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SUMMARY

The work described in thils thesls 1s 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 tri- and tetra-methyl furans. Also described are
fluoride ion induced oligomerisations and co-oligomerisations of some
siﬁple fluoro-olefins.

Pepfluoro-},4-dimethyl-3—hexene and other oligomers (see examples)

are produced from chlorotrifluorocethylene and perfluoro-2-butene by

CaFs CFs  CyFs CF3 CFy CF3
AN v/
Cc—C =C CF3
/ '\ SN/
CF3 CFy  CF3  C=¢ CFq CFq
CF C—CFCF
+ trans 3 / 3 CF3 CZFS
CFé

fluoride ion induced reactions. Two 1nterestling dehalogenatlon processes
occur during oligomerisation, one of which is suggested to be induced
by caesium fluoride.

The reactions of perfluoro-3, 4-dimethyl-3-hexene with a variety of
0- and N-nucleophiles gave a diverse range of products formed by various
substitutlon mechanisms. These reactions are rationalised by a general
overall scheme when several factors are taken into consideration. For
example the products from reactions with amines are dependent upon the
steric requirements of the amine, its bascity, and the presence or

absence of active fluoride ion.



Two unusual internal nucleophilic substitutions from a saturated
difluoromethylene group are reported. One of these produces a furan

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

CF, CFj CFq

CF4F FCF
3 N\g 3

Pyrolysis of perfluoro-3,4-dimethyl-3-hexene over hot platinum
gave a good yield of P-2,35-dimethylbutadiene, whereas hot iron or
caesium fluoride gave defluorination products. Passaée of perfluoro-3,
4-dimethyl-3-hekene over hot surfaces also gave a mixture of the starting
olefin and its two isomers resulting from 1l,3-fluorine shifts. The
reactlion of a mixture of these isomers with neutral_methanol clearly
demonstrates the relative reactivities of isomeric terminal and
internal perfluoro=-olefins.

Simllar pyrolyses of some related systems are also described.

In particular two interesting furan derivatives were produced.

CF4 CF, Cafs CF4 CFq CFy
CFy
- F 5

The reported reactions of these furans include photolyses

giving cyclopropenyl derivatilves, and the fluoride ion induced

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




Some reactions of F-2,3-dimethylbutadiene are also desecribed,
Including an interesting fluoride 1ion Induced dimerisation when there

1s a competition between either end of an allylic anion for the

starting material.
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CHAPTER 1

Tonic Oligomerisation of Fluoro-olefins

Introduction

Low molecular welght fluoro-olefins, such as F—ethylenef F-propene,
and F-cyclobutene, are either avallable commerclally or, 1n some cases,
may be readily prepared on a laboratory scale. These fluoro-olefins are,
in themselves, chemically interestling, but 1t 1s possible to convert
them to a range of higher molecular weight fluorocarbons by a number of
routes, s&me of which are outlined below.

The formation of higher fluoro-olefins, which are ollgomers cof the
starting materials, 1s particularly relevant to the work described in this
thesls. These oligomers are interesting because their chemistiry is
relatively unexplored. They are also proving to be useful, industrially,
as intermediates in the production of various surface active agents and,
when fluorinated, as solvents, inert fluids, etc.

In this chapter the formation of these higher fluoro-olefins, by
ionlec oligomerisation processes, 1s reviewed, and in Chapter II thelr
chemistry 1s discussed.

I.A Oligomerisation In General

Oligomerisation involves taking a monomer, M, and reacting 1t in
some way, such that a product consisting of a number of monomer units,
(M)n, is obtained (eq.I.1). This is essentially different from telomerisation
and many polymerisation processes (eq.I.2) where a radical initiator, AR,

is used and this 1s normally incorporated into the product as end groups.

* P~ 1s an accepted abbreviatlon for a fully fluorinated system.



(1.1) ™ — M n= w2 -8

(1.2) AB + i —= AM B n> 1
There are a number of other important differences between the two types
of process and, to illustrate these, some examples of radical processes
(eq.I.2) are listed in Table 1. The products formed, from radical
processes, contaln repeating units and so for F-ethylene (l) stralght
chain saturated fluorocarbons are obtained. This is in contrast to, for
example, an anlonic ollgomerlsation process, which produces highly
branched,-unsaturated fluoro-olefins, and which cannot be 1induced to
glve significant amounts of products containing greater than about
eight monomer units.

Oligomers may be produced from thermal and photochemical reactions
and more extensively from ionlc processes. Some examples of thermal
and photochemical oligomerisations are given in Table 2. Before
reviewing cationic and anionic oligomerisation 1t is worthwhile to
outline the various effects of fluorine on reactivity.and stability
of carbocations, carbanions, and fluoro-olefins. Only a summary of
these effects 1s given here but fﬁrther reviews are available.lg—15

I.B Effects of Fluorine on Reactive Centres

I.B.1l Fluorocarbocations

Two situations arise for fluorocarbocations:- 1) when fluorine

.Is attached to carbon having some formal positive charge, that 1s

directly bonded to a positive centre (eq.I.3) or to carbon conjugated
to a positive centre (eq.I.4); and 2) when fluorine is not directly

attached to carbon having some formal positive charge (eq.I.5 and I1.6).



Table 1

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

o
100™, pressure

CCly + CoF, Cu, or cucl, CCly(C,Fy) Cl (1)
ratilon=1-5: n>5, =4 : 3.
194°
CF.I + CF,CF=CF —_— CF.,—CF_-CF)-1I (2)
3 3 2 3 2 | n
CF,
n =1 (47%), n = 2-4 (50%)
F. + CF.CF=CFCF -qi» Cc,F (50%) + CF.,. (20%) (3)
2 3 3 4" 10 _ 8 18
radical
C2F4 initiator (C2F4)n ) (4)

n = 400,000-9,000,000



“Ye

Table 2

‘"Thermal and Photochemical Oligomerisation

CF 2 FCF

éé::éT 170°, 4n. + (5)

CF3 F CF3

- + 3 trimers + 1 tetramer

200°
C21="1 —— F (6)
pressure
F_ FCl
_ _5nnC 2 .
CF ,=CFC1 130-200" , (7)
F, FCl
250 3500 F, FCF, F, FCF,
CF.CF=CF . + (8)
3 2 CF.F F
F, FCF , 3 2
(CF.,) .C
3’2 F
! looo 2 .
l (CF3)2C=C=CF2 _ (9)
| cm/ (CF3)2
o]
25, (10)
CF .CF=CF 70%/hv 2 (20%). + C.F._ (41%) (11)
3 2 6 weeks - ’ 9" 18
2 + C12F24 (v 10%) + C15F3o (v 10%)

Fluorinated ring systems will be represented in this way throughout this thesis.




+ +

(.3) F—F— «—> F=?—
stabilising

PR 3 P NP7

(I.4) F ?—c Cle F <|15 =C{ ¢« 'f-cl: C=C__
I

e

(1.5 F-C &
destabilising

L x- P PR
(I.6) F-C-—F—J: E\<——> F-C F c=cZ

In the first case fluorine has a stabillsing influence, relative to
hydrogen, because destabilising electron withdrawal, e s Is offset
by mesomeric eiectron release, f-——4616 (equivalent to- C====$), whereas
in the second case fluorine is destabllising, relative to hydrogen,
because electron withdrawal cannot be offset by mesomeric electron
release, F‘e——C—E. Mesomeric electron release, by fluorine, has been
demonstrated experimentally for stable carbocations, by the large
deshielding observed using nmr spectr'oscopy.17 For example{ the dimethyl
fluorocation is deshielded by 260 ppm from the starting material.l8
(eq.I.7). Similarly the F-cyclopropenium ion shows one signal, 57.8 ppm
downfield from the average shift of-F-cyclopr-opane19 (eq.I.8). Like
fluorine, chlorine and bromine are found to stabilise carbocations,

agaln by mesomeric electron release. Thus the trichlorocyclopropenium
ion, which is readily formed from tetrachlorocyclopropane and aluminium
trichloride (eq.I.9), has been shown, by spectroscopic techniques, to
have about half the positlve charge delocalised through the n# system onto

the chlorines.zo




SbF, SO, _
(x.7) CH.,CF .CF ——————) CH EFCH SbF
37273 o 3 K} 6
-60
F
SbF5
(1.8) é : é W SbIE‘6
F F
Cl
Alcl, _
(1.9) —2y @ AlCl,
Cl Cl

I.B.2 Flﬁorocarbanions

For fluorocarbanions one might expect that fluorine directly bonded
to the negative centre, C-, would be strongly stabilising as a result of
inductive electron withdrawal, Ig (eq.I.11), but in practice it is found

that fluorine has a much greater stabilising effect when bonded to carbon

ad Jacent to the negative centre (eq.I.10). Obviously, for fluorine

directly bonded to C a destabllising effect must also operate. One
explanation for this effect is that there is considerable Im repulsicn
between lone pairs on fluorine and carbon16 (eq.I.12).

The other halogens, in order Cl < Br < I, become progressively
more stablillsing relative to fluorine when directly bonded to C-,
probably as a result of aieombination of factors:
1) reduced IT repulsiorl
2) rellef of steric crowding on formation of the anion; and

3) increasing polarisability and availability of d-orbitals, especially

for bromine and iodine®? (eq.I.1l3).




Table 3

Stable Carbanions

CsF, diglyme .

(CF3)2C=CF2 - (CF3)3C
- CsF, diglyme , _ =
(CF3)2C—CFC2F5 A ? n C3F7C(CF3)2
50
| F F or F F .C_SE_'__DE_)
| 20°
|

(24)

(25)

(26)

(27)



(£.10) FeC-C

stabilising
(I.11) FeC
L
(I.12) F—C destabilising
(1.13) —?-Br «> -C=Br

These observatlons allow one to predict the relative stabilitiles
of a series of fluorocarbanions (which is, of course, the reverse order

of reactivity).

(CFLE > (CRI,EF > crlR, < crCrer < crCrer
Normally fluoro-olefins react with fluoridé ion to form the most stable
carbanion and so, for example, chlorotrifluoroethylene (3) gilves
CFyCFCL, rather than CF,CICF, , as intermediate, shown by the formation
of CF;CHFC1 from (3) using potassium fluoride in for-m_amide.23

A number of fluorocarbanions are stable under certain conditions and

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

given in Table 3.

I.B.3 Fluoro-olefins

It 1s well established that fluorine prefers noé t0 be bonded to
unsaturated carbon. Thls may be a resﬁlt of a destabilising interaction
between lone palrs on fluorine and the M system of the carbon-carbon
doublé bond, 1n an analagous manner to that described for fluorocarbanlons

(Section I.B.2). Alternatively the C-F bond strength may be decreased for




fluorine attached to sp2 carbon compared to sp3 carbon because of an

increase in the electronegativity of carbon in going from sp3 to sp2

hybridisation?8
The effect of fluorine on stability 1s clearly demonstrated by

comparison of the total bond energies29:for the carbon skeletons of

butadiene and 2~butyne.

C—C-—C—C¢C C C==¢C ]

374.2 364.8 kcal/mole

On this basis,_one would expect butadiene to be the more stable, as
is found, in practice, for the hydrocarbon compounds, but F-butadiene

is readily isomerised to F-2-butyne by fluoride 10on (see below).

I.B.3.a Fluoride Ton Induced Isomerisation

Fluoride ion induced isomerisations of fluoro-olefins may be SN2'
(concerted) processes (scheme 1) or may proceed via intermediate
carbanions (4), giving (5) (scheme 2). For convenience the.term SNe'!
will bg used, although the reactions described may not be concerted.

1 Some examples are given in Table 4.

These isomerisations are reversible and it will be seen later that
various nucleophllic reactions involve initial isomerisation to less stable
fluoro-olefins. Another reaction pathway for carbanion (4) (scheme 2) is
the elimination of fluoride giving a non-rearranged product (6). Although
thls will be described as vinylic substlitution it is not generally a
concérted process. The preference for elther pathway, in scheme 2,

depends on the relative stabllities of the various possible products.
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CF,=CFCF, CF=CF CF_CF,C=CCF

2 2 2 372 3
F | SN2' F | sN2®
CF ,CF=CFCF=CF, F_ CF..CF=C=CFCF

SN2' 3 3

Scheme 1 (see eq. I.16)

i
Nuc—?—c=c

vinylic subst, Nuc-C=C-C
]

6 F

Scheme 2
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Table 4

Fluoride Ion Induced Isomerisations

CHC1 3¢ Et 4NF
(I.14) n-C F_-CF,CF=CF —) 7 (12%) + internal olefins (23)
4°9 2 2 o . -
22, 5 min.
7
(1.15) CF2=CF—CF=CE"2 OCSF ) CF JC=CCF,, (30)
100 , 30 min. '
or 200, 100 days
[ CF 3CECC2F5 + _CF 3CF=C=CFCF3
5% 8%
_ CsF '
(1.16) CF ,=CFCF,,CF=CF —_— (30)
2 2 2 o
457, 8h
| + CF 3CF=CFC].“=CF2

22%
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For a more detalled discussion of mucleophilic reactions of some

fluoro-olefins see Chapter Ii.

I.B.3.b Antimony Pentafluoride Induced Isomerisations -

Antimony pentafluoride induced isomerisations (eq.I.l7 and I.18)
appear to lnvolve allyl cations as Intermedlates. The converslon of
F - 1, 7-octadiene to, specifically, F-trans, trans-2, 6-octadiene31
(eq.I.17) is readily explained by considering the stereochemistry of

the intermedlate allyl cation (8) (eq.I.19). The most stable configuration
SbF

5
(1.17) CF2—CF (CFZ) 4CF—CF2 —_— CF3CF—CFCF2CF2CF—CFCF3 (31)
trans, trans-isomer
SbF5
{(I.18) F ;E-u—x—-) F (32)
CFH §§
CF3 CHCF3
i
F C F R
1 PN ~ F
(I.19) CF,=CF-C-R —‘\__ c° + XC-RF ‘———“ \C=C
F F F CF3. F
|
| 8 trans

3 for planar catlon (§) has a cls arrangement for the C-1 and C-3 fluorines.
It has been shown, by nmr spectroscopy, for a similar allyl cation
(p4ﬂeOCGHL replaces R in 8) that there is considerable interaction between
the cis C-1 and C-3 fluor-ines?3 A trans arrangement for these fluorines
would therefore produce a significant destabilising interaction between

F and Rz in (8).

I.C Electrophilic Oligomerisation

It has been reported that F-ethylene is polymerised, at room
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temperature, by antimony pentafluoride and fluorosulphonlic acid, 1in
the presence of a radical inhibitor (43-pinene);”4 This suggests a
cationic polymerisation process, although the stability of o« -pinene
under these conditlions 1s somewhat uncertain.
In general, though, only dimers and, in one instance a trimer,
have been produced from fluoro-olefins using elther fluorosulphonic acid
or antimony pentafluoride. These are strong Lewls aclds and, in particular;
Sng very readily accepts fluorideion. A comprehensive list of these

oligomerisations 1is given in Table 5.

