s C F C F 3 

86 

Scheme 28 

CF,. CF 
3 \ / 3 

F-C-c' 

C 2 F 5 C F C F 3
/ / ^ CFCF 3 

87 

i n (85) w i l l produce CF^CFCl^ a n d carbanion (86), 

which i s an a l l y l i c system. The SN21 displacement of chloride by fluoride 

i n (85) i s probably slow as.a r e s u l t of s t e r i c crowding, but the a l t e r n a t i v e 

nucleophilic attack on chlorine must occur very r e a d i l y i n order to i n h i b i t 
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the formation of (87). This i s not unreasonable because there are other 

173 
examples of s i m i l a r attacks on halogen. 

C F 3 C F C I + CCI3CCI3 > C F 3 C F C I 2 + c c i 2 = c c i 2 + CI" 

C F 3 C C l 2 + C F 2 = C C I 2 • CF3CCI3 + ( C F = C C I ) N + F " 

A sample of C ^ F 2 ^ ( 8 4 ) was isolated, as a mixture of isomers, from 

the reaction of CgP^ ( 4 l ) with CF 2CFC1. The assignment of structure (84) 

to C ^ F 2 ^ i s discussed l a t e r . 

C 2 F 5 V / C F 3 

C F 3 > = C
N 

C F , 
C F 

C = C F C F 3 

C 2 F 5 l / C F 3 

3 > = c -
CF. 

C F . C F , 

3 / C = C V 
C F 3 C 2 F 5 

C U F 2 4 , ^ C 1 6 F 2 8 j 2£ 

The reaction between C^QF^Q ( 8 l ) and CF 2CFC1 gives mainly C 1 2 F 2 2 ( 8 2 ) and 

C16 F28 ^ — ^ ( e c l ' m ' 7 ) . A sample of C^F2g(88) was separated, again as a 

mixture of isomers (see l a t e r ) , but C^gF3Q was only i d e n t i f i e d by g.l.c.-ms. 

( I I I . 7) C. P.. (81) + CF.CFC1 . C ° F ' ] - 1 4 > 10 18 — 2 tetraglyme 

CF 3CFC1 2 

C F 12 22 (82) 42% 

C F ^14 24 (84) 5% 

°16 F28 (88) 20% 

C18 F30 2% 

A mechanism, explaining the formation of oligomers above C^QF^Q, 

i s given i n Scheme 29 and i t uses the same processes proposed i n Scheme 28 

to account for the formation of C^QF^Q ( 8 l ) . 
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Formation of Higher Oligomers 

c i 2 F 2 o ( l o w y i e l d ) 

C 2 F 5 ( C F 3 ) C = C \ 
C=CFCF3 

CF 3 

CF 3CFC1 (80) 

-F~ 

80 -CF 3CFC1 2 

CF, 
/ 3 

C 2F 5(CF 3)C=C / C F 3 

CF 3 CFC1CF 3 

C10 F18> *L 

/ F 3 
C 2F 5(CF 3)C=C^ 

C-C(CF 3)C 2F 5 

CF 3 

C 1 2 P 2 2 ' ^ 

/ C F 3 
C 2F 5(CF 3)C=C / C F 3 

c=c 
/ \ 

CF 3 C=CFCF3 

C1A F24- 55. 

80, 

V 

C 2 F 5 ( C F 3 ) C - C N / C F 3 

V 
7\ 

-CF 3CFC1 2, - F 

CF. CFCF, 

80 - F 

C F 3 
C 2 F 5 ( C F 3 ) C = / / C F 3 

V-C-C CF 3 

CF 3 C 
CFC1CF, 

1) 80, - F 
2) F " , S n 2 ' 

/ C F 3 
C 2F 5(CF 3)C=C / C F 3 

CF 3 / C = C ( C F 3 ) C 2 F 5 

CF 3 

80, e t c. 
* C18 F30 

C16 F28' — 

Scheme 29 
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I I I . A . 3 S t r u c t u r a l Assignments 

Structures were assigned to the oligomers by comparison of t h e i r 
19 

F chemical s h i f t s and C = C stretching frequencies and i n t e n s i t i e s 

with the data for some s i m i l a r model compounds. The data for these two 

groups of compounds i s contained i n Table 23. 

For the model compounds, i t i s c l e a r that various types of CF-j groups 
19 

can be distinguished by t h e i r F n.m.r. s h i f t s : - (unmarked bonds to 
19 

carbon) CF 3C= and CFgC ( F S 65 p.p.m. r e l . to CFC1 3), CF 3CF= ( ̂  67 - 71), 

and C F j C F 2 (^7^ - 85). S i m i l a r l y CF 3CF 2C= or CF 3CF 2C ( ^ 100 - 110) and 

CF-jC^CF^ ( ̂  115) may be distinguished from each other and from CF-j groups. 

The s h i f t s of CF 3CF= are a l l i n the range 98 - 105 p.p.m. except for C^QFQQC^O) 

(CF 3CF=, 76), which i s a crowded molecule. The C = C stretches are also a 

useful aid for distinguishing between CF 3CF= (normally 1670 - 1710 cm 1 , mw) 

and CF 3C= ( 1670 - 1650, w) for the model compounds. 
The structures of C^22^—^' C 1 4 P 2 4 ^ — ^ J a n d C16 F28 ^—^ t h e n 

19 
follow from a comparison of t h e i r F chemical s h i f t s and C = C stretches 
with those of the model compounds, i f each oligomer i s produced i n turn, 

19 

i . e . C8P'16 ~* C 1 0 F 1 8 — * C12 F22~~ + C U F 2 £ — * C16 F28* Although the F chemical 

s h i f t s for C^ 2F 22 (82) do not distinguish between a c y c l i c diene (82a) and 

cyclobutene (82b), the C = C s t r e t c h indicates that only diene (82a) i s 

present. Thus the weak C = C s t r . at 1630 cm ^ i n the i . r . spectrum i s con­

s i s t e n t with diene (82a) and the Raman spectrum does not show a C = C s t r . 

between 1700 and 1720 cm ^ as would be expected for (82b) from the C = C 

s t r . of a comparable cyclobutene (1720 cm ^) (see Table 23). 
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C 2 F 5 . / F 3 
JQ=C C F , 

CF3 ^ C 2 F 5 

C F . C F , 

CF-

C 2 F 5 

. C F -

82a C12 F22 82b 

19. C^QF^Q ( 8 l ) i s more complex because i t s F n.m.r. spectrum can only 

be explained adequately i f another s t r u c t u r a l isomer, besides a c y c l i c 

diene.(8la), i s present. Thus the spectrum contains additional signals 

at 75^8 (CF-jCF) and ca. l 6 j p.p.m. (FC). These signals could a r i s e from 

cyclobutene (8lb) since s i m i l a r chemical s h i f t s were found for a comparable 

system (see Table 23). I t i s not unreasonable that the other fluorines of 

(8lb) give r i s e to absorptions i n the same regions as the a c y c l i c diene 

( 8 l a ) . I f t h i s interpretation of the n.m.r. spectrum i s correct then from 

the integration the r a t i o of cyclobutene (8lb) to a c y c l i c diene(8la) i s 

ca. 30 : 70. 

C2 F5 N_ / C F 3 
^ — C F 

\ 

C 2 F 5 . 

C F , 
C F 

, C = C F C F 3 

\c=c 
CF{ jCz=CFCF 3 

C F 3 

81a 

CF-

C F , 

C 2 F 5 . 

C F : 

N C = Q 
/ C F 3 

F C —CFCF3 

C2F5> 

. C F , 

F C F , 

81b 

Scheme 30 

Cyclobutene (8lb) could be formed by a fluoride ion induced 

c y c l i s a t i o n of diene ( 8 l a ) , v i a two intermediate oarbanions (Scheme 30). 

An analagous c y c l i s a t i o n for C^2F22^ — ^ l s l e s s l i , K e l v * 



-99-
TabU 23 

19, P Cheaical Shift! ( r e l . Co CFC1 }) and C-C »tr. Frequencies 

Model Compound6 

Coiopound 

C<CF,)4 

(CP 3) 2C-C(CF 3) 2 

l 9 F . 

63.7 

61 

Aaatgnment 

CFjC 

CPjC-

0-C atr. (en" 1) 

(174) 

1670 (Raman) (87) 

V 3 
SB. 8a 
60.3b ,] CPjC-

1653 
(87) 

CP -CP CF--CP 
3 1 c b 

59.7 

58.0a 
74.5b 
99.8c 

CPjC" 

CPjC-
CT;CF2 

CPjCPjC-

1653 

1650v 

(175) 

41 

a
K / C F 2 - C T 3 

C-C 

b e a 

57.7a 
74.5b 
99.8c 

CPjC" 
CTjCF2 

CFjCPjC-

a C F ^ \ p 3 b 

c d 
CF3-CF 7 

C-C 

C6 F12' £ 

.3c J Zl* 
59 
61 
68.8b 
98.8d 

57.2a 
67.0b 
84.6c 
112.Od 

CPjCF-
CFTCF-

CF 3C-
CFjCF-
CFj'CPj 
CFJCPJC-

1704 

(87) 

1680DB 

bCF Fe 

X 
«CF3 CP2-CP3 

o c 

b a 
CP CP3 

«*3. f\ 
dCP.-CF, CF.-CP, 

J c e 1 d J 

C10 F20, 40 

58.5a 
61.1b 
84.2c 
98.2e 
116.9d 

51.9b 
56.9c 
67.4a 
75.9f 
79.2d 
105.8e 

62.8a 
70.9b 
104.4c 

CFjO 

CTJCPJ 

CF-
CFJCFJCP-

CPjC-
CPjC 
CPjCP-
CFjCP-
CPjCPj 
CPjCPjC 

CPjC-
CPjCP-
CP-CP-

(51) 

1640n 

1706w 
1687m (176) 

CF, 

a 
CF. 

FC? 3 

cb 

66.5a 
78.6b 

171.4c 

1720 
(177) 

/cont. 
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CFjCFCl Oligomers 

Compound 
b 
CF, 

a „ 
CF 

\ / 3 

c=c 
/ \ 

LCF 3-CF 2 

c d C 1 2 F 2 2 . 82 

c 
CF. 3v , 

CF 3-CF 2 C 
d 6 CF3 

C16 F28' «* 

b 
CF, 

V 3 

19 F 6 

57.6 
58.4 
59.0 

a, b 

81 
81 

106 
108 

:3 

3 

57.8 
59.0 
60.0 
61.3, 

79.9 
106.8 

a,b,c 

Assignment 

CF, 

CF 3CF 2 

CF3CF2C= 

CF3C= 

^ 3 C F 2 
CF3CF2C= 

C-C str . (cm. ) 

1630w 

1640v 

h 1 

a b 

c-c 
CP X-CFCF 
d CF3« f 

C14 F2A' »i 

a b 
C F 3 . yPs 

c=c 
/ \ 

CF -CF C=CFCF 
f g qJ e d 

c F3 
C10F18» 8 1 3 

ratio 81a:81b -\. 70:30 

59 
61 

a,b,c,d 

64.7 e 

71.51 
73.Oj 

] 

80 
81 

103.5 
106.9 

58.8 
59.9 
61.3 
62.2J 

a,b 

65.5 c 

72.1 d 

80.91 £ 

82.6 I 

CF3C= 

CF3CF= 

CF 3CF 2 

CF3CF° 
CF3CF2C= 

CF3C= 

CF3CF» 

CF 3CF 2 

1705mw 
1635w 

1710mw 
1645w 

100.2 
104.8 
107.7 

CF„CF 

CF CF C= 3 2 

CF 3̂ T 

CT>> 
CF -CF, 

vCF 3 

"FCF. 
i h-

75.8 h 

•v.163 i 

CF3CF 

FC 

C10F18« 8 1 b 
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I I I . B Oligomers from F-2-butene 

Previously i n t h i s laboratory, fluoride ion induced oligomerisations 

of F-2-butene have been carried out i n Ni tubes, giving r i s e to 

I69 51,75 defluorinated products as well as the expected CgF^g ( 4 l ) 

. ( e q . I I I . 8 ) . Defluorination also occurs using glass apparatus ( e q . I I I . 4 ) , 

again forming C ^B^^—^* Compound C ^ I ^ ^ — ^ 1 1 3 1 3 also been is o l a t e d 

from a s i m i l a r reaction, using DMF as solvent, but i t was i n c o r r e c t l y 

76 
i d e n t i f i e d as C^E^A* 

C8 F16 (iA> + C12 F22 ® 
69% 15% 

( I I I . 8 ) CFCF=CFCF CsF, sulpholane ) + C=C. J*3 

Ni, 24h., 130° C F / C=C 
C F ^ F 

C F 3 V / f f 3 

C F 3 F ' S'FCF 3 

C8 F14 (M } 1 1 % 

I I I . B . l Defluorination Mechanism 

A defluorination ( e q . I I I . 9 ) analagous to the dehalogenation 

(giving CFgCFC^) described e a r l i e r can be ruled out because no F-n-butane 

was detected i n the products. The reaction of F-2-butene with CF CFCl 

( I I I . 9 ) R p — F + CF-jCFC^ Rp + CF 3CF 2 

( e q . I I I . 5 ) did not produce any CF^CFC^ , even though extra degrees of 

unsaturation are introduced into the oligomers, again in d i c a t i n g that 

another defluorination mechanism must operate. 

There are two p o s s i b i l i t i e s : l ) defluorination by CsF forming complex 

s a l t s l i k e CsF-j; and 2) an electron transfer process ( e q . I I I . 1 0 ) . 

http://eq.III.10
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(111.10) n 2n ^ R" + C F ; „ 1 ) ~ F _> r n 2n 2)-F C n F 2 n - 2 

Defluorinations, i n the presence of a l k a l i metal fluorides ( e q . I I I . l l ) , 

178 179 

have been observed by other.- workers ' but no explanation was 

•advanced. Caesium fluoride does, i n fact, appear to enhance defluorination 

(111.11) N a F 
365' 

18% 1178) 

of CgF^g ( 4 l ) over iron, i n the presence of tetraglyme.* However, electron 

transfer processes cannot be ruled out as these are known to occur 

for F-carbanions (see Section II.A.3-b). 

I I I . B . 2 Formation of Oligomers 

Defluorination could occur for one or more of the following: 

F-2-butene, CgF 1 6 ( 4 l ) * C - |2 F 24 ( n o t i s o l a t e d ) * a n d C 1 2 F 2 2 ( ^ 2 ) ' b u t 

defluorination of F-2-butene seems the most l i k e l y . 

Although F-2-butene, when heated with iron and tetraglyme, does not 

lose fluorine to give F-2-butyne, defluorination over CsF may well occur. 

The reaction of F-2-butene or i t s dimer CgF^g ( 4 l ) with any F-2-butyne 

thus formed would give the various oligomers with extra degrees of 

unsaturation (Scheme 31 )• This mechanism i s supported by the r e s u l t s 

of the reactions between F-2-butene and F-2-butyne and between 

F-2-butene and CgF^ (89) (a mixture of F-3,4-dimethyl-2,4-hexadiene 

and F-1,2,3,4-tetramethylcy.clobutene). Both reactions give the same 

products as F-2-butene alone, but with increased proportions of C 1 2 F 2 2 ^ 2 ^ 

and C^F2Q (83)» as would be expected (see Table 24). 

* (41) i s also defluorinated over CsF at 540° (Chapter V ) . 
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a Reaction 

F-2-butene 

F-2-butene + 0^^(89)° 
c 

F-2-butene + F-2-butyne 

a, using CsF and tetraglyme. 

TABLE 24 

Molar Ratios of Oligomers 

C 8 F 1 6 (41) C 1 2 F 2 0 ( 8 3 ) C 1 2 F 2 2 ( 8 2 ) 

87 

62 

39 

1 

7 

15 

12 

31 

46 

b, at 92 and autogenous pressure (see I I I . 4 ) . 

c, at room temperature and atmospheric pressure. 

A sample of C - ^ F ^ v l & s isolated, from the reaction between F-2-butene 

and F-2-butyne, and assigned structure (83). This follows from a symmetrical 

19 -1 F n.m.r. spectrum, a weak C = C s t r . at 1650 cm ( i . r . ) , and a u.v. 

absorption at 252 nm, which indicates a conjugated double bond system. 

Absorption i s below 220 nm for the other dienes and tri e n e s mentioned i n 

t h i s chapter. 

83 

The reaction of the growing carbanion FtCF^C =CCF2) n» produced from 

F-2-butyne and fluoride ion, also occurs with some polyfluoroaromatic 

180 
compounds. Further evidence for the par t i c i p a t i o n of F-2-butyne i n 

the F-butene oligomerisation i s given below. 
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Oligomers from F-2-Butene 

CF 3CF=CFCF 3 -

46 

± CF 3CFC 2F 5 

91 

CF 3 

CF_FC=d// 

3 \ 
CF CF, 

/\ / 3 

CF 3 ^-C 
CF 3 C 2 F 5 

CF CCFCF / C F 3 
^ 3 CF3CF=C 

F 

N CF 3CFC 2F 5 

CF„ CF„ 3 / 3 
C=C 

C 2 P f \ F 5 

C8 F16« « 

CF CF 
\ / 
C=C CF„ 

/ \ / 3 

C 2 F 5 / C = C \ 
CF 3 C 2 F 5 

C12 F22« « 

91 

CF.F=C 

C=CFCF 

CF, 
/ 3 46 

CF3FC=C^ <=-
C=CFCF0 

/ 3 

CF 3 

C8 F14' l i 

_ f F 3 
CF C=C-C=CFCF 

J I J 

CF 3 

CF 3C=CFCF 3 

90 

_ CF 3CHCCF 3 

-F, 

CF 3CF=CFCF 3 

46 

CF 3 C 2 F 5 

C12 F20« S i 

Scheme 31 
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I I I . B . 3 Reaction of F-propene with F-3,4-dimethyl-3-hexene 

I t was hoped that the reaction of F-3,4-dlmethyl-3-hexene (41) with 

F-propene would help to explain the oligomerisation of F-2-butene. Namely, 

I s i t reasonable that the F-2-butyl anion and CgF^g (4lb) could react 

to give ^2^2^ w ^ c ^ G O U l d then lose fluorine giving 0^2^22 (—)* 

C F 3 N / C 2 F 5 
C F 3 yCF3 C F 3 X 

C F 3 C F C 2 F 5 + F > F ^ C = C F — - > C 1 2 F 2 2 y \ y \ F 3
 f 2 

C F , N CoFc C F , X C 9 F c - 82 

C 8 F i 6 , A l b C 12 F 2A 

I n fact, the only products obtained from an analagous reaction 

using F-prbpene were recovered s t a r t i n g material (CgF^g), F-propene 

oligomers, and a low y i e l d of F-2,3-dimethyl-2-pentene (92)• This 

r e s u l t therefore supports the proposed mechanism for F-2-butene 

oligomerisation involving F-2-butyne as intermediate. 

S i m i l a r l y a higher molecular weight product was not formed from 

C 1 0 F 2 0 ^ A N D F ' P 1 , 0 ? 6 1 1 6 ' I n t h i s case, F-propene oligomers, CJQF 2Q (40), 

and CgF^ ( 4 l ) were obtained. The CgF^ ( 4 l ) i s formed from C-|QF2Q (40) 

by loss of C 2F^ (see I . D O . c . i i i ) . 

C F 3 / C F 3 - C F 3 / C 2 F 5 
C , F S C = C \—C 

/ \ * 5 3 
C F 3 C 2 F 5 

AO 41 
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I I I . C Co-oligomers from F-propene 

I I I . C . l Using F-2-butene 

The fluoride ion induced reaction of F-propene with F-2-butene occurs 

very r e a d i l y giving F-2,3-dimethyl-2-pentene ( C y F ^ , 92 ) {92% y i e l d 

based on F-2-butene) and only low y i e l d s of F-propene oligomers. The 
19 

structure of C ^ F ^ ( 9 2 ) w a s deduced from a comparison of i t s F n.m.r. 

spectrum and C = C s t r e t c h with those of CgF^g (41). Compound C y F ^ (92) 

51 

has previously been prepared i n low yields from the same F-olefins 

(see Table 10, Chapter 1 ) . 

C F 3 C F = C F 2

 F ( C F 3 ) 2 C F 

3 0 

C F 3 C F r = C F C F 3 

C F 3 N / C F 3 / C F 3 

C = C < C F 3 C F = C 
C2FS^ ? F 3 • X C F ( C F 3 ) 2 

92 

Scheme 32 

The most l i k e l y mechanism for the formation of C y F ^ ( 9 2 ) (Scheme 32) 

involves the reaction of F-2-butene with the F-isopropylanion (30_)« The 

preferential reaction of (30) with F-2-butene rather than F-propene (2) 

i s probably a r e s u l t of a low concentration of (2) and higher concentrations 

of anion (30) and F-2-butene i n solution, since F-propene w i l l more 

r e a d i l y form an anion with fluoride ion. 
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I I I . C . 2 Using F-ethylene 

I n contrast to the reaction described above, F-propene and Fi-ethylene 

gave only a low y i e l d of a co-oligomer, F 2 2 , a s w e l 1 a s F-propene 

oligomers. A sample of F 2 2 w a s separated by preparative scale g . l . c . 

and i t s s p e c t r a l data i s consistent with structure (93)• Compound (93) 

and F-propene tetramer (37) (see I.D.2.C.) could both be formed from 

19 

F-propene trimer (33)• The F chemical s h i f t s of C 1 1 F 2 2 ( 9 3 ) and C 1 2 F 2 Z t ( 3 7 ) 

are compared below. The more complex spectrum of F2 2(93) could a r i s e 

from ro t a t i o n a l isomers even though the spectrum i s unchanged between 

40° and 190°. 

Ĉ F-y i v i n y l i c subst. 

b e g d 
( C F J . C F CT(CF-) 

3 2 \ / " 
c=c 

( C F 3 ) N S C F 3 

c f' a 
C12 F24' i l 5 5 

3'2 

C=C 
( C F ) jce^ ^ C F , 3'2 

33 
C 2 F 5 , SN2-

g d 
C F ( C F - ) 3'2 

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

a h c f e 

C11 F22' — 

a, 52.6 
b, 69 
c, 70 
d, 70.5 

e, 148 
f, 155.3 
g, 164.4 

a + b, 58.9 f, 105.1 + 106.4 
c, 67.7 + 69.9 g, 158.1 
d, 72.4 + 72.5 h, 164.5 
e, 79.6 + 81.3 
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CHAPTER IV 

Reaotions of F-3,4-dimethyl-5-hexene with Nucleophiles 

Introduction 

Some reactions of o l e f i n ( 4 l ) with 0- and N-nucleophiles, 

phenylmagnesium bromide, and potassium permanganate are described i n 

t h i s chapter. The reactions with some 0- and N-nucleophiles had been 
169 

b r i e f l y studied i n t h i s laboratory and the present work continues 

the investigation. Reactions of ( 4 l ) with lithium chloride and sodium 

iodide using solvent proved unsuccessful, as did a reaction with 

difluorocarbene (see experimental, Chapter V I I I ) . Other workers i n 
l 8 l l 8 l t h i s laboratory have reacted ( 4 l ) with hydride , diazomethane , and, by a 
182 

r a d i c a l mechanism, with methanol, acetaldehyde , etc. Similar 

additions of methanol and acetaldehyde have been observed for F-propene 

dimers.^^ 
C~F._H 8 13 3 tetraglyme 

CF CF CF / 3 CH-N / 3 

ether CF 
HC 

H 41 

/ 2 5 CH.OH 
60 

A I V Co CF 3 H C L 3 

OH 

NaBH 
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IV.A O-Nucleophiles 

TV.A.l Alcohols 

Like F-2,3-dimethyl-2-butene ( 9 4 ) , ( 4 l ) i s unreactive towards 

r e f l u x i n g neutral methanol, but i n the presence of base the two ol e f i n s 

react w i t h methanol g i v i n g . d i f f e r e n t types of product. Thus (9*0 

87 
undergoes addition whereas ( 4 l ) gives 

products a r i s i n g from s u b s t i t u t i o n reactions (Scheme 33) • This i s 

because ( 4 l ) has a l l y l i c fluorines which are more easily displaced 

(CF 9—CF-} as opposed to-CF^ ). 

( C F J , C = C ( C F , ) MeOH.IOQ^ 
E t 3 N 

(CFoloC—CICF- , ] 
I 

H OCH 

C F ^ 

X 

CF C F / " 3 
CF + trans 

ROH FOR 

9 8 9 5 

C F ^ 3 CF 
ROH \ 

OR 
RO RO 

P = C F 2 

CF. 

9 6 9 7 

R = CH3 , C^g , CK(CH 3) 2 but not C(CH 3) 3 

o 
Preferred pathway: i , using tetraglyme and CsF, at 22 

ii , using tetraglyme and Na9C0o, at 22 

Scheme 33 

O l e f i n (4.1) and methanol, using sodium carbonate as base and 

tetraglyme as solvent, give either a monomethoxy derivative (9_6» R = CK3) 169 
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or a dimethoxy derivative (°/7, R = CHg) as the main product depending on the 

conditions used ( e f f i c i e n c y of s t i r r i n g , rate of addition of methanol, e t c . ) . 

An additional minor product from t h i s reaction i s monomethoxy derivative 

(95* R = CH^) which i s , i n f a c t , the major product from a sim i l a r reaction, 

but using CsP as base. Isomers (95* R = CH^) and (96, R = CI^) are not 

interconverted under the conditions of these reactions. A similar range 

of products was obtained from ethanol and isopropanol using CsF as base. 

IV.A.l.a Mechanism 

Clearly, (96) i s formed by d i r e c t SN2' displacement of f l u o r i d e 

from (41) whereas (95) i s derived from (98), an isomer of (4l) produced 

i n the presence of f l u o r i d e . The equilibrium constant between (98) and 

(4l) w i l l greatly favour (4l) but (98) has a v i n y l i c f l u o r i n e and w i l l 

therefore be the more reactive (see below). The monoalkyl ethers (96) 

also have a v i n y l i c f l u o r i n e and would be expected t o have the same order 

of r e a c t i v i t y as (9j3)« However ethers (96) w i l l probably be more soluble 

than (9§) i n tetraglyme (see experimental) and t h i s w i l l obviously 

influence the reaction. 

IV.A.2 Reaction of CgF^g Isomers with Methanol 

A mixture of isomers (9j3)> and (9_9) i s produced from (4l) 

by passage over hot i r o n (see Chapter V). The reaction of t h i s mixture 

V C F C F C F 

C F 

C 2 F 5 

C F X = C F 

F A 

:c=c •+ t rans + C I S \ 

41 9 8 9 9 
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w i t h neutral methanol proceeds as expected (see I I . B . l . b ) . Thus at 

room temperature only terminal o l e f i n (99) reacts, giving a mixture of 

CgRjcjOMe isomers (from elemental analysis). 

CF-3 £F.,OMe MeO.CF-, CF^ C^Fc 
9 9 > >=c f 2

 R , C = < 3 R 7 : = C F 0 M e 
C 2 F < f C 2 F 5 X N p X 

C F 3 C 2 F 5 C F 3 C 2 F 5 

100 101 102 

19 

The P n.m.r. spectrum i s obviously complex, but isomer (100) 

i s indicated by a CF-jCT^C^ absorption at 100 p.p.m. as i s found fo r (41). 

The presence of the other isomers i s inferred from the i . r . spectrum which 
m shows stretches at 1635 mw (C=CFCF 3, 101; c f . 96, 1660 m) and 1715 

(C=CF0Me, 102; cf . CF 2=C(CF 3). C(CF 3)=CF0Me, 1700 s cm" 1). 

The remaining mixture of (4l) and (98) was refluxed with neutral 

methanol and only (£8) reacted. ' 

IV.A.3 With Phenol 

Reactions of (4l) with.phenol were investigated by a previous 
169 

worker. At that time two of the phenoxy derivatives were i n c o r r e c t l y 

assigned but, now that more n.m.r. data i s available, i t has been possible 

t o reassign the structures, from a comparison of data w i t h that of the 

alkoxy derivatives. A l l the s t r u c t u r a l assignments w i l l be discussed l a t e r . 

The monophenoxy derivatives from these reactions are a mixture 

containing isomers (95, R = Ph) ( c i s , trans isomers resolvable by g.l.c.) 

but instead of (9§), a d i f f e r e n t isomer (103, R = Ph) i s present. 
C 2 F 5 V / C F 3 C F 3 N / C F 3 C F 3 S / C F 3 

"c=c c=cf C F 3 )c=c 
C?( X C F - C F q C ^ F c ^ £ F - C F q / C f N 0 R 

3 Ro ' 3 R(T 3 F X N C 2 F 5 
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I t was demonstrated that compounds (95, R = Ph) and (105, R = Ph) 
169 

are I n equilibrium i n the presence of f l u o r i d e ion. Therefore, i t 

seems l i k e l y that the i s o l a t i o n of (105, R = Ph) from reaction with 

phenol, but not from the analagous reactions w i t h alcohols, occurs 

because of the lower nucleophilic character of the oxygen atom i n the 

enol ether (105, R = Ph) than i n (105, R = a l k y l ) . The a l k y l derivatives 

are probably s u f f i c i e n t l y nucleophilic t o promote the conversion of (105) 

t o (95). 
C F 3 S , C F 3 C F 3 N / C F 3 C F 3 . / C F 3 

v6r C F . - C / xfa C 9 F C X C F - C F . 

F X C 2 F 5 - - b 2 F 5 F RO 

103 ' 95 

The absence of s i g n i f i c a n t amounts of isomer (96, R = Ph) i s 

probably a r e s u l t of the lower r e a c t i v i t y of phenoxide when compared 

t o alkoxide ions. Consequently, as soon as f l u o r i d e ion i s formed and 

C^Rj6 isomer (98) i s generated, then p r e f e r e n t i a l reaction w i t h (9_§) w i l l 

occur. 

CF 
CFo ;C=C 96 

F 
R0 C 2F 5 

IV.A.4 Bif u n c t i o n a l Nucleophiles 

The reaction of (41) with ethylene glycol I n tetraglyme using 

sodium carbonate as base gave cycl i c product (104), corresponding t o the 

dialkoxy products (^T)• I n contrast, intermolecular reaction i s 

apparently more important f o r ethanolamine since only an 8$ y i e l d of 
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c y c l i c product (105) was obtained, together w i t h water soluble products. 

Although (^1) reacted w i t h ethylene diamine, urea, and s o r b i t o l (a 

multi f u n c t i o n a l nucleophile) i t was not possible t o i d e n t i f y any products 

(see experimental). 