I.C.1 Fluoropropene Dimerisations

Myhrejspmblished the first example of electrophilic dimerisatlion
of a fluoro-olefin, for 3,3,3-trifluoropropene (9a), which in HSO3F or
DSO;F gave only one dimer (10a) (scheme 3). Furﬁhermore, the same olefin
labelled at C-2 with deuterium (CF3CD===CF2, 9b) in HSO4F 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 (;gg)_
from the deutefium labelied fluoropropene (gé) indicated an electrophillic
mechanism for this dimerisatioﬁ (scheme 3). Intermediate cation (11)
1s suggested to rearrange, via a 1,3-hydride shift to glve allyl

cation (12).
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Cx
N -
- + _— - .
CH,=CX~CF, HSOJF  ————— CH, "+ "~CF, + FHOSO,F
9a, X = H
9, X=0D
9a or 9
Vv cl:F3
cxX CcxX
AN _—CF3 B RN
F,C7" + "Nc—cg —— CF.,=CX-CH CH
| \\\CH shift 2 2 +2
3
12 11
FHOSO,F
CF, /H_
\c=c + HSO.F
X cX
\CF3
10a, X =H
10b, X =D
Scheme 335

An analagous mechanism has been described for the dimerisation of
F-propene (2), glving F-trans-4-methyl-2-pentene (12).(see Table 5),
but now a 1,3 fluoride shift is proposed.33 A slightly different mechanism
is given 1n scheme 4, where intermediate cation (14) is suggested to
abstract fluéride from Sbe-, giving a terminal olefin (15), although
this was not isolated.36 The terminal olefin will then isomerise, in
the presence of SbFg, to give dimer (13) (see also Section I.B.3.b).
Further isomerisation to the fhermodynamically more stable dimer,
F-2-methyl-2-pentene (16) does not occur, with SbFy, although this is

357

a well known process with fluoride ion.




SbF /C.F\ _-F3
CF.,=CF-CF —_— CF.*" + 3CF —_— CF .=CF~CF_~CF
2 3 2 2 2 2 2 '\
2 4 cF,
+
SbF6
CF
F\ /CF3 3\ e SbF5
Cc=C —E— =C — CF.,=CF-CF,-CF (CF.)
~ \ yd A 2 2 3°2
F5C2 CF, F CF (CF3) 2 |
6 13 15
Scheme 436
CF
PCTEENN
CF + NCF, + C.F - CF .,=CFCF.,CF,CF
2 19 2 274 _ 2 275272
CF3CF=CFC2F5 € CF2=CFCF2CF2CF3
18
Scheme 536
CF
/"\\ _ )
CF, + °SCF, + CF2=CFC1
19 3
CF2=CFCF2CFC1CF2 cs'2=cr-'ci'2cr‘2cm1
CF3CF=CE‘CFC1CF3 CF3CF=CFCF2CF2C1
CF 4CF ,CF=CXCF
18, X = F.
X = Cl.

Scheme 6 36
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The absence of isomerisation to (16), with SbFg, 1s suggested to
"be a result of the instability of the required intermediate cation (lz)
(eq.I.20). The CFy groups in (17) are strongly destabilising, and so
(17) will not be readily formed from F-4-methyl-2-pentene (13); thus

the fluorine in (13) is not sufficlently 1abile?6

F
CF F C F CF
3 / AN 3
. //’
F CF(CF3)2 F CF3 F5C2 CF3
13 17 16

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

F-ethylene (1) reacts readily with F-propene (2), using SbFy
as catalyst, to give F-trans—2—bentene (l§), derlved from attack of the
F-allyl cation (19) on F-ethylene36 (scheme 5). A similar dimerisation
occurs with trifluoroethylene (20) and F-propene (2), giving
specifically 2-H-nonafluoro-2-pentene (g;) via attack of the F-aliylcation
(ig) on the CFH end of (20) (see Table 5).36 In contrast, F-propene and chloro-
trifluoroethylene (3) give products arising from attack of the F-allyl
catioé on both ends of (3) (scheme 6), suggesting that the intermediate
carbocafions have similar.stabilities?6 as would be expected (see
Section I.B.l).

Interestingly 2H-pentafluoropropene and F-ethylene gave the expected
dimer, 2H-nonafluoro-2-pentene (gl) (also formed from F-propene and
trifluoroethylene, see above) and a trimer, which was also produced

directly from (21) and F-ethylene (Table 5). Using similar conditions,

F-2-pentene (18) and F-ethylene (1) did not react. The difference in
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reactivity of 2H-nonafluoro-2-pentene and F-2-pentene, towards (1) is
again reflected in the stabllity of the intermediate allyl cation§36
(eq.I.21 and I.22).

CFr

I.21 F_CF=CFC_F 4“\
( ) CF.CF=CFC,F_ —E—> CF,”" + "~ CFC,F.
18
CH
(I.22) CF.CH=CFC,F ———— CF 4‘;‘¥CFC F
3 2°5 2 ) 2°5
21

I.C.3 Co-oligomers from Cyclic Qlefins

F-cyclobutene (gg) falled to dimerise, using SbF‘s.33 This is possibly
because reaction of (22) with the F-cyclobutenium ion (23), would produce

a relatively unstable cation (24) (eq.I.23).

Fr—==F +
(1.23) - + * —<—> F F
Fy F
22 23 24

However, F-cyclobutene will react with F-ethylene (l), F-propene (2),
and.trifluoroethylene, to give dimers o> (Table 5). In each case the
products are explained by attack of the F-cyclobutenium ion on the
fluoro-olefin (scheme 7). With (1) and (2) only cyclobutene derivatives,
(25, X= F,CF3) are obtained, whereas with trifluoroethylene, although
the expected cyclobutene derivative, (25, X = H), is formed, the major
product, (26, X = H), arises from isomerisation of (25, X = H) (see

Section I.B.3.b).
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+
F
F e £ CFXCF,
+ + CFXCF, —— F
F5 ~“F
X =F, CFy, H
//cxcr'3 /SKCF 3 CFXCF
/ l’+
1
F — F i pe— F
26 X=H 27 25 X=F,CF_, H

3'

Scheme 732

Again the relative stabilities of the postulated intermediate

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

and (25, X = CF5) does not. Clearly cation (27, x = H) will be much

more stable. One would expect that cation (gz, X = F) would be even more
readily formed that (27, X = H) (see Section I.B.l) and, presumably,

the reason that cyclobutene derivative (gg,x = F) does not isomerise is
because it is the more stable isomer.

In contrast, F-cyclopentene failed to react with F-ethylene, using
conditions where F-cyclobutene gave products. It has been sugéested that
the difference in reactivity could possibly be explained by additional
homoaromatic stabilisation for the F-cyclobutenium ion.32 The cyclobutenium
ion (28) is thought to be stabilised in this way, but the cyclopentenium
ion (29) probably has no additional stabilisation.38 However long lived
fluorocyclobutenium lons have been observed, using nmr spectroscopy, and
the evidence suggests that additional homoaromatic stabilisation is not

significant.33
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Table 5
1-

CF H
CF . CH=CH __3° s 3\c= e
3 2 HSO3F or DSO3F’
H CHCH
| 3
CF
80% 3
CF H
CF _CD=CH _?i__) 3\C=C/
3 2 HSOBF / \
D CDCH
| 3
CF3
20° .
CF3CH=CF2 —) CF3CH=CFCH(CF3)2 cis:trans = 1:5
57%
CF_CF=CF -ﬁ) CF ,CF=CFCF (CF.,) t
3 2 3 3/ 2 ~rens
13 24%
CF.CF=CF,, + C_.F _‘l_ff_) CF_CF=CFC_F_. trans
3 2 2 4 3 25
18  60%
CF_CF=CF.,, + CF_CFH i'si') CF_.CH=CFC_.F_ trans
37 2 2 3 2°5
21 68%
45° .
CF3CF=CF2 + CF2CFC1 —_ 18 + CF3CF2CF=CC1CF3 cis/trans
+ CF3CF=CFCF2C3201 trans
45°
CF,CH=CF, + C,F, ~ ——3) 21 + CF,CF,CF,CH=CFC,F_
(trimer)
CF,CH=CFC,F_ + C_F isi) CF_CF,CF, CH=CFC,F
3 2°5 2°4 372720 25

60%

(35)

(35)

(39)

(39)

(36)

(36)

(36)

(36)

(36)
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Table 5 continued

2Fs
55°
F + C2F4 - (32)
73%
CF(CF3)2
. (¢]
F + CF3CF=CF2 -]4°—°—-) ' F (32)
| . 32%
CFHCF3 //CHCF3
(o]
F + CF2CFH 10—0-9 F + F (32)
4% 36%

using antimony pentafluoride, unless otherwise stated.
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I.D Nucleophilic Oligomerisation

T.D.1 General Considerations

I.D.1.a2a Mechanism

K
(I.24) ©€=C + F +—=—= c-C

c=C
(T.25) C=C + C-C -359 c-c-c-C —E—>

I

These oligomerisations are, in general, catalysed by fluoride ion.
The first stage of reactipn, an equilibrium, is the formation of a
carbanion, from the fluoro-olefin and fluoride ion (eq.I.24). Subsequent
reaction between this carbanion and fluoro-olefin produces a larger
carbanion (eq.i.25). Thlis readily loses fluoride and,-if possible,
isomerises to a more stable internal olefin (see Section I.B.3.a),
rather than reacting directly with another molecule of fluoro-olefin.
Thus the products tend to be highly branched rather than straight chain
materials.

For this mechanism:-

r o kk[C=c12[F]

where —r 1s reaction rate; k, the rate constant for eq.I.25;
K, the equilibrium constant for eq.I.24; and [Cc=c], [F ], the
'concenté'ations of olefin and fluoride. The constant, kK, 1s a measure of
fluoro-olefin reactivity towards oligomerisation. For a series of
olefins, though, a comparison of reactivities 1s complicated by the
wide range cf experimental conditlons used, because of rate dependence
on olefin concentration. This, in turn, is affected by olefin solubility,
temperature, and pressure.

However, the ease of oligomerisation appears to reflect the

reactivity towards nucleophilic attack for the series:-




-22-

CFp=CF, < CFy=CFCF; << CF,=CICFy),

F-1sobutene readlily forms an anion and it is very susceptible to
nucleophilic attack by this anion, kK is therefore large. 1In
contrast F-ethylene does not readlly form an anion and it is not
very susceptible to attack by this anion, which 1s however, very
reactive. Although kK 1s probably smaller than for F-1sobutene,
the insolubility of F-ethylene, in the solvents used, will markedl&
reduce reaction rate, making comparisons difficult.

The ease of oligomerisation 1s affected by the cation counter
to fluoride and by the particular solvent used, 1f one 1s present.

The solvent efféct 1s not Just a result of fluoro-olefin solubility.

I.D.1l.b. Fluoride Ion Reactlvity

The reactivity of fluoride increases for the serles KF, CsF,
Et‘NF (anhydrous materials) as a result of decreased lattice energy
for fluorides with large cations. In the absence of solvent only
iattice energy ard, of course, the surface area of catalyst will affect
reactivity. More generally, though, a solvent 1s employed. With sultable
solvents fluorides are more active than in the absence of solvent.
Fluoride ion is a weak nucleophile in polar protic solvents, such
as water and methanol, because it 1s highly solvated. In polar, aprotic
solvents, however, for example DMF, acetonitrile, and the glymes, there is
much less solvation and fluorlde 1s a strong nucleophlle, as 1s required
for these oligomerisations., Anhydrous conditlons are advantageous because
water, obviously, will solvate fluoride and therefore decrease reactivity.
The solubility of fluorides, in these preferred solvents, Ilncreases in

order KF, CsF, EtLNF as lattice energy decreases; KF 1s only sparingly
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in these solvents. As the catlon slze inereases, 1t 1s probable that
reactivity 1lncreases because lon pairing, 1n solution, 1s reduced for
the catlon with fluoride ion, and with carbanions. It will be seen
later that fluoride lon reactivity can markedly affect product

distribution.

I.D.1l.c. Crown Ethers and Phase Transfer Catalysis

Crown ethers are very useful macrocyolic multidentate ligands
for metal ions, especlally when the crown-ether hole and lon are of
similar size. For example 18-crown-6 ethers, which have eighteen ring
carbon and oxygen atoms and six equally spaced oxygens, form partlcularly
stable complexes with K+.41
- Two important effects result from the use of crown ethers for
oligomerisation reactions:-
1) The solubility of alkall metal fluorldes 1s inereased in polar
aprotic solvents and they may become soluble, to a limited
extent, 1in hydrocarbon solvents; and
2) Ton pairing is decreased because the metal ion 1s shlelded by
_the crown ether and therefore fluoride lon 1s more active,
particularly in hydrocarbon solvents, such as methyléne chloride,
when fluoride ion éolvation 1s probably absent.
Thus, KF, 18-crown-6 ether is as active as CsF alone for F-propene

o1 and KF, 18-crown-5 ether in methylene

43

oligomerisaticn in acetonitrile
o)

chloride, at -78°C, readily ollgomerises F-propene.

Crown ether may be described as a solid-liquid phase transfer

catalyst for the KIF, methylene chloride system because KF 1s otherwise
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insolible. As yet there have been no reports of liquid-liquid phase

transfer catalysls for ollgomerisation, although thls 1is well known

for other lonlc organic reactions. An aqueous-hydrocarbon system is
normally used, with elther an alkall metal ion-crown ether complex or
quaternary-ammonium or phosphonium salts acting as the phase transfer
catalyst for fluoride. There is probably no great advantage to be

derived from thils system for ollgomerisations.

I.D.1.d. Other Catalysts

Other catalysts can either produce fluoride ion in solution, by
reactlon with the fluoro-olefin, or directly catalyse oligomerisation.
Normally these catalysts give the same products as fluoride ion catalysed
reactions. Even so both types of catalysis may still occur. However,
F-cyclobutene, with pyridine as catalyst, glves a different trimer to
the one formed using fluoride ion and an entirely different mechanism
is 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 reactlons (see section I.D.2.c.).

In principle any compound which reacts with the fluoro-olefin to
produce fluoride ion could be used as catalyst and NaOH, MNeBr, NaCl,

KBr, MeLNCl, and MeOH have, 1n fact, been used for the oligomerisation of
F-propene.

More generally, though tertiary amines are used and these have the
advantage of solubility in bolar aprotic solvents. Tertiary amines can
react, reversibly, with fluoro-olefin giving a quaternary ammonium ion and

fluoride ion (eq.I.26). If a fluoride ion mechanism operates, then
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simple amines, such as Me3N, will probably have the same order of

" reactlvity as simple quaternary ammonium fluorides, like MeLNF, because
F
| + ﬁ -
(I.26) R3N + C=C-C —— R3N-C=C—(IZ or R3 CF-C=C + F
I
F F

the cations are not very different. More complex amlines, particularly
fluorinated amines, will give catlions having very shielded positive
centres, and this probably reduces ilon palring. An example 1s given

o

4
in scheme 8, when the fluorinated amine is formed in situ. -

N (CH,,CH ,0H) , ;%ggﬁe N (CH,CH,0CF ,CFHCF ,)
C3F
F o+ ¢F2=CF—CF2-ﬁ(CH2CHzoCF2CFHCF3)3
Scheme 8

I.D.1.e 8Side Reactions

Although solvents produce many advantages for ollgomerisations,
side reactions with the solvent can occur. These are most extensive
for very reactive carbanions, such as the F-ethyl anion. For example,
using CsF and diglyme at 100°C, 40% of the F-ethylene reacted with the

46
solvent. However 1t has been observed that the presence of crown ethers
. k7

reduces reaction of F-ethylene with solvent, (see section I.D.3.b.)

although thils 1s not easily explained.

I.D.2 Oligomerisation of F-propene and Related Clefins

Oligomerisation of F-propene has been achleved in the absence of

48-
solvent, using CsF as catalyst. 20 More generally, a polar aprotle

' gy
solvent is employed,although benzene and cyclohexane (with a
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tetraalkylammonium chloride) and methylene chloride43 (with kF, crown ether)
have also been used. For very nucleophilic solvents, like IIMSO, oligomers
can be produced without any additlonal catalyst present.uu The cholce of
solvent-catalyst system can strongly iInfluence préduet distribution and

a list of the more specific'oligomerisations is given in Table 6. Other,
less selectlve oligomerisations have used alkali metal f‘luor-ides.sl-53
Some interconversion of the F-propene oligomers 1s also possible, and the
various reactlon conditions used are given 1n Table 7.

The probable mechanism for formation of oligomers 1s glven in

scheme 9.

I.D.2.a Dimer Formation

The kinetic dimer, F-4-methyl-2-pentene (lé)’ is most probably

formed from F-propene (2) by nucleophilie attack of the F-isopropyl anion (20)
on (g) and loss of fluoride, elther as a concerted process, or by inter-
mediate formation of a carbanion (31) (scheme 9). Dimer (13) is produced

in good yields using less active catalysts, such as KF or (éF3CHFCFZOCH20H2)3N,
presumably because these less readily isomerise (13) to the thermodynamic
dimer, F-2-methyl-2-pentene (16). The isolation of kinetic dimer (13) is
alded by use of acetonitrile, in which the dimers are sparingly soluble.37
With more actlve catalysts, for exampie CsF or KF-crown ether in

7

acetonitrile,”’ good yields of thermodynamic dimer (16) are obtained

(Table 6). Alternatively dimer (13) may be isomerised to (16) 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 vinyliic substitution of
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Probable Mechanism for Oligomerisation of F-Propene

F
- -2 -
- —_— =
CF3CF CF2 fo—— (CF3)2CF —_—) (CF3) 2CFCF2CFCF3
2 o] 31
. —F-
CF, g /cst P (CF3) 2CF\ F
C=C pe—— . c=C
CF3/ g SN2! e \CF3
% 16 13
CF3 ' ' 30, -F ; vinylic subst.
C—CF2-CF2—CF3
CF3
CF C.F
35 3 2°5
-] >C=C<
_ CF3 CF(CF3)2
-F -3_2-
SN2' F
CF2—('Z-—CF2-CF2-CF3
CFy 36
(CF.,) ,CF CF
_ 3°2 \c— 3
30, -F ; vinylic subst. s - "
(CF3)2CF F
(CcF,) ,CF-CF=C—CF _CF,,CF ' 33
3°2 _| 27273
CF3
34 | 30, -F;
vinylic subst.
(CF.) ,CF F
32 3
Seel
(CF3) 2CF CF (CF3) 2
37

Scheme 954
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fluoride giving initlally trimer (_3_2_), which 1is readily 1isomerised to (Z)
(scheme 9). Trimers (32) and (33) are products of kinetic control, their
formation belng favoured by low temperatures.

At higher temperatures, thermodynamic trimer (34) 1s the major
trimer produced from F-propéne (see Table 6) and under similar
conditions kinetic trimers (32) and (33) are isomerised to (34)
(Table 7). This, presumably, occurs via the intermediate formation of
F-2—me.thyl-2-pentene (16). Dimer (16) very readily forms an anion (25)25,
which wili be in equilibrium with a low concentration of terminal olefin (36).
Vinylic substitution of fluoride from (36) by the F-isopropyl anion (30)

leads to trimer (2&)54 (scheme 9).

I.D.2.c Tetramer and Higher Ollgomers

Tetramer (37) is produced from F-propene using (CF3CFHCFZOCHZCH2)3 N (38)

4 .
3,35 The tetramer (37) is most probably

and triethylamine in acetonitrile.
derived from kinetic trimer (2}_) by vinylic substitution of fluoride
(scheme 9). Lesser amounts of higher oligomers, particularly three
C14 Fzsisomers of unknown structure, are also formed. The yield of
Cy, Fog .isomer's may be increased by using fluorinated ether (38) with
1,4-diazobicyclo (2.2.2) octane (39) in DMSO, or other very polar, aprotic
solven‘l;s45 (Table 6). Increasing the ratio of (39) in the reaction system
increases the yleld of tetramer and C1L F26.56

The C1L F26 1somers may possibly be formed by loss of the elements CFL
from pentamer'(s),)45 which, in turn, could be derived from either tetramer (37)

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

pentamer, a very crowded molecule, would be loss of an F-methyl radieal,
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Table 6

Formation of Particular Oligomers - from Hexafluoropropene (2)

Solvent Catalyst Temp (°C) Time (h) Yield (%) Other Products
CF3\\\C=C//,F CEQ
F/ \CF(CF3)2
CH N KF 20 20 86 (16) 6%
THF or Diglyme Me3N 25 35 6l (16) 3% + trimers
CH,CN KF 90 2.5 88 (16) 6%
CH ,CN XF or KHF, RT - a
DMSO KHF, RT - b
CH,CL, KF/CcE® -76 0.5 83 (16) + (13 cis) 4%
CH,CN R3Nd RT - 81 (13 cis) 5%
CF3\ /C2F5
c=C (16)
CF3/ \F
CH3CN CsF 20 20 92 none
CH,CN KF/ce® 20 18 89 trimers 7%
CH3CN CsF 150-160 24 86 '
THF or Diglyme Me3N 25 65 67 trimers 12%
then 115 24

- CsF 215 87 65°

CF3\ C,Fg (CF,) 2CF\ F
c= (32)  + =C (33)

CF3/ CF(CF,), (CF3) ,CF CF,
THF csF/ce® 20 2 92
CH,CN R3N/Et3N < 50 92f

(37)
(54)
(57)
(58)
(59)
(43)

(55,60)

(37)
(37)
(61)

(54)

(50)

(37)

(45,55,60
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Table 6 continued

Solvent Catalyst Temp (°C) Time (h) Yield (%) Other products
(CF3) 2CF.CF=C(CF3) CF2CF2CF3 (34)
THF csF/ce®  130-200 5 60 Dimers 34%
No other Trimers
THF or Diglyme Me3N 100 10 No other Trimers
DMSO dR3n/1>z‘.13co‘-” < 70 h (32) and (33)
(CF3) ZCF\ /CF3 .
c=C (39 + ¢, F. "
Ve \ LAY 14" 26
(CF,) ,CF CF(CF,) ,
cH o dR3N/Et3N 60-70 18 n 20 trimers + > Cp,
DMSO d1131\3/1maco 60 J trimers + > C,,

a, exclusive formation of 13; b, no yield given; ¢, CE = 18-crown-6 ether;
d, R = CF3CFHCF20CH2CH2; e, 70% conversion of (2); £, 32:33 = 2.2:1;

g, DABCO = Diazabicyclo(2.2.2)octane; h, (34) is 76% of trimer fraction,
(34 trans):(34 cis) = 3.1:1; i, consists of 3 isomers; J, q14F26 is approx

50% of recovered oligomers.

(37)

(54)

(45,55)

(45,55)

(45)
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Table 7

Interconversion of Hexafluoropropene Oligomers

CF F F

CF
3 3
>C= i > >c=c<
F CF (CF3) FcCy CF,
(13) (16)
using:~ a) DMSO, R3N and paBCO? at 20° (55)
b) Sulpholane and KF with heating (59)
c) CH,ON, KF and CE at 40° for 3h. (62)
d) DMF and KHF, at 100° for 2h. (44)
CFy ~ /C2F5 (CF ) 2CF\ /F : n—C3F7\
c=C + /c=c\ —_ /C=CF .CF(CF5) ,
CF CF (CF5) (CF,) ,CF CF, CF3
(32) (33) (34)
using:~ a) DMF and KHF, at 100° for 100h. (34, 50%) (54)
b) Diglyme and CsF at 100° (55)
c) CH,ON, KF and CE at 70° for 20h. (34, 22%) (62)
CEPCNUPLLL PP
/C=C\ 32 + 33 + 34
(CF4) ,CF C,Fe
(43)
using:- Diglyme and CsF at 100° (55)

a, R = CF3CFHCF20CH2CH2; DABCO = Diazabicyclo(2.2.2)octane.
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followed by electron transfer and loss of fluoride (scheme 10).

C14F277CF;3 V! C14F27
- cF
3
nuc | +e_
C. F g-——'F— c. . F__
14 26 14" 27
Scheme 10

I.D.2.d Related Olefins

Flubro-olefins of the type Rz— CF—CF, or (RF)2 C==CF, will
only oligomerise in a manner similar to that of F-propene if they cannot
preferentlally undergo isomerisation to internal olefins.

Such a situation arises for F-4-vinylpyridine, which gives a dimer
analagous to the kinetic dimer of F-propene63 (eq.1.26). Similarly
F-1sobutene readily glves a dimer, using CsF with ether64 (eq.I.27) or
diglymeau, but dimerisation does not occur in the absence of solvent.
F-vinylethers are claimed to dimerise 1n the presence of fluoride66
(eq.I.28) but these results have recently been disputed, when it was
sugge§ted that reactions are more complex and dimers are not formed.

Some aza-analogues of F-propene also give dimers (eq.I.29 and I.30).

Sulph s / i
(I.26)  Ar-CF=CF, —‘-’—E-—"l—a%‘i—) Ne=c (63)
CsF, 25 F/ \Ar
Ar = _@N 33%
CF
(1.27)  (CF,) C=CF, “—F——e—zh—er—-) (CF) 3c-c=c/ ’ (64)
-30 AN

F CF
90%

3
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RO F
F
(1.28) Roceece,  CSE. DU, el (66)
50-120 F yd \CF o
3 2ORp
Ry = CFy, CF,(CF,))  (n = 1-9)
CsF
(I.29)  CFyN=CF, = (CF ) ,NCF=NCF (49,50)
< 20°, Pyridine
(I.30) SF5N=CF2 > SFSN(CFa)CF=NSF5 (68)

or Kr, 225o

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

I.D.3.a Solvent-Catalyst Systems

Like F-propene, F-ethylene will oligomerise, using a fluoride
catalyst 1In the absence of solvent, but much less readily. Using CsF at
100° only high polymer and unreacted F-ethylene were.recovered,69 whereas

. . ) ; . i , 70 i
with thNF at 150, a 10% yield of oligomers was obtalned. Normally
polar aprotic solvents are used with a fluoride ion catalyst, such as

L6,
alkali metal fluorides,37’ o or tetraalkylammonium fluorides,7o’71

although CsSOZF, KSOZF and KHF2 are also effective.7o

The particular solvent-catalyst system used does have an effect on

. the product distribution, but not to the extent found for F-propene

(see Section I.D.2). The product distributions for three similar solvents,
using the same experimental conditions, are given in Table 8a. It should
be noticed that pentamer (ﬂg) 1s the major component in each case, as is
generally found for other solvent-catalyst systems (see Table 8b). For
example, Cgl'yg (15%), C10F20 (65%), and(%zFbL (10%) was described as the

2
composltion of a typical reaction product, using DMF and fluoride ion.7
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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

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

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

oligomers is less than 70%. For example KF, DMF, and F-ethylene (approx.
200 psi), at 130o for 2.5h, gave 65% oligomers.70 This problem can be
overcome, to Some extent, by using crownethers (see Table 8b); thus
with KF and dibenzo-18-crown-6 ether in DMF at 750, oligomers (43%) and F-
ethylene (57%) accounts for all the starting material.47 Crown ether

37

does not have a marked effect onthe product distribution and pentamer

. b7
remains the major component (see Table 8b).

I.D.3.c Reaction Mechanlsm and Structures of Products

A possible mechanism|73 for formatlon of the identified products

is given in scheme 11. Tetramer (41), a cis-trans mixture are the only
71 1 16
1somers former, = (40) is the main isomer = of three pentamers,  and two
71 T4

hexamers are formed, =~ of which (42) 1s approx. 90%.

"The formation of trimer (44) is unambiguous, and successive reactions
of (44), with the F-ethyl-anion, would lead to tetramer (41), pentamer (40)
and, finally, the main hexamer (42) (Scheme 11). Pentamer would also
result from attack of trimer anion (45), which 1s likely to be present in
solution (see I.D.2.b), on the dimer, F-2-butene (46).

(1) F-2-Butene Dimerisation

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

a known process using similar conditions

(eq.I.31 and I.32).
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Possible Mechanism for Oligomerisation of F-ethylene

= ——— )
CF2 CF2 s ———— CE‘3CF2 —_— CF3CF2CF2CF2

49

|~

F

C!E‘_?‘C!E‘=CFC1.“3 “aNa T CE‘2(',‘F2CF=CIE‘2

49 — dimerisation

C= + trans

cF 49 CF 3C}S‘2CE‘2CF2

2
= & NG TN

F52\/ \ 52\/ \
F3c/l : FC/|

-3
C2F5 . CF2CF2CF2CF3

© 43

F.C CF CF

572 3 3

' Féc—_clg—cr/
\

‘F _C 2°5

Scheme 11



-36-

cr, C ¥,

(1.31)  crcr=crcr, SSE s“iph°la“e > LG (62%) + Neee” (75)
100°, 24h. e e

40 572 3
Al

CsF, D '

(1.32)  CF,CF=CFCF, =20 B 3 41(80%) + trimers (148) (76)
45°, 8oh.

(i1) Hexamer Formation

The main hexamer (42), formed from pentamer, is a terminal olefin,
which is somewhat surprising because the alternative isomer (47)

is an internal olefin (scheme 11). Both are derived from the same
carbanion (48). Isomer (42) may be formed because loss of fluoride
from CFys in carbanion (48), 1s kinetically preferred due to

steric effects. Alternatively steric crowding in hexamer (47)

may preclude its formation.

The minor hexamer (43) is probably produced from tetramer (41) and
the n-F-butyl anion. Although (43) is only 10% of the hexamers

and therefore approx. 1% of the total product, its formation, if it
"1s produced in the suggestéd manner, Indicates that tetramer must
be very susceptible: to nucleophilic attack, under these conditions,
in order to trap the n-F-butyl anion before 1t loses fluoride.

(111) Degradation of 0ligomers

The oligomerisation of F-ethylene is reversable; thus pentamer and
hexamers are degraded to mainly tetramer by réfluxing with an
alkall metal fluorlde in polar aprotic solvents. 1In particular

refluxing pentamer with DUMF and CsF, for 24h, gave tetramer (68%).77
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‘Table 8

Product Distribution from Tetrafluoroethylene Oligomerisation

a) Effects of solvent andgpressure.46

Solvent Product Composition (2)2
CgF16 €10F20 | €12F24  €14F28 Residue
Diglyme®’ € 11 58 12 14 5
Triglyme® 3 65 21 2 9
Tetraglyme® 6 80 12 0.5 1.5
Triglymed 6 21 25 42 ' 6

a, All reactions CsF catalysed at lOOOC; b, yield of oligomers ~ 60%;

¢, 10-20 psi of C2F d, 150-200 psi of C,F,.

4’ 24

b) Use of crown ethers.47

All experiments used DMF as solvent, KF, < 25 atmos. C,F, and a-pihene.

24
Crown Ether Temp Time Conversion to Selectivity for ClOFZO in
°c) (h.) products (%) Oligomers (%) GIEES;;;; (%)
18-crown—62 75 5 60.4 64.9 "~ 58.6
Dibenzo-18-C-6> 83 4 69.1 . 69.8 59.6
Dibenzo-18-c-6°® 75 4 42.6 100 58.7
Benzo-15-c-5% 100 4 79.7 45.5 - 59.7
None® 100 3.5 65.9 43.5 57.3
None® 125 2.5 82.7 37.3 51.8

Approx molar ratio C2F4: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

F-cyclobutene readlly oligomerises, using a fluorlde lon catalyst
51,78 -
in solvent, to give two dimers, and one major trimer (50), but
F-cyclopentene and F-cyclohexene each give only one dimer using forecing

conditions. At still higher temperatures, for F-cyclopentene, a diene

becomes the major product78 (See Table 9).

I.D.4.a Effect of Ring Size

The  difference in reactivity af these fluoro-olefins is probably
a result of ring strain. The double bond in an F-cyclobutene ring 1is
very strained and formation of a less strained cyelic anion thereforé
means that F-cyelpbutene is very susceptible to nucleophilic attack.
It should be notlced that although F-cyclobutene glves two d;mers,
with an exocyclic or ring double bond, the preferred F-cyclopentene dimer
has an exocycllic double bond, whereas the preferred F-cyclohexene dimer
has a ring double borid. As yet 1t 1s not clear why a reversal of stabllities,

for the two types of dimer, should occur as ring size increases from 5 to 6.