41 + HOCH2CH2OH 

CF ' n -̂2*5 O 
XCH 2CH 20 

41 + HOCH2CH2NH2 

i» NajCO^; ii» tetraglyme. 

i , l i 

i i 

104 

(58%) 

CF CF, 
3 \ / 3 

c=c 
C F 3 \ V \ 

CF 3-CF 2-- C ° <8%) 
H \ / 2 

CH2 

105 

IV.A.5 Structural Assignments 

The u s e f u l l y diagnostic features for the assignment of these 

structures have been discussed i n section III.A.3» 

The basic structures of (Cj5) follow simply from a comparison of 
1Q 
P chemical s h i f t s and i . r . C = C stretching vibrations w i t h those of 

169 

( 4 l ) . The cis and trans isomers of (95, R = Ph) were separated and 

the c i s isomer (95b, R = Ph) could be assigned on the basis of the 

CFg signal at 75 p.p.m. (D, J = 21 Hz). Assignments to the c i s , 
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trans mixtures (9_5, R = a l k y l ) were then possible. 

J = 2 1 H Z 1 5 - 2 0 16 

C F 

RO 

C F C F C F C F C F /""3 /"3 3 1.5 C F 2' 5 \ / 

C F < X F C F 

95b,R=Ph 106 

The other mono- and bi - f u n c t i o n a l derivatives have the same basic 

carbon-fluorine framework (106), which was easily assigned by comparison 
19 

of F n.m.r. data with that f o r (40) (see Table 23, Chapter I I I f o r 

chemical s h i f t s ) . The n.m.r. signal of the CF~ group of (106) i s very 

the v i n y l i c f l u o r i n e ( j = 1.5 - 2 Hz) i f one i s present. Obviously the 

presence of absence of a v i n y l i c f l u o r i n e (ca. 90 p.p.m.) and a 

t e r t i a r y f l u o r i n e (l8l p.p.m. for 105, R = Ph) i s diagnostic. The 

compounds having basic structure (106) show consistent i . r . C = C stretches: 

ca. 1660 m (96; C=CFCP 3 ) and ca. 1620 m cm"1 (97> 104, 105; C=CCF 30R) 

The spectral data f o r the cy c l i c derivative from ethanolamine does 

not d i s t i n g u i s h between the assigned structure (105) a n d an isomer (107), 

but (107) would almost c e r t a i n l y exist as i t s tautomer. 

useful because i t i s only-coupled t o the adjacent CP- (Q, J = 15-20 Hz) and 

C F C F C F C F /"3 
C F C F 

N 
X \ C H C H N 

H C H C H 

, C H 2 

N - H 

105 107 
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IV.A.6 Further Reaction Involving Alkoxy Groups 

Although the reactions of (4l) with a large excess of ethanol 

(no other solvent) using either Et-jN or Mê N as base (two f o l d excess) 

produced mainly mono- and di-ethoxy derivatives (95» R = C^Hcj) and 

(97j R = C^Hjj). s i r o i l 3 1 , reactions using methanol were more complex. 

With Me-jN as base the two major products formed are dimethoxy 

derivative (97, R = CH3) and an ester (108). The analagous reaction 

using Et 3N as base also gave (108) but much less (97, R = CH3). 

C F X / C F 3 C 2 F 5 X / 0 C H 3 
41 M e ° H > c F 3 . > = c v + X 
— Me 3 N > r uR CFf XH 2-C—OCH3 

- R Q / C 2 F 5 n 
9 7 J R = C H 3 (30%) 108 (40%) 

S i m i l a r l y the reactions of ( 4 l ) , (£5, R = CH3), and (9_6, R = CR~3) 

with sodium methoxide i n methanol are also complex. Thus (41) w i t h a 

four f o l d excess of methoxide gave a product mixture showing carbonyl 

stretches and containing no (95, R = CH3) or (97, R = CH3). Clearly 

nucleophilic attack on methyl must occur. This has also been found 
184 

f o r pentafluoroanisole with methoxide. . 

Rpr-OCI^ + "0CH3 or NR3 — • R p -o " + (CH 3) 20 or CH3-NR3 

R = Et, Me. 

A possible mechanism for the formation of ester (108) i s given 

i n scheme 34, together with similar mechanisms accounting f o r the 
126 

products obtained from the reaction of (4l) w i t h d i l u t e NaOH (eq.IV.l) 

These reactions are very s i m i l a r t o those described e a r l i e r f o r o l e f i n (40) 

w i t h hydroxide, and o l e f i n (42) w i t h hydroxide, when a ketene was isolated 

(Section II.B.2.b). 
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Reactions of (41) with Water* and Methanol15 

CT3 . 

C 2 F 5 / N c ^ 

41 

RO 
CF, CF. 

3 \ / 3 

c=c . 
CF,—-C^ ^ F 

3 A. 

RO 
CF_ CF, 3 v / 3 

RO C 2P 5 

^OR 
9 7 

9 6 
R=H 

RF-CH-CF3 ^ OH 
CF3C02H 

-F 

CF CF 3 \ / 3 
H—c-c: 

CF, 
HO —^C-CH=CF_ 

C2 F5 

CP, 
\ H + 

H0-C-CH2-C-CF3 f J L -

C 2 F 5 X ° 

NaCOC x CF 3 

c=c 
^OH 

CF, O 
O — c - c u -r/ 

\ 
MeO C-CH„-C 

/ 2 

C2*5 

MeOH 

OMe 
108 

Base 

CF_ CF 

OH 
V 

2 x MeO-

- Me20 

*F 
MeO" 

R̂ ,-CH=C=0 + CF3C00Me 

R = Me, H. 

R^ = RO(CF 3)CC 2F 5 < 

a, using d i l . NaOH at ca. 35° . 

b, using MeOH and Me3N (or Et 3N) at room temperature. 

Scheme 34 
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OH OH 
(IV. 1) 41 1 } ^ 1 ' N a 0 H > CJ?C-C CH=CF„ + C^F -C—CH^C-CF, ( 1 2 6 ) diglyme 

2) acid 
'2 5 1 

CF, 
' 2 5 I 

CF. 
2„ - 3 
0 

tentative assignment 

The ester (108) was separated by preparative scale g.l.c. and 

gave a satisfactory analysis. The mass spectrum did not show a parent 

peak but showed peaks at M-31 (loss of OCHg) and M-73 (loss of CT̂ CĈ CHg)-

The i . r . spectrum shows a carbonyl s t r e t c h (at 1755 cm 1 ) and the *H 
19 

spectrum has two signals, r a t i o 3:1. The F n.m.r. spectrum shows a 

CFg group and a CF^CT^ group having similar chemical s h i f t s t o those 

found f o r an analagous compound (see l a t e r ) . 

a, 72.9 

b, 81.0 

c, 117.5 

CF--CF.v CH„-C-OMe 
3 2 \ / 2 II C O 
CE' NOMe a 3 

108 

NC CF- a, 73.6 
b C \=C^ CF-.-CF.-v. / \ b, 80.2 

CFf XNH„ c, 119 a J JL 

TV.A.7 Formation of Furans 

I n t e r e s t i n g l y i f the reaction of (4l) with methanol (ca 1:1 molar 
x 169 

r a t i o ) , using Et^N or Mê N as base i s carried out w i t h tetraglyme 

present as solvent, then besides the expected monomethoxy derivatives 

(9_5) and (96), F -2 ,5-dihydrotetramethylfuran (109) i s formed (10 - 20$ 

y i e l d at room temperature). However, much better yields of (109) 

(ca. 50$) were obtained from reactions under r e f l u x using pyridine as base 

(scheme 35). I n t h i s case the formation of (109) i s not l i m i t e d t o 

methanol, occurring also for ethanol and isopropanol but not f o r t-butanol 
or water. 

http://CF-.-CF.-v
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CF CF CF CF 
C F

 P Y ) X c = c X R ° H ) X c - c ^ 

+ > V c P
 P 5 C 2 / C " C F 

P y ^2*5 RO 
95 

ROH \\ Py 
Py 

c i s . trans 109 

y \ p' \ / N F ^* u-<-*. 
;2 r5 ~ CF 3^ ^ . O' 
96 

R = CH3, C2H5, CH(CH 3) 2 

Sohetne 35 

Also i n separate experiments i t was shown that ether (95) i s converted 

t o furan (109) by pyridine or caesium f l u o r i d e using tetraglyme as 

solvent. 

Obviously, the process involves the generation of an oxygen anion 

by nucleophilic cleavage of ether (95)* followed by c y c l i s a t i o n . The 

cy c l i s a t i o n can be accounted for by a mechanism involving intramolecular 

SN2' displacement of f l u o r i d e , for which there i s ample precedent. However, 

c y c l i s a t i o n via an i n t e r n a l nucleophilic attack on saturated carbon 

seems more l i k e l y (Scheme 35) by analogy with an example given l a t e r . 

Only a low y i e l d of ether (g6) was obtained from the reactions of 

(4l) w i t h methanol and ethanol using pyridine as base and, i n f a c t , (96) 

and pyridine under sim i l a r conditions gave (41) (Scheme 35). 

Furan (111, R = C 2H 5) (6l# y i e l d ) was formed from (lOg) and ethanol, 

at room temperature, i n the presence of pyridine and tetraglyme. Also 

compounds (111. R = CHg, C^H^) were produced i n low yields from the 
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reactions of (41) w i t h ethanol and methanol described above. 

CF CF CF CF 

1 5 X X Py 
Py R O H 

OR 
C F n F F C F CF 

C F 

109 ijo rn R = C H 3 ? C 2 F 5 

TV.A.7.a Defluorination by Triethylamlne 

The c y c l i s a t i o n induced by triethylamine i s even more i n t r i g u i n g 

because F-tetramethylfuran (112) i s obtained from reaction under r e f l u x . 

Also (109) when heated with Et^N and tetraglyme, gave (112) i n 4l# y i e l d . 

Defluorination induced by fl u o r i d e ion (see I I I . B . l ) can be ruled out 

because (109), when heated w i t h tetraglyme and CsF (or CsCl), does not 

produce any (112). An electron transfer process also seems u n l i k e l y 

because of the contrasting results obtained with pyridine and triethylamine. 

A mechanism, which accounts for these observations involves the intermediate 

formation of an y l i d (Scheme 36). 

Furan (112) was pr.oduced more e f f i c i e n t l y (79$ y i e l d ) by 

defluorination over i r o n at 580° (see Chapter V). 

CF Et CF CF CF 5 EtnN N 
C H — C H 

F C F 3 S CF^F F C F CF 
H 

NEt 109 

CF CF CF Et 

1 X N 7 C H — C H 
1} CF CF CF CF 

112 

Scheme yS 
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IV.A.7.b An Analagous Cycllsation 

The reactions of o l e f i n (40) with aqueous base have been described 

e a r l i e r ( l I . B . 2 . b ) . The use of mild conditions (aq. Et-jN, IMF, 20°) 
127 

leads to ketone ( 64 ) a f t e r a c i d i f i c a t i o n . However, i t i s also possible 
t o obtain cyclic product (115) (78$ y i e l d ) using s l i g h t l y d i f f e r e n t 

185 
conditions (Et-jN, diglyme, H"20). 

O 2 F 5 > > = C N F 

l>0 

C F 3 X , C F 3 
C 2 F 5 X > = C \ _ 

N C 0 

C F 3 

H + H — C -
C F 3 - C N

/ 

/ C 2 F 

/ C F 3 

C 2 F 5 
2 r 5 

64 

Cyclic product (113) must arise v ia an intramolecular nucleophilic 

displacement from a difluoromethylene group. This suggests that the 

c y c l i s a t i o n described e a r l i e r also occurs i n t h i s manner. 

IV.A .7 .C Structural Assignments 
169 Compounds (109) and (112) have been isolated previously and 

155 
(112) i s a known compound. A satisfactory analysis has now been 
obtained for(109). Compound (111, R = C2Hg) gave a satisfactory analysis 

and M-l peak i n i t s mass spectrum. I t s structure follows from a comparison 
19 

of the P n.m.r. spectrum with that of (109). Both compounds are mixtures 
19 

of cis and trans isomers (by P n.m.r.). 
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CF C F C F C F 5 F C F CF 

109 111 

IV.A.8 Reaction of F-Propene Trimers with O-Nucleophiles 

The reactions of F-propene trimers w i t h O-nucleophiles are very 

similar t o some of the reactions of ( 4 l ) described above, with the 
H 

notable exception that the formation of cyclic derivatives was not reported. 

The F-propene trimer used was a mixture of two main isomers, (32) (65$) 

and (33) (30$), which are i n equilibrium i n the presence of Et^N. 

Isomer (33), having a v i n y l i c f l u o r i n e , i s the more reactive towards 

alcohols and phenols using Et^N as base and, i n f a c t , the products are 

derived solely from (33)- Alcohols favour the formation of a l l y l i c ethers 

(114). For example, using ethanol the r a t i o of (114) :(115) i s 13:1. I n 

contrast v i n y l i c ethers are the main products from phenols. Thus phenol 

i t s e l f gives (114) and (115), r a t i o 1:12. Both F-propene trimers w i l l 

react w i t h alkoxides but (32) i s unreactive towards phenoxide. 

Nucleophilic cleavage of ethers (114), by f l u o r i d e ion or other 

nucleophiles, gives F-tetramethyl-2-fluoropropenyl caesium. 



-122-

(CF3)2C=C 
/ C2 F5 E t 3 N 

CF 

\ F ( C F 3 ) 2 

32 

CF, CFCF, 
3 r*/ 3 

"o 

CsX 
-RX 

CF / C F ( C F 3 ) 2 

C=C 
F CF(CF 3) 2 

33 ROH 

CF CF(CF ) 
N -/ 
/ C F " C \ RO CF(CF 3) 2 

- F ~ 

CF CF(CF 3) 2 

CF3 CF(OR)CF3 

114, R * a l k y l 

/ F ( C F 3 ) 2 

c=c 

RO^ \ F ( C F 3 ) 2 

115, R = a r y l 

CF3COF + (CF 3) 2C=C=C(CF 3) 2 
CsF 

R <= CH3>- C2H5, CH2CH=CH2, Ĉ CHCĤ O 

X - F, (CF 3) 3C, (CF3)2CFO 

CF 
(CF > 0 c 3'2 (CF 3) 2 CS 

IV .B N-Nucleophiles 

The reactions of ( 4 l ) w i t h N-nucleophiles are Influenced by the 

base strength and s t e r i c requirements of the nucleophile. The reactions 

are not markedly influenced by the presence or absence of an anhydrous 

aprotic solvent but when aqueous systems are employed, and fl u o r i d e i s 
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a weak nucleophilej d i f f e r e n t products can be formed. 

I n t e r e s t i n g l y some amines give products a r i s i n g from (^9), the 

terminal o l e f i n isomer of CgF^g (41). Analagous products were not 

observed w i t h 0-nucleophiles. Table 25 l i s t s the base strengths of 

the N-nucleophiles used i n t h i s study. 

Table 25 
137 

Base Strengths of N-Nucleophiles 

Nuoleophile K D Relative Base Strength 

NH3 1.79 x 10~ 5 1.0 
-4 

t-BuNH2 2.80 x 10 15.6 
-4 

MeNH2 4.38 x 10 24.5 
_i| 

EtNH 2 5.60 x 10 31.3 
-4 

Et 2NH 9.60 x 10 53-6 " 

TV.B.l Ammonia and Methylamine 

IV.B.l.a Anhydrous Conditions 

I t has been reported that two main products are formed by 
143 

bubbling anhydrous ammonia through a solution of ( 4 l ) i n ether. 

These are mono-imino and di-imino derivatives (116 and 117) • I n 

contrast, only one main product, an amino derivative (118, R = CH^), was 

formed by bubbling anhydrous methylamine through excess ( 4 l ) i n the 

presence or absence of ether (see Scheme 37). 
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or / X p . x 

98 116 
MeNH2 \ -HF 

C=C C=C 3 C=C 
CT3\ / \ / \ ' -2HF ^ \ /CF > ^ F cC >-CF F ^ ^C-F 

CH3NH C
2

F 5 C F 3 HN'' / CC 
118 117 

HNK CF 3 

Scheme 37 

Clearly, the product from methylamlne i s formed by d i r e c t attack 

on ( 4 l ) , whereas the products from ammonia r e s u l t from attack on (98), 

an isomer of CgF^g. From Table 25 i t can be seen that methylamine i s 

c'a. 24 times more basic than ammonia and i t w i l l therefore react much 

faster w i t h ( 4 l ) . Ammonia w i l l react slowly with ( 4 l ) and any f l u o r i d e ion 

produced w i l l set up an equilibrium forming isomer (9§), w i t h which ammonia 

can then react much faster. The di-imino derivative (117) w i l l be formed 

i n a similar manner. 

Compound (118, R ̂ CH^) was not isolated but was i d e n t i f i e d by 
19 

comparison of the F n.m.r. spectrum with that of (118, R = C2H5) 
» 19 

(see l a t e r ) . The F chemical s h i f t s and coupling constants of these two 

compounds are v i r t u a l l y the same. 

IV.B.l.b Aqueous Conditions 

The reaction of (41) with aqueous ammonia gave one main product (119) 

(72$ crude y i e l d ) , a s o l i d , which was p u r i f i e d by sublimation. A 
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mechanism accounting for the formation of (119) i s given i n Scheme 38. 

After the i n i t i a l attack by the reaction i s the same as that found 

for o l e f i n (40) with ammonia (see I I . B . ^ . c ) . 

41 
NH. 
-HF 

CF CF, 
c=c 

H 2 N C 2 F 5 

NH. 
-HF CF-

CF, CF, 
xc=c 

"C NH_ 
H 2 N / ^ C 2 F 5 

-HF 

NEC CF. 
,c=c 

H ? N C2 F5 * 119 

NH. 
-2HF 

CF_ CF, 
^C-C 

" i s / % NH 

Scheme 38 

The reaction with methylamine gave a product mixture containing 

two main components which were separated by d i s t i l l a t i o n and preparative 

scale g..l.c. The less v o l a t i l e component was i d e n t i f i e d as azetine (120) 

19 

but the more v o l a t i l e component had a very complex F n.m.r. spectrum 

and was not i d e n t i f i e d . The formation of (120) can be explained by a 

simil a r mechanism t o that suggested f o r (119)• Again the maximum 

41 
MeNH-

CF. 
/ C F 3 

•3 x—cv 

C H 3 H N C 2F 5 

121 

CH, 
C F 

\ 

CH3N' C H 3 

1 2 0 

amount of HF i s l o s t giving ketenimine"(121) which must cyclise 

spontaneously t o the Isolated product (120). 
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Similar ketenimines have been isolated (see II.B.4.b) but these 

have bulky t - b u t y l or a r y l groups on nitrogen, which w i l l hinder 

cy c l i s a t i o n . • Spontaneous cyclisations of related fluorobutadienes 
186 

have been observed. 

TV.B.l.c Structural Assignments 

Compound (119) gave a satisfactory analysis and a parent peak i n 

the mass spectrum. The i . r . spectrum shows stretches, a very strong 

C=C stretch at 1625 cm 1 , and a strong Ĉ N st r e t c h at 2220 cm 1 ( c f . 112, 

- 1 144 
CSN at 2220 cm ) and the u.v. spectrum indicates conjugation 
(e = 15J400). The n.m.r. spectrum ( i n acetone) shows two types of 

NH 2 group, one undergoing slow exchange ( S 7 « 9 * broad) and one f a s t exchange 
19 

( S 3 . 3 ) . The F n.m.r. spectrum (see also IV.A.6) shows two CF^ groups 
and one CF^C^ group and i n par t i c u l a r oneof the CFg groups i s a sharp 

144 
sing l e t at 68.7 p.p.m. ( c f . 112, CF^ a t ^7 p.p.m. ). 

NC C F 3 NC C F 3 

• C F 3 N / C = C \ / C = C \ 
119 C NH 9 F >NH? 122 

H 2 N Vs. 
Compound (120) gave a satisfactory analysis f o r N and H only, 

but showed a parent peak i n the mass spectrum. The i . r . spectrum shows 

very strong C=C and C=N stretches at 1710 and 1685 cm 1 ( c f . 89b, C=C 
- 1 177 

at 1720 cm ) and no C=C=N st r e t c h as expected f o r ketenimine (121) 

• • I 1"36 

(ca. 2100 cm ). The double bonds are conjugated (£ = 13,600). 

19 

Like (119), the F n.m.r. spectrum shows two CF^ groups and a CF2CF2 

group, having s i m i l a r chemical s h i f t s to those found f o r (119) but, i n 
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N 
/ C F 3 

x / C 2 F 5 
c. 

C F , 

CFj N N H C H 3 

]2Q 

C F 

F 

C F 3 

C F -

' C F , 

89b 

t h i s case, the v i n y l i c CF3 group gives a broad signal (at 67 p.p.m., 

of. 89b, v i n y l i c CF3 at 66.5 p.p.m.). The H n.m.r. spectrum i s also 

consistent with structure (120). 

IV.B.2 Ethylamine and t-Butylamine, Anhydrous Conditions 

The reaction of (41) with ethylamine gave a product mixture 

containing at least seven components. Two of the more v o l a t i l e components 

were separated by d i s t i l l a t i o n and preparative scale g.l.c. and were i d e n t i ­

f i e d as (118, R = C 2H 5), and a mixture of (123, R = C ^ ) and (124, R = C 2H 5) 
19 

(Unresolvable by g.l.c., r a t i o 123:124 = 2:1 by F n.m.r.). 

41 
EtNH-

R=Et 

C F , C = C + 

C ' F 

R H N / N C 2 F 5 

. 118 

C 2 F 5 . / C F 3 
C—C 

C F 3 / C = N R 

123 

C 2 F 5 V U / C 2 F 5 

C F , C = N R 
3 F / 

.124 

Clearly each of the products arises from a d i f f e r e n t isomer of CgF̂ -g. 

Although EtNH2 i s a s l i g h t l y stronger base than MeNH^ i t i s more bulky 

and t h i s must retard d i r e c t reaction with ( 4 l ) . Again an equilibrium 

w i l l be set up between (41) and i t s isomers, as was found for F-propene dimers 

(see II.B.4.a). 

41 

C F , ^ C , F 3 u 2 r 5 

99 

C F 3 C F 3 

F V , C = C 

X > 
C F 3 C 2 F 5 

98 
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No products a r i s i n g from terminal o l e f i n (99) were obtained using 

ammonia or methylamine. I t seems l i k e l y that t h i s difference i s a 

r e s u l t of the' greater s t e r i c requirements of EtNHj which must also hinder 

reaction w i t h isomer (98) . 

An approximately 1:1 molar r a t i o of ( 4 l ) and t-butylamine i n 

pyridine gave recovered ( 4 l ) , and (124, R = C^Hg) as the main product (ca. 

y i e l d based on 4 l consumed). Compound (124, R = C^Hg) was i d e n t i f i e d i n the 
19 

product by comparison of the F n.m.r. spectrum with that of (124, 

R = C2H5). S i m i l a r l y (123, R = C^Hg) i s a minor component or i s absent 

(Scheme 39) . 

F F 

CF- C=NR C_F- XC=NR 
C 8 F 1 6 = = ^ > / \ / \ 

C 2 F 5 C 2 F 5 ™ = K ° 2 F 5 
124 F 

v i a 98 1 X F » F \ \ C-F,.̂  CF- CF, C=NR ' CF, C=NR 

C F 3 ^ ^ P - C F 3 CF3-C C 2 F 5 C 2 F 5 / ^ = C F 3 

RN NR m 

123 125 

R «= C(CH 3) 3 

CF- C=N 

126 

Scheme 39 
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An excess of t-butylamine i n pyridine gives a disubstituted 

product (125) as the main component. However, when separation of 

(125) was attempted using preparative scale g.l.c. t - b u t y l f l u o r i d e was 

l o s t giving n i t r i l e (126). This did not go t o completion and unfortunately 

there was not enough time available t o repeat these reactions i n order to 

i s o l a t e and f u l l y characterise the products. 

The i n i t i a l reaction giving (124, R = C^Hg) i s understandable i n terms 

of the bulky t - b u t y l group. Subsequent reaction giving (125) i s more 

d i f f i c u l t t o explain. I t could be argued that t h i s i s the least crowded 

of the three possible products from (124, R = C^Hg) (Scheme 39)• 

IV.B.2.a- Structural Assignments 

Compound (118, R = C^g) gave a satisfactory analysis and a 

parent peak i n the mass spectrum. The i . r . and n.m.r. spectra are consistent 

wi t h structure (118) by comparison with the data for ethers (96) 

(see IV.A.5)• 

C F 3
C F 3 Y = C ^ F 3 .

 C2FW°F3 C2F5>=/2F5 

• N/" X F C F ^ \ : = N R S C = N R 
RHN C 2 F 5 CF3 Fy 

Hi 123 124 

The mixture (123, R = C2H5) and (124, R = C2H5) gave a s a t i s f a c t o r y 

analysis and a parent peak i n the mass spectrum. The i . r . spectrum shows 

three double bond stretches at 1640 (C=C), 1670 (CF3C=N), and 1750 cm"1 

(CF=N). Besides the signals expected for v i n y l i c CF-j and v i n y l i c 02^^> 
19 

the F n.m.r. spectrum shows a broad signal at '70.5 (123, CF-jc=N)» a n d 

two signals at 17-6 and 20.2 p.p.m. (124, CF=N), which probably arise 
from cis and trans isomers. 
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Compound (124, R = C^Hg) was i d e n t i f i e d by comparison of the 
19 F n.m.r. spectrum w i t h that of (124, R = C^g). I n pa r t i c u l a r the 
spectrum shows the characteristic CF=N signals at 6.5 and 9-7 p.p.m. 

15Hz 

8.5 / » C F 3 \ = N - C A H g 8.5 / » C F , / C = N 

/ > = C \ / / C = C\ 
C F 3 - C ^ X C 2 F 5

 C F 3 ~ \ C 2 F 5 

^ H g C^Hg 

125 126 

Compound (125) shows a M-19 peak i n the mass spectrum, two 

singlets at S 1.4 i n the 'H n.m.r. spectrum, and signals i n the 
19 

F n.m.r. spectrum corresponding to a v i n y l i c CF3 , a v i n y l i c 

a CF.jC = N group (at 69.3 p.p.m.), and a C F = N group (at 11.8 p.p.m.). 

The f i n e structure indicates structure (125) because the v i n y l i c CF3 

i s a doublet of quartets and i s not coupled t o the C^F^ group. Compound 

(126) shows a M-15 peak i n the mass spectrum, and multiple bond stretches 

i n the i . r . spectrum at 1625 (C = C ) , 1685 ( C = N ) , and 2225 cm"1 (C==N). 
19 

The *H n.m.r. spectrum shows a s i n g l e t (S 1.4) and the F n.m.r. spectrum 

i s s i m i l a r t o that of (125), except, that the CF = N group i s absent and 

the v i n y l i c CF3 i s a simple quartet. 

IV.B.3 Piethylamine 

The reaction of ( 4 l ) w i t h diethylamine, using sulpholane as 

solvent, gave one product (127)• The structure of (127) was confirmed 
169 

by subsequent hydroysis. Compound (127) i s also formed using ether 

as solvent or with no solvent present. Again the product i s almost 
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c e r t a i n l y a re s u l t of s t e r i c effects as there does not appear t o be 

any other simple explanation. 

C 2 F 5 ^ ^ 2 F 5 H ^ n

 C 2 F 5 X _ / C 2 F 5 

C F , \ — 
F 

127 

•EUNH F r _ r H 2 0 c—r 

~~3 > - N E t 2 C F f > - N E t 2 

F (T 

TV.C Summary of Reactions with 0- and N-Nucleophlles 

I t i s now possible t o explain the reactions of ( 4 l ) w i t h 0-

and N-nucleophiles by the following general points and the scheme 

given below. 

1) E q u i l i b r i a must be set up between the various CgF^g isomers 

(hi, 98, and 99) i f there i s active f l u o r i d e present. 

2) There i s a competition between fluoride ion and the nucleophile 

f o r (41). 

3) As the reaction proceeds there I s a competition between the isomers 

of CgF^g for the nucleophile. 

4) There must be some specific difference between 0- and N-nucleophiles 

t o explain why the O-nucleophiles give no products a r i s i n g from (99)< 

This may be a r e s u l t of markedly d i f f e r e n t r e l a t i v e r e a c t i v i t i e s of 

the CgF^g isomers towards the two types of nucleophile. 

5) Steric effects are important for N-nucleophiles. 

6) The presence of water i n h i b i t s e q u i l i b r i a by deactivating f l u o r i d e . 
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C 2 F 5 X 

99 

( i i i ) 

products 

CF-. CF_ 
3 \ r / 3 

C 2 F 5 4 C 2 F 5 
41 

C F 3 \ / C F 3 

C=C 
C F 

p / ^ C 2 F 5 
98 

CF, CF, C-F_^ 
XC=C <— „„ C=CF_ 

^ C ^ N , C P 3 X C / 2 

> C 2 F 5 A ' ^ C 2 F 5 

( i i ) 

products 

(a) O-nucleophiles routes ( i ) and (11). 

(b) Et2NH - exclusively route ( i i i ) , s t e r i c i n h i b i t i o n of ( i ) 

and ( i i ) . 

( c) t-BuNH2 - as for Et^NH. 

(d) EtNI^ " routes ( i ) , ( i i ) and ( i i i ) a l l occur. 

(e) MeNH2 - route ( i ) , s t e r i c requirements less than for EtNf^ 

( f ) NHg - anhydrous - route ( i i ) , base strength of NH^ i n h i b i t s 

route ( i ) . 

(g) NHg - aqueous - route ( i ) only. 

IV.D Phenylmagnesium Bromide 

I n t e r e s t i n g l y ( 4 l ) does not undergo d i r e c t nucleophilic attack 

by phenylmagnesium bromide. A reaction does occur but the products r e s u l t 

from an i n i t i a l d e f l u o r i n a t i o n giving CgF^ isomers (128), biphenyl, and 

presumably magnesium f l u o r i d e . 

Compound (128) also reacts further with PhMgBr gi v i n g a mixture of 

CgF^Ph isomers which are mainly (129). Subsequent s t i r r i n g of t h i s 
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mixture w i t h CsP and tetraglyme produces isomers (129) only (from 
19 

the P n.m.r. spectrum) (see Scheme 40). 

/ C F 3 
41 + 2PhMgBr »• CF3FC=Cv + Ph 0 + MgF0 + MgBr 

")C=CF 2 

C2 F5 
c i s , trans 128 

CF, 
/ 3 PhMgBr 

CF,FC=C 
3 \ 

XC=CFCF, v 

/ 3 

C F 3 CF 
89 CsF / — 129 <——; = CF,FC=C + isomers 

tetraglyme 3 v 
^C=CFPh 

" 3 ^ 2 9 

Scheme 40 

The i n i t i a l reaction almost c e r t a i n l y proceeds v i a an electron 

transfer process but there i s no obvious explanation as t o why (128) 

should be formed i n preference t o (89) . The i s o l a t i o n of (128) i s 

re a d i l y explained by the fact that there w i l l be no active f l u o r i d e 

i n solution since Mg^ n a s a n:*-Eh l a t t i c e energy. 