I.D.4.b Mechanism
78
A mechanism for the formation of oligomers from F-cyclobutene,
using fluoride ion, 1s given in scheme 12, and, ‘of course, thls also

explains the production of dimers from the other cyclic olefins.
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Table 9

Oligomers from Cyclic Olefins

'F
F _—2 C(78)
125°, 24h.
F F
50 (67%)
- CsF DMFb
_'—_..)
F Seh. 50 (43%) + F F + F F (51)
‘ (26%) (16%)
|
|
F pyridine , 4 0rs o+ | F F F (26, 79)
|
|
i ___?;it.___+ (78)
125°, 20h.
(86%)
///r——?;il————a (78)
150°, 70h. :
52 (78%)

\—-a———) 52 (19%) + (78)

170°, 65h.
(57%)

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




F 22
F pomam— F e — E £
22 51 L
F F pete— F F
: ( \
2 -
—= F F
F F
Scheme 12 78

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

When pyridine is used instead of fluoride lon, with F-cyclobutene,
then the same dimers are formed, but a different trimer to (29) is
produced. Equivalent amounts of F-cyclobutene and pyridine favour the
trimer, whereas a catalytic amount of pyridine glves more dimers.79

26 .

The trimer is a llnear trimer, presumably arising by a completely
different mechanism to the one glven in Scheme 12. It is probably produced
by the 1nitial formation of an ylide from F-cyclobutene and pyridine,

79

followed by subsequent reaction of the ylide with more F-cyclobutene.

2
A similar ylide is formed with triethylamine 7 (see Table 3).

I.D.5 Formation of Co-oligomers

I.D.5.a Requirements

To achieve good ylelds of co-oligomers 1t is probably necessary

that the fluoro-olefins used have similar reactivitlies and concentrations,
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in order to suppress independent reaction. For example, reactlion between
F-ethylene and F-1isobutene would be expected to be inefflcient due to
thelr very different reactivities, and this was found, even when using
+ = 55}
preformed Cs C(CF3)3 in solution. A concentration effect 1s
demonstrated by the reaction of CF2C012 with F-2-butene, using CsF.
A poor yleld of F-3-methyl-2-pentene (44) was obtained using DMF, but
a DMF - THF mixture gave a higher yleld of (44) (see Table 10). The
suggested explanation 1s that both olefins are soluble 1n the mixed
. 51

solvent, and only CF20012 1s soluble in DMF alone.

Co-oligomers have been produced in the absance of solvent, but

more frequently from reactions in solution. Table 10 contalns a list of

the various co-ollgomer forming reactions.

I.D.5.b. Without Solvent

Good yields of co-dimers were obhtained by heating pairs of fluoro-
olefins with CsF, and 1n each case the thermodynamic product is f‘ormed80
(Table 10a). For example reaction between F-propene and F-isobutene
glves a dimer arising from attack of the F-isopropyl anion on F-isobutene,
and not the kinetlc product, formed from anion attack on F-propene
(Scheme 13). For F-isobutene with F-azapropene kinetic or thermodynamic

control will give the same product (Table 1l0a),

(CF,) ;€ + CF,=CFCF, - (CF 3) C-CF=CFCF 4

Scheme 13
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I.D.5.¢ In the Presence of Solvent

In contrast to reactions in the absence of solvent, 1in solution
at low temperatures 1t appears that the co-ollgomers formed are products
of kinetic control. They therefore result from attack of the more
stable anion. Thus the reaction between preformed (CF3)2 N cs' (53) and
F-isobutene gives a_dimer, which 1s also produced from F-2-azapropene
and F-isobutene without solvent. The dimer arises by initial fluoride
exchange gnd then attack of (CF3)3C_ on F-2-azapropene.
However, F-cyclobutene and (éz) glve cyclobutene derivatives,81 although
a dimer formed by initial fluoride exchange would probably be thermo-
dynamically more stable (scheme 15).

The same considerations hold for reactions of F-cyclopentene with
F-propene,82 and F-cyclobutene with F-propene, although, in this case,

reaction is complex51 (Table 10b).

’N(CF3) 2

(CF,) 2ECs+ + F — F — 3| F

(CF3) 2 N(CF3) 5

+ F ————3>  CF.,N=CF

Scheme 15
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Table 10

Co-oligomexrs from Fluoro-olefins

a) Without solvent.80

CF_CF=CF

a
3 2 + (CF3)2C—CF _

a

CF,CF=CF, + CF_N=CF —_—

3 2 3 2
i = a
(CF3)2C—CF2 + CF3N CF2 2

a, CsF, A.

b) With solvent present

(CF3) 2CFCF=C (CF 3) 2

(CF3)2CFCF=NCF3

(CF3)3CCF‘=NCF3

"CF CF

3 3
_ _ CsF, DMF, THF , _
CF2—CC12 + CF3CF—CFCF3 88h. ) =C
quz F
CsF, DMF

CF3CF=CF2 + CF3CF=CFCF3 —_—) (CF3)2C=C(CF3)C2F5

- + -
(cr.-'3) 2NcS + (CF3) 2c-cr'2

d

(CF ) 2ﬁcS+ + F diglyme , F + F

CsF,
3 2 )

diglyme , (CF3) ;CCF=NCF

7h.
7% isolated yield

3

N(CF3)2

“N(CF.)
N(CF3)2 3’2

/ 3
DMF
F + CF_.CF=CF = + trimers
h. . \
CF3

(51)

(51)

(81)

(81)

(51)
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Table 10 continued

CsF
CF = ———_ﬁ
+ 3CF CF2 tetraglyme (82)
(CF3) 2CF CF (CF3) 2
CsF +
—_————)
+ C2F4 (82)

tetraglyme

) T all compounds are fully flourinated.
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CHAPTER IT

Reactions of Oligomers and Related Fluoro-olefins

Introduction

The chemistry of fluoro-olefins 1s extensive, particularly for
fluoro-ethylenes and -propenes, and has been widely reviewed.lj’lu’28’83_86'
In this chapter discussion will be limited malnly to reactions of tri-
and tetr;-substituted fluoro-olefins, although some comparable reactions
of less substituted olefins are also mentioned. The highly substituted

olefins include the various oligomers (see Chapter I) and other fluocro-

olefins, such as:-

CF3\ :C/CF3
CF3/ X E: : j
X=F H,I,CF3
Thelr chemistry may be divided into three broad areas:-
1) Ionlc reactions involving carbanionic and, to a much lesser

extent, carbocationic intermediates;

2) The various types of addition reactions across carbon-carbon
double bonds; and
3) Thermal and photochemical 1lsomerisatlions and fragmentations.

The formation of polymers and co-polymers frém these olefins would
not be expected to readily occur. The required intermediate radicals
would be relatively stable and sterically hindered. Thus F-2, 3-dimethyl-
2-butene was found not to polymerise with F-ethylene, using conditlons

which gave poly-F-ethylene.87
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IT.A Reaction with Fluoride; Carbanion Trapping
Oligomerisation of fluoro-olefins (Chapter I) and polyfluoro-
88
alkylation of aromatics are two examples of reactions involving
initial formation of a carbanion with fluoride 1ion, and subsegquent
trapping of the carbanion with electrophiles. In the simplest case

the electrophile is u (eq.IT.1).

+
_ KF, formamide = H -

o
65 C 729

There are numerous examples of carbanlon trapping reactions
. 28,89
for lower olefins like F-ethylene, F-propene, and F-isobutene,

but relatively few for higher fluoro-olefins. Some examples are given

in Table 1l1l.

II.A.1l Requirements

Obviously, for these reactions to-occur the fluoro-olefin has to
form a carbanion. The rate of reactlion will be influenced by the
concentration of carbanion in solution and its reacti&ity (1.m.2)«

All the F-olefins discussed in this section give tertliary carbanions
and £he reactivities of these carbanions are probably influenced by steric
effects, but.the overall reaction rate will be very dependent on the
position of equilibrium between olefin and carbanion. For example
F-2-methyl-2-pentene (16), like F-1sobutene, gives a stable carbanion
(eq.IT.2), which is readily trépped by electr'ophiles.25 For F-3,4-

dimethyl-3-hexene (&l), however, there is very little carbanion
rresent at equilibrium and trapping reactions are much slower-.7

Clearly F-olefins, having vinylic fluorines, are more susceptible

to nucleophilic attack than F-tetraalkylolefins (see later).
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Table 11

Carbanion Trapping Reactions

Olefin Electrophile Conditions Product
(CF3)2C=CF2 ClCECCF3 dlglyme,oCSF (CF3)3CCECCF3 (91)
1 h., 40 90%
+
" N=NPh DMF, CsF (CF3)3CN=NPh (92)
A902CCF3 DMF, KF (CF3) 3CAg (93)
-78°
CF3CF=CFCF3 I, CH3CN, KF CF3CFIC2F5 (94)
’ 17%
" '
FClO3 DMF, CsF C4Flo + s;. mat. (76)
90 h., 30° 64% 31%
(CF3)2C=CFC2F5 PhCHzBr diglyme, CsF n—C3F7(CF3)2CCH2Ph (25)
60° 90%
Br, CH3CN, AgF n—c3F7(CF3)2CBr (95)
o® 622
" HCl CHLCN, AgF n—C3F7(CF3)2CH (95)
o° 95%
" FC103 CH3CN, ccs;r-‘ n-C3F7CF(CF3)2 (76)
3 h., 30 97%
F5'C2\ CF3
Cc=C FC1l0 CH_CN, CsF C.F + st. mat. (76)
~ 3 3 818
cFy”. C,F 24 h., 30° 49% 49%

+ cis




~48-

C,oF CF CF
2"'s 3 3
L2 o= 4 R n-C4Fy ——'é/
/// \\\ CsF
F* g °F3 CFy
CZFS\\ //QF3 CZFS CF3
(I1.3) /// ::CK\ — F.j;;p—-c\\
CsF
CF3 C,Fs CFy CaFs

61

IT.A.2 With Alkyl Halildes

Substitution_products are formed from F-2-methyl-2-pentene using
primary alkyl halides. None were obtained from secondary or tertiary
alkyl halldes. These results are consistent with an SN2 mechanlsm
(eq.II.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

(0.4} n-C3F7-CICF3), + Ry—X —— n-CaF(CF3l,C—Ry + X~

X=2C1,8rnI
primary alkyl halides. With (32) only products derived from F-2-methyl-

2-pentene (16) were f‘ormed.76

ITI.A.3 With Perchloryl Fluorilde

The reactlons of some fluoro-olefins with CsF end perchloryl
fluoride in acetonitrile gave good yields of F-alkanes (see Table ll).76

The initial formation of a carbanion seems most probable because
F-propene did not react with FClO3 in the absence of CsF. Two

mechanisms (scheme 16) were therefore suggested; 1) Nucleophilic attack
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RFC103+ F
Scheme 16

by a carbanlon on chlorine, generating fluoride, followed.
by SN2 displacement of 0105 by fluoride;go and 2) direct nucleophilic
attack on fluorine displacing 0105.

For primary and secondary F-carbanions the first mechanism is
thought to operate because 2=-perchloryl-F-propane was isolated from the
reaction of F-propene with FClb3 (eq.II.5). Although there are no
other examples oé nucleophilic attack on fluorine, even with F0103,90

it was argued, as follows, that thils could explain the reaction of tertiary

FP-carbanions with FClOa.

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

2-perchloryl-F-propane, 1solatéd from F-propene and FClO3, produces
F-propane with CsF 1n acetonitrile (eq.II.5). This is probably an SN2
displacement of ClOS because no F-propene dimers were formed, but
intermediate formation of C3F7- and FClO3 in 2 solvent cage 1s also
possible.76 It was argued that the non-isolation of perchloryl-F-~ethane,
from F-ethylene and FClO, (eq.;I.6) could be a result of reduced steric

hindrance in CF3CF20103 aiding the SN2 displacement of c1o§ . However,




b
(II.5)  CF,CF=CF, —15——-——» (CF,),CFC10, 7—=—> n-C,Fg + 54 (42)
54, 342 ~ 502
*+ CcF,, (55%)

1 + poly-F-ethylene (25%)

(I1.7)  (CF,),C=CFC,F, r———> 16 (61%) + nC

16
a, CsF, FC10

3F7CF(CF3)2 (35%)

3 and CH3CN; b, CsF and CH3CN.

F-2-methyl-2-pentene, using comparable conditlons to those used for
the'formation of 2-perchloryl-F-propane, gave no perchloryl derivatlves
(eq.IT.7). If a tertiary perchloryl derivative had been formed, then
it would be resistant to SN2 displacement of 0105 because of steric
hindrance. Obviously, an SNl reaction is very unlikely. Thus

direct attack on fluorine, by a tertlary carbanlon, could explain the

formation of F-alkanes.76

IXI.A.%.b Alternative Radical Mechanism

There is an alternative mechanism to the proposed attack on fluorine,
which does, 1n fact, seem more plausible. Agaln, there are two competing

mechanisms (scheme 17). The first, as before, is displacement of fluoride

1)

Re + FCI03 ; 2 RpC103 + F~
)| |
[Re + FC103] > RF + C10;

Scheme 17




-51-

from FClO3 which may be followed by SN2 displacement of 010;. Competing
with this 1s a one electron transfer from RE to FClO3, giving a radical
palr, which collapses to give products. It should be noticed (eq.II.6)
that poly-F-ethylene 1s produced from F-ethylene and FClO3. In this
case, once the radical pair has been formed CZFg can escape the solvent
cage and initiate polymerisation. Of course route 1) can also operate.
With F-propene, a much less efficlent electron donor,96 route 1)
probably_predominates. For tertiary carbanions, the radical pathway 2)
is probably the only mechanism operating. As statea earlier polymerisation
does not occur with these crowded F-olefins.

A similar radical mechanism was proposed to account for the
reaction of F—isdbutene with 2-nitroso-F-propane, using KF and DMF,
wﬁen the product resulted from attack on oxygen and not, as gxpected,
on nitrogen97 (scheme 18). A radical mechanism has been shown to operate

for the reaction of the F-t-butyl anion with triarylmethyl halides.98

F 0

»)
F

Scheme 1897
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IJI.B Reactions with Nucleophiles

II.B.1 Formation of Products

- LN / N - Ht  \
Ao+ L \-—» [A—/C—C< ],__———‘ A—c—c\—H
Vinylic Subst, / _ '\?2'
-F~  -F
NS N\ o
c—C v
N ' A} C‘\

c—
\

Scheme 19

The initial étep for the reaction of fluoro-olefins with
nucleophiles is the formation of a carbanion (see also Section I.B.3.a).
This is shown in scheme 19 for charged nucleophiles,28 A-, but a similar
mechanism will apply for neutral specles. The carbanion may have a
transient lifetime or be long lived and therefore more stable. S3ubsequent
reactions, as shown, will give products or reactive intermediates. In
some cases reactions of the carbanion can be reversable (scheme 19) and
carbanion stabillty will greatly influence this reversability.

IT.B.l.a Kinetic and Thermodynamic Control

Obviously, vinylic substitution requires the presence of a vinylic
fluorine atom and an SN2' process requires an allylic fluo?ine atom in
the fluoro-olefin. The preference for either vinylic or SN2' substitution,
when both are possible does not always depend on the relative stabilities
of the two products. For example the reaction of F-2-methyl-2-pentene
with sodium phenoxide 1n ether at low temperaturés glves prcducts arising

from both vinylic substitution, (55), and SN2' substitution, (§§)99
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(eq.II.8). However subsequent reaction of a mixture of (55), and (56),

CF C,F CF C F c
N /%5 NaOPh,EL0 3 2'5 \c 25
{11.8) c=C . > \\C::C ——C
/ 45 -10° S\
CFy F CF3 OPh CF3 OF’h
55, 1% 56 , 59%

with Et N in ether et room temperature gavé only the more stable isomer (22?.

Usling NaOPh in ether, it is likely that fluoride ion induced
isomerisation is much reduced because NaF 1s not a good catalyst for
isomerisation. A concerted SN2' process will therefore explain the
formation of terminal olefin (56).