The overall reaction i s not very e f f i c i e n t since 63$ of the 

fl u o r i n e i n ( 4 l ) j consumed was recovered as inorganic f l u o r i d e . This 

feature has also been observed f o r the reaction of PhMgBr with F-biphenyl 
187 

ketone which produced more than 70% of f l u o r i d e . 

TV.D.l Structural Assignments 

Compound (129) gave a sa t i s f a c t o r y analysis and a parent peak i n 
the mass spectrum. The i . r . spectrum shows C = C- stretches between 1650 

-1 19 
and 1710 cm , and the F n.m.r. spectrum shows a QR^&2 group as we l l 
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as i n d i c a t i n g that a mixture of isomers are present. Assignments were 

made by a comparison of the spectrum with those of isomers (89)^^®'^^ 

C F , F C = C 
/ F 3 

\ 
C F , F C = ( / C F , F C = C 

C = C F - , C = C F C F 3 

.CF, 
/ C F 3 

/ t = C F P h 

F , C = C 
2 \ 

C 2 F 5 

129 

C 2 F 5 

128 

CF / C F 
/ P = C F 2 

89a 130 

and compounds given i n Table 23 (Chapter I I I ) . Compound (128) was not 

isolated but was i d e n t i f i e d i n a mixture containing (4 l )« The n.m.r. 

spectrum i s similar t o that of (129), except that i t shows a C = C F 2 group 

at ca. 69 p.p.m. ( c f . 130> C = C F 2 at 72 p.p.m.), and the i . r . spectrum 

shows C = C stretches at 1690 and 1715 (CF3CF=rC, c f . 89, see Table 23 

Chapter I I I ) , and 1740 cm"1 (CF 2=C, c f . 130, 1740 and 1760 cm" 1). 

IV.E Potassium Permanganate 

Potassium permanganate i s generally regarded as nucleophilic i n 

character and, l i k e other F-tetraalkylethylenes (see Section I I . D . l ) , 

o l e f i n ( 4 l ) gives d i o l (131) from reaction i n anhydrous acetone. 

KMnO. C F 3 . / C F 3 
41 — 2 -
— acetone 

X c - c 
CjFg OH OH C 2 F 5 

(65%) 

CF, .CF. 
(ca. 98%) 

C 2 F 5 ^ >OH 

132 

OH O K CF -CF 

Scheme 4 l 
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IV.E.l Reaction of D i o l with Potassium Hydroxide 

I n t e r e s t i n g l y , i f d i o l (131) i s allowed t o stand over dry KOH 

and the products recovered by heating under vacuum, then a more v o l a t i l e 

component i s formed. This was isolated, by preparative scale g . l . c , as 

a mixture of two Isomers ( r a t i o 4:1) and the spectral data indicated t h a t 

loss of HP had occurred giving epoxide (132) (Scheme 4 l ) . I t i s important 

that dry KOH i s used because a v i o l e n t reaction occurred w i t h wet KOH. 

Epoxide (132) i s probably formed from the monopotassium s a l t (133), 

v i a intramolecular nucleophilic displacement of f l u o r i d e . Two s i m i l a r 

examples of t h i s type of reaction were described e a r l i e r . 

"The disodium s a l t of P-pinacol has, i n f a c t , been isolated as a 
188 

stable s o l i d hydrate. 

IV.E. Struc t u r a l Assignments 

D i o l (131) gave a satisfactory analysis and shows OH stretches I n 
19 

the i . r . spectrum. The P n.m.r. spectrum shows the presence of CF-j and 

^2^5 s r ° u p 3 ' which are broadened because (131) has two asymmetric centres 

giving r i s e t o d l and meso forms. 

Epoxide (132) gave an M-19 peak i n i t s mass spectrum but a 

CF CF CF CF 5 CF-CF CF-.-CF FCF CFoF 

CF CF CF 1 x=c 
CF X 

CF \ 
CF 3 
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s a t l s f a c t o r y analysis could not be obtained. The i . r . spectrum shows 

OH stretches. 

C F - 0 r e 
C F 3 > - < N/ X F 

C F 3 - C F 2

 X 0 H 

132 

C F 3 
H O 

F-

C F , 

C F -

C 2 F 5 

134 

a • N C s / C F 3 

X 2 
C F 3 - C F 2 N H 2 

119 

a, 74.7; J Q > b = 4 

b, 81.4; J „ F = 1 0 

c, 126.9. 

a,c 

a , 73.6, J Q i b = 4 

b, 80.2, J„„ = 12.5 

c, 119 

a,c 

Structure (132) Is preferred t o (134) because the ̂ F n.m.r. 

spectrum shows a t e r t i a r y f l u o r i n e signal at 211 p.p.m. Oxetane (134) 

would be expected t o give a signal at a much lower s h i f t (ca. 130 p.p.m.) 

Also the s h i f t s and coupling constants of the relevant groups compare 

favourably with those of (119)• 
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CHAPTER V 

Pyrolysis of F-olefins 

190 

Although there are many reports (see also I I . F ) of the 

pyrolysis of fluorinated organic compounds very few concern acyclic 

systems. As stated e a r l i e r three processes have been found t o occur 

These are: 1) isomerisation, 2) defluorination over a reactive surface 

such as i r o n or caesium f l u o r i d e , and 3) loss of fragments containing 

carbon • The reactions described i n t h i s chapter i l l u s t r a t e these 

processes f o r acyclic F-olefins and some related cyclic systems. 

Some of these reactions are very useful since they give good yields of 

dienes and furan derivatives from r e a d i l y available s t a r t i n g materials 

using a very simple technique. A l l the reactions involve passing a 

compound i n a stream of nitrogen over a hot surface. 

Some reactions of the dienes and furans are reported i n 

Chapter V I . 

V.A F-3,4-dimethyl-3-hexene ( 4 l ) 

A l l three processes, mentioned above, can occur for F-3> 4-dimethyl-

3-hexene ( 4 l ) by using various surfaces and temperatures:-
o 

Isomerisation: Fe, CsF, Pt, 540 . 

Defluorination: Fe, 430-540°; CsF, 540°. 

Fragmentation: Pt, Quartz, or any i n e r t surface, 550-700°. 

I t has been found previously that ( 4 l ) defluorinated over i r o n 

f i l i n g s between 430 and 500° giving diene (89a), as a mixture of two 
169 

isomers, and cyclobutene (89b). 
Isomerisation of ( 4 l ) also occurs over i r o n f i l i n g s and reaction 

at 540° gave a mixture of CgF.g isomers ( 4 l ) , (98) , and (99) , as wel l as 
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CF-, CF. 

the expected (89) (ca. 50$ of the recovered product). 

CF3FC^C / w 3 

^C=CFCF 3 + 

CF C F 3 8 9 , « V 8 9 b ^ 3 
C=C ) — 

C F / N: F 5 4 0 ° C 2*5 T 5 

- / C F 3 C 2 F 5 v 
41 + „„ ,C=C + „„ XC=CF 

r a t i o 41:98:99 = 2:2:1 \ , F , . F / N: oF_ 
Ĉ 

c i s , t rans 98 99 

These reactions are very d i f f i c u l t to reproduce,. which i s 

probably a r e s u l t of variations i n the a c t i v i t y of the Iron f i l i n g s 

(see experimental, IX.A). 

Caesium fluoride at 540 gave a sim i l a r product mixture to that 

obtained using iron f i l i n g s at the same temperature, but i n t h i s 

case the terminal o l e f i n (99) was not formed. The conversion to 

defluorinated products (89) was about 28$. A sim i l a r defluorination 
1T8 

over CsF was mentioned_earlier ( i I I . B . l ) . The absence of terminal 

o l e f i n (99) i n the product obtained from passage over CsF i s not 

surp r i s i n g since a l k a l i metal fluorides are known to isomerise terminal 

o l e f i n s to i n t e r n a l olefins (see Table 4, Chapter I ) . 

Isomerisation als o occurs over platinum and reaction at 540° 

gave a mixture containing ( 4 l ) (ca. 70%), (98) (25$) and (99) (5%). 

At higher temperatures fragmentation gives diene (130) and cyclobutene 

(135) ( r a t i o ca. 4.4 :1) . 
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X
C F 3 C F 3 v -

& 6 ^ F 2 C = C v 

CF^ 

. CF. + C 2F 6 (39%) + C 3F g (10%) 

+ C
1 0

F
1 6 ( c a- 3%) + others 

130, 59% 135, 14% 

Compounds (130) and (135) are CgF̂ Q isomers, formed from ( 4 l ) 

by loss of C^g. Although t h i s i s the major reaction pathway others 

must occur since F-propane, C ^ Q F ^ isomers, and other u n i d e n t i f i e d 

products are also produced. 

V.A.I Mechanism 

The isomerisations of (41) t o (98) and (99) are most probably 

thermal 1 , 3-shifts of a flu o r i n e atom, since they occur over i n e r t 

surfaces. The absence of (99)* a terminal o l e f i n , from the product 

obtained using CsF w i l l be a re s u l t of fl u o r i d e ion induced isomerisation 

of (9_9) t o (41) and/or ( 98 ) . 

The fragmentation and defluorination reactions can be explained by 

the formation of intermediate a l l y l i c radicals. Thus loss of *CF3 

occurs over platinum whereas loss of *F i s obviously preferred over 

i r o n . Subsequent c y c l i s a t i o n of the dienes t o cyclobutenes i s a 

C F 3 C F 3 

> < CF 3 Fcf ' C 2 F 5 

Fe 
-'F 

41 ^-Pi—> 
— - C F ^ 

CF3 /CF 3 

c—c 
F 2C C 2F 5 

- C F n 

well known thermal process. 186,191 
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Loss of *C2Fcj f r o m m u s ' t also occur over platinum since 

F-propane (10$ y i e l d ) was produced. The formation of F-propane and 

also the C^F^g isomers (ca. 3$ y i e l d ) (g.l.c.-ms only) can be 

accommodated by the following mechanism. 

41 — r — • C F , - C = C - C F , + 2 ' C , F c • 2 C , F f t 

— b. J 3 2 5 2 C F 3

 3 B 

C 6 F 1 0 

C 10 F 16 

However there was no reaction between diene (130) and 
o . 

F-2-butyne a f t e r heating at 300 for 24 h i n a Carius tube. 

V.A.2 Structural Assignments 

F-olefins (89a) and (89b) are known compounds. 

A mixture of CgF 1 6 isomers ( 4 l ) , (98) and (99) ( r a t i o ca. 2 :2:1) 

was isolated by d i s t i l l a t i o n and preparative scale g.l.c. from the 

product obtained using i r o n at 540 . The mixture gave a sat i s f a c t o r y 
analysis. The structures of (98) and (99) follow l a r g e l y from the 
19 

F n.m.r. spectra of enriched samples (the isomers were not f u l l y 

resolved by g.l.c.) by comparison with data given i n Table 23 (Chapter I I I ) , 

data for alkoxy derivatives of ( 4 l ) related t o (98) (Chapter I V ) , and 

the data f o r diene (130) . The cis isomer (98b) shows a diagnostic 
C F 3 C F 3 C F , f C 2 F 5 C F 3 

C F , )c~C C F . • C-C CFo ^ C = C F 2 F ? C=rC 
X F cr 3 C / C - C F 2 

>FzT F CRT F f _ ^ C . F c C F , 
C 2 r 5 r o 2 r 5 1- r ^2

rS o r 3 
48 Hz 

trans 98a cis 98b 99 130 

ratio 98a:98b= 4:1 
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doublet ( J = 48 Hz) for the CFgCF—C group. Further evidence of 

structure was obtained by the reaction of a mixture of these isomers with 

methanol (see IV.A.2). 
192 19"5 193 194 Diene (150), ' cyclobutene (155), F-ethane ^ and 

F-propane are known compounds. 

V.B F-2,5-dimethyl-2-pentene (92) 

. Like (41), F - o l e f i n f*92) i s defluorinated over iro n and gives 

a s i m i l a r range of products. 

CF_ CF, 
x c=c Fe 

C 2 F 5 CF 675 L 

CF3FC=C 
/ C F 3 

3 100% conversion C=CF, 

92 CF. 

CF. 

CF 3F 

.CF. 

136b (10%) 
c i s , trans 136a (43%) 

Fragmentation of (92) over platimum requires higher temperatures 

(620° - 715°) than the corresponding reaction of ( 4 l ) and gives low 

yi e l d s of products. 

(CF 3) 2C=C=CF 2 + ( C F 3 ) 2 C = C ( C F 3 ) 2 

137, «\- 7% 94, 'v- 1% 

92 Pt 
715" 

100% conversion 

F 2C=C 

> C F 2 
C F 3 

130, 14% 

CF. .CF. 

r 2 r 2 
135, ~ 2% 
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Again, the products can be explained by intermediate a l l y l i c 

r a d i c a l s . I n t h i s case the a l l y l i c r a d i c a l produced over platimum 

reacts further by three routes: 1) loss of 'CF-j giving allene (137), 

2) l o s s of F giving (ljJO) and (135), and 3) addition of F giving (<)4). 

^ 3 . .CF CF CF 
\ / 3 Fe Pt 3 \ / 3 - F " / C - C ^ 92 > > - C X -f-» 130 + 135 

C F ^ F ^ ' * X C F 3 " F - , C F 3 C F 2 ^ " ' X C F 3 

1) / - "CF3 

CF 2=C=C(CF 3) 2 (CF 3) 2C=C(CF 3) 

137 94 

Process 2) w i l l not be as favourable as loss of "CF^ from the 

corresponding a l l y l i c r a d i c a l produced from ( 4 l ) and process 3) i s 

possible because the a l l y l i c r a d i c a l w i l l have a longer l i f e t i m e than 

that from ( 4 l ) and al s o because F atoms are produced by process 2) . 

C l e a r l y a l l three processes must be energetically s i m i l a r whereas for 

( 4 l ) there i s one very favourable process. 

Compounds (9H)^, (130) 1 9 2 , (135) 1 9 2, and (137) 1 9 5 are known 

compounds. These were not separated but were i d e n t i f i e d by g.l.c.-ms 
19 

and by comparison of the F n.m.r. and i . r . spectra of the product 

mixture with the l i t e r a t u r e data and data for samples of (130) and (135) 

obtained from (41) (see e a r l i e r ) . 

Isomers (136), from defluorination of (92), were separated, as 

a mixture, by preparative s c a l e g . l . c , giving a s a t i s f a c t o r y a n a l y s i s 

and a parent peak i n the mass spectrum. Their structures were assigned 
19 

by a comparison of F n.m.r. sp e c t r a l data with that of the related 
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compounds (130), (13J3) and (89) (see Table 23, Chapter I I I ) . 

CF3FC—C 

C F 

/ C F 3 

> = C F 2 

136a 

C F 3 F 

CF-

136b 

/ C F 3 
CF 3 FC=CT 

\ = i C F C F 3 
CF: 

89a 

CF-

C F 3 F 

CF-

FCF-

89 b 

/ C F 3 
F 2 C = C 

) C = C F 2 

C F 3 
130. 

C F . / F 3 

2 r 2 
135 

V.C F-propene Trlmers 

Defluorination of a mixture of F-propene trimers (32) and (33) 

( r a t i o 3:1) at 605° gave cyclobutene (138) as the main product. 

C F 3 . / C 2 F 5 
/ C r z C v 

CF< X R C F , ) 3'2 

32 

F X X C F { C F 3 ) 2 

33 

C F 3 v , C 2 F 5 
Fe 
605' 

"2 < C F3>2 

138 U 8 % ) 

Compound (138) gave a s a t i s f a c t o r y analysis and a parent peak 
1Q 

i n the mass spectrum. The F n.m.r. spectrum i s consistent with 

structure (138) by comparison with the rela t e d cyclobutenes mentioned 

above. Also the C = C st r e t c h at 1708 cm ^ (Raman) indicates a 

cyclobutene structure (see Table 23 and I I I . A . 3 ) . 

Although the F-propene trimers fragmented over platinum no products 

were i d e n t i f i e d . 

V.D Furan Derivatives 

Furan derivative (113), obtained by a c y c l i s a t i o n process described 

e a r l i e r (lV.A .7.b), gave F-trimethylfuran (139) on passage over platinum 
between 430 - 700 . 
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Pt 
570" 

100% conversion 

+ n-C.F,^ + others 4 10 

139, 85% y i e l d 

CF-

113 Fe CF 
* 139 (15%) + 3 > 

4704" 
100% conversion CF 

CF-

CF. 

JCF. 

CF , 

3 ^cr 3 
112, 60% 

F N ^ ^ B 

109, 18% 

Pyrolysis of (113) over iron at 470 produced furans (112) and (109) 

as w ell as (139)• 

The f i r s t step of both reactions i s the l o s s of 'C^^ giving 

an a l l y l i c r a d i c a l . The alternative loss of 'CF-j from (113) does not 

occur because "CF-j i s l e s s stable. Subsequent reactions are then 

determined by the metal. 

I t i s quite i n t e r e s t i n g that furan (109), from the addition of F*, 

i s formed since (109) was defluorinated over iro n at a higher temperature 

(580°) giving (112). Furan (109) does not pyrolyse r e a d i l y over 
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CF, 
/ 3 

CF. 

CF 3F FCF 3 

Fe, 580^ 
80% conversion 

/ C F 3 

109 

CF 

C F 3 ^ 0 ^ C F 3 
112, 79% y i e l d 

platinum at 715 and only a low conversion to two unidentified products 

was obtained. 
155 l69 Furan (112) i s a known compound and (109) has been characterised 

(see also IV.A . 7.c). The structure of (139) follows simply from a 

19 

comparison of i t s F n.m.r. spectrum with that of (112). The coupling 

constants are u s e f u l l y diagnostic. Furan (139) a l s o gave a s a t i s f a c t o r y 

analysis and a parent peak i n the mass spectrum. 

8.3 

139 
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CHAPTER VI 

Some Reactions of F-2,5-dimethylbuta~diene and 
F - t r i - and F-tetra-methylfurans 

The work described i n t h i s chapter i s a b r i e f survey of some 

reactions of the products obtained from the pyrolyses described i n 

Chapter V. 

VI.A F -2,>dimethylbutadiene (130) 

VI.A.1 Reactions with Methanol and Phenol 

Lik e F-isobutene ( i I . B . l . b ) , diene (130) reacts with neutral 

methanol at room temperature giving an addition product (l4o) and 

a subs t i t u t i o n product ( l4 l ) . The addition product (l4o) i s formed by 

a 1 ,2-addition of methanol and not by a 1 ,4-addition. This i s to be 

CF, 

MeOH F 2C=C 
3 weeks H-C-CF2OMe 

140, 17% 

/ C F 3 
F 2 C = C

X 

C=CFOMe 
" 3 

c i s , trans 141, 39% 

DMF, Na 2C0 3 

PhOH, 36h. 
F 2 C = C 

C F : 

/ C F 3 

C=CF0Ph 

144 

H F 

( C F 3 ) 2 C H 

C F : 

"C=CFOPh 

c i s , trans 143, 26% 

expected since diene (150) w i l l be non planar and have l a r g e l y 

unconjugated double bond3 l i k e F-1,3-butadiene (142). Spectroscopic 
196 

techniques have shown that (142) i s non planar and i t also undergoes 
197 

1,2-addition of methanol. 
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F , C = C F — C F = C F 7

 M e 0 H

 0 > r F 9 C = C F - C F H C F 9 0 M e l - v C F o C F = C H C F , O M e 
1 Et 3 N,80 L 1 J 3 2 

The reaction of (130) with phenol, using sodium carbonate as 

base and DMF as solvent, i s more complex than that with neutral 

methanol. The only i d e n t i f i e d product (143) (ca. 26$ y i e l d ) must 

a r i s e v i a i n i t i a l s u b s t i t u t i o n giving (144) followed by 1 , 2-addition 

of HP to the other double bond. I t i s probable that the addition of HP 

occurred because the reaction was carried out i n an aprotic solvent, 

i n which fluoride ion i s a strong nucleophile. I n contrast, fluoride 

ion would only be a weak nucleophile i n neutral methanol. 

"VT.A.l.a S t r u c t u r a l Assignments 

The methoxy derivatives (l4o) and (141) both gave s a t i s f a c t o r y 

analyses and parent peaks i n t h e i r mass spectra. Their structures 

19 ' 

follow simply from a comparison of F n.m.r. data and C = C stretching 

frequencies with those of the s t a r t i n g material (130). The phenoxy 

deri v a t i v e (143) was not obtained pure after using preparative s c a l e 

g . l . c . but was i d e n t i f i e d by a parent peak i n the mass spectrum and by 

a comparison of i t s ^ F n.m.r. spectrum with those of (141) and (145).*^ 

c ( C F 3 ) 2 C H d 

^ C = C F 0 P h 
a,d C F 3 b 

^ 3 
F 2 C = C 

X C = C F 0 M e 
a,a' C F 3 b 

c d 
( C F 3 ) 2 C H 

> = C F 2 

c i s , trans 143 c i s , trans 141 145 

a, 60.7 D ( J Q j b = 22) a, 60.4 D(J k = 19) a,D 

a', 61.3 D(J Q. ? b = 10) a', 61.1 D(J a' b = 12) 

c, 65-7 D ( J C ) d = 7.5) c, 69.6 ( J . = 7 .6 ) c,a 

d. S 4.1 d, S 3-8 
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VI.A.2 Hydrolysi3 
198 The hydrolysis of diene (130) has been reported i n the l i t e r a t u r e . 

A l l the products may be explained by mechanisms described i n Section II.B . 2.b. 

CF. 3 
F 2 C = C

X
 + (CF 3) 2CH 
CHCO«,H ^CHCO,H 

H 20, S i 0 2 C F 3 C F ^ 
130 r 

acetone / C F 3 ^ C F 3 
F„C=C + H0„C-CH 2 \ 2 

CF 
^CH^OgH ^CHC0 2H 

3 

Like the carboxylic acids mentioned i n that section these products 

are dehydrated over P2O5 to form stable ketenes or anhydrides. 

VI.A.3 Reaction with Fluoride, Dimerisation 

Diene (130) dimerises very r e a d i l y i n the presence of CsF and 

tetraglyme. Two dimers are formed as the main products and t h e i r 

r a t i o i s temperature dependent. However they are not interconverted by 

CsF and tetraglyme at room temperature or at 80°. 

/ C F 3 
F 2C=C v CsF 

= r , B i tetraglyme 

C F 3 

C=CF 2 

c i s , trans 147 

c i s , trans 146 

Room temperature: (146) (57# y i e l d ) , (l4j_) (30$) 

90°: (146) (28#), ( 1 4 7 ) (44#) 
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Fluoride Ion Induced Dlmerlsatlon of F-2,3-dlmethylbutadlene 

C F 3 \ ^ C F 2 

F 2 C ' CF 3 

130 

C F 3 X / C F 3 
C-CT 

F 2C / / 

148a 

CF, CF, 
3 \ X 3 

C=C 
F 2 C ^ 

148b 

130 

CF, „CF_ 
3 \ / 3 

CF 

149 

CF, 
CF, F | 3 

CF. VF CF. 

F SN2< 

130 

CF, 
F'C=C' F 

C=C 
C F 3

/ / N X C F 2 

CF 

CF. 
VC=C 

CF. 

c i s , trans 146 

C i C=C 
CF 3 C F ^ NC=CF 2 

C F r ^ \_ 

c i s , trans 147 Scheme 42 
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A mechanism accounting for these observations i s given i n 

Scheme 42. Addition of fluoride ion to diene (150) w i l l give an 

a l l y l i c anion (148). I t i s probable that (l48a) and (148b) are 

/ C F 3 P - / C F 3 _ / C F 3 

F 2 C = C ^ — ¥ F 2 C=nC t
 F 2 C — C \ 

y = C F 2 / C - C F 3 

C F 3 C F 3 C F 3 

1 3 0 U 8 Q U8b 

discrete species rather than resonance canonicals because the products 

are derived from both. Isomer (148a) w i l l be more stable but l e s s 

r e a c t i v e . Thus at room temperature dimer (146), derived from (l48b), 

o 

predominates. However, at 90 the increased r e a c t i v i t y of the more 

stable isomer (l48a) leads to increased yiel d s of (147) at the expense 

of (146). 

The c y c l i s a t i o n step leading to (l4j_) i s an i n t e r n a l v i n y l i c 

substitution of fluoride from a r e a c t i v e C = C P 2 group i n (149). The 

analagous c y c l i s a t i o n of dimer (146) does not occur because i t would 

require an i n t e r n a l nucleophilic attack on a much l e s s r e a c t i v e C = C ( C P 3 ) 2 

group. 

The a l l y l i c anion (148) i s trapped by bromine, but no bromine 

containing products were isolated because further reaction with fluoride 

r e a d i l y occurs. The main product i s the known F-2,3-dimethyl-2-butene 

( 9 4 ) . 8 7 

>CF«3 C F-j C F Q 

C F ^ 

1 3 0 94 
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VI.A.3^a St r u c t u r a l Assignments 

Dlmers (146) and (l4j_) were separated by preparative scale g . l . c . 

and both gave s a t i s f a c t o r y analyses and parent peaks i n t h e i r mass 

spectra. 

/ C F 3 F 2 C = C F 

C F 3 C F 2 ^ / C F 3 

CFf X C F 3 

c i s , trans 146 

The structure of (146) follows from a comparison of i . r . data 

with that of diene (130) (from which i t i s derived), and from i t s 

19 
P n.m.r. spectrum. Thus the i . r . ' spectrum shows two strong C=:C 

stretches at 1720 and 1730 cm"1 ( c f . 130, 1735 and 1760 cm 1 ) and the 

19 
P n.m.r. spectrum shows f i v e v i n y l i c CF^ groups, a terminal group, 

19 
one other v i n y l i c fluorine, and a v i n y l i c C3?2 group. The F n.m.r. 

spectrum also indicates that c i s and trans isomers are present i n the 

r a t i o 2:1 but i t i s uncertain which isomer predominates. 

38 Hz 

C F 3 ^ / C F 3 F \ / C p 3 

K 7 a 

r a t i o 147a:l47b = 2.2:1 

The most important features indicating structure (147) for the 

other dimer are: l ) the t e r t i a r y fluorine gives r i s e to two signals 
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( r a t i o 2.2:1) at 174.5 (septet, J = 38) and 167.7 p.p.m. (doublet, 

J = I 36 ) and 2) the double bonds are conjugated from the u.v. spectrum 

(fe = 17,700). • The other spect r a l data i s also consistent with these 

structures. Thus the i . r . spectrum shows C = C stretches at 1730 

~1 19 

and 1640 mw cm , and the F n.m.r. spectrum shows two v i n y l i c CF^ groups, 

two sets of two equivalent CFg groups, and one v i n y l i c fluorine giving 

r i s e to signals at 77-1 (l47_a) and ca. 58 (l47b). 

VI.A.3.b Formation of a Stable Anion 

Acyclic dimer (146), when s t i r r e d with CsF and tetraglyme gave 

a 1 phase system although (146) i s not soluble i n tetraglyme alone. 
19 

The F n.'m.r. spectrum was di f f e r e n t to that of the s t a r t i n g material 

(146) i n that i t showed CF^groups a t low f i e l d (2 x CF^ at 39-8 p.p.m.), 

but the remainder of the spectrum was sim i l a r to that of-(146). The 
C F 3 X / C F 3 c - C F X / C F 3 ,C=CF-CF9-C=CV

 F > X=CF-CF9—C=CV 

F 2 C=< I -c^ I N:F 3 
C F 3 C F 3 C F 3 C F 3 C F 3 

U 6 . 1 5 0 

spectrum i s consistent with anion (150) although the integration i s 

uncertain. Addition of BF^-etherate resulted i n regeneration of (146) as 

a lower layer and formation of a precipitate (presumably CsBF^). The 

other dimer (147) did not give a one phase system with CsF and tetraglyme 
19 

using the same conditions as for (146). The F n.m.r. spectrum of the 

tetraglyme layer was very weak and different to that of (150). Several 

other fluorodienes were studied, but l i k e (l4_7) these did not give 

observable anions (see experimental). 
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Some other stable carbanlons have been reported (see Table 3, 

Chapter I ) and low f i e l d signals appear to be c h a r a c t e r i s t i c of these 
199,200 

and related systems. An example of each i s given below. 

73.8 

C F 3 C X F 3 

CF- C F , 

52.8 A g - C 

49.5 . 59.5 

VI.A.3.G Fluorination of Dimers 

A mixture of the two dimers (146) and (1^7) ( r a t i o ^ 65:35) 

o 
was fluorinated by passing over cobalt t r i f l u o r i d e heated at 100 

. . 0 0 o and 200 .• At 100 each dimer adds one mole of fluorine and at 200 

further fluorination and some fragmentation occurs. I t i s not obvious 

locr 

CF, PF_ I 3 / 3 
C=CFCF 0C=C 

Ce' CF, 
3 H6 ' 3 

200' 

'(CF 3) j C F ^ f F 3 / C F 3 
C=CFCF-C=C 

CF' " 3 
151, 68% 

CFCF 2CF 2C—C 
151,22% X C F 

152, 35% 

C F ( C F 3 ) 2 

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

CF, C - C=C. 
C F CF, II 3 
CF, 

153 , 67% 

153, 61% + C 1 2 F 2 4 , 18% 
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why terminal o l e f i n (153) does not r e a d i l y undergo further f l u o r i n a t i o n . 

Both products from a c y c l i c dimer (146) were isolated and gave 

s a t i s f a c t o r y analyses and M-P peaks i n t h e i r mass spectra. Their 

19 

structures follow 3imply from a comparison of t h e i r P n.m.r. 

spectra and C = C stretches with the data for (146). Thus (151) 

shows a strong C = C s t r e t c h at 1705 cm 1 ( c f . 146, 1720 and 1730 cm 1 ) 

and one t e r t i a r y fluorine whereas (152) shows a very weak C = C s t r e t c h 

at 1700 cm 1 and two t e r t i a r y fluorines. 

The C | 2 F 2 2 i a o m e r ( 1 ^ 3 ) J formed from c y c l i c dimer (147), was 

separated and gave a s a t i s f a c t o r y analysis and a parent peak i n i t s 

mass spectrum. The i . r . spectrum shows two C = C stretches at 1740 and 

1650 cm 1 ( c f . l4j_, 1730 and 1640 cm \ ) but both are weaker than those 

of (147). The structure (153) would give the required C = C stretches 

19 

and the P n.m.r. spectrum i s also consistent with (153) since i t shows 

a CFfCFg^ group and four other CF^ groups, as well as signals for the 

v i n y l i c f luorines. 

VT.A.3-d Attempted Dimerisations U3ing Other Catalysts 

I t was thought that dimerisation of (130) could possibly occur 

using antimony pentafluoride a3 c a t a l y s t (see Section I . C ) . Although 

a precipitate formed at room temperature using a deficiency or excess of 

antimony pentafluoride subsequent transference, under vacuum, resulted 

i n a disappearance of the precipitate and gave only (130) (89$, using 

excess 130). The precipitate may have been an SbFg s a l t of an 

P-carbocation (see I . B . I ) . 

Only (130) (85$) was recovered after s t i r r i n g with pyridine and 
tetraglyme at room temperature. 
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C = C F 2 

VI.A.4 Photolysis with F-acetone 

Photolysis of fluorocarbonyl compounds with fluoro-olefins can 

189 

produce polyfluorooxetanes. When a mixture of diene (130) and 

F-acetone wa3 photolysed three main products were formed. 
C F 3 \ 

F 2 C = < C F 3 ^ F > = C F 2 
^ . C = r C F 2 hP 

C F 3 ( C F 3 ) 2 - „ l u r 3 , 2 - 0 ' | C F 3 ) 2 

130 154,41% 155,15% 156,13% 

Two oxetanes (154) and (155) and also a pyran (156) were produced. 

An analagous pyran has been i s o l a t e d from a thermal reaction of H-2, 

201 

3-dimethylbutadiene with F-diethyl ketone. 

The three main products were isolated by preparative scale g.l.c. 

and (155) and (156) gave s a t i s f a c t o r y analyses. The mass spectra 

showed a parent peak for (155), an M-F peak for (154), and.an M-COF 

peak for (156) . The structures of (154) and (155) follow from t h e i r 

strong C = C stretches (154 at 1700 and 155 at 1730 cm"1) and t h e i r 

19 
F n.m.r. spectra. Thus (155) shows a low f i e l d -CF 2- si g n a l at 

ca. 65 p.p.m. c h a r a c t e r i s t i c of CF 2 adjacent to 0 i n a four membered 
I89 

r i n g , whereas (154) shows a 'normal' C F 2 signal at 109.4 p.p.m. 

The other chemical 3 h i f t s are also consistent with the proposed structures. 

Pyran (156) does not show a C = C 3tretch i n the i . r . spectrum 
-1 19 but i t appears at l660 cm i n the Raman spectrum. The F n.m.r. spectrum 

shows two v i n y l i c C F 3 groups (at ca. 59 p.p.m.), two CF 3 groups at 

76.5 p.p.m. and two equivalent CF 2 groups at 101.p.p.m. 
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VI.A.5 Radical Reactions 

,Diene (130) did not react with bromine and t h i s feature has also 
198' 

been reported i n the l i t e r a t u r e . Similarly,copolymers with butadiene 

and methylmethacrylate were not formed. Styrene and (130) gave a 

polymer containing some fluorine ( 3 « 9 $ ) hut t h i s was removed a f t e r 

r e p r e c i p i t a t i o n from toluene. 

These features most probably r e s u l t from the s t a b i l i t y of the 

a l l y l i c r a d i c a l derived from (130) . 

F2C=CS 

/ F 3 

CF 
;C=CF2 

FoC—c: /
C F 3 

V^C-CF 2R 
CF0 

130 

VI .B F - t r i - and F-tetra-methyl furans 

VT .B.1 Reactions with Nucleophiles 

Nucleophiles w i l l r e a d i l y replace the v i n y l i c fluorine of 

F - 2 , 3 * 4-trimethylfuran ( 139 ) : -

MeO 

NaOH MeOH PhMgBr K 2S, DMF 

CF3 CF3 

CF3 CF3-

1 5 7 , 8 0 % 1 5 8 , 3 6 % 1 5 9 , ^ 6 0 % 

n = 1 - 4 t but mainly 1 - 2 
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Methoxy derivative (157) and phenyl derivative (158) both gave 

sati s f a c t o r y analyses and parent peaks i n t h e i r mass spectra . Their 

structures follow simply from a comparison of spectral data w i t h that 

of the s t a r t i n g material ( 1 3 9 ) . Two fractions of (159) were isolated 

by molecular d i s t i l l a t i o n , one contained mainly (159, n = l ) from the 

elemental analysis and the less v o l a t i l e f r a c t i o n mainly (159, n = 2 ) . 

The mass spectrum of the less v o l a t i l e f r a c t i o n showed parent peaks 
19 

for (159, n = 1 -^ ) . Again the F n.m.r. spectrum shows that the 
furan r i n g i s i n t a c t . 

Similar polysulphide compounds have been obtained from 
202 

F-isobutene. 

VT.B.2 Dimerisation 

Dimer ( l 6 o ) (95$ y i e l d ) i s formed from (139) i n the presence of 

CsF and tetraglyme at room temperature. Of. the two possible dimers 

(160) and ( l 6 l ) only ( l 6 0 ) was observed. 

CF CF 

i 139 

C F 

C F CF C F CF 

5-5* 
CF 

CF C F CF X CF 
C F 

C F C F C F CF 
139 

160. 95% 161 
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CF CF 

5-X 157 

MeO 
0 CF C F CF 

X CF 
CF C F Py CF 

0 0 
CF 

C F CF CF CF 
39 

162 11% 

CF 

An analagous product (162) (11% y i e l d based on 157) wa3 obtained 

from (139) and I t s methoxy derivative (157) by r e f l u x i n g with 

tetraglyme and pyridine. Dimer ( l 6 0 ) i s also formed i n t h i s reaction. 

Both ( l 6 0 ) and (162) gave satisfactory analyses and (160) gave a 

parent peak while (162) gave an M-F peak i n t h e i r mass spectra. The 

mass spectrum of ( l 6 0 ) showed a metastable peak for loss of CgFg, which 

i s not possible f o r the a l t e r n a t i v e dimer ( l 6 l ) . Although (162) did 

not give a strong metastable f o r analagous loss of Ĉ FgO the peak3 

which would produce t h i s metastable are very strong (^89—>299) 

C F 

CF 160 

again t h i s i s only consistent with ( 1 6 2 ) . The i . r . spectra of ( l 6 o ) and 

(162) are very s i m i l a r except that (162) shows a strong C = 0 s t r e t c h 
- 1 19 at 1840 cm . Likewise the F n.m.r. spectra are similar except that 

( l 6 0 ) shows an AB signal at ca. 63 p.p.m. which i s consistent w i t h a 

CF7 group adjacent t o oxygen. The other assignments were possible by 



-159-

comparison with the similar furan derivatives (109) and ( 1 5 7 ) . 

C F CF CF 

5 Z X CF F C F MeO 
0 

157 109 

VLB.3 Photolysis 

The photochemistry of fluorinated furans i s of inte r e s t because 

of the p o s s i b i l i t y of obtaining valence isomers since a Dewar 
i 

203,20 
thiophene i s formed from F-tetramethylthiophene on i r r a d i a t i o n . 

CF CF C F C F x C F CF C F CF 

I n fact low conversions (ca. 20$) t o cyclopropenyl derivatives 

were obtained from both (139) and ( 1 1 2 ) , by using transfer conditions 205 

and a high pressure Hg lamp. 

h» 

139 ; X=F 
112 ; X = C F 3 

i 
1 6 3 , X = F 
16/,, X = C F 3 

C F o — C 

165 ; X= F 
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A s t a t i c system i s unsuitable for these reactions because complex 

mixtures of less v o l a t i l e products are formed. Si m i l a r l y repeated 

transference decreases the yields of cyclopropenyl derivatives 

although a number of other v o l a t i l e components are also produced. These 

may be other isomers of the furans but they were not isolated or 

i d e n t i f i e d . 

I t i s i n t e r e s t i n g that r i n g opening of furan (159) gave only the 

acid f l u o r i d e ( 1 6 3 ) , rather than ketone ( 1 6 5 ) . This may be a r e s u l t of 

the d e s t a b i l i s i n g influence of a f l u o r i n e atom d i r e c t l y attached t o a 

carbon-carbon double bond (see I.B.J>), as i n (165) and/or a s t a b i l i s i n g 
206,207 , ̂  , influence of F-methyl groups on small ring3, as i n (163). 

Cyclopropene derivative (164) i s a known compound and forms furan 
207 

(112) when heated w i t h bromine. 

CF C F x CF Br 

250 

0 
CF C F 

C F 

(207) 

]U 112 

Acid f l u o r i d e ( l 6 j ) gave a satisfactory analysis and a M-19 

peak i n i t s mass spectrum. The structure follows simply from a comparison 

of spectral data w i t h that of (164) and i t also shows the characteristic 

acid f l u o r i d e signal at -29-7 p.p.m. 

VI.B.4 Attempted Diels-Alder Reactions 

I t has been reported that no Diels-Alder Adducts were obtained 

from F-tetramethyl.furan (112) ̂  I n fact no adducts were obtained 

from (112) using furan and diphenylacetylene. 
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Chemlcals 

F-3»4-dimethyl-3-hexene ( 4 l ) was supplied by I. C . I . (Mond) Ltd. 

As supplied i t contained amines and other impurities and was p u r i f i e d by 

washing wi t h d i l . HC1 and water, drying over MgSÔ , and f i n a l l y by 

d i s t i l l a t i o n . The ( 4 l ) thus obtained contained < 5 # of 3 - m e t h y l - 3 - t r i f l u o r o 

methyldecafluoropentane, which azeotroped w i t h ( 4 l ) . The weights and 

yields of products quoted i n t h i s experimental do not allow for t h i s 

impurity. 

F-4-ethyl-2 ,3 j4 ,5-tetramethyl-2-oxolene was also supplied by 

I.C.I. (Mond) Ltd. 

Chlorotrifluoroethylene had been prepared by dechlorination of 

Arcton 113, CT^CICFC^, with zinc dust suspended i n ethanol. 

The caesium f l u o r i d e was reagent grade, and was dried by heating 

( 1 5 0 ° ) under high vacuum f o r 24 h, ground t o a powder under dry nitrogen 

i n a glove bag, and then heated under vacuum for a further 24 h and was 

stored under dry nitrogen. 

Solvents 
o . 

Tetraglyme was p u r i f i e d by s t i r r i n g w ith sodium at 95 f o r 24 h, 

followed by a f r a c t i o n a l d i s t i l l a t i o n under vacuum, the middle f r a c t i o n 

being collected over dry molecular sieve (Type IVA), and then stored 

under dry nitrogen. 

Sulpholane was p u r i f i e d by f r a c t i o n a l vacuum d i s t i l l a t i o n and the 

middle f r a c t i o n collected over dry molecular sieve (Type IVA), and then 

stored at room temperature under dry nitrogen. 

Any other solvents used were also dry. 
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Instrumentation 

Infra-red spectra were recorded using Perkin-Elmer 457 and 577 

Grating Infra-red Spectrophotometers using the normal techniques. 

Raman spectra were recorded f o r neat l i q u i d samples using a 

Cary 82 Laser Raman Spectrophotometer with a Spectra-Physics Model 164 

Ar/Kr Laser at 19436.3 cm ^ (green). 

U l t r a - v i o l e t spectra were recorded using a Unicam S.P.8000 

Spectrophotometer and using Spectrosol grade solvents. 

Mass spectra were recorded on an A.E.I. M.S9 spectrometer, or on 

a V.G. Micromass 12B spectrometer f i t t e d w i t h a Pye 104 gas chromatograph. 
1 19 Proton ( H) and f l u o r i n e ( F) nuclear magnetic resonance spectra 

were recorded on a Varian A56/6OD spectrometer, operating at 60 and 

56.4 MHz respectively, for neat large samples and chemical s h i f t s are 

quoted r e l a t i v e t o external T.M.S. and C F C I 3 . Variable temperature 

f a c i l i t i e s permitted spectra t o be recorded at temperatures other than 
1 o 

the standard probe temperature of 40 . The spectra of small l i q u i d 

samples ( ^ O . l g ) , which were contained i n c a p i l l a r i e s inside the 

n.m.r. tube, were recorded using the Varian or, more frequently, a 

Brilker HX90E spectrometer operating at 84.67 MHz ( f o r f l u o r i n e ) . 

Quantitative gas l i n e chromatographic analysis was carried out 

using a G r i f f i n and George D6 Gas Density Balance or a Varian Aerograph 

Model 920, using columns packed with 30$ silicone gum rubber SE-30 on 

chromosorb P (Column 'O1) and 20$ di-isodecyl phthalate on ehromosorb P 

(Column 'A 1). Preparative scale gas l i n e chromatography was carried out 

using a Varian Aerograph or Varian Aerograph Model 920 using columns 1 0* 

and *A\ 
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Fractional d i s t i l l a t i o n s of product mixtures were carried out 

using a small or large concentric tube, Fischer-Spaltrohr Systems 

MMS 200 and HMS 500 . 

Carbon, nitrogen, and hydrogen analyses were obtained using a 

Perkin-Elmer 2k0 Elemental Analyser. Analysis f o r halogens were 
208 

carried out as described i n the l i t e r a t u r e . 

B o i l i n g points were determined by Siwoloboff's Method, and are 

not corrected for changes i n atmospheric pressure. 
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CHAPTER V I I 
Experimental t o Chapter I I I 

VTI.A OligomerIsatIon of Chlorotrlfluoroethylene 

VTI.A.l At 25° 

VTI.A.l.a A mixture of caesium f l u o r i d e (12g, 79 mmol) and tetraglyme 

(15 ml.), contained i n a dry flask (500 ml.), which was connected t o a 

glass bulb ( 1 1 . ) , was s t i r r e d i n an atmosphere of chlorotrifluoroethylene 

(ca. 0 . 6 atmosphere pressure). The chlorotrifluoroethylene (9g , 77-3 mmol) 

was added at i n t e r v a l s (ca. 12h) as the pressure decreased. After 88 h the 

v o l a t i l e products ( 6 . 3 g),. containing unreacted chlorotrifluoroethylene ( 3 ) 

( 2 . 9 g), were transferred under vacuum t o a cold trap and ( 3 ) v/as removed 

at atmospheric pressure. The components i n the residue ( 3 « ^ g) were 

i d e n t i f i e d using g.l.c.-ms and the estimated proportions (% weight) 

(GDB, col.'O 1, 5 0 ° ) are as follows: CF-jCFC^ (24#), C 8F 1 6 ( 4 l ) ( 4 £ ) , C 1 ( )F 1 6( 

( 2 2 # ) , C12F22(§2-) (275^)* and > C 1 2F 2 2 ( 2 3 ^ ) . I n v o l a t i l e material ( l g) 

was recovered by ether extraction from tetraglyme and water. The yields 

of the oligomers, based'on CF2CFC1 consumed, were estimated as: CgF^g(^l) 

( 3 # ) , C 1 Q F 1 8 ( 8 l ) ( 1 6 0 ) , C 1 2F 2 2 ( 8 2 ) ( 1 9 # ) , a n d > C 1 2 F 2 2 ( c a . 3 0 # ) . CgF 1 6 ( 4 l ) 

was i d e n t i f i e d by comparison of g.l.c. retention times and g.l.c.-ms w i t h 

an authentic sample. Samples of CF-jCFCl,,, C^QF^Q ( 8I), and C 1 2F 2 2 ( 8 2 ) 

were separated by preparative scale g.l.c.; CF^CFC^ was i d e n t i f i e d by i t s 
19 172 19 F n.m.r. spectrum; C10 F18 a m i x ' t u r e o f isomers from F n.m.r.), 

b.p . l l 6 ° , (Found F, 73-6$; 462. C 1 QF 1 8 requires F, 7^ .0$ ; M, 462) , 

19 

i . r . spectrum No.l, F n.m.r. spectrum No.l; F - 3 » 4,5> 6-tetramethyl - 3 , 

5-octadiene (82) (a mixture of isomers by ̂ F n.m.r.), b.p. 1 ^ 7 . 5 ° J 
(Found C, 25.5; F, 7^ .8$ ; M +-19, 5^3- C 1 2F 2 2 requires C, 2 5 - 6 ; F, 
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. . 19 
M, 562), i . r . spectrum No.2, F n.m.r. spectrum No.2. 

VTI.A.l.b A similar reaction for a shorter time (16 h) gave a complex 

mixture of v o l a t i l e products. After removal of CF-jCFCl^* elemental 

analysis of the remaining mixture showed chlorine. After heating t h i s 

mixture with caesium f l u o r i d e and tetraglyme, chlorine was absent and the 

amount of material less v o l a t i l e than ^2^22 ^ a d keen reduced. 

VII.A.2 At 120° 

A mixture of chlorotrifluoroethylene (8 .5 g, 73 mmol), caesium 

f l u o r i d e ( 8 . 3 g» 54 .6 mmol), and tetraglyme (10 ml.) was heated and s t i r r e d 

i n a Carius tube (100 ml.) f o r 18 h at 120°. After cooling the v o l a t i l e 

material (4.3 g) was recovered by t r a n s f e r r i n g under vacuum to a cold trap. 
19 

Any gases present were allowed t o escape and the F n.m.r. spectrum of the 
residue showed, besides CFgCFC^ and C^QF^Q(8J.), the presence of Cg F^g ( 4 l ) 

19 

by comparison of the F n.m.r. spectrum with that of an authentic sample 

of (41). 

An e a r l i e r worker i n t h i s laboratory has reported similar oligomerisations 
^o , o 169 

of CF2CFCI, using Ni tubes at 56 and 140 . These r e s u l t s , together w i t h 

those obtained at 25° ( V I I . A . l above) are given i n Table 22 i n the discussion 

(Chapter I I I ) . 

VTI.B Co-oligomerisation of Chlorotrifluoroethylene 

VTI.B.l With F-2-butene 

A mixture of caesium f l u o r i d e (1 . 5 g» 9-9 mmol), c h l o r o t r i f l u o r o ­

ethylene (1.25 g, 10 .7 mmol), F-2-butene (46) (2 . 5 g, 12 .5 mmol), and 

tetraglyme (10 ml.) was heated and s t i r r e d i n a Carius tube (100 ml.) 

fo r 36 h at 8 0 ° . After allowing any gases to escape the recovered v o l a t i l e 

material (2.1 g) was analysed (g.l.c.-ms and GDB, c o l . 'O1, 50°) and 
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contained C^Fg(46) ( 1 6 $ ) , C 6F 1 2(44) (24$), C 8F 1 6 ( 4 l ) ( 3 6 $ ) , C 1 0F 1 8 ( 8 1 ) 

( 1 9 $ ) , C12P2o (W* a n d C12 F22 ^—^ I n v o l a t i l e material ( o . l g) 

was recovered.as before ( V I I . A . l ) . A sample of F-3-methyl-2-pentene (44) 

was separated by preparative scale g.l.c. and i t has an i d e n t i c a l 

^F n.m.r. spectrum t o that of an authentic sample of (46) isolated from 

f l u o r i d e ion induced oligomer!sation of F-ethylene. Compound (46) has 

also, been prepared, using a d i f f e r e n t route (see Section I.D . 5 ) , by 
51 

F r a t i c e l l i . 

VII.B.2 With F-3,4-dimethyl-3-hexene ( 4 l ) 

Caesium f l u o r i d e (9 g, 59-2 mmol), CgF^ ( 4 l ) (11 .7 g, 29.3 mmol), 
. o 

and tetraglyme was s t i r r e d for 16 h at 25 i n an atmosphere of CF2CFCI. 

The v o l a t i l e material (15«4 g) was recovered as before (VTI.A.l) and 

contained (g.l.c.-ms and GDB, c o l . '0', 50°) CgF^ (46) ( 3 $ ) , CF-jCFClg (16$) 

C 8P 1 6 ( j j l ) ( 4 7 . 5 $ ) , C 1 QF 1 8 (81) (21$), C 1 2F 2 2 (82) ( 8 . 5 $ ) , and C U F ^ ( 8 4 ) 

(4$). The yields of the higher oligomers, based on ( 4 l ) consumed, were 

estimated as C 1 Q F 1 8 ( 8 l ) (64$), C 1 2F 2 2 ( 8 2 ) (21$), and C U F 2 4 ( 8 4 ) ( 9 $ ) . 

A sample of C^F 2 ^(84) was separated by preparative scale g.l.c. as a 

mixture of isomers and i d e n t i f i e d as F-3*4,5,6,7-pentamethyl-2,4,6-nona-

trle n e ( 84 ) , (Found F, 72 .6$ ; M+, 624. C^F^ requires F, 73-1$; M , 624) , 
19 

i . r . spectrum No.3, F n.m.r. spectrum No.£. 

VII.B . 3 With C 1 0F 1 Q (81) 
As f o r VTI.B.2 above, using caesium f l u o r i d e (4 g, 26.3 mmol), 

C10 F18 ^ ̂ 1* 2 g' 2 , 6 m r n o 1 ) ' a n d tetraglyme (8 ml.) f o r 18 h at 114°. 

The recovered v o l a t i l e material (1.4 g) has the following composition 

CF3CFC12 (1$), C QF 1 6 (41) (13$), C 1 0F 1 8 ( 8 l ) ( 1 6 $ ) , C 1 2 F 2 Q ( 5 $ ) , C 1 2F 2 2 ( 8 2 ) 

( 3 6 $ ) , C uF 2 / f (8W) ( 5 $ ) , C 1 6F 2 8 ( 88 ) (22$), and C 1 8F 3 0 (2$). The 
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yields of the higher oligomers, based on C^gP^g(8l) consumed, were 

estimated as C 1 2F 2 0 ( 6 # ) , C12 F22 ( — * CU F2A ( — ^ C16 F28 * 

(2056), and C^QP^Q ( 2 $ ) . A sample of C|gF2g(88) was separated by preparative 

scale g.l.c. giving F -3 ,4 ,5 , 6 ,7 ,8-hexamethyl -3 ,5 ,7-decatriene (88) (mixture 

of isomers, unresolved by g.l.c.) (Found F, 7 3 « 9 # ; M +-19, 705- C^gF2grequires 
19 

F, 73-5#; M, 7 2 4 ) , i . r . spectrum No.4, F n.m.r. spectrum No.3. 

VTI.C Oligomerisation of F-2-butene 

V I I . C I A mixture of caesium fl u o r i d e ( 3 g, 19-7 mmol), F-2-butene (46) 

(^•5 g» 22.5 mmol), and tetraglyme (10 ml.) was heated and s t i r r e d i n a 

Carius tube (100 ml.) for 87 h at 9 2 ° . V o l a t i l e material ( 3 . 6 g) was 

recovered by t r a n s f e r r i n g under vacuum to a cold trap. F-2-butene ( . 8 g) 

was removed at atmospheric pressure t o leave l i q u i d product ( 2 . 8 g ) . 

Based on F-2-butene consumed the yields of products were estimated as 
C8 P 16^—^ C12 F20 ^ (1-55*), and C 1 2F 2 2 (82) ( 2 6 $ ) . Samples of 

CgF^g ( 4 l ) and C-|2F22 ^—^ w e r e separated by preparative scale g.l.c. and 
19 

i d e n t i f i e d by t h e i r F n.m.r. spectra. I n v o l a t i l e material ( 0 . 8 g) 

was recovered by pouring the remaining tetraglyme layer, a f t e r removal 

of the v o l a t i l e products, i n t o water and extracting with ether. 

VTI.C.2 An i d e n t i c a l mixture to that used i n VTI.C.1 above was heated and 
o 

s t i r r e d f o r 92 h at 100 . The v o l a t i l e material was f r a c t i o n a l l y transferred, 
under reduced pressure, i n t o three n.m.r. tubes, which were then sealed 

19 
under vacuum.- No F-n-butane was detected by comparison of the F n.m.r. 

209 
spectra w i t h the reported spectrum of F-n-butane. S i m i l a r l y F-2-butyne 

U 4-' 1 7 4 

was absent. 
Previously i n t h i s laboratory a Ni tube has been used fo r oligomerisation 

Oo o o -of F-2-butene. Using shorter reaction times at 58 , 100 , and 130 
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CgF^ ( 4 l ) and C^22 ^—^ w e r e o b " t a l n e d ' together with isomers of CgF^ (89), 

i d e n t i f i e d as F -3 ,4-dimethyl -2 ,4-hexadiene and F-l , 2 , 3 , 4-tetramethyl-
I 6 9 

cyclobutene. 

VTI.D Co-oligomerisation of F-2-butene 

VII.D.l With CgF^ isomers 
The mixture of CgF^ isomers (89), obtained by defluorination of 

169 

CgF^g ( 4 l ) > contains F-3»4-dimethyl-2,4-hexadiene as the main component. 

Caesium f l u o r i d e (5 g, 33 mmol), CgF^ (3 .7 g» 10 .2 mmol), and tetraglyme 

(20 ml.) were s t i r r e d for 40 h at 2 5 ° i n an atmosphere of F-2-butene 

(11 g, 55 mmol). After allowing any F-2-butene t o escape the v o l a t i l e 

l i q u i d products (10 g) have the following estimated composition Ĉ Fg (46) 

( l 8 # ) , C 8F U ( 5 £ ) , C 8F 1 6 (41) ( 37# ) , C 1 2F 2 Q (8_3_) ( 6 # ) , C 1 2F 2 2 (82) ( 2 6 # ) , 

and u n i d e n t i f i e d material ( v> 8 $ ) . ( 3 . 2 g) of CgF^ are consumed. 

VTI.D.2 With F-2-butyne 

A misture of caesium f l u o r i d e ( 8 . 3 g» 54 mmol) and tetraglyme (25 ml.) 

was vigorously s t i r r e d i n an atmosphere of F-2-butene (16 .8 g, 84 mmol), 

which, as before, was contained i n a bladder. F-2-butyne ( 9 . 4 g, 58 mmol) 

was allowed t o di f f u s e i n t o the system from a second bladder. After 119 h 

any remaining gas was allowed to escape and water (100 ml) was added. The 

lower fluorocarbon layer was separated, washed wi t h water, and f i n a l l y 

transferred, under vacuum, from P 20^ t o give a colourless l i q u i d product 

(11 .2 g). Less v o l a t i l e material ( 6 . 2 g) was also recovered but not 

investigated f u r t h e r . Analysis of the l i q u i d product (GBB and g.l.c.-ms, 

col 'O1, 50°)shcwed three major components {% weight) CgF^(41) ( 3 0 $ ) , 

C 1 2 P 2 0 ( 1 5 # ) i and C 1 2F 2 2 (8_2) ( 5 0 $ ) . These were separated by 
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d i s t i l l a t i o n and preparative scale g.l.c. (Autoprep, col 'A1, 5 0 ° ) . 

Compounds CgP^ ( 4 l ) and C^^22 ^—^ w e r e i d e n t i f i e d by comparison of 
19 

t h e i r F n.m.r. spectra with those of authentic samples. Compound 
C 1 2 F 2 0 ^—^ W a S c n a r a c ' t e r i s e d a s F-ethyl-l,2 ,3,4 ,5-pentamethylcyclopentadiene 

(83_),b.p.l42°, (Found C,27.2; F, 72.10; Mt524. C P requires C,27.5; F,72.50; 
19 

I^524),X m a x (methanol)252nm (e=2900), i.r.spectram No.5, F n.m.r. spectrum No.5. 

VTI .E Reactions of F-propene 

V I I . E . l With F-2-butene 

F-propene (10 .5 gj 70 mmol) and F-2-butene (12 g, 60 mmol) were 

contained i n separate bladders attached t o a f l a s k containing a s t i r r e d 

mixture of caesium f l u o r i d e (7 g, 46.1 mmol) and tetraglyme (20 ml.). 
Some F-propene was allowed i n t o the f l a s k , and af t e r s t i r r i n g f o r 15 min. 

o 

at 22 the bladder containing F-2-butene was opened t o the flas k . V/ithin 

1 h t h i s bladder was almost f l a t . The remaining F-propene was then allowed 

i n t o the fla s k and the mixture was s t i r r e d f o r 14 h, when both bladders 

were deflated. The v o l a t i l e l i q u i d products (19*6 g) contained (0 wt.) 

F-2-butene (180), C 7F U (92.) (700) and CgF18 (120). F-2-butene and 

CgF^g (F-propene trimers) were i d e n t i f i e d by g.l.c.-ms and comparison of 

g.l.c. retention times with those of authentic samples. The products were 

d i s t i l l e d (Fischer-Spaltrohr) giving F-2,3-dimethyl-2-pentene (92) ( 7 . 7 g, 520 

isolated y i e l d based on F-2-butene consumed), b.p. 7 6 ° , (Found F, 75.80; 
M +-19, 3 3 1 ' C7 F^ requires F, 76.00; M , 350 ) , i . r . spectrum No.6, 

19 
F n.m.r. spectrum No.6. F-2,3-dimethyl-2-pentene has been previously 

51 

prepared using the same s t a r t i n g materials (70 isolated y i e l d ) . 

VII.E.2 With F-3,4-dimethyl-3-hexene 

A mixture of CgF^ ( 4 l ) (7-2 g, 18 mmol), caesium f l u o r i d e (7 g, 46.1 mmol 

and tetraglyme (20 ml.) was s t i r r e d for 72 h at 46° i n an atmosphere 
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containing a p a r t i a l pressure of F-propene ( 8 . 5 g, 56 .7 mmol, 26 cm 

Hg pressure at s t a r t ) and nitrogen (40 cm Hg pressure). A sample of the 

fluorocarbon lower layer was withdrawn and contained (GDB, col 'O1, 50°) 

mainly CgF̂ g along with a small amount of F-propene trimers and 

F-2,3-dimethyl-2-pentene (CjF^, 9 2 ) . 

VII.E.3 With F-4-ethyl-3,4-dimethyl-2-hexene 

VII.E .3«a A mixture of 0.^-^(40) ( 8 . 6 g, 17 .2 mmol), caesium f l u o r i d e 

( 5 ' 9 gj J58.8 mmol), and tetraglyme (20 ml) was s t i r r e d at 70° under F-propene 

( 8 . 9 gj 59 .3 mmol, 33 cm Hg pressure at s t a r t ) . After 21 h the pressure had 

f a l l e n t o 10 cm Hg and the products (16 g) were recovered as before. After 

removal of gases at atmospheric pressure the remaining products (13 g) had the 

following estimated composition C3Fg (4$), F-propene dimers ( 9 $ ) , C7 F1£ (92) 

(t r a c e ) , CgF^ ( 4 l ) (10$), F-propene trimers ( 2 6 $ ) , and C 1 0 F 2 Q (40) (51$). 
. o 

VTI.E.3.b I n a similar experiment at 22 only F-propene, F-propene oligomers, 

and C^QF 2Q (jjO) were recovered. 