It will be seen later that even some mono-substituted products
are derived from isomeric terminal olefins. 1In these cases reactlon of
the nucleophile with the more stable isomer is sufficiently slow, such
that any fluqride generated promotes lsomerisation t6 a terminal olefin,

which can then react much faster.

| ' -
CF3-C=C\\ Slow > F + product
" |
CF "é C A >
2 < Tast > product

II.B.1l.b Relative Reactivities of Fluoro=-olefins

The relative reactivities of terminal and internal olefins 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 readily
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reacts with neutral methanol at room temperature but F-2-methyl-2-butene
will only react, at a comparable rate, using elevated temperatures.

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

(CF,) ,C=CF, == (CF,),CHCF,0CH, (100)
65%
——%%h—i No Reaction
= — (87)
(CF ;) ,C=CECF .
__16h__  (CF.)_CHCF(CF.)OCE
100° 3’2 3 3
927
3 days No Reaction
110°
(CF,) ,C=C(CF,) ,— . (87)
Et.N
3 _, (CF,),CHC(CF,) ,0CH,

4 days 100°
’ 627

From the relative reactivities of these three olefins and the
order of reactivity CF,——CF, < CF,CF—=CF, <::(CF3)2.C:::CF2 it is

clear that fluorine and F-alkyl groups influence reactivity as follows.

A + T:::::T A - T-—-——a
X Y X l
X = F, actlvating Y = F, deactivating

Y = RF’ activating

The rate determining step of these reactions will be the formation
of an 1ntermediate carbanion. The transition state lies somewhere between
initial state (olefin) and intermediate carbanion and therefore there will

be some negative charge developed on carbon in the transltion state.

s- | s
A----Cz==C"
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Factors which ralse the energy of the initlal state and lower the

energy of the transition state will increase reactivity.

(1)

(11)

Initial State Effects

Vinylic fluorines have a destabilising influence on F-olefins
probably as a result of I, repulsion (see Section I.B.3). Thus
going from an F-olefin,lhaving one or two vinylle fluorines at the
site of attack, to a carbanlon, having no vinylic flﬁarines; removes
this destabllising effect.

Fof crowded olefins the initlal state may be destabilised by steric
effects,_which will probably be.reduced on forming a carbanion.

Transition State Effects

The transition state energy will be lowered by stabilisation of
negative charge. Indeed the relative reactivities of the series
101 .

CF,—CF,, CF,CF—CF,, and (CF,).,C—CF reflect the stabilities

2 3 2 372 2
of their intermediate carbanions (Section I.B.2). This effect is
demonstrated, for more complex olefins, by F-2-methyl-2-pentene (16)
and F-4-methyl-2-pentene (13) (F-propene dimers). F-olefin (16)

is the more reactive,99 even though it 1s, thermodynamically, the

more stable isomer.

CFy /02F5 _ CF3\
C=C\ A, /E —CFA—C,Fg
CF F CF
3 6 3
(CF3)2CF\ Vi o (CF4),CR,
¢=C B— C—CFA—CF,
/" N\
F CFy F
-3

[
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(111) Other Effects

The effects described above will adequately explain the reactivities
of most F-olefins and are easily understandable because they alter
the energles of initlal and transitlon states.

It is probable that other effects, outllined below, may also be
important. These are more difficult to assign the terms initial

and transition state effects because although they modify the initial
state they do not necessarily raise its energy.

Polarisation of the C—F bond may increase susceptibility to
nucleophillic attack. This effect has been suggested to contribute

to the greater reactivity of CFZ:::CF2 compared to CClzz==CClz
because F-ethylene would give a less stable intermediate carbanionlol.
Bond polarity would probably be reduced for ¢ —Cl (and also C—Rp)
thereby decreasing reactivity.

However the lower reactlvity of CC12===CClz can be explained by the
destabilising effect of vinyiic flucrine on CFZ:::CF2 and the steric
shielding of the double bond by chlorine. In fact CClZ::=CCI2 is
probably not very different from (CF3)ZC:::C(CF3)2.

A less accessible double bond in (§§)was suggested to account for

the lower reactivity of (58), when compared to (59).102
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IT.B.l.c Effect of Substituents on Further Reaction

Once a mono-substituted fluoro-olefin has been formed then any
further reaction may be influenced by the nature of the substituent,
especlally when 1t is attached to the double bond. For example, further

* 72
reaction of fluoro-olefins (60) occurs at the CF, group. It has been
found that alkyl ethers (60, A = OR) are more susceptible to nucleophilic
attack than phenyl ethers (60, A = OPh). This suggests that the initial

step is the formation of terminal olefin (6l) by donation of a lone pair

C=C, c—C + F
R\ Y
F 60 F 61

of electrons from oxygen. The lone pair will be more available for

alkyl ethers.72

Further éxamples of this effect are given later.

The following sections describe reactions of fluoro-olefins with
various types of nucleophlile. Reactions with each nucleophilic type are
grouped together so that differences between the oleflns can easily be
seen. Most of the reactions broceed by mechanlisms already described and
attention will be drawn only to important features and differences.
FPurther interesting reactions of some products are also given. Some of
the work contained in this thesis describes reactions of F-3,4-dimethyl-
3-hexene. Therefore literature reports of its reactions with nucleophlles
are reserved for the discussion as are the reported reactlions of F-propene

trimers with O-nucleophiles]'O}-lo6 because these are also particularly

relevant.
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II.B.2 O-Nucleophiles

II.B.2.a Alcohols and Phenols

See Table 12 for a list of these reactions. The reactions can all be
accommodated by previously described mechanisms except for F-hexamethyl-
blcyclopropenyl, when an intermediate internal nucleophilic substitution
probably occurs.lo7

.There are two significant differences between alcohols and phenols;
1) Alcohols are, generally, the stronger bases and alkoxy substituents

can promote further reaction (see Section II;Bll.c), and
2) The increased steric requirements of phenols can be important.

Thus phenols may fail to react, using conditions where alcohols give
products, and when products are formed these may be structurally different
to those obtained using alcohols.

Using similar experimental conditions the steric requirements of the
OR group are suggested to account for F-2-methyl-2-pentene giving an
addition product with methanol,.but substitution products with ethanol

and phenol.99

.II.B.2.b Hydroxide

Hydroxide, like alkoiides, is a strong nucleophile and reactions with
more than one equivalent of hydroxide can readily occur. Thus F-ethylene
pentamer can give any one of three products depending on the choice of
conditions. These and reactions of related olefins are contained in
Table 13. A mechaniém accounting for the various products from F-ethylene

pentamer is given in scheme 20.
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Table 12

Reactions with Alcohols-r and Phenols

’ SO
NaOMe 3
CF _CF=CF F_-C—C- —C—C-—
3 C CF3 'M_eoT') C 3 c___$ CFy —_— CFy Icl: f CF, (108)
éMe OMg
(CF,) .CF
32 A
\ Ha0R RO-CF=C —CF-CF-CF (99)
/// \\\ ROH, O
F . CFy CF, OR OR
62, cis/trans
R = Et, Me; 1l:1 or excess NaOR gives 62; R = Ph, no reaction.
3\ /
CF; / \
-Conditions Product(s) Further Reactions
MeOH, cat. Et3N (97) CF3\\\ //’CZFS SO CF3 4470
o , 3 ~N
-10-0 H-C~-C-OMe —_— //,CTC\\\ (99)
or MeOH, cat. NaOCH, (109) CF \F F c/ C.F
3 3 2 2°5
EtOH, cat. Et3N CF3\\\ ///Cst
RT. c=c.\ (99)
CF3/ ~ NOEt
MeOH, NaOH MeOCFz\\\ ///OCH3 //,CF3
0-10° =C S0y 0=C=C (109)
CF C,F C=
3 2°5 ///
) F_C
cis/trans 572
ROH, NaOH 'RO—CF=C———CF-C2F5 (v 50%) .
o L. (99)
-10-0 CF3 OR
R = Et, Me; 63 cis/trans
Eto , -80°

2 2°5

CF3 CEt

FyCeC—CF—C)F (10%) + 63 (58%) (54)



Table 12 continued

_ Et.N 3 2°5
NaOPh, Et,0 F,C=C —CF—C_F —3—-) \c=c/ (99)
3 - 2 25 PN
-15 - -5 CF3 &Ph CF3 OPh
CF CF CF CF
3 3 - )
\c=c/ ROH; base or RO | 3\c= s . 3 (110-119
FSCZ\\C/// \\\F solvent FSCZ\C,// i oR
/
FsCy / Fscz//
CF3 CF3
R = aryl or alkyl and includes bifunctional compounds.
RO o]
\
CFy_ - CF c 3
Neee”” 3 HOR \c=c/ (72)
_ = Base, H,O
FsCorne”” Nor 2 sl Nor
pc” \ F c/ \
572 cCF 572 CF
3 3
= '
R - (CHZCHZO)nR
CF3\\\ ///CF3 MeOH, Et N - ) CF3\\\ ///CF3
=C —_—— H-C-C-OMe  (84%) (87)
/ \ RT / N
CF H CF H
3 3
H, H, E, H
KOMe F F
2 2
F2 F2 MeOH (120)
F OMe F (OMe)
Me OMe
MeOH, NaOMe , (95%) (121)

reflux
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Table 12 continued

OMe
) MeOH, NaOH .
reflux, 24 h. =
. OMe
\\\\\\\\Naoph, DMF _
RT, 18 h.,
OPh
OMe
" MeOH, KOH
RT
F (OMe)
OMe
MeOH F
NaOMe
OMe (MeO) F
CFy
F3C CF3 Et3N
CF3 MeOH
F,C
3
CF
3
NaOMe
-—__.____) %
(CF3)6 CG(CF3)5C(OMe)3 (92%)
H,0 c.Hgso4
(64%) CG(CF3)5C02H — CG(CF3)5C02Me {95%)

T see also section II.B.l.b.

OMe

OMe

Me

(122)

(102)

(102)

(107)

(123)
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3 3 3 3 3
>C=C\ ———— 3\C=C< : H—C—C<
R F Rf//, OH RF/// \\\o
64.
NaooC CF F.C CF
- C gt NN S 3 2 Q§> 3
RFCHZ-ﬁ—CF3 e A///g=c\\\ — c—c\\\
0o 2 Ry OH Ré/// \\\o
65 4;;’ XA
|
|
| NaooC Ho) cF, 1) B0
: H—C-C/// ~CF.COOH R CH, COOH
/‘U \ + 3 .
R o 2) B 66
Rp = CF,C(C,F,),
Scheme 20

Using the mildest conditions, replacement of the vinylic fluorine
occurs giving ketone (64) rather than its tautomeric alcohol. At
elevated temperatures, using dilute alkall, ketone (65) is obtaineg,
whereas. concentrated alkali gives carboxylic acid (66), after acidification.72
Decarboxylation to ketone (§§) only ocecurs on acidification,72 but the
intermediate sodium salt (67) can react further to give the acid (66),
presumably by displacement of trifluoroacetic acid. ‘The acid (66) is-
formed from either the pentamer or the initial ketone (64) using strong
aqueous alkali.72

Decarboxylation, on acidification, is found also for the enolate anicn

derived from F-2-methyl-2-pentene, but in this case acid catalysed
4

hydrolysis of the CF3group occurs (Table 13).12
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Table 13

Reactions of F-Olefins, having one Vinylic Fluorine, with Hydroxide

RF = CF3C(C2F

CF, CF
\C=C/ 3
SN

Re

F

CF
=C
CF

H_O, Et_N

3

/

dil.NaOH

—

MF, 20°

diglyme
90°%, 1 h.

\\\\\\\\\\C-KOH, diglyme.

reflux, 14 h.

dil.NaOH _

' = e
R n C4F9(CF3)CC2F

diglyme
90°, 5 h.

o, Et3N

v

CH3C§
< 45

CF
H-C-C

RN

R -C-
FCH2 ﬁ CF3

RFCH COOH

R'CH,-C-
£CH, ﬁ CF,
0

C

CFy

C.H2504

CF

H_C—FCZFS

CF
(60%)

N
N

F C.F
3\\\t=c‘// 2°5
P O\

60°, 2 h.

(75%)

3

+ CF.,CH,CC,F

3 2“ 2'5
o

(40%)

(127)

(126)

(126)

(128)

{126)

(124)
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Carboxylic aclds, from hydrolysis of some fluoro-olefins, readily

dehydrate to glve stable ketenes. These can be very useful intermediates

(see scheme 21). i

H,0, THF 2,0,
(CF,) ,C=CF, gi—— (CF,),CHCO0H —==- (CF,),C=C=0

d1g1yme CsF
NaF 300
F.C
(F.C) .C=C=C(CF.) quartz ( 3 ) F3C /
3772 372 600° - //
(F4C) ,C7 '_ . / N
F2C F

Scheme 21125

Interestingly a ketene 1s produced directly from an F-ethylene hexamer,
using dilute NaOH, The stabllity of the ketene, under the
reaction conditions, probakly is a result of bulky F-alkyl groups promcting

12
dehydration because refluxing with neutral ethanol gives the ethyl ester.

R, R, -RF 0
No_op  dil.NaoH Np_p_ EtOH N/
' S Tglyme > 0 rertme WK
] )
Rp 90°, 5h Rp R} OEt

= ' = )
RF CF3C(C2 5)2, RF CF3CEC2F5.

In contrast to fluoro-olefins having a vinylic fluorine, F+2,3-dimethyl-
2-butene (eq.II.9) and 2H-F-3-methyl-2-butene (eq.II.10) add water across

thelr double bonds, using mild conditions:


http://eq.II.10
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CF ‘
3N //,CF3 H,0, Et,N CF3\\\ ///CF3
(11.9) C= CHCN ? /JE;C—C:Sf (58%) (129)
CF, - CF, RT, 3d. CF CF,
CF3\\\ ///CF3 H,0, EtgN CFB\\\ //,CF3
(II.10) c=C CH,CN ) ’E;C-CQS? (79%) (87)
CF 3/ \H RT, 10d. CF, H

IT.B.2.c Carboxylate
The reaction of carboxylates with internal F-olefins has been found
to be useful iﬁ two ways:- 1) as a facile synthesis of acid fluorides
using the F-olefin as a fluorinating agent; and 2) as a route to derivatives
of the F-olefin..

1) Facile Synthesis of Acid Fluorides

The reaction of F-2-methyl-2-pentene with carboxylate anions,
using polar aprotic solvents, produces poor to good yields of

aromatic and aliphatic acid fluorides but rather poor ylelds of

130

F-olefin derivatives (eq.II.11). As an alternative to polar

RCOF + (CF3)2CHﬁC2F5

CFs\\\' ///Cst K,CO,
(II.11)" RCOOH + c=C

solvent
CF3 Np  peege. + (CFy),CHOR,CF
CF C.F
3 2°5
\c=c<
crj//, OCOR

(trace to minor)
R = aryl, alkyl but not F-alkyl

aprotic solvents, benzene and methylene chloride can be used in

conjunction with a phase transfer catalyst (18-crown-6-ether or
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trioctylmethylammonium chloride). The preferred mechanism for
formation of the acid fluorides 1is given in scheme 22. The enolate
anlon, thus_ formed, and its derived ketone are also produced from

124
F-2-methyl-2-pentene by hydrolysis (see Section II.B.2.b).

CF C.F CF C.F
N, 25 RCO0™ 3\\\11 25
Cc=C = C-CF
CF ~ N\ F CF d \\,‘N
3 3 t_;\d
// R
] O/
".
Fix 2% Fi "5 0
H-C-C — c= + RC
CF \0 CF / 0" F
3 3
Scheme 22130

2) Derivatives from F-olefins

F-ethylene pentamer, when heated with a lower aliphatic acid

' 131
‘and/or 1ts salt in anhydrous DMF or diglyme, gives an F-acetylene. 3

NN 3

_ NaOAc, HOAc \ - _

C—C\ Et.N, diglyme > RFC:.CCF3 + RFCH—CFCF3
yd F 3 ¥

RF reflux, 20h.

dil. NaHSO3, diglyme

135°, 12n.
) Y
dil. Na.SO CF
2
- 3, R CH=C <3
180°, 12h. \so.Na

3

Rp = CF4C(C,Fy),

Scheme 23
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The acetylene131 or F-ethylene pentamer 1tse1f,131’132

heating with sodium bisulphite or sulphite, give the soldium salt
of a sulphonié acid (scheme 23).