VII.E.4 With F-ethylene 

A mixture of caesium fl u o r i d e (4 . 7 g, 31 mmol) and tetraglyme (20 ml) 

was s t i r r e d i n an atmosphere of F-propene ( 7 . 6 g, 50 .7 mmol) and F-ethylene 

(30 g* 33 mmol), which were contained i n bladders. After 66 h the bladders 

were completely deflated. The recovered v o l a t i l e products gave, a f t e r warming 

t o room temperature, F-ethylene ( 2 . 8 g), i d e n t i f i e d by i t s i . r . spectrum, 

and l i q u i d product ( 7 « 3 g). The l i q u i d product contained (GDB, c o l 'O1, 

8 0 ° ) F-propene dimers (24#) and trimers (59$) and C 1 1F 2 2(93) (17$). A 

sample of C^ F 2 2 (93) was separated by preparative scale g.l.c. (GDB, 

col '0', 130°) giving F-3-isopropyl-2,4-dimethyl-2-hexene (93) (two 
19 o isomers, r a t i o 3:2 by F n.m.r., unresolved by g . l . c . ) , b.p. 149.5 , . 
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(Pound C, 2 3 . 8 ; F, 7 5 . 5 $ ; M+, 550. C 1 1F 2 2 requires C, 24 . 0 ; F, 7 6 . 0 $ ; 

19 19 M, 550 ) , i . r . spectrum No.7, F n.m.r. spectrum No.7. The F n.m.r. 
• o o 

spectrum remained unchanged over the range 40 - 190 . 

VII.F Defluorination of F-3,4-dimethyl-3-hexene; 
the Effect of Fluoride Ion 

V I I . F . l . Without Caesium Fluoride 

A mixture of CgF^g ( 4 l ) (4 g), i r o n powder (5 g), and tetraglyme 

(15 ml.) was heated i n a Carius tube for 45 h at 1 1 8 ° . The product 

( 3 « 6 g) was recovered by tran s f e r r i n g , under vacuum, t o a cold t r a p 

and analysis (GDB, col 'O1, 5 0 ° ) showed CgF^ isomers (14$ conversion). 

VTI.F .2 With Caesium Fluoride 

The same for V I I . F . l above, but i n the presence of caesium f l u o r i d e 

(2 g), gave product ( 3 . 6 g) containing CgF^ isomers (22$ conversion). 

VII.G Attempted Defluorination of F-2-butene 

A mixture of F-2-butene (5 g), i r o n powder ( 6 g), and tetraglyme 

(15 ml.) was heated f o r 40 h at 94° i n a Carius tube. A l l the F-2-butene 

was recovered, and no F-2-butyne was detected i n i t s i . r . spectrum. 
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CHAPTER V I I I 
Experimental t o Chapter TV 

Introduction 

The s o l u b i l i t i e s of reactants and products i n the solvents used w i l l 

be discussed at t h i s stage so that they need not be mentioned f o r each 

ind i v i d u a l experiment. 

Ol e f i n ( 4 l ) i s soluble i n ether, much less soluble i n methanol, and 

v i r t u a l l y insoluble i n tetraglyme. The products from reaction of ( 4 l ) w i t h 

alcohols are more soluble i n these and similar solvents, and the s o l u b i l i t y 

of the dialkoxy derivatives i s greater than that of the monoalkoxy derivatives. 

For example, the reaction of ( 4 l ) w i t h excess methanol using amine as base 

(see VTII.A.9) i s a two phase system at the s t a r t and a one phase system at the 

end. Similar considerations apply t o the amino derivatives of (41). Differences 

i n s o l u b i l i t y can be useful for separating products. For example, although ( 4 l ) 

and s i m i l a r F-olefins are soluble i n ether at room temperature, they separate as ; 

lower layer on cooling. Also (41) may be separated from i t s monoalkoxy derivativs 

by dissolving the l a t t e r i n warm alcohol while ( 4 l ) remains as a lower layer. 

VTII.A Reactions of F-3>4-dimethyl-3-hexene with 0-Nucleophiles 

VIII.A.1 Alcohols, using Caesium Fluoride as Base 

A s l i g h t excess of alcohol (methanol, ethanol, or isopropanol) was added, 

dropwise over 2-4 h, t o a s t i r r e d mixture containing ( 4 l ) , caesium f l u o r i d e , 

and tetraglyme at room temperature. The mixture was s t i r r e d for a fu r t h e r 

period of 18-20 h and then water («*150 ml) was added. The product, which 

separated as a lower layer, was washed and then dried over sodium sulphate. 

The yields of the main products (given below) were estimated from a n a l y t i c a l 

scale g.l.c. (GDB, col 'O', * 110°). 
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Experlmental Details 

Reactants 

Alcohol (g, mmol) 

(41) (g, mmol) 

CsF (g,mmol) 

Tetraglyme (ml) 

Alcohol addition (h) 

Further s t i r r i n g (h) 

Crude product (g) 

Methanol 

1.31.3 

10,25 

3,17.7 

20 

4 

20 

9.1 

Ethanol 

2.6,56.5 

20,50 

7-7,50.7 

35 

2 

18 

19 

Isopropanol 

3.3,55 

20,50 

9,59.2 

35 

3 

18 

18.4 

Product Yields 

CFX _ / C F 3 C F 3 N _ _/ C F 3 f F : 

v 
C F 3 ^C=C £ = C C F 3 £ = C . / \ / V \ / \ 

C F CF^OF C,Fc C OR / \ \ / \ 
RO C 2 F 5 OR RO C 2 F 5 

96 95 97 

R = CH3 8 53 17 

R = c^H5 23 40 7 

R = (CH 3) 2 CH 5 i a 

a, unresolved by g.I.e. 

Samples of the three main products from each reaction were separated 

by d i s t i l l a t i o n (Fischer-Spaltrohr), and preparative scale g.l.c. of the 

v o l a t i l e f r a c t i o n s , f o r the mono-alkoxy derivatives (Autoprep: c o l 'O1, 60°:-

methoxy, ethoxy; c o l '0', l80°:- isopropoxy), and residues, f o r the di-alkox.y 

derivatives (col 'A1, l40°:- methoxy; c o l '0', l80°:- ethoxy, isopropoxy). 
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Methoxy derivatives: (96), R = CH3) i d e n t i f i e d by comparison of 
l69 

spectral data with that of an authentic sample (n.m.r. spectrum No.l4); 

c i s - , trans-2-methoxy -3,4-bistrifluoromethylnonafluoro -3-hexene (95, 

R = CH3), b.p. 126 . 5 ° , (Pound C, 26 . 5 ; F, 68.6$; M +,4l2. CgHgP^O 

requires C, 26.2; F, 69.1$; M, 412 ), i . r . spectrum No.8, n.m.r. spectrum 

No.11; trans-2,4-dimethoxy -3 ,4-bistrifluoromethyloctafluoro-2-hexene 

(97, R = CH3), b.p. 161°, (Found C, 28.1; F, 62.9$; M+-F,405. C^HgP^Oj 

requires C, 28 . 3 ; F, 62 .7$; M, 424), i . r . spectrum No.11, n.m.r. 

spectrum No.17-

Ethoxy derivatives: trans-4-ethoxy - 3,4-bistrifluoromethylnonafluoro-2-

hexene (96, R = C ^ ) , b.p. 128 .5° , (Found C, 28.2; F, 66.6#; M+-H, 

425. C 1 QH 5F 1 50 requires C, 28.2; F, 66.9#; M, 426), i . r . spectrum 

No. 10, n.m.r. spectrum No. 15; c i s , trans - 2 - ethoxy- 3 , 4 -

bistrifluoromethylnonafluoro -3-hexene (95, R = C^g), b.p. 132° (Found C, 

28.2; F, 66.5$; M +,426), i . r . spectrum No.9, n.m.r. spectrum Mo.12; 

trans-2,4-diethoxy -3 ,4-bistr'ifluoromethyloctafluoro-2-hexene (97, R = Vfic)' 

b.p. 180°, (Found C, 32.0; F, 58 .3$; M+,452. C^H^F^O requires C, 

31-9; P, 58 .8$; M, 452), i . r . spectrum No.12, n.m.r. spectrum No.18. 

Isopropoxy derivatives: (96, R = C^Hy) and (95, R = C3Hy) (unresolved 
19 o by g . l . c , r a t i o 96:95 i s 1.2:1 by F n.m.r.), b.p. 145 , (Pound C, 30.2; 

P, 64.3$. C^HyF^O requires C, 30.0; F, 64.7$; M, 440), n.m.r. spectra 

Nos. 13 and 16; trans-2,4-di-isopropoxy - 3 ,4-bistrifluoromethyloctafluoro-

2-hexene (97, R = C^Hy), unsatisfactory analysis, (Found N̂ -Ĉ My, 437. 

C^H^P^02 requires M, 480), i . r . spectrum No.13, n.m.r. spectrum N0.I9. 

Dialkoxy products are s t i l l formed from similar reactions when a 

s l i g h t deficiency of methanol or ethanol i s used, A very similar product 
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mixture, t o that from reaction at room temperature, i s obtained from the 

reaction of ( 4 l ) with isopropanol at 85°. The composition of a mixture 

of monomethyl ethers (95) and (96) was unchanged a f t e r s t i r r i n g with 

caesium f l u o r i d e and tetraglyme at room temperature for 20 h. 

VIII.A.2 Methanol, using Sodium Carbonate as Base 

Using the same method as above', a s l i g h t deficiency of methanol 

and sodium carbonate as base gave recovered s t a r t i n g material, ( 4 l ) , and 

disubstituted product (97* R = CH^) as the main components of the product 

and (9_5» R = CH^) and (96, R = CH^) as minor components. 

A similar experiment conducted i n t h i s laboratory gave (96, R = CH^) 
169 

as the. main product (6l# y i e l d ) . The rate of addition of methanol and 

eff i c i e n c y of s t i r r i n g appear to greatly a f f e c t product d i s t r i b u t i o n . 

VIII.A.3 Methoxide 

A mixture of ( 4 l ) (8.5g, 21.2 mmol), sodium methoxide (87 mmol), and 

methanol (25 ml) was s t i r r e d at room temperature for 18 h. After addition 

of water the recovered product (6.5 g) contained no (41, 95> 96, or 97). 

The i . r . spectrum shows carbonyl groups. 

VIII.A.4 Reaction of CQF^Q Isomers with Neutral Methanol 

After passing ( 4 l ) over i r o n f i l i n g s at 5^0° CgP^ isomers (89) 

and a mixture of CQF1(- isomers are obtained (see Chapter V): 
C F 

C = C 
\ 
/ 

C F 
-f cis 

C F C F 
C F + CIS 

\ 

/ \ / \ 

: C = C F 2 

99 
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A mixture of CgF^ Isomers (41:98:99 2:2:1; 2.15g, 5.4 mmol) and 

methanol (1.6g, 50 mmol) was s t i r r e d at room temperature f o r 5 days. 

After adding water the recovered fluorocarbons (2.05g) contained (estimated 

using GDB, col 'O', 100°) CgF^ (8l#) and CQF15CMe (19%). Preparative 

scale g.l.c. (col '0', 125°) gave (41) and (98) (1.05g) and a mixture of 
19 

CgF^OMe isomers (100, 101, 102) (by F n.m.r. and i . r . spectroscopy) 

(Found C, 26.0; F, 68.9$; M+-F, 393» CgH-jF^O requires C, 26.2; 

F, 69.1$; M ^ 1 2 ) ' ^ m a x l&fr w, 1715 m cm~ 1(C=C s t r . ) . The recovered 

( 4 l ) and (98) were heated with methanol i n a sealed glass tube at 100° 

for 16 h. Only (98) reacted. 

VIII.A.5 Alcohols and Water, using Pyridine as Base 
Experimental Details 

Reactant CĤ OH C2H5OH C-jHyOH Ĉ HgOH H20 

ROH (g,mmol) 2,62.5 2.5,54 3-1,52 1.9,26 1.2,67 

(41) (g,mmol) 20,50 20,50 20,50 10,25 10,25 

Pyridine (g,mmol) 9.3,118 9.3,118 9.3,118 •4.7,59 4,51 

Tetraglyme (ml) 35 35 35 20 20 

/ 0 » Reflux ( , h) 100,5-5 105,5-5 105,6 105,6 100,17 

V o l a t i l e s (g) 13.9 14.8 16.6 7.6 
6.8 

Black O i l (g) 2 1.5 .5 0 

A s l i g h t excess of an alcohol (methanol, ethanol, isopropanol, or 

t-butanol) or water was added t o a s t i r r e d mixture containing ( 4 l ) , 
n O O 

pyridine, and tetraglym at ca. 80 . After r e f l u x i n g at ca. 100 the 

mixture was allowed t o cool and the product recovered as for VII I . A . 1 

above. The v o l a t i l e component of the product was transferred under 

vacuum t o a cold t r a p leaving, i n some cases, an i n v o l a t i l e black o i l . 
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The yields of the major v o l a t i l e products were estimated by g.l.c. and 
19, F n.m.r. spectroscopy. 

Product Yields (%) 

CFoF 

Methanol (R = CH3) 42 

Ethanol (R = C 2 H 5 ) A 48 

Isopropanol (R = C-̂ Hy)̂  18 

a, ca. 100$ conversion; 

12 

8 

0 

CFn C F , CFo C F , 
3 \ = c ( 3 w CFo C=C 

F CFOR X C 2 F 5 

0 R RO C 2 F 5 

96 

3 

9 

18 

95 

0 

0 

37 

b, ca. 70% conversion. 

Products from methanol: The v o l a t i l e ^ products were d i s t i l l e d (Fischer-

Spaltrohr) giving an uni d e n t i f i e d component (0-3g), b.p. 71°J 

c i s , trans-F-2,5-dihydrotetramethylfuran (109) ( 5 - l g , 27$ isolated y i e l d ) , 

b.p. 83°, (Found C, 25.3; F, 70.0$; M+-F, 359« CgF^O requires C, 25.4; 

F, 70.4$, M, 378),V 1705 cm"1 ( C = C s t r . Raman), i . r . spectrum No.16, 
19 

F n.m.r. spectrum No.22; and a mixture of (96, R = CH3) and ( i l l , R = CH3) 
19 

( i d e n t i f i e d by F n.m.r. spectroscopy). These two compounds could not be 

separated by d i s t i l l a t i o n and preparative scale g.l.c. ( c o l . 'O1 and 'A 1) 

but a sample containing the furan (111, R = CH3) as the major component 

(94$) was obtained. Compound (111, R = C2Hg) was prepared pure (see below). 

Products from ethanol: D i s t i l l a t i o n gave (109) (6g, 32$ isolated y i e l d ) , 

a mixture of (96, R = C^i^) and ( i l l , R = C2Hg) and a minor unid e n t i f i e d 

component (from preparative scale g . l . c . ) . 



-178-

Products from Isopropanol; (109) (1^5g, 11$ isolated y i e l d ) , unreacted 

(41), and a mixture of (95, R = C-jHy) and (96, R = C^iy) ( r a t i o 1:2 by 
19 

F n.m.r.). 

Products from t-butanol: Only recovered s t a r t i n g material, ( 4 l ) (7.6g, 76$ 

recovery). 
19 

Products from water: Complex mixture, but no (109) i s formed (by P n.m.r. 

spectroscopy). 

VIII.A.6 Reaction of F-2,5-dihydrotetramethylfuran w i t h Ethanol 

A mixture containing ethanol (0.26g, 5.7 mmol), (109) (2.2g, 5.8 mmol), 

pyridine (0.46g, 5^8 mmol), and tetraglyme (5 ml) was s t i r r e d f o r 11 days. 

The lower layer ( l . 6 g ) was separated, transferred under vacuum from 

phosphorus pento'xide, and contained (111, R = C^R^) (90$, 6l# y i e l d ) 

and f i v e minor components. A sample was separated by preparative scale 

g.l.c. (Autoprep, col 'O', 100°) giving c i s - , trans-2-ethoxy-5-fluoro-

t e t r a k i s t r i f l u o r o m e t h y l f u r a n (111, R = C2K5) (isomer r a t i o = 83:17 by 

n.m.r. spectroscopy), b.p. 126.5° (Found C, 30.0; F, 60.6$; M+-H, 403. 

C10 H5 F13°2 r e c l u i r e s C, 29.7; F, 61.1%; M, 404), i . r spectrum No. 17, 

n.m.r. spectrum No.23. 

Furan (109) (22$ y i e l d ) was obtained from reaction, at room 

temperature, of (41) w i t h methanol using Et-jN as base and tetraglyme as 
169 

solvent. Compounds (95* R = CH^) and (96, R = CH-j) were also formed. 
The same reaction, but under r e f l u x , produced (109)* (96, R = CH3), and 

l69 

furan (112) (8#). No (95, R = CH3) was obtained. Furan (112) i s 

a known compound. 
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VIII.A.7 Conversion of Alkyl, Ethers t o F-2,5-dihydrotetramethylfuran (109) 

VIII.A.7-a A s t i r r e d mixture containing (95, R = C^^) ( l g , 2.3 mmol), 

pyridine (0.21g, 2.7 mmol), and tetraglyme (5 ml) was heated i n a sealed 
o 

glass tube at 120 for 2 h. After cooling v o l a t i l e material was 

transferred under vacuum from the tube, washed with d i l u t e HC1 and 

the product (0.4g) contained ca. 95# of (109) (^3$ y i e l d ) by 

F n.m.r. spectroscopy. 

VIII.A.7-b A similar mixture but containing CsF instead of pyridine was 

heated at 110° for 21 h and (109) (3*$ y i e l d ) was transferred from the 

tube. 

VTII.A.7-C A sim i l a r mixture to that i n a) but containing (95 J R = CH^) 

and (9§» R = CH^) was heated at 110° for 2 h. The recovered product 
19 

contained ( 4 l ) and (109) from i t s F n.m.r. spectrum. 

VIII.A.8 Reactions of F-2,5-dihydrotetramethylfuran (109) 

VIII.A.8.a With Triethylamine 

A mixture containing (109) (2g, 5^3 mmol), triethylamine ( l g , 9«9 mmol), 

and tetraglyme (5 ml) .was heated i n a sealed glass tube at 95 f o r 20 h. 

The recovered v o l a t i l e material ( l g ) contained (GDB, col 'O1, 80°) (109) 

(6 l # ) and furan (112) (39$, M% y i e l d based on 109 consumed). I n v o l a t i l e 

material (0.5g) was recovered from the tetraglyme layer on addition of 

water. 

VIII.A.8.b With Pyridine 
A reaction analagous t o that described f o r (a) but using pyridine, 

169 
gave recovered (109). 
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VIII.A.8.c With Caesium Fluoride or Chloride 

Similar mixtures t o that i n (a) above but containing CsF or CsCl 

were heated at 130° for 40 h. Only (109) was recovered (64$ using 

CsF, 86$ using CsCl). No (112) was detected. 

VIII.A.9 Effect of Alcohol and Amine 

The pa r t i c u l a r amine used as base can a f f e c t the product d i s t r i b u t i o n 

obtained from an alcohol ( i . e . ethanol or methanol) and ( 4 l ) . This 

was shown by pyridine and Et-̂ N (see e a r l i e r ) . For a given amine, using 

similar conditions, methanol and ethanol can give very d i f f e r e n t product 

mixtures. 

VTII.A.9.a Ethanol, using Trlmethylamine 

A mixture of ( 4 l ) (lOg, 25 'mmol), Mê N (3-5g, 59-3 mmol), and 

.ethanol (20 ml) was s t i r r e d at 0° for 2 h and then at room temperature 

for 20 h. Water (150 ml) was added and the lower layer was separated, 

washed, and dried (No^O^) giving product (9-4g) containing (estimated % 

yields based on 41) (95, R = C 2H 5) (20$), (97,R=C 2H 5)(35$), two u n i d e n t i f i e d 

components (10 and 15$), and three minor components. Compounds (95) and 

(97) were separated and i d e n t i f i e d by comparison of spectra with those 

of authentic samples. 

VTTI.A.9'b Ethanol, using Trlethylamine 

A similar mixture but containing Et-jN (5»4g, 53-5 mmol) was s t i r r e d 

f o r 18 h giving product (9-7g) containing (95) (45$ y i e l d ) , (£7) (26#), 

and the same two unide n t i f i e d components (5 and 10$ y i e l d s ) . 

VIII.A.9-c Methanol, using Trimethylamine 

( i ) A mixture, similar t o that f o r (a) above but containing methanol 

(20 ml) was s t i r r e d at 0° f o r 3 h and then at room temperature for 18 h. 
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The product (8.2g) contained (97, R = CH3) (30$ y i e l d ) , (108) (40$) 

and eight minor components. Furan (109) was not formed. Preparative 

scale g.l.c. ( c o l 'A1, 110°) gave (£7) ( i d e n t i f i e d by comparison 

wit h an authentic sample) and methyl 3-methoxy-3-trifluoromethyl-4, 

4,5,5,5-pentafluoropentanoate (108) (Found F, 50.4$; M+-0CH3, 273-

CgHgFg03 requires F, 50.0$; M, 304), i . r . spectrum No.l8, n.m.r. 

spectrum No.24. 

( i i ) Methanol (.8g, 25 mmol) was added over 1.5 h to a s t i r r e d mixture of 

( 4 l ) (lOg, 25 mmol), Me-jN (3g> 50.8 mmol), and tetraglyme (20 ml) at 
o , , 0 . The mixture was then s t i r r e d at room temperature for 4 - 6 h. 

A s o l i d was f i l t e r e d from the mixture, washed with ether and i t s 

analysis and spectral data are consistent w i t h (CH 3)^ N RI^* The 

lower layer (3«8g) of the remaining mixture contained (109) 

(12$ y i e l d ) , (41) (9$), (9j>, R = CH3) (12$), (£5, R = CH3) (2$) 

and two other components. Addition of water t o the tetraglyme 

gave further product ( l . 2 g ) . 

VIII.A.9«d Methanol, using Triethylamine 

Similar mixtures t o that for (b) above but containing methanol 

(10 ml) were s t i r r e d at room temperature for 30 h, or at 70° f o r 18 h. 

The recovered products (ca. 8g) were of similar composition and contained 

two major and eight minor components. The two major products were 

separated by preparative scale g.l.c. (col 'A1, 110°). One was I d e n t i f i e d 

as (108) (see c above) but the other was uncharacterised. 

VIII.A.10 Ethylene Glycol 

A mixture containing ( 4 l ) (10.lg, 25-3 mmol), ethylene glycol 

(l.75g, 28.2 mmol), sodium carbonate (5g, 47.2 nunol), and tetraglyme (20 ml) 
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was s t i r r e d for 42 h. The product (6.9g) separated as a lower layer on 

addition of water (50 ml). Analysis by g.l.c. (col T0', l6o°) showed 

one major product (58$ y i e l d ) and separation of a sample by preparative 

scale g.l.c. (col 'A1, 145°) gave 5-pentafluoroethyl - 5 , 6 , 7-tristrl-

fluoromethyl-l ,4-dioxa -6-cycloheptene (104), b.p. 183.5°, (Pound C, 28.7: 

F, 62.5#5 M+, 422. C 1 0H 4F uO2 requires C, 28.5; F, 63.0$; M, 422), 

i . r . spectrum No.l4, n.m.r. spectrum No.20. 

VIII.A.11 Ethanolamine 

Ethanolamine (4.5g, 73•6 mmol) was added slowly t o a s t i r r e d 

mixture of (4l) (lOg, 25 mmol) and tetraglyme (20 ml). After 1 h water 

(50 ml) was added and the product (3s), which separated as a lower layer, 

contained (GDB, Col '0', 170°) four components. Preparative scale g.l.c. 

gave 5-pentafluoroethyl -5 ,6 ,7-tristrifluoromethyl-l-oxa -4-aza -6-cycloheptene 

(105) (8# y i e l d ) (Found N, 3-3$; M+, 421. C 1 0H 5F U NO requires N, 3.3$; 

M, 421), i . r . spectrum No.15, n.m.r. spectrum No.21. The other analysis 

figures were not sat i s f a c t o r y . 

VIII.A.12 S o r b i t o l 

Using a 3:1 r a t i o of (4l) t o s o r b i t o l , with sodium carbonate as base 

and DMSO as solvent, at room temperature, (41) (20$) was recovered 

together with a small amount (0.2g) of a s o l i d which showed OH and CP 

stretches i n i t s i . r . spectrum. 

VTII.A.13 Phenol 
I69 

The reactions v/ith phenol were carried out by a previous worker. 

Now that related n.m.r. data i s available f o r s i m i l a r alkoxy products 

i t has been possible t o reassign structures t o two of the products, 
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(95a, R = Ph) and (9_5_b, R = Ph). The n.m.r. data for a l l three 
monophenoxy derivatives i s given i n the appendices; n.m.r. spectra 
Nos. 19-21. 

V I I I . B Reactions with N-Nucleophiles 

V I I I . B . l Ammonia 

A mixture of ( 4 l ) (7.7gj 1 9 0 mmol), 880 aqueous ammonia (10 ml) 

and ether (8 ml) was s t i r r e d at room temperature for 71 h. There was no 

apparent reaction a f t e r 30 minutes i n the absence of ether, but a rapid 

colouration occurred when ether was added. Water (50 ml) and ether (50 ml) 

were added and the ether layer was separated, washed, and dried over MgSÔ . 

Analysis by g.l.c. (GEB, col f0', 200°) showed one major component. The 

ether was removed under reduced pressure leaving a pale yellow s o l i d 

(4.9g» 72$ crude y i e l d ) which was f r a c t i o n a l l y sublimed at 100° and 

.005 mm Hg pressure giving trans-2,4-diamino-3-oyano-4-trifluoromethyl-

octafluorQ-2-hexene (119) (2.9g, 43$ isolated y i e l d ) , m.p. 73-4°, 

(Pound C, 27.5; P, 59.3; N, 12.2$; M+, 351. C g H ^ F ^ r e q u i r e s 

C, 27.4; F, 59-5J It, 12.0&; M, 351), X m Q X (chloroform) 260 nm 

( € = 15,400), i . r . spectrum No.19, n.m.r. spectrum No.25-

Compound (119)was recovered unchanged a f t e r s t i r r i n g with ether, 
o 

d i l . HCl and aqueous sodium n i t r i t e at 0-5 f o r 1 h and then at room 

temperature overnight. 

Anhydrous ammonia, when bubbled through a solution of ( 4 l ) i n 

143 
ether gives e n t i r e l y d i f f e r e n t products (see discussion). 
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V I I I .B.2 Aqueous Methylamlne 

A mixture of ( 4 l ) (8.5g, 21.3 mmol), 25/30$ w/v aqueous methylamine 

(20 ml), and ether (10 ml) was s t i r r e d for 74 h. The l i q u i d product 

(7«5g) was recovered as i n V I I I . B . l above and contained two major and 

several minor components (GDB, col '0 1, 200°). The two main components 

were separated by reduced pressure d i s t i l l a t i o n (Fischer-Spaltrohr) and 

preparative scale g.l.c. The more v o l a t i l e component contained several 
l g 

isomers or compounds from i t s F n.m.r. spectrum and was not investigated 

f u r t h e r . The spectral and a n a l y t i c a l data of the less v o l a t i l e component 

i s consistent w i t h 2-trifluoromethyl-3-(2-methylaminooctafluoro-2-butyl)-

4-methylimino-N-methyl-2-azetine (120) (Found H, 2.6; N, 10.9$; M+, 393; 

M+-CF3, 324; C^H^F^Ng requires H, 2.6; N, 10.7%; M, 393), X m Q X 

(cyclohexane) 290 nm (fe = 13,600), i . r . spectrum No.20, n.m.r. spectrum 

No.26. The other analysis figures were not s a t i s f a c t o r y . 

VTII.B.3 Anhydrous Methylamine 

Anhydrous methylamine (l.3g, 42 mmol) was bubbled i n t o ( 4 l ) 

(7.2g, 18 mmol) and a white s o l i d formed. Addition of water (30 ml) gave 

a l i q u i d product (6.6g) containing (GDB, col V , l40°) ( 4 l ) (ca. 75$ 

wt composition), (118, R = CH^) (20$), and two minor components. 

Trans-4-methylamino-3,4-bistrifluoromethylnonafluoro-2-hexene (118, R = CH 

was not isolated but i t s structure follows from a comparison of the 
19 

F n.m.r. spectrum with that of (118, R = ̂ H^) (see below) and s i m i l a r 

alkoxy derivatives described e a r l i e r . 

A s i m i l a r reaction but with ether present also gave (118, R = CH.,). 
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V I I I .B.4 Anhydrous Ethylamine 

Ethylamine (2.4g, 53.3 mmol) was added t o ( 4 l ) (lOg, 25 mmol) 
. . o 

and tetraglyme (20 ml) at 0 . After s t i r r i n g at room temperature for 

18 h water (100 ml) was added and the product (6.9g) was recovered. 

Transference under vacuum gave a less v o l a t i l e f r a c t i o n (3«4g) and a 

v o l a t i l e f r a c t i o n (3«5g). The v o l a t i l e f r a c t i o n contained two main 

components which were separated by preparative scale g.l.c. (GDB, col 'A1, 

145°) giving trans-4-ethylamino-3,4-bistrifluoromethylnonafluoro-2-hexene 
(118, R = C 2H 5), b.p. 127°, (Found F, 66.5$; M+, 425. C i o H 6 F 1 5 N 

requires F, 67.0$; M, 425), i - r . spectrum No.21, n.m.r. spectrum No. 27. 

and a mixture of c i s - , trans-2-ethylimino-3,4-bistrifluoromethyloctafluoro-

3-hexene (123, R' = Ĉ Ĥ ) and c i s - , trans-3-(N-ethyliminofluoromethyl)-4-

t r i f l u or omethyld e ca f l u or 0-3-hexene (124, R = C2H5) (unresolved by g.l.c., 
19 

r a t i o 123:124 i s 2 : -l by F n.m.r. spectroscopy) (Found C, 29.3; 

F, 65,1; N, 3-5$; M+, 405. C^HgF^N requires C, 29.6; F, 65-7; 

N, 3-5$; M, 405), X m G X(cyclohexane) <235 n m ^ m a x 1640 w ( C = C ) , 

1670 mw (CF 3C=N, 123), 1750 m cm"1 (CF=N, 124), n.m.r. spectrum No. 28. 

VIII.B.5 t-Butylamine 

VIII.B.5.a I n the presence of Pyridine 

( i ) Excess Amine: t-Butylamine (l.75g, 24 mmol) was added t o ( 4 l ) ( l . l g , 

2.8 mmol) and a white s o l i d immediately formed. The reaction was 

exothermic. Pyridine (10 ml) was added and the mixture vias s t i r r e d for 

7 days a f t e r which water was added. The recovered lower layer (0.8g) 

contained one main component (ca. 80$) (GDE, col 'A1, 140°). The 
19 

F n.m.r. spectrum suggests the main component i s cls-2-t-butylimino-3-

trlfluoromethyl-4-(N-t-butyliminofluoromethyl)-octafluoro-3-hexene (125) 
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(Found M+-F, 447. c i s H i 8 P 1 2 N 2 r e ( l u l r , e s M» ^ 6 ) , n.m.r. spectrum No.29. 