The F-acet&lene could be produced from pentamer and carboxylate
as shown in scheme.24 and 1t seems likely that the reaction of
pentamer with sulphite involves the F-acetylene as intermediate.

A similar mechanism is therefore probable for this reactioﬁ.

CFy / CFy CFy
\ RCO; \
/ \ ____.>2 /c_—_c\
0
OH, H,0
00, CFy
_ Ca XL/
Re—C=C~CFy + CO,+ RCO; ¢— c=
Q ,
- ' 0
Re = CF4C(CyFs); _
Scheme 24

II.B.3 S-Nucleophiles

The reactions of F~-propene dimers with thiophenol and phenyl-

methanethiol have recently been reported.133 The results are summarised

in Table 14,

The various products can be explained by the usual nucleophilic
mechanisms if a novel 1,4-elimination of RSF 1s also assumed (eq.II.1l2).
. Sulphenyl fluoride, RSF, woul@ then immediately react with thiol (eq.II.13).

Alr oxidation to give RSSR was shown not tc occur.


http://eq.II.12
http://eq.II.13
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Table 14 -
Reactions of F-Propene Dimers with Thiols 133
_ SR
(CF3)2C=?-C2F5 + (CF3)2C-?=CFCF3
SR SR
88 89
3. s + (CF,) CH-C=CFCF,
“e=q + RSH —2- l
/ N\ SR
“3 7 I
16
= ?R
+.(CF3)2C=f-C=C(SR)2 + RSSR
SR T2
n
RSH Mol. ratio Yields (%)
RSH: 16 68  trans 69 70 z_l_ 72
PhCH,,SH 1 59 32 3 - 6
phcazsn .10 - - - 26 ~ 15
PhSH 10 - - - 30 32
(CF3)2CF SR
(CF.) .CF F /F=Q\ + RSSR
2N/ a F CF
/p=q\ + RSH ———————) 3
F CF, (CF3)2c§\ /SR (cE3)2cn /sR
+ C=C + C=C
/7 \ :
F CF RS F
J 3
RSH = PhCH,SH;
(o)
a, Et;N, CH,CN, O -5°,
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s Cc
F F

(11.12) 3\c/ \CFZ -RSF 3 C. CF
CF’// \ — / CF//'QQEl-Céy
3 /7N 3 /7 N

(I1.13) RSF + RSH —— > RSSR + HF

Only the trans isomer of disubstituted product (_§g) was detected
in the reaction mixture, although the cis isomer should also have been
formed. Elimination of RSF from the cis isomer of (69) would account

for its non-isolation. Molecular models have indicated that the

" CFy
_ \ /
7 \C_C/ ol Nl
RS \CF3 | RS ‘F
trans 69 cis 69

interatomic distance between S and F in (eis 69) is approx. 1.6A, an
average S —F bond length. Although elimination of RSF appears to be

' 134 -1
unfavourable from a consideration of bond energles (AH = + 189 kJ mol )

steric and entropy effects will be important. A similar elimination of

ROF seems very unlikely (AH = + 389 kJ mol-l).
CF C,F CF C,F R”
3 - 25 3 2'5
N/ N ,
//p::q\\ —_— RS———C-—C:::: «—> R QQ;_
CFy SR CFy ,3 SR SR

RS—\C—C‘:'_CFCF3
\

CFy SR
63

Scheme 25
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Interestingly the disubstituted product (69) is formed more

readlily than a similar product from the reaction of F-2-methyl-2-pentene

with phenol.99 Thié difference can be attributed to stabilisation of

' 1
intermediate carbanion (73) by sulphur, through its available 3d orbitals 23

(scheme 25).

II.B.4 N-Nucleophiles

Sodium nitrite reacts, as an N-nucleophile, with F-propene and
other simple terminal fluoro-olefins.135

After the initlal reaction of a fluoro-olefin with an amine
(including ammonia and hydrazine), if there is hydrogen attached to
nitrogen, then loss of HF will occuf if at all possible because this is,
thermodynamically, very favourable. Tertiary amines normally do not
give stable éompounds with internal olefins (but see Table 3) because the
amine group is readily displaced by fluoride or othér nucleophiles,

hence their use either as bases or as catalysts for oligomerisation

(Section I.D).

IT.B.4.a  Secondary Amines

The reactions of F-propene dimers with diethylamine and piperidine
(Table 15) are an excellent éxample of the effect of competition between
fluoride ;on induced isomerisation and direct reaction with nucleophile.

F-2;methyl-2—pentene (16) and piperidine gives mainly the product
derived from vinyllic substitution, whereas (lé) and diethylamine give

1
). 36

an enamine produced from isomeric terminal olefin (2§ The reaction
of diethylamine with (l§), an internal olefin, must be sufficiently

slow so that once fluoride ion has been generated a much faster reaction

with terminal olefin (36) can occur. Piperidine is, in fact, a stronger
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Table 15

Reactions of F~Propene Dimers with Secondary Amines

CF3\ /C2F5
' > Cc=C
/ piperidine” / N\ (86%)
CF
3
°F3\ /Cst -
/C=C\ (136)
CF F
3
16 Et, NH
EtzN—CF=$-CF2—C2F5
CF,y
Et,0
Et,NH (82% yield)
(CF3)2CE\\ //F
/C=C\ {138)
F CF
3
-]--3- \
. Et2° N-CF=C—CF2—C2F5
piperidine ClF
3
dil.HCl
Et,N cr-cI:—cr'2 CF. ———— EtzN-ﬁ ?H-CFz-Czrs (80%)
CF, : o) CF,
KonlEtOH (138)

Etzﬂ —ﬁ-C|=C.FC 2F 5

OCF3
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Table 16

Reactions of Fluoro-olefins with Secondary Amines

EtZNH
(cr.) C=F_ 6 ———~——— (CF.)_.C=CFNEt (65%)
32 2 Et20, oo 3°2 2
HZO (100)
(CF3) 2CH|C|NEt2 (85%)
(o]
/CF3 Mezlm /CF3
= - 87
(CF3)2C-C\ —_— (CF3)2C—C\ (v90%) (87)
F(I) NMe
2
3 T3 Bt N “F3 =C/CF3
C=C ——) C (139)
/ '\ Et20 \
RE‘ F RF NEt2
Rp = CF4C(CFL,
(CF3) 2C=C (CF3) 2 MezNH
————+ complex reactions (87)
(CF3) 2C=CHCF3
NMe2
Me_NH
N (102)
Et20, EtOH
NMe
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base- than diethylamine (1.7 : 1).137

F \ / —_ =
C=C —_— Cc=C ~—— CF,=C-CF,~-C.F
2 2 72°5
yd \\\ slow /// \\\ fast

F CF3 CF3 F

13 16 36

very

RZNH lslow RZNH slow R2NH l fast

This explanation is reinforced by similar reactions of -
F-M;methyl—2-pentene (13). For both diethylamine and piperidine

8 Isomer (13)

the major product is derived from terminal olefin (_3_§).l
1s less reactive than F-2-methyl-2-pentene (}§)99 (see Section IT.B.l.b.ii)
and so reactions with both amines will be slow. Once fluoride is produced
a slow isomerisation to (lé) will occur. Subsequent isomerisation of

(16) to terminal olefin (36) is fast and reactions of (36) are fast.

Thus there will be only a low concentration of F-2-methyl-2-pentene (16).

Other reactions of secondary amines with fluoro-olefins are given

in Table 16,

II.B.4.b Primary Amines

Reactions with primary amines can be quite complex. Two simple

examples are shown in eq.II.l4 and II.15.

CF3\ /CF3 RNH2 CF3\ /CF3
(II.14) c=C _— c=C {139)
/// \\\ Et20 //// \\\
R F R NHR
F , F
RF = CF3C(C2F5);
R = CHZCH=CH2, (CH2)3N(CH3)2, C6H4SO3Na.
_ MeNH2 ’
(1I1.15) (CF3)2C=CHCE3 - (CF3) 2CHCH(NHMe)CF3 (61%) (87)
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CF Cc,F F,C C,F Ca C,F

3\\\ _ e 2’5 RNHZ 2 §§§ /// 25 RNHZ Q§§- /// 25

(II.16) c—c\\\ — c—c\\\ —_ c-c\\\

CF/, F F c/ \NR F c/ \NR-

3 3 3

16
. 136

R = 2,6—Me2C6H3; Me3C (85% yield) ¢ )

F~2-methyl-2-pentene (16) gives isolable ketenimines (eq.II.16)
with aromatic primary amines, having no ortho-hydrogen, and with
. 136
t-butylamine. If the aromatic primary amine has an avallable
ortho-hydrogen then Yf-arylaminoquinolines are obtained via cyclisation

! )
of the ketenimine136’llo’lzll

(scheme 26). The ketenimines (eq.II.16)
are formed by reaction with two moles of aromatic primary amines but

i1f four moles of amine are used then the ketenimines can react further
141

with amine prior to cyclisation to produce azetidines and quinolines

&cheme 26).

II.B.4.c Ammonia and Hydrazine

' L
Hydrazine is approx. 20 times less basic than ammonia.l 2 This

may explain the difference between the reactions of F-ethylene pentainer

143

with ammonia and hydrazine. Hydrazine derivative (z&) will less readily

NC. CF
. NHy, Et,0 . \\\c—c'/, 3
or .880 NH, aq.’ : -
////r 8o°, 2n3 Rf/// .\\NHZ
CF CF
3 B 3
\\‘c=c’/,
Ré//, \\\F .
CF.,. CF F.C CF
\ Mot N, 3 N\ 3
H.O, EtOH c=C X c-c
reflux, 2h. RF NHNH2 RF NNH2
74 75

RF = CF3C(C2F5)2
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Reaction of Aromatic Primary Amines with F-2-methyl-2-pentene

Arq\ ﬁAr
< CF
CFl\ /92F5 2ArNH2 \§§E /c2F5 Cq§b/ 3
Pt T v QA = I Ar = Ph
CF, F F.C N¢§§C\C F
2°s
2ArNH2 - 1 W -
NAT
~4HF H
CF,
NA C.F
TR 23
c ! L -
/N !/ l
ArNH® G4

3
ArNH NAr
AYrNH NAr
Il “SNHAY
25
NHAY N Cst

Scheme 26141
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lose fluoride to glve terminal olefin (_7_5), whereas thls step
obviously occurs for the corresponding ammonia derivative. Other

reactions with ammonia are glven below.

1 Et,0, -60°

> (CF3l,CHCN  +  (CF3),CHENH (100)
2) H50, O° 52

21°/o 13°/o

Et,0
/—_1750——> CFaﬁ:HFCFa 76 (62%)

CF:,CF:CFCF3 EtZO : HAN . (164)
) ¥O_——’ 76 “ogo/o) + 2 \C:C/
50 CF;  “CN
. 3
CF C.F NG CF
3, 2'5 2'5
c=¢’ - Ne—¢” (w100%) (136)
yd N\ c/ AN
CF F i N NH
3 2
NH2 NH2
—_ _— 10
Et20 dil.HC1 (102)
NH NH2 0 NH2
II.B.5 C-Nucleophilles and Sodium Borohydride
Examples of reactions with these nucleophiles are as follows.
CF3\ /CF3 ’ , CF3\ /CF3
‘ solvent, reflux ‘
RF/ F - ’ RF/ R(R)

= . “ = \ - .
RF CFEC(C2F5)2, R” Na NéCH(COOCQHS )ps solvent = DMF,Dioxan;

R'MgX = CH2CHCH2MgBr',C MgCl,MeMgI,EtMgBr, solvent

65
CiFq  CsFg

CsFCFg (35%)  (121)
sulpholane, 100°
H, Hy H H,
NaBH,, (120)
| FZQ“QFZ diglyme > FZMF
F F

Et20 s THE';

>
Ho F(H)




II.B.6 Chloride

So far there appear to be no examples of nucleophilic reaction of
chloride with F-trialkyl— and F-tetraalkyl-olefins. However, the
replacement of fluéride by chloride or indeed other halldes seems quite
possible for these olefins. It 1is therefore worthwhile to describe the
reaction of F-isobutene with chloride146 because the results are probably
applicable to more substituted F-olefins.

The reaction of F-isobutene with an excess of a tetraalkylammonium

chloride forms only traces of a mono-substituted product. This 1s thought

Et.BzNCl
3°% , (CF.).C=CFCl (traces)
y (CFa)y
CH,CN
or diglyme
cat.Et3BzNC1 ?F3
(CF,) ,C=CF, . > (CF,),C=CFCL + CFCL=CCF,Cl
POC1,, 165°, 25h . o
Bzogl,Py 5 (CF,),C=CFCL + (CF,),C=CCl,
1657, 25h 497 21%

to be a result of an equilibrium favouring F-isobutene, possibly because
147
of the stronger C—F bond. Replacement of fluoride can, in fact, be
achieved in the presence of POCl3 or benzoyl chloride, compounds which
trap out fluoride generating chloride. That these reactions are nucleophilic

in nature 1s confirmed by no reaction occurring with POCl3 in the absence

of ionic chloride.
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TII.C Reactions with Electrophiles

II.C.1 At the Double Bond

Although electrophilic attack on less substituted fluoro-olefins 1s

28

known , the order'of reactivity being CFi:::CF2:>CF3CF::CFé\A CF,CF—CFCF

3 3

for addition of anhydrous HF,]!*8 there are no examples of electrophililc
attack on the double bonds of F-trlalkyl- and F-tetraalkyl-olefins. This
is not surprising because:- 1) Generation of positive charge on carbon
attached to F-alkyl groups is unfavourable; and 2) Strong electrophiles
" preferentially abstract an allylic fluorine.
Reactions with electrophiles after initial formatlion of carbanlons are

described in Section II.A.

II.C.2 Replacement of Allylic Fluorines

Some examples of the replacement of allylié and, in some instances,
vinylic fluorines are given in tabie 17. All these reactions can be
explained by'an electrophilic mechanism involving initlal loss of fluoride,
forming an iﬁtermediate allylic cation (see Sections I.B.l and I.C.1),
which then reacts further to give pioducts. The driving force for these
reactions is likely to be formation of very stable fluorides such as AlF3
from AlCl3149 and HF from HZSOL‘ The ease of reaction, however, will be
influenced by the.stability of the interﬁediate allyl cation. This is
apparent from a compa?isdn of the reactions, with AlCla, of F-cyclobutene
(at O0)150
(see Table 17).

Most of the F-trlalkyl- and F-tetraalkyl-olefins discussed in this
chapter would produce allylic carbocations less stable than that derived

from F-lsobutene and therefore this type of reaction would need very vigorous

conditions.

.. 4
and F-isobutene (155o for 28h leaves 37% unreacted F-isobutene)l 6



Table 17

Electrophilic Replacement of Allylic Fluorines

(CF3)2C=CF2

1) SbFs

2) 320

c.H

250,

45% 27%

Q 0

100°, 18 h.

Cc.H,.SO

2 4

7

> O

95°, 30 min.

Cl

AlCl3

[

155°, 28 h.

/

(37%) +

[ st.mat.

(CF3)2C=CFC1
+ (CF3)2C=CC12

+ CF3—?=CC12 + CF3—(|:=CC12

L CClF2 CFCl2

(151)

(121)

(152)

(150)

(153)

(146)
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The replacement of vinylic fluorine probably occurs by double bond

migration. An example 1s given below.

ac,  FFmF Cl
F —3 + o F
Fy F :
Ci F Clpz——F “////
etc. «— — +1
Fy FCl F)'—F

II.D Additions across the Double Bond

Although some of the reactions described earlier in this chapter
are addiﬁions t0 carbon-carbon double bonds, they proceed via Intermediate
carbanions. This section deals with other additions. These are either
concerted, have radicals as intermediates or, for cobalt trifluoride
fluorination,. may proceed via intermediate radical cations.154

Examples of these reactions are given in Table 18 and Table 19
(fluorinations). Permanganate oxidation and fluorination are discussed
briefly below.

Diels-Alder reactions of F-trialkyl- and F-tetraalkyl-olefins and
particularly their reactions with ozone occur most readily for olefins
such as F-hexamethylbenzvalene (seé Table 18) and F-hexamethyl-Dewar-
155

benzene.

IJI.D.1 Permanganate Oxidation

The reaction of KMnOL with fluoro-olefins is suggested to involve

159

initial nucleophilic attack by MnOZ giving a cyclic manganese complex.

This step is probably concerted. Subsequent addition of water will give




(CF3)2C=CHCF

_(CF3)ZC=CICF

(CF3)2C=CFCF

(CF3)2C=C(CF

3

3

3

3

N NVARVA

0
Nm o
=z
N
2 N

Table 18

=81 -

Additions Across the Double Bond

\{

HBr
ZnCl2 or hv

L
L4

/

b
4 days

3

3 days

4 days

HBr
A or hv

4 days

CF

(CF3)2CHCH2 3

79%
no reaction (87)
(CF3)2CC1CC12CF
39%

+ (CF3)2CC1CHC1CF
28%

tentative struct.

3 3

(CF3)2CHCH2CF3 {79%)

(87?

(CF3)2CC1CC1 CF, (77%)

2773
(CF3)2CHCHFCF3 (60%)

(87)

(CF3)2CC1CC1FCF (74%)

3
no reaction

no reaction
(87)

(CF3)2CC1CC1(CF3) (92%)

2

NQtN//CH2

(102)
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Table 18 continued

' b
el 1 week

no reaction

(102)
~~ Hy, P4, C
120 atm. no reaction
CH,N,, CFy N CF=C(CF3),
(CF3)ZC=C[CF=C(CF3)2]2 —_—— ///g;:;p\\\ (156)
CF, CH, “CF=C(CF,),
Addition Reactions of F-hexamethylbenzvalene
furan, CSH12 . 157)
quartz, RT, 5 m. 0=
N
CH,N, \N
. > 7 (155)
C/
o 0
> ¢ 4 (158)

a-= H2, P4, A1203: b f Clz, hv
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F. F F
e N - .
N —0 0 H —0OH
@ MnOQ | ] ::Mné; 20 ‘ O
. —0 0 C—OH
7N 7 A 7
~2HF

.N
0———'(‘3—0H + HO—(|3:O —oxid o:c—c|::o

diols for F-tetraalkyl-olefins, whereas loss of HF and further oxidation
will occur for olefins having vinylic fluorines. An example of each
type 1is éiven below.

Acetone is normally used as solvent because the reactions are
much faster than in water. Olefin solubiiity and permanganate solvation

159

are the probable reasons for this.

_KMnO, 67% (121)
: ccetone

KMnOL

HO,C (CF,),CO,H 75% {160)
acetone z 2Lmve

ITI.D.2 Fluorination

The effect of increased substitution on the fluorination of F-olefins
1s demonstrated by the conditions required for direct fluorination of
F-propene and i1ts oligomers (Table 13). The order of reactivity is

o 161
F-propene::;> dimers ::> trlmers::> tetramer. The 1nitial reaction is
addition of F~ gilving a radical, which can then react further by a

[addition

F . rearrangement
CaFon — FnFan] -

fragmentation

[dimerisation
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Table 19

Fluorination of F—Olefinsa

(CF.) .CF F
3’2 \\\C_C/// N 3\\\C yd CaFs
= =C —_— (CF.) ,CFCF.,,C.,F (60)
o) 32 2°2°5
F’// \\\cp CF’/// \\‘ -78
3 99%
95% 4.2% .

(CF3)2CF\\\ ///Cst
300 C :
(CF,) CF’// \\\F
2
95%
(CF 3
2 \\\ /// .\ 3\\\ /// 2 5 _ 60
(CF3)2CF’// \\\CF3 /// \\\CF(CF
308 66%
(CF,) .CF
3’2 \\\ //, €y
n 100° /// N
CF ,-CF, CF3
57%
’CF\ / Fy 750 ‘“3’2“\ P
= - C.F, + c’. (55)
/// \\\ : no reaction 38 ///
(CF 4) ,CF CF (CF.,) at 20° (CF.) .CF F
3°2 372 3°2
(CF ) C
! ::: AN
CF3 . CF2—C2F5
B b .
(CF3)2C-C(CF3)2 —> (CF3)2CFCF(CF3)2 (162)
CF C_F CF F
3 25 dil.F 3 3
P e e
20
Fsc2 | CF, F5C2 C2F5
+ Cis
a, using undiluted F2 unless stated; b, no conditions given.
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number of‘routes depending on the condifions used.161 Simple addition

1s favoured by high concentrations of FZ at low temperatures, fragmentation

and rearrangement b& higher temperatures than required for fluorination

t0 occur, and dimerisation by low temperatures and a low F2 concentration.
For example F-propene trimers undergo addition without rearrangement

at 300 (Table 19), but at 100° a rearrangement of the intermediate radical

oceurs (eq.IX.1l7) accompanied by some fragmentation.Go F-propene tetramer

(CF3),CF  CoFs (CF3)ZCF C2F5
(1117)  CgFyq I N o c\ —F & CoFyg
(CF4),CF CF3CF

is only fluorinated above room temperature and gives low ylelds of CQFZO
alkanes via fragmentation reactions55 (Table 19).
Dimerisation (eq.II.18) can occur very readily when the intermediate

radical and olefin are not too sterically hindered. Thus F-propene dimers,

' 161
using diluted F2 at -500, glve decanes formula.CHzFés. Similarly

F-2-butene produces CBFHB (Table 1) and F-cyclobutene is also found

to dimeriselse (eq.II.19).

. | ||
e N o |

Fy),N
F . —j%g%—) F F {162)

(I1,19)

IT.E Photochemically Induced-Isomerisation

Examples of photochemlcally induced isomerisations of F-olefins
are given in Table 20. In all cases the products arise from 1,3-allylic

8
shifts of fluorine or F-alkyl groups. 2 For substituted ethylenes the


http://eq.II.19

a,

C,
4,
e,

-86-

Table 202

Photochemicallyb Induced ‘Isomerisations of F—Olefin582'163

'/\_,< e >__< ~ 100%
> >

¢is, trans 40% N 10%

1 e T

z:::(/_—- 3:2
) :

N4

-0-00
o<

77 (55%) 78 208)% 79 (minor)®

for clarity compounds are represented schematically, all are fully
fluorinated.

liquid phase, medium pressure lamp, no filter, silica tubes.

7 days. .

prolonged irradiation.

mild conditions.

ambient temp. v 100°, 78 and 79 probably result from thermolysis of 77

7200
because 77 —_— Zg (54%) + 79 (44%).
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' 163
ease of rearrangement 1s in the order F-tetraalkylj} F-trialkylj) F-dialkyl.
In fact, F-2-butene only undergoes cis-trans isomerisation using conditions
which induce rearrangements in the more substituted olefins. F-trlalkylethy-~

163

lenes also undergo cis-trans interconversion using milder conditions.

II.F Thermolysis

There are numerous reports of thermolytic reactions of fluorocarbons,
but relatively few concern unsaturated compounds. Some examples are shown
below, illustrating three processes. These are:- 1) Loss of fragments
containing carbon, using an inert surface (e.g. Pt or 5102); 2) Double
bond migration, or 3) Defluorination using a reactive metal surface, such

as ipon or zinc, metals which readily form fluorides.

Pt
— (40%) + + C,F

6800, 2 mmHg 2

4

22%

500 | Fe (10)

(28%) + (trace)

tentative struct.

FCF , CoFs
FC . FC CFCF ,
zn 5 2 275 572
(C2F5)6 W or (1l64)
. ' F.C F
52 2°5 Fec, CFCF,
CoFs

CFCF3

65%

e, (45%) o (21)

500
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o

030
9

CF=CF
Fe 2
o (167)
600
15%
ilica . 168)
620°
CP=CF,,
+ CF,=CF,
—Fe (60%) (121)
500°
aged Ni
" 400-600°
(165, 166)

Fe, 400-600°

0,



DISCUSSION



CHAPTER III

Oligomers from Chlorotrifluoroethylene and F-2-butene

The major part of this chapter describes fhe formation of oligomers

from chlorotrifluoroethylene and F-2-butene. This work 1s a continuation

75,169

of a previous 1nvestigation carried out in this laboratory. These

processes have also been studied elsewh'eresl’76

(see chapter I). Some
similar reactions of F-propene are also described.

IIT.A Oligomers from Chlorotrifluoroethylene

It is well established that CF35FCl can be generated from chlorotrifluoro-
ethylene and fluoride ion. This is demonstrated by the fluoride ion
. .. 170
induced reactions of chlorotrifluorocethylene with cyanuric fluoride

171
(eq.III.1l) and with F-pyridine 7 (eq.III.2).

) N ' N - N CFCICFy
(1111) @ o @ (60%) + | \r(mo/o
N N 70 N N N N
\\\/// \\*/” \\\r/’
CFCICF4 CFCICF,
N
(111.2) (15%) + @ [ 15%)
90

a= CFZCFC| CsF, and sulpholane

Since CF3§FCI (80) is formed it 1s to be expected that reaction of
(80) with CF,CFCL should also occur. Previously in this laboratory it
has been found that oligomers of CFZCFCI are, in fact, formed by heating

60
with CsF and tetraglyme in a Ni tube1 ” (see Table 22). The oligomers
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were not separated and were ldentiflied by g.l.c.-ms. None contaln chlorine
and extra degrees of unsaturation are introduced. These features could
have been a result of dehaiogenation at the N1 surface. Further
Investigation was therefore necessary to try to establish the structures
and mechanism of formatlon of the various oligomers, and also the

dehalogenatlion mechanism.

Table 22

Yields (%) of Oligomers from Chlor-otr'ifluoroethylenea

.
Temp. C CeF15 C10F18 C12F20 C12F22 >CiaF))
b
25 -3 16 - -~ 19 ca.30
56° 10 16 2 4 15
150° 18 1 2 3 5

a, all using CsF and tetraglyme
b, 1in glass at <1 atmos. press. (VIII.A.l.a)

¢, Using N1 tube under autogenous pressure.

Chlbrotrifluoroethylene will oligomerise at room temperature‘and
<1 atmos. pressure forming CF3CF012, as well as the same oligomers

produced by the N1 tube reactions. The results are summarised in

Table 22.
The important features of these reactlons are:

(1) the oligomers contain no chlorine,

(11) above Cg extra degrees of unsaturation are introduced,

(i11) CF4CFCl, 1s formed, and

(iv) the yield of CaF16(&l) increases at higher reaction temperatures.
Although the oligomers given in Table 22 contain no chlorine, when

GFZCFCl was allowed to react at room temperature for a much shorter time
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(16h instead of 88h) then, after removal of CF,CFCl,, elemental analysis

. of the remaining volatile material showed the presence of chlorine. This
volatile material céntained the expected ollgomers, together with a complex
mixture of products less volatile than C12F22. As expected, after heating
with fluoride the proportion of less volatile products was reduced and
chlorine was ;bsent.

Sampies of CF4CFCL,, CioFyg (81), and C4oF 5y (82) were separated

by preparative scale g.l.c., CF3CF012 being 1dentified by its 19F‘n.m.r.
spectrum.172 Compound CgF4e (41), an approx. 50:50 mixture of cis,
trans 1somers, was identified in the product obtained from oligomerisation
of CFZCFCl at 120o by comparison of the 19F n.m.r. spectrum with that of
an authehtic sample of (41). The structures of C10F18 (8L), and
CiaF5y (82), both mixtures of geometric isomers unresolvable by g.l.c.,
follow mainly from their 1gF n.m.r. spectra. A full discussion of theilr

structural derivations 1s glven later.

CFy CFy CFy CFy
N L
c=C c=C¢ CFy
N\ o \C_Cf"
CaFg Cofs CaFs /=,
+ trans _ CF3 C2Fsg
CgFp,41 C12F22,82
CF CF ' CF - CFy
3\c—c/ 3 3
/ - \ . + CF3
C,FE _C=CFCFy C,Fs FCFy
CF
3

CyoFis, 81
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III.A.1 Formation of F-3,4-dimethyl-3-hexene

A mechanism, accounting for the formation of C8F16(ﬂl), is given in
Scheme 27 and it is very similar to the mechanism (Scheme 11) suggested

for oligomerisation of F-ethylene.

CF3EFC1 + CF2=CFC1 E— CF 3CFC1CF2(_ZFC1 '—-F——) CF3CFC1CF=CFC1

8 Fflsnz'
_ F_ - F_ _
CF‘3CIE‘—CFCF3 (—-—S—EET— CF3CF2CF—CF2 (_S—N?— CF3CF—CFCF2C1
46
- F-
go|-F
CF3' CF3 CF3
ccrer Neee” , further
/// 3 /// \\\ reaction
CF_CFC1l C.F C,F
3 2°5 i1 2°5
F-J 80 etc.
cr -
N ///CF3 F ‘//cst
. - — A\ -
///c c\\\ ——— CF,C
F5C2 F CFz—CzFS
Y3
Scheme 27

For CFZCFCl, however, replacement of chlorine by fluorine is required and
this almost certainly occurs via SN2' processes, since these are known

23,28
to occur very readily 3 - (eq.III.3).

(111.3) CF;=CFCCI,F —£—  CFyCF=CCIF (23)

Once F-2-butene has been formed, further reaction can occur via two
routes:- 1) fluoride ion induced dimerisation of F-2-butene glving
CBF16(ﬂl) (eq.III.4) (to be discussed later); and 2) reaction of

F-2-butene with CF,CFCl, leading to CgFqp (44) and CgF,e (41).
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. CgF. (4L 49%
= CsF, 92
(I1I.4)  CF,CF=CFCF, SoE 22 CFy (83) 158
C,,Fyy (82) 26%
-
o C.F (41) 35%
C ——
(III.5) CF.CF=CFCF, + CF,CFCl ——t 32 8 16
3 3 2 tetraglyme c F (81) 25
10 18 —
CioFpr (82 13

In fact, the reaction between F-2—bu£ene and CF,CFCl (eq.III.5)
gives the same products as CFZCFCl alone except thaﬁ a.significant
amount of CgF,, (44) is formed (also produced from F-2-butene and
CF,CCl, - see section I.D.5).

Compound CgFy, (44) readily forms an anion with fluoride and this
may react with F-2-butene producing C10F20(ﬂg) during the oligomerisatién
of'F-ethylene (see Scheme 11 and Section I.D.3.c). However,'no C10F20 (59}

was detected in the product from F-2-butene and CFZCFCl (eq.III.5).

- CF3\c——C /CF3
S
CF3 ~CoFg

.C2

The increased yleld of CgF4¢ (41) at higher reaction temperatures
can now be explained. Dimerisation of F-2-butene (46) 15 a slow process
at room temperature, gnd most of the CBF16 formed reacts further. At
higher temperatures CBF‘16 is produced more quickly than 1t reacts, as
a result of the much faster dimerisation-of (46), and it therefore

accumilates.




_94-

III.A.2 Formation of Higher Oligomers

The reaction of CF,CFCl with C8F16(ﬂl) oceurs very readily and good
yields of higher oligomers are obtained (eq.III.6). 1In addition the

reaction gives a high yleld of CF.,CFCl,, which roughly corresponds to the
3 2

-extra degrees of unsaturation introduced into the higher oligomers.