Attempted separation of (125), using preparative scale g.l.c. (col 'A1, 
o 19 150 ), gave a mixture containing (by F n.m.r.) (125) (15 mole %) and a 

compound i d e n t i f i e d as cis-2-t-butylimino-3-trifluoromethyl-4-cyano-

octafluoro-3-hexene (126)(85 mole %) (Found, M+-CH3 , 375. C12 H9 F11 N2 

requires M, 390), \ m n v (cyclohexane) < 235 nm (e <2000), U (cm" 1) 

1625 m (C = C), 1685 m ( C = N ) , 2225 w (c = N), n.m.r. spectrum No.30. 

( i i ) Equimolar Amounts of Amine and CgF.g: A mixture of ( 4 l ) ( l g , 2.5 mmol), 

t-buty1-amine (0.l8g, 2.5 mmol), and pyridine (3 ml) produced a white s o l i d , 

which a f t e r s t i r r i n g for 7 days had disappeared leaving a lower layer (0.95g) 

containing (GDB, col 'A1, 145°) ( 4 l ) (ca. 45#), (124, R = C^Hg) (33#), an 

un i d e n t i f i e d component (17%), and (125) (5#). Compound (125) was i d e n t i f i e d 

by comparison of g.l.c. retention times and (124, R = C^Hg) (ca. 60$ y i e l d 
19 

based on 4 l consumed) was i d e n t i f i e d by a comparison of the F n.m.r. 

spectrum with that of 124, R = C ^ ) . 

VIII.B.5.b Without Pyridine 

The reactions of t-butylamine w i t h ( 4 l ) , i n the absence of pyridine, 

using molar r a t i o s of 2:1 and 1:1 (amine: 4 l ) j produce white s o l i d s . 

Subsequent addition of water or BF^ etherate gives product mixtures 

containing ( 4 l ) (main component) and (125)• 

VTII.B.6 Ethylenediamine 

Ethylenediamine (31g, 51.6 mmol) was added dropwise, w i t h s t i r r i n g , 

t o (41) (10.9g, 27-3 mmol) at 0°. Any v o l a t i l e s were transferred under 

vacuum, and a f t e r addition of water ( 4 l ) (7«9g) was recovered. The 

remaining i n v o l a t i l e material appeared t o be heat sensitive and no 

products could be sublimed. 
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V I I I .B. 7 Urea 

A mixture of (4l) (10Ag, 26 mmol), urea (3g, 50 mmol), 

Et3N(2g, 19.8 mmol), and EMF (20 ml) was refluxed f o r 6 h. After 

cooling, water (100 ml) was added and the recovered lower layer was 

washed and pumped under vacuum leaving a very viscous black t a r (8g), 

which did not sublime. 

No reaction occurred i n the absence of Et^N. 

VIII.B.8 Dlethylamine 

Previously i n t h i s laboratory i t has been found that the reaction 

of (4l) with Et2NH i n sulpholane at room temperature gives a single 

product (127). Subsequent hydrolysis ( d i l . NaOH) gives the expected 

amide. 

CFo .CFNEt-, CFo —NEto 
N // 2 V / 

C aF 1 f-|A1) > F — C — C k i n l l >• C = C 
8 1 6 Et 2 NH / \ NaOH / \ 

C 2 F 5 C 2 F 5 C 2 F 5 C 2 F 5 
127 

VIII.B.8.a Without Solvent 

Et2NH (0.6g, 8.2 mmol) was added dropwise t o (4l) (7.7g, 19.2 mmol) 

and a s o l i d forms immediately. After 30 min. (4l) and Et2NH2F were 

transferred under vacuum leaving pure (127) (1.7g» °a. 90% y i e l d ) . 

VIII.B.8.b With Ether Present 

A similar reaction, but w i t h (4l) i n solutio n i n dry ether, gave 

the same product. 
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VIII.B.9 Trlethylamine 

Refluxing ( 4 l ) with an excess of Et-jN for 2 4 h gave mainly ( 4 l ) 

169 

and some F-;3,4-dimethyl-2,4-hexadiene (89, 5 # ) . 

A low yield of (89) was also obtained from a similar reaction, 

but i n the presence of DMF as solvent. With tetraglyme as solvent 

C^F^N^ (g.l.c. -ms only) was formed in low yield but no (89) was 

detected. Both reactions, i n the presence of solvent, gave complex 

mixtures. 

VIII.C Phenylmagnesium Bromide 

Phenylmagnesium bromide was prepared under nitrogen i n dry ether 

(60 ml) from magnesium ( l . j 5 g , 53 mmol) and bromobenzene ( 8 . 1 g , 51 .6 mmol). 

A solution of deoxygenated ( 4 l ) (lOg, 25 mmol) in dry ether (50 ml) was 

then added over 15 min. The mixture was refluxed for 1 h and then 

water (100 ml) and 4M HC1 ( 4 0 ml) were added. The ether layer was 

separated, washed, and dried (Na^O^), and then ether and unreacted ( 4 l ) 

(ca. 2g) were removed by d i s t i l l a t i o n leaving a residue ( 6 . 7 g ) containing 

fluorine (19 .6$ , 68.9, mmol) by elemental analysis. The aqueous layer 

and washings were combined, neutralised and a l l water removed leaving 

inorganic salts which, by elemental analysis, contain 202 mmol of 

fluoride. Thus the recovered fluorine accounts for 8 4 $ of CgP̂ g consumed 

( 8 g ) . 

The organic residue was fractionated under vacuum giving involatlle 

material, biphenyl (3»25g* 8 l # yield, based on bromobenzene), and a 

colourless liquid ( l . 5 g ) which consisted mainly (ca. 95$) of a mixture 
19 

of CgF^Ph isomers (from ms and F n.m.r.). S t i r r i n g the mixture of 

CgF-igPh i s o m e r s with CsF and tetraglyme gave a less complex -̂ F n.m.r. 
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spectrum and loss of a C = C s t r . at 1730 cm In i . r . spectrum. The 

data is consistent with 3-trifluoromethyl-4-(phenylfluoromethene) 

-nonafluor0-2-hexene (129) (Pound C, 40 .3i F, 58 .3$ ; M+, 420. 
CU H5 F13 r e c l u l r e s C, 40 .0; F, 58 .8$ ; M, 420), i . r . spectrum No.22, 

n.m.r. spectrum No.31. 

The same reaction, as above, when worked up without addition of water 

or d i l . acid, by transferring under vacuum, gave the same products but 
19 

i n this case the recovered ( 4 l ) (3g) was shown by P n.m.r. spectroscopy, 
to contain ca. 35$ of F-3-methyl-4-methene-2-hexene ( 128 ) , D m Q X 1690 mw 

- 1 19 

and 1715 m (CFgCF=C), and 1740 m cm (P2C = C), F n.m.r. spectrum 

No.32. Compound (128) could not easily be separated from ( 4 l ) using 

preparative scale g.l.c. 

VIII.D Halide 

Chloride: No reaction of ( 4 l ) with LiCl using tetraglyme at 

room temperature. 

Iodide: Only ( 4 l ) recovered using Nal and acetone at 6 0 ° . 

VIII.E Potassium Permanganate 

To a solution of potassium permanganate ( 4 . 7 g , 29«7 mmol) i n dry 

acetone (100 ml), ( 4 l ) ( 9 , 7 g , 24.J> mmol) was added slowly. After 

s t i r r i n g for 3 h, water (100 ml) was added and sulphur dioxide was 
o 

bubbled into the mixture to decolourise. On cooling to 0 a lower 

layer formed, which was separated, and after addition of water (100 ml) 

was extracted into carbon tetrachloride. After washing and drying 

(MgSÔ  then P2O5) the solvent was removed by d i s t i l l a t i o n , and the 
o 

last traces by bubbling nitrogen through the product at 100 to give 

3,4-bistrifluoromethyldecafluoro-3,4-hexadiol (131) (65$ ) , m.p. 4 9 - 5 1 ° , 
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(Found C, 2 2 . 0 ; F, 69.5#5 CgH^gO requires C, 2 2 . 1 ; F, 70 .0# ; M, ^ 3 4 ) , 

i . r . spectrum No.25, n.m.r. spectrum No.53. 

VTII.E.l Reaction of Diol with Potassium Hydroxide 

Crushed dry_ KOH (lOg, 178 mmol) was added to d i o l (131) ( 8 . 4 g , 

1 9 0 mmol) and the mixture was l e f t for 7 days. Strong heating under 

vacuum gave a colourless l i q u i d (8g) containing (GDBj col ' 0 ' , 1 5 0 ° ) 

d i o l (131) (25$ by wt) and a more volatile component (132) (7556). 

The yield of (132) based on diol (131) consumed is 98$. A sample 

of (132)was separated, by preparative scale g . l . c , as a mixture of 

two isomers (ratio 8 0 : 2 0 ) . The spectral data is consistent with 

2>3-bistrifluoromethyl -2-(2-hydroxyloctafluoro -2-butyl)-fluoro-oxirane 

(132) (Found M+-F, 395. CQHF^O requires M, 4 l 4 ) , i . r . spectrum No.24, 

n.m.r. spectrum No.34, The v o l a t i l i t y of the sample prevented a 

satisfactory analysis from being obtained. 

When wet KOH was used a very vigorous exothermic reaction occurred 

and l i t t l e material was recovered. 

VIII.F Difluorocarbene 

Only ( 4 l ) recovered using sodium chlorodifluoroacetate at 1 3 0 ° . 
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CHAFTER IX 
Experimental to Chapter V 

IX.A Pyrolysis of F-olefins, General Method 

A l l the reactions described i n this chapter involved passing 

the reactant, i n a stream of nitrogen, over a packing material contained 

i n a hot s i l i c a tube. The products were collected i n a trap cooled 

with liquid air or solid CĈ . The s i l i c a tube was heated by a cylindrical 

furnace (ca. 30 cm long), the temperature being measured by a thermocouple 

along the outside of the tube. Nitrogen was bubbled through the reactant, 

which was warmed for less v o l a t i l e compounds, and a flow rate of about 

50 cc/min gave a contact time of about 25 seconds. Flow rates much 

above 50 cc/min decreased the efficiency of trapping but this could 

be enhanced by packing the receiver with glass wool and/or using two 

traps. 

The concentration of the reactant, i n the heated tube, and the 

contact time did not markedly affect product distribution, although 

very short contact times w i l l obviously reduce conversion. However, 

conversion to products w i l l increase at higher tube temperatures, but 

this may be offset by increasing degradation. 

The s i l i c a tube contained one of the following: platinum f o i l , 

quartz wool, CsF, or coarse iron f i l i n g s . Iron f i l i n g s , which are used 

as a defluorinating agent, were renewed regularly. I t is important 

that lower temperatures are used for defluorination than those required 

to give high conversions to purely thermal fragmentation products. For 

example, ̂  5̂ 0° was used for defluorination of CgF̂ g (i*l) because 

fragmentation is only significant above 5̂ 0° for the contact times used. 
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IX.A.1 Workup 

The products are generally mixtures of volatile liquids and 

sometimes gases, although less volatile oils may also be formed to 

a limited extent. The products were treated either by l ) separating 

the gases from the vo l a t i l e liquids, at room temperature and under 

reduced pressure, followed by further analysis of both fractions or 

2) allowing any gases to escape at room temperature leaving the more 

interesting liquid products. I t should be noted that P-ethane (b.p. -78°) 

which can be one of the products, is not trapped using solid CĈ . The 

liquid products, which may s t i l l contain dissolved gases such as 

F-propane and F-butane, were then analysed further. 

The percentage conversions and yields quoted should be treated 

as approximations because of the nature of the products and the number 

of variables i n these experiments, especially when using iron f i l i n g s 

since their activity is very variable. 

IX.B F-3,4-dimethyl-3-hexene (41) 

IX.B.l Over Iron 

C F 3 C 2 F 5 

41 41 + ^ D = C F C F 3 + ^ . C = C F 2 + C E F U ( 8 9 ) 

CF CF / \ X \ 
C F 3 C2 F5 C F 3 C2 F5 

9 8 9 9 

A freshly packed tube at 5^0° using about 30 g of (4l) gave a 

product mixture containing (8_9) (ca. 50$) and a mixture of CgF̂ g isomers, 
19 

( 4 l ) , (9§_)J and (99) (ratio 2:2:1 by F n.m.r. spectroscopy). A mixture 

of the CgF|g isomers was separated by d i s t i l l a t i o n and preparative 
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scale g.l.c. (col '0', 80°) (Found C, 23-9; F, 75-9#- C gF 1 6 requires 

C, 24.0; F, 76.O56). Some further separation of the isomers was 
19 

possible, again using preparative scale g.l.c., enabling F n.m.r. 
19 

assignments to be made, F n.m.r. spectra Nos. 35 (98) and 36 (99)« 

Further structural evidence is given i n Section VIII.A.4. Isomers (89) 

I69 
have been prepared previously by the same method and are known 

. 176,177 compounds. 

IX.B.2 Caesium Fluoride 
o z 

Fresh dry CsF at 540 gave a similar product mixture (2.1g 
from 2.5g of 4l) to that obtained using iron at 540°. Thus i t contains 

C8 P16 i s o m e r s ( i i ) a n d ( 2 § ) ( c a* 7 0 # ) a n d C 8 FU l s o m e r s (89a) and (89b) 

(3056, ca. 28$6 conversion to defluorinated products) from a comparison of 
19 

the F n.m.r. spectrum with those of authentic samples. Similarly (99) 

i s not present. 

IX.B.3 Platinum 

IX.B.3«a Isomerisation 

Platinum at 540° gave a product mixture (1 .8g from 2g of 4l) 
• 

containing (4l) (ca. 70#), (98) (2556) and (99) (5$) . 

IX.B.3«b Fragmentation 

C F - , CF- , C F 0 

/ < / 3 

41 -£L_* F 2 C - C \ . + 

C = C F 
+ C 2 F 6 + C 3 F 8 + C 1 Q F 1 6 + others 

C F 3 

130 135 

Rat io 130:135 ^ LL-A 
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For convenience CgF̂ g isomers (98) and ( 99 ) are not considered 

as products. 

Effect of Temperature 

Liquid % Conversion 
Tube temp. i t i (g) products (g) to products % Recovery 

550 5.1 4.5 15 93 

580 5 .1 4.0 35 89 

620 5.0 3-2 60 80 

670 5-0 2.6 100 79 

Passage of ( 4 l ) (lOOg) through the tube (67O ) gave a fraction 

(13«5g) consisting mainly of F-ethane (ca. 39$ yield), and a li q u i d 

mixture (55»5g) after fractionating the products at -78° under reduced 

pressure. The liquid mixture contained three main components (GDB, 

col ' 0 ' and 'A', 25°) which are F-propane (10$), (135) ( l6#)* a n d 

(130) (70$), giving a ratio of (130) to (135) of 4 . 4 : 1 . The yields, 

based on ( 4 l ) , are F-propane (12#), (135) (14$), and (130) (59$), a 

t o t a l yield of CgF^ isomers of 73$. The liquid mixture was d i s t i l l e d 

(Fischer-Spaltrohr) with the d i s t i l l a t i o n fractions being collected i n 

tubes cooled i n C02/acetone because the boiling points are F-propane 

( - 3 9 ° ) , (135) ( 3 6 ° ) , 1 9 2 and (130) ( 4 9 - 5 1 ° ) . 1 9 5 The d i s t i l l a t i o n gave 

a high recovery of material (49.8g) and the fractions (28.7g) containing 

mainly (130) ( > 9 0 # ) is an approx. yield of 40#. 
194 

F-ethane was identified by i t s i . r . and mass spectra 

(M+-F, 119)J F-propane by i t s mass spectrum (M+-F, I 6 9 ) , and (130) 

and (135) (M +,262) by comparison of their l . r . and Raman (for 135) 
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spectra with literature data, 192,193 i . r . spectrum No.27 ( 1 3 0 ) , 

F n.m.r. spectra Nos. 37(130) and 38 ( 1 3 5 ) . Two other CgF^ isomers 

and also Ĉ gF̂ g isomers (ca. 3$) (g.l.c.-ms of pot residue from 

d i s t i l l a t i o n shows M+,424) were formed i n low yields but were not 

isolated or identified. 

Recycling of Product 

Passage of a mixture ( 2 . 6 g ) containing (130) (63$ ) , (135) ( 2 5 $ ) , 

, o 

and the two other Ĉ F̂ Q isomers, through the tube at 670 gave product 

( 2 . 2 g , 85$6 yield) containing (130) (78# ) , (135) (13$) , and the two 

other isomers. 

IX.B.4 Quartz Wool 

At 650 , quartz wool gave the same products obtained using 

platinum. 

IX.C F-2,3-dimethyl-2-pentene (92) 

IX.C.l Iron 

Compound (92) ( 1 . 7 g ) at 675° gave li q u i d products ( 0 . 85g ) 

containing (g.l.c.-ms and GDB, col ' 0 ' , 40°) (130) (5%) and isomers 

of CjF^ (136) (95$) (ca. 53$ yield). Isomers (136) were separated by 

preparative scale g.l.c. as a mixture of cis-, trans-F-2,3-dimethyl-l, 

3-pentadiene (136a) and F-l ,2,3-trimethylcyclobutene (136b) (r a t i o 136a:136b 
19 + is 4 . 5 :1 by F n.m.r. spectroscopy) (Found F, 72 .8$ ; M , 3 1 2 . CyF^ 

19 

requires F, 73-l#; M,312), F n.m.r. spectra Nos. 39 and 40. 

IX.C.2 Platinum 
P F 3 C F 3 

CF. 3 
o+ F^C—C ih 2 \ 

/ / 
9 2 + ( C F 3 ) 2 C = C = C F 2 + ( C F 3 ) 2 C = C I C F 3 ) 2 C = C F 

137 94 

135 130 + others 
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Effect of Temperature 

Tube temp. 

620 

675 

715 

92 (g) 

0 .7 

0 .7 

0 .7 

Liquid 
products (g) 

0 . 6 

0.35 

0 .2 

% Conversion 
to products 

5 

75 

100 

The weights of product, quoted above, were determined after allowing 

any gases present to escape at room temperature. The g.l.c.-ms 

(col ' 0 ' , 3 5 ° ) showed C5Pg (137) (M+-F, 193) , C 6F 1 Q (135) (M + ,262) , 

C6P12 (M +-F ,28l) , and C 6F 1 0 (130) (M + ,262) . 

At 7 0 0 ° , (92) ( 0 . 8 g ) gave 100$ conversion to a mixture of 

products ( 0 . 4 g , including any gases) which was transferred under 
19 

vacuum and sealed i n an n.m.r. tube. The F n.m.r. spectrum showed 
195 

the presence of allene (137) , cyclobutene ( 135) , diene ( 1 3 0 ) , and 
87 

(9 j ! ) • F-2-butyne may also be present. The i . r . spectrum confirms 
- 1 19^ 

the presence of diene (130) and allene (137) (C = C=C, 2045 cm ) . 

The yields of the products are roughly the same between 675 and 7 1 5 ° 

and are estimated as follows: (137) (7#) (135) ( 2 # ) , (130) (14$), ( 94 ) 

( 1 # ) . 
IX.D F-propene Trimers IX.D.l Iron 

( C F 3 J 2 C = C ; 
/ 

C 2 F 5 

Y 
+ C F 3 F C = C 

/ 
C F ( C F 3 ) C F - , C 2 F 5 

Fe 

C F ( C F 3 ) 2 

\ A 

C F ( C F 3 ) 2 

+ others 

I C F J 3'2 

3 2 33 138 
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A mixture of (3_2) and (33) (ratio 3 : 1 ) (2 . 3 g ) , at 605°, gave 

a product (1 . 45g) containing (GIB, col '01, 70°) one main component 

(ca. 70$, 4 8 $ yield). This was separated by preparative scale g.l.c. 

giving F-2-ethyl-1,3,3-trlmethylcyclobutene (138) (0 . 6 g , 28$ isolated 

yield based on t o t a l st. mat.), b.p. 8 9 ° , (Found C, 2 5 . 9 ; F, 74.1$; 

M+,412. C QF 1 6 requires C, 26.2; F, 73 .8$ ; M,4l2),V m a x (Raman) 
-1 19 1708 cm (c = C s t r . ) , i . r . spectrum No.25* n.m.r. spectrum No.4l. 

IX.D.2 Platinum 

Isomer (3.2) fragments more readily than (33_). At 5 6 0 ° most of 

(32) has reacted, (33) is s t i l l present at 6 2 0 ° , but a l l (33) has reacted 

at o70 . Most of the products are very v o l a t i l e , none were identified. 

IX.E F-2,5-dihydrotetramethylfuran (109) 

IX.E.l Iron 

At 580°, (109) (9 -95g) gave liquid product (7 -55g) containing, 
19 

by F n.m.r., (109) (23$ by wt.) and F-tetramethylfuran (112) (77$, 

79$ yield based on 109 consumed). The product was d i s t i l l e d (Fischer-

Spaltrohr) giving, as. the residue, (112) ( 3 . 6 5 g , 4956 isolated y i e l d ) . 

IX.E.2 Platinum 

At 715°, (109) (2.1g) gave a product l i q u i d ( l . 5 g ) containing mainly 

(109) ( > 9 0 # ) and two unidentified minor components from g.l.c. 

(GDB, col '0', 50°). 

IX.F F-4-ethyl-2,3,4,5-tetramethyl-2-oxolene (113) 

IX.F.l Platinum 

At 430° there is a 45$ conversion of (113) to products. 

From 500° to 700° the conversion to products is 100$ and the yield 
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of the main product (159) remains between 80 and 8556. 

Passage of (113) (47 .9g) through the tube ( 5 7 0 ° ) gave, after 

allowing any gases to escape, liq u i d products ( 28 .2g ) containing 

(GDB, col V , 6 0 ° ) (139) (ca. 88$ by wt. 8556 yield), n-F-butane 

(4$), and unidentified material ( 8 $ ) . A white crystalline solid 

(ca. 0 . 5 g ) formed i n the product on standing,but this was not 

identified. Preparative scale g.l.c. (col 'A', 5 0 ° ) of a sample 

of the product (5g) gave n-F-butane and F -2 ,3 ,4-trimethylfuran (139) 

( 3 . 2 g , equivalent to 62$ isolated yield), b.p. 9 0 . 5 ° , (Found C, 

29*3; 65.256; M + ,290. C 7F 1 Q0 requires C, 29-0 ; F, 65 .5$ ; 

M,290), A m a x (methanol) 220 nm (e = 3900) , i . r spectrum Mo.26, 

19 
F n.m.r. spectrum No.42. n-F-butane was identified by i t s 

19 174 

F n.m.r. spectrum. D i s t i l l a t i o n of the product mixture ( 19 .2g ) 

obtained from (113) (35g) (tube temp. 5 9 0 ° ) gave (139) ( l 4 . 7 g , 

6956 isolated yield). 

DC.F.2 Iron 
C F C F C F C F C F C F C F 

1 J3 3 C F Fe 

C F C F C F , C F C F F C F 
0 0 C F 

13 139 112 109 

Passage of (113) (27 .0g ) through the tube (470 ) gave, after allowing 

any gases to escape, a product mixture (19-lg) containing (GDB, col 'A* 

6 5 ° ) (109) (2056 by wt), (139) (1356), and (112) ( 6 0 # ) , and minor 

components. The yields are (109) ( l 8 # ) , (139) ( 1 5 $ ) , and (112) ( 6 0 # ) . 

D i s t i l l a t i o n gave (112) ( 8 , 5 g , 44$ isolated yield) and a fraction 
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contalning ( 109 ) , which was separated ( l . l g , 5# isolated yield) by 

preparative scale g.l.c. (col 'A1, 5 0 ° ) and identified by comparison 
19 

of F n.m.r. data with that of an authentic sample. 

IX.G Others 

Olefin (82) at 6 7 0 ° over platinum did not give any liq u i d 
o 

products although gases may have been formed. Over iron at 520 , 

(82) gave recovered starting material (ca. 6$) and two C^^Q isomers 

(ca. 2 $ ) , which are not (83) from their g.l.c. retention times. 

Olefin (83) at 550 over platinum gave ca. 50$ recovery of material 

containing at least six products, including isomers of C i nF i r, 

C F 
/ 

s \ / 
C F 

C F C F 

8 2 

C F C F 

C F C F 

C F 

8 3 

11*18 and C.0F 1 2 R 2 0 * 
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CHAPTER X 

Experimental to Chapter VT 

X.A Reactions of F-2,3-dimethylbutadiene (130) 

X.A.I Neutral Methanol 

A mixture of (130) (7-8g, 29.8 mmol) and neutral methanol (4.0g, 

125 mmol) was allowed to stand for 3 weeks. Water was added and the 

recovered product was washed, and dried over magnesium sulphate giving 

a colourless li q u i d (5.1g) containing (GDB, col 'O1, 100°) two main 

components identified as (140) (28$ by wt, 17$ yield) and ( l 4 l ) (62$, 

39$ y i e l d ) . Preparative scale g.l.c. (GBD col ?0', i30°) gave 

3-hydro-4-methoxy-2,3-bistrifluoromethyltetrafluDro-l-butene (l4Q), 

b.p. 95.5°, (Found C, 28.7; F, 64.0$; M+, 294. C^F^O requires 

C, 28.6; F, 64.6$; M, 294), i . r . spectrum No.28, n.m.r. spectrum 

No.43 and els-, trans-l-methoxy-2,3-blstrifluoromethyltrifluorobuta-

diene ( l 4 l ) ( r a t i o cis:trans = 1.6:1), b.p. 114°, (Found C, 30.9; 

F, 61.9$; M+, 274. CyHgFgO requires C, 30.7; F, 62.4$; M, 274), 

i . r . spectrum No.29, ti.m.r. spectrum No.44. 

X.A.2 Phenol 

A mixture containing (130) (4.1g, 15.6 mmol), phenol (1.5g, 

15.9 mmol), sodium carbonate (l.75g, 16.5 mmol) and DMF (25 ml) was stirred 

for 36 h at 22°. The reaction mixture was poured into water (300 ml) 

and the products extracted into ether. The ether layer was washed 

with d i l . NaCflj d i l . HC1, and water and then dried over sodium sulphate. 

Ether was removed by d i s t i l l a t i o n leaving a l i q u i d (3«6g) showing one 

main component (g.l.c. -ms and GEB, col '01, 200°) which 13 a mixture 
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19 by F n.m.r. containing (l4_3) (ca« yield). Compound (l4_3) 

could not be obtained pure using preparative scale g.l.c. but was 

identified as cis-, trans-3-hydro-l-phenoxy-2 ,3-bistrifluoromethyl-
19 

tetrafluoro-l-butene (l4_3) (ratio cisrtrans = 1:2 by F n.m.r.) 

(Found M+, 356. C12HgFl0O requires M, 356) , V m Q x 1700 s cm"1 (C = C s t r . 

n.m.r. spectrum No.45. 

X.A.3 Caesium Fluoride and Bromine 

Caesium fluoride (3g> 19*7 mmol) was added severally to a stirred 

mixture containing (130) (2g, 7 . 6 mmol), bromine (9»4 mmol), and 

DMF (8 ml). After 3 days the recovered lower layer ( l . 8 g ) contains 

mainly F-2,3-dimethyl-2-butene (9_4) ( 90$, ca. 70$ yield). Preparative 

scale g.l.c. (GDB, col '0\ 110°) gave (94) ( l . l g , 48$ isolated yield) 
which was'identified by i t s mass spectrum and by comparison of i t s 
19 87 F n.m.r. spectrum with that reported i n the li t e r a t u r e . 

X.A.4 Caesium Fluoride, Dimerisation 

X.A.4.a At room temperature 

A mixture of (130) (7.1g, 27-1 mmol), caesium fluoride (2 . 5 g , 

16.5 mmol), and tetraglyme (20 ml) was stirred for 18 h, when a 

one phase system remained and most of the CsF had dissolved. This 

orange solution is ca. 0 .8 M i n CsF, almost certainly i n the form of 

carbanions (see below). The products (6.7g) were recovered by 

transferring under vacuum to a cold trap and contained ($ wt, GDB, 

col *0', 50°) (130) (2$), (147) (32$, 30$ yield), (146) (60$, 57$ 

yield), and an unidentified less vol a t i l e component ( 6 $ ) . The CsF 

was precipitated from the tetraglyme layer after removal of products. 
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Samples of the two main products were separated by preparative 

scale g.l.c. (GDB, col '0', 6 0 ° ) giving c i s - , trans-F-3-(3'-methyl-2'-
19 

butylidene)-l,4,4-trimethylcyclobutene (147) (ratio = 2.2:1 by F n.m.r.), 
b.p. 137°, (Found F, 72.9$i M+, 524. C 1 2 F 2 0 requires F, 72.5$; M, 524), 

X m Q X (cyclohexane) 232 nm (e = 17,700), i . r . spectrum No. 30, 

19 
F n.m.r. spectrum No.46, and cis-,trans-F-2,3,6,7-tetramethyl-l,3<6-

19 o octatriene (146) (isomer ratio = 2:1 by F n.m.r.), b.p. 148 (Found F, 
+ 19 72.3$; M , 524), i . r . spectrum No.31, F n.m.r. spectrum No. 47. 

X.A.4.b At 90° 

A mixture of (130) (2.1g, 8 mmol), caesium fluoride (lg, 6.6 mmol), 

and tetraglyme (5 ml) was stirred at 90 for 15 h in Carius tube. The 

recovered product (1.6g) contained ( l 4 f ) (58$, 44$ yield) and (146) 

(37$, 28$ yield). 

X.A.4.C Pyridine 

A mixture of (130) (l«3g» 5 mmol), pyridine (0.15g* 1.9 mmol), 

and tetraglyme (5 ml) was stirred for 19 days. Only (130) ( l . l g ) 

was recovered. 

X.A.4.d Reaction of Dimers with Fluoride Ion 

A mixture of (146) and (147) ,(l46;l47 = 95:5) (0 . 2 5 g , 0.5 mmol), 

caesium fluoride (0 . 2 g , 1.3 mmol), and tetraglyme (2 ml) was stirred 

for 31 days. The recovered product (0 . 13g) contained (146) (90$) 

and (147) (10$). 

A similar mixture at 8 0 ° for 68 h gave a product containing mainly 

(146) (ca. 90$). 

A similar mixture hut containing (146) (5$) and (1^7) (95$) at 

room temperature gave a product containing (l4j_) ( 9 8 $ ) . 
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X.A.5 Formation of Carbanions from the Dimers 

A mixture containing (146) ( 0 . 3 8 g , 0 .7 mmol), CsF ( 0 . l 4 g , 0 .9 mmol), 

and tetraglyme (2 ml) was stirred for 40 h. After f i l t e r i n g under 
19 

nitrogen a sample of the tetraglyme layer was removed. The F n.m.r. 
spectrum (run using the Briiker spectrometer) is different to that 

from (146) and is consistent with the F -2 ,3*6,7-tetramethyl -3 ,6-octenyl 
19 

anion ( 1 5 0 ) , F n.m.r. spectrum No.51. Addition of BF2 etherate (60 AJ\) 

regenerated (146) and produced BF^ (154 p.p.m.). 

A similar experiment, but using (l4j_) gave a two phase system and 
19 

the tetraglyme layer produced only a very weak F n.m.r. spectrum 

which was different to that of ( 1 5 0 ) . After addition of BFj etherate 

the spectrum was s t i l l very weak. 
A similar experiment, but starting with (130) instead of the 

19 

dimers, gave a F n.m.r. spectrum showing a l l the signals arising 

from anion (150) and i n addition peaks at 51 .9 ( I n t . 6 ) , 60 .4 , 61.8 

(ca. 8 . 5 ) , 72 .8 ( 3 ) , and 177 ( 1 ) . 

X.A.5.a From Other Fluoro-olefins 

The dienes ( 8 9 ) , ( 8 l ) , ( 8 2 ) , and (129) a l l gave yellow or orange 

solutions with CsF and tetraglyme or sulpholane, but two phase systems 
19 

remained and the solvent layers showed very weak F n.m.r. spectra. 

X.A.6 Fluorination of Dimers using Cobalt Trlfluoride 

This is a standard technique previously used i n this laboratory 

and involves passing material i n a stream of nitrogen over a mixture 

of cobalt t r i f l u o r i d e and calcium fluoride. 
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X.A.6.a At 100° 

A mixture of (146) and (l4j_) (ratio 65:35) (3g) gave a product (2.5g) 

containing (g.l.c.—ms, GDB, col 'A1, 50°) 3 isomers of C<\2F22 ^ w t ' 

62, 33, and 5). The yield of (151), based on (146), is 68$ and the 

yield of (153), based on (147), is 6j%. Samples of the two main 

isomers were separated by preparative scale g.l.c. (Autoprep, col '0', 

30°) giving F-2,3,6,7-tetramethyl-2,5-octadiene (151) (Pound F, 75.0$; 

M+-F, 543. c i 2 F 2 2 r e ( l u i r , e s P, 74.4^; M, 562), i . r . spectrum No.32, 

F n.m.r. spectrum No.48, and F-2,3,3,5,6-pentamethyl-l,4-heptadiene 
+ 19 (153) (Found F, 75.0$; M ,562) i . r . spectrum No.34, F n.m.r. spectrum 

No.50. 

X.A.6.b At 200 9 

A mixture of (146) and ( l 4 j j ( r a t i o 63:37 respectively) (1.2g) 

gave a product (lg ) containing {% wt., g.l.c.-ms and GDB, col '0', 

50°) C f Q {1%), C gF 1 6 (3#), C gF 1 8 (9#), C 1 2F 2 2 (153) (29#), C 1 2F 2 2 (151) 

(19$), C 1 2F 2 4 (9#), and C 1 2F 2 4 (152) (30#). Yields, based on (146), 

are C 1 2F 2 2 (151) (22$) and C12F2/, (152) (35$), and yields, based on 

(147), are C^2F22 (153) (6l#) and C^F^ (18$). Preparative scale g.l.c. 

(Autoprep, col '0', 70°) gave F-2,3,6,7-tetramethyl-2-octene (152) (Found F, 

75-7$; M+-F, 581. C 1 2F 2^ requires F, 76$; M,600), i . r . spectrum No.33, 
19 
F n.m.r. spectrum No.49. 

The C<|2F22 isomer (151) is unchanged after heating with caesium 

fluoride and tetraglyme for 64 h at 145°. 

X.A,7 With Antimony Pentafluoride 
f 

Antimony pentafluoride (0.82g, 3.8 mmol) and (130) (3-lg, 11.8 mmol) 

were stirred for 42 h, when a yellow precipitate had formed. The material 
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(2.9g) recovered by transferring under vacumm was mainly (130) 

( ^-95%> 89^ recovery). The precipitate had also disappeared. 

A similar reaction, but using excess SbF^ gave a white solid, which 

after vacuum transference gave (130) (66$ recovery). Again the solid 

disappeared. 

X.A.8 Photolysis with F-acetone 

F-acetone (2.7g* 16.3 mmol) and (130) (2g, 7.6 mmol) were sealed 

i n a s i l i c a tube and irradiated with ultra-violet l i g h t (300 nm) 

for 550 h. The recovered vol a t i l e liquid products (2.2g) contained 

starting material (130) and three main products, which are isomers of 

CgF16°* The yields, based on (130) consumed (1.2g) are (156) (13$), 

(15*0 (41$) and (155) (15$). Preparative scale g.l.c. (GDB, col '01, 

80°) gave F-3-(2'-propenyl)-2,2,3-trimethyloxetane (155) (0.12g, 6.1% 

isolated yield) (Found C, 25.0; F, 70.7$; M+,428. CgF^O requires 
19 

C, 25.3; F> 71.0^; M, 428), i . r . spectrum No.35, F n.m.r. 
spectrum No.52, F-4-(2'-propenyl)-2,2,4-trimethyloxetane (154) (0.44g, 

+ 19 22.4$) (Found M -F,409) i . r . spectrum No.36, F n.m.r. spectrum No.53, 

and F-3J 4,6,6-tetramethyl-5,6-dihydro-2H-pyran (156) 

(O.llg, 5.6$) (Found F, 70-7%; M+-C0F, 3 8 l ) , i > m a x (Raman) 1660 cm"1 

19 

(C=C), i . r . spectrum NO.37J F n.m.r. spectrum No.54. 

X.A.9 Radical Reactions 

X.A.9.a Bromine 

No reaction after standing i n bright sunlight, irradiating with 
60 

ultra-violet l i g h t , or after 334 h on the Co source. The absence of 
198 

reaction with bromine has also been reported i n the literature. 
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60 X.A.9-b Attempted Copolymerisations using Co Source 

A one phase system consisting of (130) (2.3g> 8.8 mmol), 

butadiene (0.7g* 13 mmol), and Arcton 113 (20 ml) was irradiated 
19 

for 336 h. There was no incorporation of fluorine, by P n.m.r., 

i n the li q u i d butadiene polymer and (130) was recovered. A similar 

reaction, but i n the absence of solvent, using methylmethacrylate 

gave a polymer containing no fluorine from the elemental analysis. 

Styrene, again without a solvent, gave a polymer containing 3«9# of 

fluorine after reprecipitation from toluene. After a further 

reprecipitation the polymer did not contain fluorine. 

X.B Reactions of F-2,3,4-trimethylfuran (139) 

X.B.I Methanol 

A solution of sodium methoxide was prepared from sodium (0.3g» 

13 mmol) and dry methanol (10 ml). An impure sample containing (139) 

(2.5g, 8.8 mmol) was added and the mixture was stirred for 15 h. A l l 

the volatiles were transferred under vacuum and methanol, containing 

(139) (0.4g) was removed by d i s t i l l a t i o n leaving a product (2.15g) 

containing (157) (83$, 8o# yield based on 139 consumed). Preparative 

scale g.l.c. (Autoprep, col '0', 90°) gave 2-methoxy-3,4,5-tristrifluoro-

methylfuran (157) ( l g , 46$ yield based on 139 consumed), b.p. 139.5°, 

(Pound C, 32.0; F, 56.2$; M+,302. CgH^Fg02 requires C, 31.8; F, 56.6$; 

M, 302), \ m ..(methanol) 237 ran ( e. = 63OO), i . r . spectrum No.38, 

n.m.r. spectrum No.55« 

A similar reaction using sodium carbonate as base and tetraglyme 

as solvent gave (157) (76$ y i e l d ) . 
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X.B.2 Phenylmagnesium Bromide 

Phenylmagnesium bromide was prepared, i n dry ether (15 ml), from 

magnesium (0.25g, 10.3 mmol) and bromobenzene (1.4g, 8.9 mmol). 

Puran (139) (2g, 6.9 mmol) was added and the mixture was refluxed for 

1 h and stirred at room temperature for a further 3 h. After transferring 

the volatiles under vacuum, ether was removed by d i s t i l l a t i o n to leave 

a l i q u i d residue ( l . l g ) containing some starting materials and a main 

component identified as (158) (8 0 $ , 36$ yield). Preparative scale 

g.l.c. (GEB, col 'O1, 240°) gave 2-phenyl-3,4,5-tristrifluoromethylfuran 

(158) (0.6g, 23$ yield) (Found C, 44.6;. F, 49.0#; M+,348. C^HgFgO 

requires C, 44.8; F, 49.1#; M, 348) \ m Q X(cyclohexane) 253 nm 

( e = 13*900), i . r . spectrum No.39* n.m.r. spectrum No.56. 

X.B.3 Potassium Sulphide 

A mixture of (139) (2.8g, 9-7 mmol), powdered poly potassium 

sulphide (2.1g, 19 mmol), and IMF (20 ml) was stirred for 8 days. Water 

was added and the products were extracted into 40 - 60° petroleum ether 

which was washed with d i l . HC1 and water, and then dried over MgSÔ  . 

Most of the solvent was removed under reduced pressure and then sulphur 

was removed by f i l t r a t i o n . The remaining solvent was removed and 

molecular d i s t i l l a t i o n (0.01 mm Hg and ca. 100 ) gave a pale yellow 

li q u i d (1.2g) and an orange residue (0.5g). Both liquids are mixtures 

of compounds (159). The more vo l a t i l e fraction consists mainly of 

CF-, CF CF CF 1 CF CF 
n 

159 
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(159, n = 1) (Pound C, 28.2; S, 6.6#; M+, 574. C 1 4F 1 Q0 2S requires 

C, 29.3; S, 5.6$; M, 57^) but the mass spectrum also shows (159, n = 2) 

(M+, 606). The less volatile component contains mainly (159, n = 2) 

(Found S, 10.8$; M+, 6o6. C1£F18°2S2 requires S, 10.6$; M, 606) 

but the mass spectrum also shows (159, n = 1) (M+, 574), (159, n = 3) 

(M+, 638), and (159, n = 4) (M+, 670). The t o t a l yield of (159) i s 
19 

ca. 60#. The F n.m.r. spectra of the two fractions are v i r t u a l l y 
the same, n.m.r. spectrum No.57. The workup procedure used has been 

202 

described i n the literature. 

X.B.4 Caesium Fluoride, Dimerisation 

An impure sample (0.47g) containing (139) (0.4l g) was stirred 

with caesium fluoride (0.5g) and tetraglyme (3 ml) for 30 minutes. 

The product (0.43g), recovered by transferring under vacuum, contained 

(GDB, col 'A1, 60°) (139) (11$), (160)(8l#) and unidentified material. 

The yield of (l60) based on (139) consumed (0.36g) is 95$. Preparative 

scale g.l.c. (Autoprep, col 'A1, 90°) of the product of this and 

similar reactions gave F-2-(2',3',4 1-trimethyl-2',5'-dihydrofuryl)-

3,4,5-trimethylfuran (l60), b.p. 165°, (Found C, 29.2; F, 65.1$; 
M+,580. ci£P20°2 r e ( 3 u i r e s c' 29«°» p» 65.556; M, 580), i . r . spectrum 

19 

No.40, F n.m.r. spectrum No.58. The mass spectrum shows a metastable 

peak at 175 which is a result of loss of Ĉ Fg (511 —* 299, calculated 

value 174.95). 
o 

A similar reaction, but at 110 for 1 h, gave a much lower 

yield of (l60) (8$) and involatile material which was not investigated 

further. During the reaction the mixture became bright red. 



-209-

Puran (139) is not dlmerised by CsP i n the absence of solvent 
o 

at room temperature or at 110 . 

X.B.5 Reaction with Methoxy Derivative (157) 

A mixture of (139) (2.1g, 7.2 mmol) and (157) (1.9g. 6.3 mmol) 
was added dropwise over 20 minutes to a stirred mixture of pyridine 
( l g , 12.7 mmol) and tetraglyme (8 ml) heated at 90°. After refluxing 

o 

for a further 3 h at 100 The mixture was allowed to cool and was 

then poured into water. The lower layer was washed with d i l . HC1 and 

water and then transferred under vacuum from giving a pale orange 

li q u i d (1.2g) containing (GDB, col '0*, 150°) (139) (22$ wt), (160) 

(37#)> (162) (31$, 11$ yield based on 157). Preparative scale g.l.c. 
(GDB, col '0', 150°) gave (l6o) (0.25g), identified by comparison of 
19 

F n.m.r. data with that of an.authentic sample (see above), and 

F-2-(2',3',4'-trimethyl-2',5'-dihydro-4'-furanonyl)-3,4,5-trimethylfuran 

(162) (0.l6g, 4.6$ isolated yield based on 157) (Found C, 29.9; F, 6l.0#; 
M+-F, 539. C1£F18°3 r e ( 3 u i r e s C, 30.1; F, 6l.3#; M,. 558), i . r spectrum 

19 

No.4l, F n.m.r. spectrum No.59- The mass spectrum shows strong 

peaks at 489 and 299 (489—> 299 = loss of C5FgO). 

X.B.6 Photolysis 
19 

Furan (139) was recovered unchanged, by F n.m.r., after irradiation, 

i n the gas phase, with ultr a - v i o l e t l i g h t (253.7 nm) for 140 h i n a 

sealed s i l i c a tube. 

Under Transference 
• Irradiation under transfer conditions is a well established 

205 
technique. 
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The furan (139) (5-3g) was irradiated i n a s i l i c a vessel i n the 

gas phase using a high pressure Hg lamp. A par t i a l pressure of 

nitrogen (ca. 2 cm Hg) allowed the material to transfer at ambient 

temperature over about 24 h to a trap cooled at -78°. This procedure was 

carried out twice for the same material giving a vo l a t i l e product mixture 

(4.1g) containing (GDB, col '0', 70°) (163) (ca. 25$, 42# yield based 

on 139 consumed), (139) (ca. 70$) and four minor components. Preparative 

scale g.l.c. (GDB, col '0', 105°) gave (139) (2.3g) and the more 

vo l a t i l e F-l,2,3-trimethylcyclopropenyl acyl fluoride (163) (0.5g, 21$ 

isolated yield based on 139 consumed) (Found C, 28.7; F, 65.9$; 

M+-F, 271. C 7F 1 00 requires C, 29.0; F, 65.5#; M, 290), i . r . spectrum 
19 

No.42, F n.m.r. spectrum No.60. 

X.C Reactions of F-tetramethylfuran (112) 

X.C.I Photolysis 

Like (139), (112) was recovered unchanged after irradiation with 

ultra-violet l i g h t (253.7 nm). 

A static irradiation of (112) i n a s i l i c a vessel using a high 

pressure Hg lamp gave a complex mixture of less v o l a t i l e products. 

Under Transference 

Using the same experimental conditions described i n X.B.6 above, 

except that the material was transferred only once, (112) (2.4g) gave 

recovered volatiles (2.2g) containing (112) (77$), (164) (20$, 62$ yield 

based on 112 consumed) and two minor components. Preparative scale g.l.c. 

(GDB, col '0', 100°) gave (112) (l-5g) and F-l,2,3-trimethylcyclopropenyl 

F-methyl ketone (164), (0.25g, 35$ isolated yield based on 112 consumed), 
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identifled by comparison of spectral data with data reported i n the 
207 19 liter a t u r e , i . r . spectrum No.43, F n.m.r. spectrum No.61. 

The yield of (l64) decreased with repeated irradiation and the 

number of minor components, and less vol a t i l e material increased. 

X.C.2 Attempted Diels-Alder Reactions 

A mixture of (112) (0.63g, 1.9 mmol) and furan(0.13g, 1.9 mmol) 
o 

was sealed i n a pyrex n.m.r. tube and heated for 3 days at 130-150 . 

There was no significant reaction. 

A similar experiment using diphenylacetylene again gave no 

reaction. 
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APPENDIX 1 

19 1 
F and H n.m.r. Spectra 

The following abbreviations have been used i n describing 

spectra:- M - m u l t i p l e t ; S - s i n g l e t ; D - doublet; 

T - t r i p l e t ; Q - quartet. 
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S h i f t 
p.p.m. 

Pine Structure 
J values i n Hz 

Relative 
I n t e n s i t y Assignment 

1 . F-3* 4 , 4-trimethyl - 2 , 4-heptadiene and 
F - 3-ethyl - 1 , 2 , 3 , 4-tetramethylcyclobutene ( 8 l ) 

58 .8 

59-9 

61.3 

Broad overlapping 
resonances 

62.2 _ 

65.5 M 

72 . 1 Broad S 

7 5 . 8 Broad 

80 .9 " 

82.6 . 
Overlapping 
mul t i p l e t s 

100.2 Broad 

104.8 Broad 

107-7 M 

163.O Broad 

7 6 • 4a 
C F 3 - C F 2 

CF 

CF. 
\ / 3 2 
T = C .F 

5a CF CF-
3a 1 

12 

2a 

3 0 C F 3 JJy 
CF 0 -CF< ^ 
3c 3b 

3a,4a,5a 
la!,2a 1,3a 1 

1 

4a' 

7 , 3 c ' 

6 , 3b ' 

'4 

1a 
CF. 3 

C F 3 t*a 

F 
U' 

81a 81b 

Ratio 8 l a : 8 l b ^ 70:30 



•227-

S h i f t 
p.p.m. 

Fine Structure 
J values i n Hz 

Relative 
I n t e n s i t y Assignment 

2. F-3,4,5,6-tetramethyl-3,5-octadiene (82) 

57-6 

58.4 

59-0 

81.0 

81.5 

106.1 

108.3_ 

Broad overlapping 
resonances 

Broad overlapping 
resonances 

Broad multipiets 

1 2 
C F 3 - C F 2 

4a 
CP 3 7 8 

CF-
3a 

CF. 
5a 

82 

CFo-CFo V / 2 3 

/ c = \ „ 
CF, 

6a 

C F 3 - C F 2 

12 

CF 

Aa 
CF-j 

3a,4a,5a,6a 

1,8 

2,7 

3a 
CF. 

5a 

88 

Cr=C 

6a 

/ C F 3 9 10 

C = C 

C F 2 - C F 3 

CF 
7a 

CF, 
8a 

3. F-3,4,5,6,7,8-hexamethyl-3,5,7-decatriene (88) 

57-8' 

59-0 

60.0 

61.3 

79-9 

106.8 

Broad overlapping 
resonances 18 

Broad M 

Broad M 

6 

4 

3a,4a,5a 
6a,7a,8a 

1,10 

2,9 
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S h i f t 
p.p.m. 

Fine Structure 
J values i n Hz 

Relative 
I n t e n s i t y Assignment 

4 . F-3,4,5,6,7-pentamethyl-2,4,6-nonatriene (84) 

59-0 

61.2 

64.7 

71 .5 

73.0 

80 .6 

81.7 

100.0 

103-5 

Broad 
resonances 

106.9 

4a 
9 8 6a 

CF-,-CF 9 CF q 

\ / 
C=C .CFo 

^ \ / 3 

CF^ C = C 
7a CF- \ 2 1 

5a CF-i 

p = C F C F 3 

3a 

84 

15 3a,4a,5a 
6a,7a 

8,2 

CF 3 C F 2 CF 3 

5a 5b 5c 

83 

5. F-ethyl-1,2,3,4,5-pentamethylcyclopentadiene (83) 

57 .6 Broad 6 

3 

6 

60.1 Septet ( J l Q ( 5 a , J / > a > 5 a = 10 . 5 ) 

61.8 M 

82.7 S 

IO6.3 H ( J l Q ) 5 b , J i , Q f 5 b = 10) 

3 

2 

l a , 4a 

5a 

2a. 3a 

5c 

5b 
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Shift 
p. p.m. 

Pine Structure 
J values i n Hz 

Relative 
I n t e n s i t y Assignment 

6. F-2,3-dimethyl-2-pentene (92) 

60.1 M 

60.9 

61.4 

76.9 

101.3 

M 

M 

M 

M 

\ 
9 

3 

2 

la,2a,3a 

5 

4 

2a 3a 
2a 

3a R CF-, 3b 

CF. 
V/C F3 

C F 3 C F 2 - C F 3 

U 5 

92 

C = C 

C F ^ 

CF 
4a 

93 

CF 3 3c 

4 

C F 2 CF 3 

7. F-3-isopropyl-2,4-dimethyl-2-hexene (93) 

58.9 

67.7 

69.9 J 

72.4 

72.5 

79-6 

81.3 

105.1 

106.4. 

158.1 

164.5 

Broad 

Broad M 

D(J = 70) 

Br.S 

Br .M 

Broad 

Broad 

la,2a 

4a 

3b, 3c 

6 

1 

1 

3a 

4 
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S h i f t 
p. p.m. 

Fine Structure 
J values i n Hz 

Relative 
I n t e n s i t y Assignment 

8. Trans-2-phenoxy-3,4-\bistrifluoromethylnonafluoro-2-hexene (103, R = Ph) 

58.6 
60.4 
73.5 
82.6 

117.9 
181.0 
'H g 7.8 p.p.m. 

3a 

M 

^ J 1 , 3 a = 1 5 > 
Broad 

Br.D(J / ( j 6 = 18) 
Complex AB Q 

M 

3 
3. 
3 
3 
2 
1 

CF-
C F - , - C F 9 V=C, 

C 
. C F ^ N F ua 

103 

/ C F 3 
1 CF, CF-, 

3a 

'OR 
CF 

5 > = \ 
C F 2 CF—OR 2 \ 

1 
CF. 

95a 

CF3-CF2 

3a 
1 
4a 
6 
5 
4 

1 

CF ,/c=< 
CF, 

3a 

4Q 
CF-OR 

2 \ C F 3 

1 

95 b 

9. Cis-2-phenoxy-3,4-bistrifluoromethylnonafluoro-3-hexene (95a, R = Ph) 
58.8" 
59-4. 
71.3 
75.5 
99.5 

106.2 

Overlapping M 

M 
D ( J 2 > 5 = 21) of Q ( J 4 Q > 6 = 5) 

Broad 

3 
3 
2 
1 

3a, 4a 

1 
6 
5 
2 Broad 

'H 8 7.8 p.p.m. 

10. Trans-2-phenoxy-3,4-bistrifluoromethylnonafluoro-3-hexene (95b, R = Ph) 

58.3 
70.8 
76.1 
100.4 
105.6 

Broad 
M 
M 

Broad 
M 

6 
3 
3 
2 
1 

3a, 4a 
1 
6 
5 
2 

'H g 7-8 p.p.m. 
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S h i f t Fine Structure Relative i . „ _ , -, Assignment p.p.m. J values i n Hz I n t e n s i t y 

Aa \ 3a 6' 5' 3a 
C F 3 ) C F 3 C F 3 - C F 2 CF 3 

> = < 2 1 ; c = \ 2 - 1' 

C F 3 - C F 2 C F - C F 3 C F 3 ^ F - C F - j 

6 5 RO 4a RO 
95 

11. Cistrans-2-methoxy-3,4-bistrifluoromethylnonafluoro-3-hexene (95, R = CH3) 

5.4 1 
Overlapping M 6 3a,4a,3a',4a1 

7 • £ _ 

58. 
59-
72.9 M n 3 1,1' 

6 
6' 

99-7 Broad 2 5,5* 
115.8 Br. M 1 2,2' 

75.3 D ( J 2 6 = 18) 
75.6 ' M 3 

'H g 3-7 p.p.m. ( s i n g l e t ) . 

12. Cis-,trans-2-ethoxy-3,4-bistrifluoromethylnonafluoro-3-hexene (95, R = C2Hg) 

crt'rtl Overlapping M 6 '3a,4a,3a',4a' 59.0 J 
72.6 M 3 1,1' 
75.0 D ( J 2 6 - 20) 1 6 
75-7 M J J 6 
100.0 Broad 2 5,5' 
112.9 Br. M 1 2,2* 

'HS 1.4 (CH 3), 4.0 (CH2) p.p.m. 

13. Cis ,trans-2-isopropoxy-3,4-bistrifluoromethylnonafluoro-3-hexene (95, R = C3H 

58.3 Broad 6 3a,4a,3a1,4a1 

71.7 Broad 3 1,1' 
74.9 Br.D ( J 2 6 = 20) 
75.6 M 

6 
6» 

99-7 Broad 2 5,5' 
110.4 Broad 1 2,2' 
*H 8 1.1 (2 x CH 3), 4.5 (CH) p.p .m. 
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S h i f t Fine Structure Relative 
p.p.m. J values i n Hz I n t e n s i t y 

\ 3a 1 
/.a \ / d . c;v c =v 
6 5 / \ 
CF3-CF2 OR 

96 

14. Trans-4-methoxy-3,4-bistrifluoromethylnonafluoro-2-hexene (9_6» R = CH^) 

54.3 M 3 3a 
65.7 Broad 3 ^a 
68.8 D ( ^ 2 = 2) of Q ( J N 3 Q = 15) 3 1 
81.0 M 3 6 
92.1 Broad 1 2 
119.0 M 2 5 
*H £ 3*7 ( s i n g l e t ) p.p.m. 

15. Trans-4-ethoxy-3,4-bistririuoromethylnonafluoro-2-hexene (96, R = C2H5) 

54.7 M 3 3a 
66.1 Broad 3 4a 
68.7 D ( J 1 ( 2 = 2) of Q ( J 1 ) 3 Q = 1 5 ) 3 1 

81.1 T ( J 5 ) 6 = 5 ) 3 6 

92.1 , Broad 1 2 
118.7 M 2 5 
'H 6 1-3 (CH 3), 3.8 (CH2) p.p.m. 

16. Trans-4-isopropoxy-3,4-bistrifluoromethylnonafluoro-2-hexene (96, R = C-3H7) 

55.7 M 3 3a 

67.3 Q(j1,3Q = L 6 > 5 1 

67.7 Broad . 3 4a 
80.9 D ( J = 9) 3 6 
87.0 Broad 1 2 
115.0 M (AB) 2 5 
*H 6 1.4 (2 x CH 3), 4.7 (CH) p.p.m. 
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S h i f t Fine Structure Relative ^ , , , „ ,. ̂  Assignment p.p.nrr J values i n Hz I n t e n s i t y 

3a 1 
, a r

 C F 3 X / C F 3 

6 5 ,0' OR 
C F 3 - C F 2 OR 

97 

17. Trans-2,4-dimethoxy-3,4-bistrifluoromethyloctafluro-2-hexene (97, R = CH 3) 

53.0 Broad 3 3a 

63.1 Q ( J 1 | 3 Q = 1 7 ) 3 1 
64.4 Broad 3 4a 
80.6 M 3 6 . 

118.5 M (AB) 2 5 

'H S 3.7 (4 - OCH3), 4.0 (2 - OCH 3). 

18. Trans -2,4 -d i ethoxy-3,4-b i s t r i f l u or omethyloc t a f l u or o-2 -hexene (97, R = C^^) 

53-1 Broad 3 3a 

62.8 Q ( J 1 , 3 a = 1 7 ) 5 1 

63.9 Broad 3 4a 

80.1 M 3 6 
117.3 M (AB) 2 ' 5 

'H S 1.^ (2 x CH 3), 4.0 (2 x CH 2) p.p.m. 

19. Trans-2,4-diisopropoxy-3,4-bistrifluoromethyloctafluoro-2-hexene (97, R = C 

52.3 Broad 3 3& 

61.8 Q( J1,3Q = L 6 ) 3 1 

65.I Broad 3 4a 

79.3 S 3 6 

1 0 6 . 4 Br .AB ( J = 275) 2 5 
112.3. 

'H S 1.1 (4 x CH 3), 4.5 (2 x H) p.p.m. 

3 H7 
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S h i f t 
p.p.m. 

Fine Structure 
J values i n Hz 

Relative 
I n t e n s i t y Assignment 

20. S-pentafluoroethyl-SjSjT-tristrifluoromethyl-l^-dioxa-S-cycloheptene (104) 

52.8 M 3 6a 

66.6 M ( J = 13) of T ( J 5 0 J 5 B = 3) 3 5a 

69.8 

79-7 

117.0 

118.3 

'H S 4.5 p.p.m. 

^ J 6 Q , 7 Q = ^ - S ) 

M 

M 

6a 
5a 

CF, 
C F 3 y 

C F 3 - C F ^ \ 

5c 5b 

C = C 
/ C F 3 

7a 

V 

\ / C H 2 
> : H 2 

3 

3 

6a 
/ C F 3 

7a 

5c 

5b 

7a 
5 0

 C F 3 > = C V 

104 

C F ^ - C F ^ \ | H £ H , 

5c 5b ^ X H 9 

* 3 
105 

21. 5-pentafluoroethyl-5j 6,7-tristrifluoromethyl-l-oxa-4-aza-6-cycloheptene (105) 

53.0 

65.0 

70.2 

78.6 

114.9 

118.7 

M 

M 

Q < J 6a ,7a = l 6 > 

S 

AB(J = 290) of M 

3 

3 

3 

3 

6a 

5a 

7a 

5c 

5b 

'H S 3.0 ( i n t . l , 4-H), 3-8 (In t . 2 , 3-H), 5.0 ( i n t . 2 , 2-H) p.p.m. 
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S h i f t 
p.p.m. 

Fine Structure 
J values i n Hz 

Relative 
I n t e n s i t y Assignment 

22. Cis-,trans-F-2,5-dihydrotetramethylfuran (109) 

Isomer A 

63-3 
85.O 

122.6 

Isomer B 

62.9 
83.4 

112.2 

M 
M 

Br. M 

M 
M 

Br. M 

t*a C F 3 

3 
3 
1 

3 
3 
1 

3a 
2a 
2 

3a 
2a 
2 

C F 3 3a 

5a C F 3 ' 

23. C i s - , trans-2-ethoxy-5-fluorotetrakistri fluoromethylfuran ( i l l , R = C^R^) 

Isomer A 

61.6 N 6 3a,4 a 

80.7 

81.5 

M ~ 

M . 
6 2a, 5a 

105.9 Broad 1 5 

Isomer B 

62.1 M 6 3a, 4a 

82.1 Q(J= 6) 6 2a, 5a 

113.6 Broad 1 5 

'H 8 1.4 (CH 3), 3-7 (CH 2) P . p.m. 

The "^F n .m.r. data for (111 , R = CH-j) i s very s i m i l a r . 
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S h i f t 
p.p.m. 

Fine Structure 
J values I n Hz 

Relative 
I n t e n s i t y Assignment 

24. Methyl 3-methoxy -3-trifluoromethyl -4 ,4 ,5 ,5 ,5-pentaIluoropentanoate (108) 

Hextet 72.9 
81.0 
117-5 Q ( J 4 > 3 Q = I D 

3 
3 
2 

'H S 3*8 ( s i n g l e t , 2 x CH-j), 3-1 ( s i n g l e t , CH 2) p.p.m. 

3a CF.j 0CH-, 

C F r C F 2 C H 2 - C . 
5 4 N ' 

OCHo 
/ J 

108 

3a 
5 

4 

25. Trans -2 ,4-diamino -3-Gyano -4-trifluoromethyloctafluoro -2-hexene (119) 

68.7 
73.6 

80.2 

118.9 

119.1 

Sharp S 

T < J 4 a , 5 - 1 2 ' 5 > o f « 

< ^ a , 6 " 4 > 

Q 

QJ 

3 

3 

1 

4a 

'H S (Acetone) 3.3 (Singlet, 2-NH2), 7«9 (Broad, 4-NH2) P-P 

C H 3 1 ; 
m. 

1 C F 3 CN 5 6 

) C = C C F 2 - C F 3 

2 m { / 
NH 2

 X C F 3 Ua 

C F 3 2a 
NI-

HO-

6 7 

/ F 2 - C F 3 

J 5 a C F 3 NHCH 3 

120 

26. 2-Trifluoromethyl-3-(2'-methylaminooctafluoro-2'-butyl )-4-
methylimino-N-methyl-2-azetine (120) 

67.0 
70.4 

82.3 

118.3 

Broad 

Q ( J 5 Q j 7 - 10) 

S 

M 

3 

3 

3 
2 

2a 

5a 

7 
6 

'H S 1 .5 (CH 3), 1.8 (2 x CH 3), 7.8 (NH) p.p.m. 
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S h i f t 
p.p.m. 

Find Structure 
J values i n Hz 

Relative 
I n t e n s i t y Assignment 

27. Trans-4-ethylamino-3,4-bistrifluoromethylnonafluoro-2-hexene (118, R = C-̂ Ĥ ) 

53.7 M 3 3a 
63.8 M 3 4a 

68.8 Q ( J 1 j 3 Q = 15) Of D ( J 1 f 2 = 2) 3 1 

80.3 Br. S 3 6 

96.4 Broad 1 2 

117.6 M 2 5 
'H S 1.2 (CH 3), 1.9 (NH), 2.7 (CH 2) p.p.m. 

3a C F 3 C F 3 1 

4a C F q ^ C = C V N 2 

C F 3 - C F 2 NHR 
6 5 

118 

19 
The F n.m.r. data for the methylamine derivative (118, R = CH 3) 
i s v i r t u a l l y the same. 

28. Cis-,trans-2-ethylimino-3,4-bistrifluoromethyloctafluoro-3-hexene (123,R=C 2H 5) 
and Cis-,trans-3-(N-ethyliminofluoromethyl)-4-trifluoromethyldecafluoro-3-
hexene (124, R = C 2H 5) 

17.6 

20.2 

57-61 

70.5 

80-81.7 
105.7-109.2 

Broad 
Broad 

Br. overlapping M's 
Br. S 

Overlapping M's 

Overlapping M's 

'H S 1.3 (CH 3), 3.6 (CH 2) p.p.m. 

Ua C F 3 ^ C F 2 - C F 3

1 ' . 

C F 3 C F ^ ^ C F = N R 

3a 

3a' 

3a,4a,4a' 

1 

l',6',6 

2',5',5 

Uq. C F 3 C F 3 3a 

124 

C F 3 C F ^ C = N R 

6 5 1 C F ^ 

123 
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S h i f t Fine Structure Relative 
p.p.m. J values i n Hz I n t e n s i t y 

29. Cis-2-t-butylimino-3-trlfluoromethyl-4-(N-t-butyliminofluoromethyl) 
octafluoro-3-hexene (125) 

59.5 D of Q ( J 3 Q ) 1 =8.5) 3 3a 

69.3 Broad 3 1 " 

81.9 Broad 3 6 

107.7 Broad 2 5 

'H 8 1.4, 1.45 ( s i n g l e t s ) p.p.m. 

F 4a 
3 a C F 3 V = N - C 4 H g

 3 0 C F 3 ^ CN 

^C=c' / C ~ C \ 5 
CF3-C< V C F 2 - C F 3 . C F 3 - \ C F 2 " C F 3 

N - C A H g .5 6 N-C^Hg 6 

125 126 

30. Cis-2-t-butylimino-3-trifluoromethyl-4-cyano-octafluoro-2-hexene (.126) 

61.1 Q ( J 1 , 3 Q " 8 ' 5 ^ 5 5 A 

70.0 • Broad 3 1 

80.9 M(J = 4 ) 3 6 

108.4 Broad 2 5 

*H S 1.4 ( s i n g l e t ) p.p.m. 
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S h i f t 
p.p.m. 

Fine Structure 
J values i n Hz 

Relative 
I n t e n s i t y Assignment 

31' 3 - t r i f l u or omethyl -4- (phenyl f luor omethene ) -nona f l u or o -2 -rhexene (129) 

57.9 Broad 3a 

61.8 

62.5 

D( J3o',2' 

D< J3Q,2' 

= 17) 

= 18) 

3 ' 
3a' 

70.0 Q(J = 19) 4a, 4a 

70.9 M 4 1 

71.7 Br. S 1' 

85-1 

85.7 

D(J = 21) 

D(J = 18) 
3 6,6' 

102.7 Broad 2 

105-9 

107.0 

Br. M 

Broad 

1 
2' 

110.2 

111.3 

Br. D(J = 

Br. D(J = 

19) 

22) 
2 5, 5' 

'H S 7.4 p.p.m. 

1 C F 3 „ / C F 3 3 0 

; C = C F 4o 
2

 P>\ CF, ^Ph 
6 c < 

2 F C F 3 3a 

1' CF3 

6' / C F 2 , X t 

C F 3 5 
vPh 

129a 129b 

Ratio 129a:129b^ 25:75 
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S h i f t 
p.p.m. 

Fine Structure 
J values i n Hz 

Relative 
I n t e n s i t y Assignment 

32. F-3-methyl-4-methene-2-hexene (128) 

ca.59 

= 18) 63.8 D ( J 3 a , 2 / 

68.3 Broad 

69.2 Q(J = 16) 

71.2 M 

72.3 Broad 

87.2 Br. M 

113.0 Broad 

3 

2 

3a 

3a' 

4,4' 

1 

1* 

6,6' 

5,5' 

1 C F 3 C F 3 3a 
N C : = c ' 

2 F / . C = C F 2 U 

CF 
C F 2 

2' \ / C F 3 3 a 

/ C - C \ 
1' C F 3 / C = C F 2 u' 

6' / C F 2 _ , 
CF 

128a 128b 

Ratio 128a:128b ^ 30:70 

* Run on a mixture containing ( 4 l ) , 
s i g n a l at ca.59 i s masked. 
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S h i f t 
p.p.m. 

Pine Structure 
J values i n Hz 

Relative 
I n t e n s i t y Assignment 

33 • 3* 4-bistrifluoromethyldecafluoro-3,4-hexadiol (131) 

69.8 

70.4 J 

80.4 " 

80.6 

Br. overlapping M's 

Br. overlapping S's 

111.0 Broad 

'H S (ether) 6.1 (Broad) 

3a 

C F 3 - C F 2 

CF« CF-j 3a 

HO-C—C-OH 
' N C F 2 - C F 3 

•1 

131 

2a 3a 
c \ / F 3 

Ua CFo X — 

CF-r-CF, \>H 
6 J 5 

132 

34. 2,3-bistrifluoromethyl-2-(2'-hydroxyloctafluoro-2-butyl)-fluorooxirane (132) 

Main Isomer 

74.7 M 3 4a 

81.4 3 6 

83.2 M 3' 
2a, 3a 

86.0 D(J = 10) of Q ( J 2 Q ; 3 Q = 2) 3. 

126.9 ^ J 5 ; A a - 1 Q ) 2 5 

211.0 D(J = 44) of 
Septets ( J 3 > 3 Q , J 3 J 2 Q = 10) 1 

'H S 4.8 (Broad) 
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S h i f t 
p.p.m. 

Fine Structure 
J values i n Hz 

Rela t i v e 
I n t e n s i t y Assignment 

T>(jy u, = 48) 

Q ( J 1 > 3 Q = 1 5 ) 

Broad 

Br. D(J^ 6 = 16) 

Br. Q ( J 2 ^ 3 Q ' = 20) 

Broad 

Br. M 

35. Cis-,trans-F-3,4-dimethyl-2-hexene (9_8) 

ca.60.0 

66.0 

67.4 

75-6 

82.7 

87.8 

90.0 

119-7 

183.1 

3a 

Broad 

1 3a' 
C F 3 C F 3 CF. 

Aa C F 3 /C=C 4a C F 3 

C F 3 - C F p F C F j C F f F 
6 5 4 & 5 4 

98a 

r a t i o 9§a:98b =4:1 

36. F-^-methene-4-methylKexane (99) 

"3v S 
CF, 

98b 

3 

3 

2 

1 
1 

3a,3a' 

1' 

1 

4a,4a' 

6,6' 

2' 

2 

5,5' 

4,4' 

2 

\ F 3b 

C F 3 " C F 2 N _ / F 3 0 

* C F 3 ^ c / C - C ^ 

C F 3 - C F 2
 X F 

6 5 4 

99 

62.3 Br. M 1 3b 

68.1 Br. M ' 1 3a 

75.6 Broad 3 4a 

83.O Br. D 3 6 

88.3 Broad 3 1 

109.1 Br. M 2 2 

119-7 Br. M 2 5 

I83.O Broad 1 4 

From spectra of enriched samples containing (98), (92) and ( 4 l ) , 
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S h i f t 
p.p.m. 

Fine Structure 
J values i n Hz 

Relative 
I n t e n s i t y Assignment 

37. F-2,3-dimethylbutadlene (130) 

63.8 M 
Q ( J 1 a , 2 a - 2 0 > o f M 

M 

71.4 
73.1 

1a R CFo 2a 
N. / J 

C = C F 
1b F X ) c = C 

C F i f F 

130 

3 
1 
I 

C F , 

2a 
l a 
lb 

CFo 2a 
/ 3 

F 2 3 

38. F-l,2-7dimethylcyclobutene (135) 

66.0 M ( J = 2) 

117.5 M 
3 
2 

39- C l s - , trans-F-2,3-dimethyl-l,3-pentadiene (136a) 

60.8 M 

62.5 M 

64.5 D(J 
70.8 M 
71.8 M 

73.1 Br. 
102.4 Br.-
105.0 Q(J 

30,4 = 2 1 ) 

4 F. 

>=< 
5 C F 3 C = C F 2 1 

2a 

r C F 3 3a 5 C F 

4' F 

v 
/ 

C F 3 3a 

2a &2 

C = C F 2 1 

136a 

ratio..trans:cis i s 1.4:1 

40. F-l,2,3-trimethylcyclobutene (136b) 

135 

2a 

3 

3a' 
2a, 2a 1 

1a C F 3 

l , l ' , 5 , 5 ' 

4' 
4 

C F 3 2a 

C F 3 3a 

3 

136b 

66.1 
78.1 
115.3 
173.8 

Br. S 
M 
M 
Broad 

3 
o 

l a , 2a 
3a 
4 
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S h i f t 
p.p.m. 

Fine Structure 
J values i n Hz 

Rela t i v e 
I n t e n s i t y Assignment 

4 l . F-2-ethyl - 1 , 3 , 3-trlmethylcyclobutene (13§) 

« ( J 1 a , 2 b - 5 > o f T< J1a,4 = 2 > 3 
6 

3 

2 

65.7 

67.8 M 

85.6 Br. S. 
111.2 Septet ( J ^ 2 a = 1 0 ) 
114 .5 M 

1a C F , 

U F . 

2 0 C F 2 - C F 3

2 b 4a CF 

5 F 

l a 
3a 

2b 
4 

2a 

138 

P F 3 3 a 

C F 3 2a 

42. F-2 , 3 ,4-trimethylfuran (139) 

60.2" 

60.5 

64 .5 

103.7 

Overlapping M's 6 

D < J 2a,5 - 2 ' 5 > o f Q ( J 2a,3a= * 

Q<J5,4a - 15) of Q 1 

3a, 4a 

2a 

5 

43. 3-hydro-4-methoxy-2,3-bistr1fluoromethyltetrafluoro-1-butene ( l 4 0 ) 

59.4 

63.2 

67.2 

69.0 

77-3 

Broad 

B r - D C J l a , 2 a - 1 9 ) 

Broad 

Q 

Broad 

1 

3 
3 
1 
2 

*H S 3*5 ( s i n g l e t , CH 3), 3 .6 (Broad, H) p.p.m. 

1a F v C F . 2a 
C = C u 

3 a C F 3 C F 2 - 0 C H 3 

l b 
2a 
3a 

l a 
4 

UO 
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S h i f t Fine Structure Relative . . 
Assignment 

p.p.m. J values i n Hz I n t e n s i t y 

44. C i s - , trans-l-methoxy-2,3-bistrifluoromethyltrifluorobutadiene ( l 4 l ) 

Ratio cis:trans~= 1.6:1 

Cis Isomer ( l 4 l a ) 

61.1 D ( J 1 2 q = 12) 3 2a 

63.1 M 3 3a 

™ ' 6 ^ J 3 a > 4 a = 1 9 > 1 * a 

74.5 M 2 1,4b 
'H S 4.03 (S i n g l e t ) p.p.m. 

4a F C F 3 3a 4a F C F 3 3a 
C = C F 1 C=C( O C H 3 

4b F c = c 4b r y—z 
2a C F ^ \ ) C H 3 2a C F 3 ^ F 1 

141a U 1 b 

Trans Isomer ( l 4 l b ) 

60.4 D ( J l , 2 a = 1 9 ) 5 2 a 

63.I M 3 3a 

Q < J 3 a , 4 a = 1 9 ) 1 4 a 

74.5 M 1 4b 
76.1 Q 1 1 

'H g 3.98 (S i n g l e t ) p.p.m. 

45. C i s - , trans-3-hydro-l-phenoxy-2,3-bistrifluoromethyltetrafluoro-l-butene (l4_3] 
2a 60.7 D ( J 1 , 2 a = 2 2 ) 

61.3 D ( J 1 | 2 a = 1 0 ) 
65-7 D ( J 3 , 3 a ' J 3 , 4 = 7.5) 
66.0 Broad 
'H S 4.1 (Broad, H), 7.0 (M, C gH 5) p.p. 

3 

7 

2a' 

3a,4a,3a',4a* 

1,1' 
m. 

1 F C F 3 2a PhO C F 3 2a 

ph° X 1'F X 
4 C F 3 C F 3 3a 4' C F 3 C F 3 3a 

trans 143 cis 143 

r a t i o c i s : t r a n s = 1:2 
* not f u l l y characterised 
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S h i f t 
p.p.m. 

Fine Structure 
J values i n Hz 

Relative 
I n t e n s i t y Assignment 

46. C i s - , trans-F-3-(3'-methyl-2'-butylidene)-l,4 , 4-trimethylcyclobutene (147) 

56.8 

58.6 

62.7 

68.1 

74.6 

75.4 

77.1 

167.7 

174.5 

M 
Br. M 

M 

] 

ratio-147a:147b = 2.2:1 

D ( J , Q j 6 = 38) 

B r * D < J 6a,6 - 8 > 
M 

M 
D(J 2 . 6 - =136) 

Septet ( J ^ Q g = 38) of M 

6 

3.3 5a,5a',2 

3 l a , l a ' 

6 4a,4a' 
6a 

6.7 6a' 

2 
6' 

1 6 

F 3 ^ / C F 3 ^ , C F 3 
K 6Q 

C F , 

C F 3 5a 

U 7 b 

47. Cis-,trans-F-2,3 , 6,7-tetramethyl-l,3 , 6-octatriene (146) 

58.2 M 3 ] 
60.5 M 3 J 
62.0 

. 62 .8 

64.9 

67.8 

88.2 

90.0 

103-1 

Q or T ( J = 19) 
M 

N 

M 

Broad 
Broad 
Broad 

5 

3 

1 

2 

6a,7a or 7 a ,8 

3a 

2a 
6a or 8a 

4 

5 

C F 3 2a 

1 F 2 C = : C / F 4 

3a C F f N C F 2 " C F 3 8 
^ C - C 

6a C F 3 C F 3 7a 
146 

two isomers r a t i o 2:1 
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S h i f t 
p.p.m. 

Fine Structure 
J values i n Hz 

Rela t i v e 
I n t e n s i t y Assignment 

48. F-2,3,6,7-tetramethyl-2,5-octad iene (151) 

60.7 
64.7 

72.1 
87 . 4 

93-0 
171 .4 

7 R 

Br. M 

Br. M 

Br. M 

Broad 
Very broad 
Broad 

. C F 3 8 
\ / J 5 

X /F 

C F , C F 9 

6a 3 2 s C = C 
3a C F ^ N 

151 

,CF 3 2a 

6 
6 
6 
1 
2 
1 

7 F. C F 3 8 

)C\ / F 6 

7 a C F f C. 

l a , 2a 
3a, 6a 
7a,8 

5 
4 

7 

CF 
6a 

C F 2 — C F 2 ^ : F 3 

X = C 
C F 3 I 3a CF \ 

152 

49. F-2,3,6,7-tetramethyl-2-octene (152) 

2a 

1 

58.2 Broad 3 3a 

59.7 Broad 6 l a , 2a 

68.8 Octet ( J 7 a > 6 Q , J 8 j 6 a = 15-5) 3 6a 

( j6a,6 o r J6a,7 = 1 3 ' 5 ) 

71.5 M 3" 
7a, 8 

72.5 M 3. 
7a, 8 

89.O Broad 2 4 

106.8 Broad • 2 5 
166.2 Broad l " 6,7 
174.1 Broad 1. 

F-2,3,3,5,6-pentamethyl-l,4-heptadiene (153) 
60-66 Broad signals 14 l,2a,3a,3b,5a 

76.0 Broad 7 4,6a,7 
180.0 Broad 1 6 

, C F , 
5a 

2a r F / L h 3 3b 

3 0 < p > = < c > > 
U 6a C F j ' N C F : 

153 
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S h i f t 
p.p.m. 

Fine Structure 
J values i n Hz 

Relative 
I n t e n s i t y Assignment 

No fine structure 

51. F-2,3,6,7-tetramethyl-3,6-octenyl Anion (150) 

39-8 

57.8 

63.0 

64.2 
65.3 

81.9 

101,9 

* run i n tetraglyme, from (150) and CsF. 

2a C F - , 
F U 

1 CF' ̂ >=C( 5 

2 

1 

Uncertain 
Integration 

3a 
CF^ ' C F - CFo 7a 

150 

^ C = C 
6a C F ^ N C F 3 8 

1,2a 

3a 

6a,7a,8 

4 

5 

52. F-3-(2'-propenyl)-2,2,3-trimethyloxetane (155) 

59-1 
64.2 
66.2 
68.2 
69.8 
72.0 

No fine structure 

C F 3 3 

4 F 

3 Q C F , ) ; = C F 9 1' -3 ^ ^ r 2 

,CF- , 2b l/"' 3 
^ C F 3 2a 

3 
2 
2 
3 
3 
3 

3 CF 

3' 

4,1' 

2a, 2b 

3a 

2a C F 3 

2b C F 3 

\ = C F 7 1' 

X F 3 4a 

155 154 

53. F-4-(2'-propenyl)-2,2,4-trimethyloxetane (154) 

53.4 Br. M 

55.6 
61.5 
81.0 

109.4 

Broad 

M 

Br. Singlet 

M 

5 

6 

3 

3 \ 1 ' 

2a, 2b 
4a 

3 
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S h i f t 
p.p.m. 

Fine Structure 
J values i n Hz 

Relat ive 
I n t e n s i t y Assignment 

54. F-3,4,6,6-tetramethyl-5,6-dihydro-2H-pyran (156) 

6 59.3 

59-9 

76.5 

101.0 

Broad 

Br . S 

B r . M 

Broad 

6 

4 

3a CF 

2 F 

C F 3 4a 

C F 3 6a 
C F 3 6b 

55. 2 -Methoxy -3 ,4 ,5 - t r i s t r i f luoromethy l furan (157) 

58.7 
59.6 
63.3 

'H 6 4.4 p.p.m. ( s i n g l e t ) 

Septet 

^ J 4 a , 5 a = 8 ' 5 > 

3a CF 

CH3O 

3a CF. 

3a, 4a 

6a, 6b 

2,5 

3a 
4a 
5a 

56. 2 -Pheny l -3 ,4 ,5 - t r i s t r i f luo romethy l fu ran (158) 

57.2 
58.5 
63.3 

^ a . 3 a = 8 > 
Septet 
^ J Z . a , 5 a = 8 - 5 ) 

1 
1 
1 

*H g 7.4 p.p.m. 

57. B i s - F - 3 , 4 , 5 - t r i m e t h y l f u r y l Sulphide and Disulphide (159) 

59-0 
64.0 

B r . S 
B r . Q (J =7) 

2 
1 

Q F 3 C F 3 3a CFo Ua 

3a 
4a 
5a 

3a, 4a 
5a 

* n = 1-4 but mainly 1,2. 
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S h i f t 
p. p.m. 

Fine Structure 
J values i n Hz 

Relat ive 
In t ens i t y Assignment 

58. F - 2 - ( 2 ' , 3 ' , 4 ' - t r i m e t h y l - 2 ' , 5 ' - d i h y d r o f u r y l ) - 3 , 4 , 5 - t r i m e t h y l f u r a n ( l6o ) 

57-3 

59-3 

60.8 

63.3 

64.5 

61.5 

66.3 

74.3 

Septet (J = 9) 

B r . M 

AB (J = 150) 

B r . M 

3a CF 3a C F 3 

Ua C F 3 Ad C F 3 " " C F 3 3a 

160 

* AB system i s resolved only by the Brflcker spectrometer. 

59. F - 2 - ( 2 ' , 3 ' , 4 ' - t r i m e t h y l - 2 ' , 5 ' - d ihydro -4 ' - f u r anony l ) -3 ,4 ,5 - t r ime thy l fu ran ( l f e ; 

58.0 

59-8 

61.0 

65.2 

74.6 

M 

M 

Broad 

B r . M 

M 

2 

1 

3a 

4a 

3a' 

4a 1 , 5a 

2a' 
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S h i f t 
p.p.m. 

Pine Structure 
J values i n Hz 

Relat ive 
In t ens i t y 

Assignment 

60. F- l ,2 ,3 - t r imethylcyclopropenvl acyl f l u o r i d e (163) 

-29.7 Q ( J 1 0 j i = 10) of M ( J ^ l ) 1 

63.6 S 6 

70.4 D 5 

2a CF. 

3a CF. 

2a C F 3 CF-, 1a 

3a C F 3 

163 164 

6 l . F- l ,2 ,3 - t r imethylcyc lopropenyl F-methyl ketone (164) 

63.1 S 2 

69.3 S 1 

76.9 S 1 

4 

2a, 5a 

l a 

2a, 5a 

l a 



APPENDIX 2 

I n f r a - r e d Spectra 
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b) Durham University Chemical Society 

9 Tuesday, 19th October 

Dr. J.A. Salthouse (Univ. of Manchester), "Chemistry and Energy". 

* Tuesday, 26th October 

Dr. R.E. Richards (Univ. of Oxford), "NMR Measurements on I n t a c t 

B i o l o g i c a l Tissue". 

* Tuesday, 2nd November 

Dr. B. S u t c l i f f e (Univ. of York), "The Chemical Bond as a Figment 

of the Imagination". 

* Tuesday, 16th November 

Mr. R. Ficken (Rohm a Haas), "The Graduate i n Industry". 

Tuesday, 30th November 

Dr. R.J. Donovan (Univ. of Edinburgh), "The Chemistry of the 

Atmosphere". 

* Tuesday, 18th January 

Professor I . F e l l s (Univ. of Newcastle), "Energy Storage: the 

Chemists' Contribution to the'Problem". 

it Tuesday, Sth February 

Dr. M.J. Cleare (Johnson Matthey Research Centre), "Platinum Group 

Metal Compounds as Anti-Cancer Agents". 

Tuesday, 1st March 

Professor J.A.S. Smith (Q.E. College, London), "Double Resonance". 

#• Tuesday, 8th March 

Professor C. Eabom(Univ. of Sussex), "Structure and R e a c t i v i t y " . 

1.2 1977-78 

a) University of Durham Chemistry Colloquia 
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^ Tuesday, 27th September 

Dr. T.J. Broxton (La Trobe Univ. A u s t r a l i a ) , " I n t e r a c t i o n of 

Aryldiazoniura S a l t s and Arylazoalkyl Ethers i n Basic Alcoholic Solvents". 

* Wednesday, 19th October 

Dr. B. Heyn (Univ. of Jena, D.D.R.), "c-Organo-Molybdenum Complexes 

as Alkene Polymerisation C a t a l y s t s " . 

df Thursday, 27th October 

Professor R.A. F i l l e r ( I l l i n o i s I n s t , of Technology, U.S.A.), 

"Reactions of Organic Compounds with Xenon Fluorides". 

Wednesday, 2nd November 

Dr. N. Boden (Univ. of Leeds), "NMR Spin-Echo Experiments f o r 

Studying Structure and Dynamical Properties of Materials Containing I n t e r a c t i n g 

Spin-'j P a i r s " . 

* Wednesday, 9th November 

Dr. A.R. Butler (Univ. of S t . Andrews) , "Why I l o s t F a i t h i n Linear 

Free Energy Relationships". 

Wednesday, 7th December 

Dr. P.A. Madden (Univ. of Cambridge), "Raman Studies of Molecular 

Motions i n Liquids". 

Wednesday, 14th December 

Dr. R.O. Gould (Univ. of Edinburgh), "Crystallography to the 

Rescue i n Ruthenium Chemistry". 

Wednesday, 25th January 

Dr. G. Richards,(Univ. of Oxford), "Quantum Pharmacology". 
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#• Wednesday 1st February, 2.30 p.m. 

Professor K.J. I v i n (Queens Uni v e r s i t y , B e l f a s t ) , "The o l e f i n 

metathesis reaction: mechanism of ring-opening polymerisation 

of cycloalkenes", 

P Friday 3rd February 

Dr A. Hartog (Free University, Amsterdam, Holland) , "Surprising 

recent Studies i n Organo-magnesium Chemistry". 

* Wednesday 22 February 

Professor J.D. B i r c h a l l (Mond D i v i s i o n , I . C . I . L t d . ) , " S i l i c o n 

i n the Biosphere", 

•fc Wednesday 1 s t March 

Dr A. Williams (University of Kent), "Acyl Group Transfer 

Reactions". 

• Friday 3rd March 

Dr G. van Koten (University of Amsterdam, Holland), "Structure and 

R e a c t i v i t y of Arylkopper C l u s t e r Compounds". 

Wednesday 15 March 

Professor G. Scott (University of Aston), "Fashioning P l a s t i c s 

to match the Environment". 

Wednesday 22 March 

' Professor H. Vahrenkarap (University of Freiburg, Germany), 

"Metal-Metal Bonds i n Organometallic Complexes". 

Wednesday 19 A p r i l 

Dr M. Barber (UMIST), "Secondary Ion Mass Spectra of Surfaces 

and Absorbed Species". 

Tuesday 16th May 

Dr P. Ferguson (C.N.R.S., Grenoble), "Surface Plasma Waves 

and Adsorbed Species on Metals". 
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Thursday 10th May 

Professor M. Gordon (University of Ess e x ) , "Three C r i t i c a l 

Points i n Polymer Science". 

Monday 22nd May 

Professor D. Tuck (University of Windsor, Ontario), " E l e c t r o ­

chemical Synthesis of Inorganic and Organometallic Compounds". 

Wednesday - Thursday 24th, 25th May 

Professor P. von R. Schleyer (University of Erlangen, Nurnberg), 

I , "Planar Tetra~co-ordinate Methanes, Perpendicular 

Ethylenes, and Planar Allenes". 

* I I . "Aroniaticity i n Three Dimensions". 

I I I . "Non-classical Carbocations". 

Wednesday 21st June 

Dr S.K.' T y r l i k (Academy of Science, Warsaw), "Dimethylglyoxime-

cobalt Complexes - C a t a l y t i c Black Boxes". 

Friday 23rd June 

Professor W.B. Pearson (University of F l o r i d a ) , "Diode Laser 

Spectroscopy at 16 ym". 

Friday 30th June 

Professor G. Mateescu (Cape Western Reserve U n i v e r s i t y ) , 

"A Concerted Spectroscopy Approach to the C h a r a c t e r i z a t i o n of 

Ions and Ion P a i r s : F a c t s , Plans, and Dreams", 

(b) Durham University Chemical Society 

• Thursday 13th October 

Dr J . C. Young, Mr A.J.S. Williams (University of Aberystwyth), 

"Experiments and Considerations Touching Colour". 

# Thursday 20th October 

Dr R.L. Williams (Metropolitan P o l i c e Forensic Science Dept.), 

"Science and Crime". 
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w Thursday 3rd November 

Dr G.W. Gray (University of H u l l ) , "Liquid C r y s t a l s - Their 

Origins and Applications". 

Thursday 24th November 

Mr G. R u s s e l l (Alcan), "Designing for S o c i a l A c c e p t a b i l i t y " . 

^ Thursday 1 s t December 

Dr B.F.G. Johnson (University of Cambridge), "Chemistry of 

Binary Metal Carbonyls". 

Thursday 2nd February 

Professor R.A. Raphael (University of Cambridge), " B i z a r r e 

Reactions of Acetylenic Compounds". 

Thursday 16th February 

Professor G.W.A. Fowles (University of Reading), "Home Winemakir 

•fy Thursday 2nd March . 

Professor M.W. Roberts (University of Bradford), "The Discovery 

of Molecular Events a t S o l i d Surfaces". 

^ Thursday 9th March 

Professor H. Suschitzky (University of S a l f o r d ) , " F r u i t f u l 

F i s s i o n s of Benzofuroxans". 

$ Thursday 4th May 

Professor J . Chatt (University of Sussex), "Reactions of Co­

ordinated Dinitrcgen". 

4f Tuesday 9th May 

Professor G.A. Olah (Case Western Reserve U n i v e r s i t y , Cleveland 

Ohio), " E l e c t r o p h i l i c Reactions of Hydrocarbons". 

2. Conferences Attended and Papers Read Out 

5th European Symposium on Fluorine Chemistry, Menton, 1976. 

6th European Symposium on Fluorine Chemistry, Dortmund, 1977, where a 

paper e n t i t l e d "Oligomers from Chlorotrifluoroethylene" was presented. 