CF3CFC12
cer, 25° CioF1g (BL) 64%
(III.6) C,F.. (41) + CF_CFCl
8 16 — 2 tetraglyme P 62
C1oFa (82) 21%
Ci4Faq (B4 9%

A mechanism accounting for the production of CF3CF012 and the
introduction of an extra degree of unsaturation is shown in Scheme 28

for the formation of CygFqg (8L). Nucleophilic attack on chlorine

- CF CF -
F 3\c ~ 3 CF.CFCl (80) CF3\ /CF3
CgF = =C > =C
8 16 SN2 e AN
C,F CFCF4 F C,FCFCF 4 CFCICF,
85
80 ~CFjCFCl,
F ASN2'
CF CF CF CF
- 3 3 3 3
C, F . et Nec” éc-c/
1018 NG
81 C,FCFCF CFCF, C,FCFCF 4 CFCF,
86 . : 87

Scheme 28

in (85) will produce CF4CFCl, and carbanion (86),

which is an allylic system. The SN2' displacement of chloride by fluoride

in (§§) is probably slow as.a result of steric crowding, but the alternative

nucleophilic attack on chlorine must occur very readily in order to inhibit

-
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the formation of (§Z). This is not unreasonable because there are other

173

examples of similar attacks on halogen.
CF3CFClL + CCl3CCly "— CF4CFCl, + CCI,=CCly + CI7

CF4CCl, + CF,=CCl, —— CF4CCl3 + (CF=CCl), + F~

A sample of C1LF2L(§&) was isolated, as a mixture of isomers, from
the reaction of CgFyg (41) with CF,CFCl. The assignment of structure (84)

to C1LF2415 discussed later.

C,oF CF CoF CF
2Fs,  LF3 2Fs5 3
“c=C CF “o=c/ ~ CF,
- &\: 7703 s “ /
CF; =C CF3 C=C CF3
<N : 7 N
CFj  C=CFCF cFy o=t
CF3 CF3 CFs
C14F24,84 C16F 28, 88

The reaction between C,,Fiq (81) and CF,CFCL gives mainly C12F22(§§) and
C4sF28 (88) (eq.III.7). A sample of C16F28(§§) was separated, again as a

mixture of isomers (see later), but C18F30 was only identified by g.l.c.-ms.

CF.CFCl

3 2
C1oF20 (82) 42%
csF, 114°
III. g !
(III.7) 10718 (81) + crycrcl tetraglyme 14524 (&4 5%

c, F (88) 20%

C, F 2%

A mechanism, explaining the formation of oligomers ahove C10F18,
is given In Scheme 29 and it uses the same processes proposed in Scheme 28

to account for the formation of C,,Fq (81).
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. Formation of Higher Oligomers

C12F20 (low yield)

80 ] ~CF,CFCl,

CF , CF
/ 3 /3
cst(CF3)c-c\ _ C2F5(CF3)C=C\ /CF3
C=CFCF CF.CFC1 (80) c=
/ 3 3 = N
CF, . CF, CFClCF3.
C10F18* 2L )
F SN2'
CF
/CF3 O
cst(CF3)c=c\ - cst(cra)c-c\ /cp3
C=C(CF,)C.F — F-C-G,
4 s sy2' / C\\CFCF
CFy N CF, 3
CioFap0 82
80f -F
/CF3 . /CF3
c2F5(0F3)c=c\_ /CF3 CZFS(CF3)C=C\ /CF3
C=C F-C-C.  CF
/ N\ : 2 s N/ 3
CF, C=CFCF Z cF, c
3 3 ~CF,CFC1,, -F : 3
3 CFCICF,
Cr4¥240 84
1) 80, -F
12) ¥, Sy2'
/cr3
c2F5(0F3)c=c\ /CF3 80, ete. -
/c=c\ > CFq
CF, /C=C(CF3)C2F5.
CF,
C6F28> 88

Scheme 29



IIT.A.5 Structural Asslgnments

Structures were assigned to the oligomers by comparison of their
19F chemical shifts and C—C stretching frequencies and intensities
with the data for some similar model compounds. The data for these two
groups of compounds is contalned in Table 23,
For the model compounds, 1t iIs clear that varlous types of CF3 groups
can be distinguished by their 19F n.m.r. shifts:- (unmarked bonds to

carbon) CF,C= and CF,C (19Fs 65 p.p.m. rel. to cr-'c13), CFCF= (v 67 - T1),

3
" and C&CF‘2 (w74 - 85). Similarly CF3CEZC= or CF3CF__20 (v 100 - 110) and
CF3C£ZCF: (v 115) may be dis?inguished from each other and from CF3 groups.
The shifts of cﬁ3g§‘= are all in the range 98 - 105 p.p.m. except for C10F20(_L_FQ_)
(CF3QE=, 76), which 1s a crowded molecule. The C—=C stretches are also a
useful aid for distinguishing between CF,CF= (normally 1670 - 1710 cm-l, mw)
and CF30=‘ ( 1670 - 1650, w) for the model compounds.

The struf:tures of C12F22(_8_2_), CH.FZL(&)’ and C,Fyg (88) then
follow from a comparison of their 19F chemical shifts and C—=C stretches
with tﬁose of the model compounds, 1f each oligomer i1s produced in turn,
1l.e. CBF-16—» C10F18_’ C12F22——*C1LF24—> c16F28' Although the 1gF -chemical
shifts- for Ci,Fyq (82) do not distinguish between acyclic diene (82a) and
cyclobutene (82b), the C=—=C stretch indicates that only diene (82a) is
present. Thus the weak C—C str. at 1630 cm-l in the l.r. spectrum 1s con-
sistent with diene (82_al and the Raman spectrum does not show a C—C str.

between 1700 and 1720 cm-l as would be expected for (82b) from the C—C

str. of a comparable cyclobutene (1720 cm-l) (see Table 23).
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c, st c/C Fy CF4 CFy
= CF
3
cry” >C:c:: CFy CF,
CFg CyFg "y
C,Fs CoFs
82a C12F22 82b

610F18 (81) is more complex because its 1gF n.m.r. spectrum can only

be explained adequately 1f another structural lsomer, besides acyclic

diene (8la), is present. Thus the spectrum contains additional signals

at 75.8 (EEBCF) and ca. 163 p.p.m. (FC). These signals could arise from
cyclobutene (§l§) since similar chemical shifts were found for a comparable
system (see Table 23). It is not unreasonable that the other fluorines of
(8lb) give rise to absorptions in the same regions as the acyclic diene
(§lgl . If this interpretation of the n.m.r. spectrum is correct then from

the Integration the ratio of cyclobutene (8lb) to acyclic diene(8la) is

ca. 30 : 70.
C,F CF
2F5_ 3
X—cf
CF;  C=CFCFy
CF
3
CoFs.  SFs / - \ CFs CFq
“c=C
cry”  t=crcry CFy
CF CF FCF
3 N 25 3
C,F CF
2
81a AN S 3 / 81b
7~ N\ -
cFy  FC—CFCFy
7
CF3
Schéme 30

Cyclobutene (8lb) could be formed by a fluoride ion induced
cyclisation of diene (8la), via two intermediate oarbanions (Scheme 30).

An analagous cyclisation for C12F22(§g) is less likely.
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‘Table 23

P Chemical Shifts (rel, to crc13) and C=C str. Prequencies

Model Cowpounds

Compound
¢y,

(CP ), CClCPy),

CF T CP
N/
=C
cCry /F \

SC Ff

/\
dC?J-C?z CFz-CP
e e d
€10F20, s0

3

CP3 FCFJ
cb

58.8a
60.3b,¢

59.7

58.0a
74.5b
99.8c

57.7a
74.5b
99.8¢

59.9a
61.3c ]
68.8b
98.84

57.2a
67.0b
84.6c
112.0d

58.5a ]
61.1b
84,2c

98.2e
116.9d

51.9b
56.9¢
67.4a
75.9¢
79.24
105.8e

62.8a
70.9b
104.4¢c

66.5a
78.6b
171.4c

.2 |

1

L) EBI’

2

1653
C=

.3

CF.C= 1653

CP, C= 1650w

1704

CF,C= 1680ms -

C= 1640m

cF
cp,Ce 1706w
& cr- 1687m

1720

/cont.

1670 (Raman)

C=C str. (cu-l)
(174)

(CH))

(C1))

(175)

87)

(51)

(176)

Qarm



Table 23 continued

CFZCFCI Oligomers

Compound
b a
CFP CF
3 /7 3
\C=C
PN
CF,—-CF 2
A 3 4 2
€120 82
c b
CF3\b C!3
=C
: >N\
CF_—-CF C=
d 3 e 2 /
CF3
a 2
Cr6¥2g° 88
a b
CF CF
3‘C=C/ 3 c
CF
o\, s
CF3-CF2 ,C=C
h°o i ch. SC=CFCF
d 3 Cé g f
3
e
CraFayr 84
a b
CF3‘ C/FF3
C=
CF -CF” \C CFCF
3 2 / 3
f g ed
CF3
c
C10F18, 8la

ratio 8la:81b ~ 70:30

CF 5 CF,
CF, _
CF ,~CF rery
3 2 l.h
€ oF g 81D

-100-

19 &
57.6
58.4| a,b
59.0.
81.0]
c
81.5.
06.1]
106.1]
108.3
57.8
59.0 a,b,c
60.0
61.3)
79.9 d
106.8 e
59,07
a,b,c,d
61.2
64.7 e
71.57
f
73.0]
80.67 |
81.7]
103.5 )
8,1
106.9
58.8]
59.9 | .p
61.3
62.2_
65.5 ¢ i
72.1 d
80.9
82.6
100.2
104.8 | e,g
107.7
75.8 h
n163 i

Asqiggment

CsC str. (cm.

-1

)

CF_CF, C=

1630w

1640w

1705mw
1635w

1710mw
1645w
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III.B Oligomers from F-2-butene

Previously in this laboratory, fluoride ion induced oligomerisations
of F-2-butene have been carried out in-Ni tubes, giving rise to
defluorinated products]'G9 as well as the expected CBFHG (&l)51’75
(eq.IIT.8). Defluorination also occurs using glass apparatus (eq.III.4),
again forming C{2F22(§g). Compound C12F22(§g) has also been isolated
from a simllar reaction, using IMF as solvent, but it was incorrectly

' 76
identiflied as C12F24.

CgFg (41  + C F__ (82)

69% 15%

F\
(III.8)  CF,CF=CFCF, CsE, sulpholane , + =
Ni, 24h., 130° CF3/

CF,F FCF

3
CgFy, (89) 11%

3

ITI.B.1 Defluorination Mechanism

A defluorination (eq.IIT.9) analagous to the dehalogenation
(giving CF30F012) described earlier can be ruled out because no F-n-butane
was detected in the produéts. The reaction of F-2-butené with CFQCFCl
(TII.9) Rp—F + CFCFCF; >R + CF4CF,—C,Fy
(eq.ITII.5) did not produce any  CF4CFCl, ,.even though extra degrees of
unsaturation are introduced into the oligomers, agaln indicating that
another defluorination mechanism must operate.

There are two possibilities: 1) defluorination by CSF forming complex

salts like CsFy; and 2) an electron transfer process (eq.III.10).
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)-F,

(111.10) RT: + Cann ——*RF + CnFZ-n 2-F~ CnF2n—2

Defluorinations, in the presence of alkali metal fluorides (eq.III.11),
178,179

have been observed by other: workers but no explanation was

‘advanced. Caesium fluorlde does, in fact, appear to enhance defluorination

(IT1.11) NaF _ 18% {178)
365°

of CBFHB(EL) over iron, in 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).

ITIT.B.2 Formation of Qligomers

Defluorination could occur for one or more of the following:
F-2-butene, CgF,c (41), CqpFp, (not isolated),l and C;,F,, (82), but
defluorination of F-2-butene seems the most likely.

Althougg 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 reac%ion of F-2-butene or its dimer CgF16 (41) with any F-2-butyne
thus formed would glve the various oligomers with extra degrees of
unsaturation (Scheme 31). This mechanism is supported by the results
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-l,2,3,4-tetramethylcyclébutene). Both reactions give the same

products as F-2-butene alone, but with increased proportions of C12F22(§g)

and C,,F,q (83), as would be expected (see Table 24).

* (41) is also defluorinated over CsF at 540° (Chapter V).
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TABLE 24
Reactiona ' . ‘Molar Ratlos of Oligomers
E CgFip (11)  CppFpq(83)  CppFyp(82)
F-2—buteneb 87 1 12
F-2-butene + CBF“’(_B_Q)c 62 7 31
F-2-butene + F-2-butyne’ 39 15 46

a, using CsPF and tetraglyme.
b, at 920 and autogenous pressure (see ITI.4).

¢, at room temperature and atmospheric pressure.

A sample of‘_C12F20 was 1solated, 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 str. at 1650 ecm = (i.r.), and a u.v.
absorption at 252 nm, which indicates a conjugated doﬁble bond system.
Absorption 1s below 220 nm for the other dienes and trienes mentioned in

this chapter.

CFq CFy

CFy cFy 83

CF3 C2F5

The reaction of the growing carbanion F(CF3C:::CCF3);, produced from

F-2-butyne and fluoride ion, also occurs with some polyfluorocaromatic
180

compounds. Further evidence for the participation of F-2~butyne in

the F-butene oligomerisation i1s gliven below.
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Oligomers from F-2~Butene

F -
CF,CF=CFCF, = CF,CFC,F

3 37725
46 | a
46
S
CF4FC= - CF - CF
Ner  cr CF ,CCFCF, /3 F 3
cF / \C=C/ 3 4——-—SN2, CF3CF=C\ _ /C
3 78 CF.CFC.F C.F
b e 372" s 25
3 “2's
CeF16°
F- l
CF CF
3. /3 CF
C=C CF 91 . / 3 46 -
i’ e 3 = CRFC=G ¢==— CF,C=CFCF,
2’5 /N C=CFCF
- L= 90
cF, C,F, 3 %0
CF
C,,Fyys 82 % o 3 s i
8714 == F
. _ . _
/3
CF3F=C\ /CF3 46 - fF3
C=C-C= =
C=C (T CF3 c (‘3 CFCF3 (_56- CF3C CCF3
7 N\ CF -
CF C=CFCF 3
3 3 —F2
CF,. _
CF ,CF=CFCF,,
F 46
CF, CF,
CF; CF,
CF, “C,F,
C12F200 83

Scheme 31
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III.B.3 Reaction of F-propene with F-3,4-dimethyl-3-hexene

It was hoped that the reaction of F-3,4-dimethyl-3-hexene (41) with
F-propene would help to explain the oligomerisation of F-2-butene. Namely,
1s it reasonable that the F-2-butyl anion and CgFye (41b) could react

to give Cy,F,, which could then lose fluorine giving C,,F,, (82).

CF C,F
3 2t5
CF CF CF N
CF,CFC,Fc + E 3‘c:—c/ 3 — F 3‘c—c/ N s G
TS OTONTN N Ner —F, 12722
N\ N\ 3
{ CF3 Cofg  CF3  CyFg 82
\
‘ CaFig,210 CiaFas

In fact, the only products obtained from an analagous reaction
using F-propene were recoédvered starting material (CSF16)’ F-propene
oligomers, and a low yield of F-2,3-dimethyl-2-pentene (92). This
result therefore supports the proposed mechanism for F-2-butene
oligomerisation involving F-2-butyne as intermediate.

Similarly a higher molecular weight product was not formed from
C10F20 (40) and F-propene. In this case, F-propene oligomers, C10F20 (40),

and CgFye (41) were obtained. The CgFyg (#1) is formed from CygFpq (40)

by loss of C,Fs (see I.D.3.c.iii).
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III.C Co-oligomers from F-propene

ITI.C.1 Using F-2-butene

The fluoride lon induced reactionof F-proﬁene with F-2-butene occurs
very readily giving F-2,3-dimethyl-2-pentene (C7F1L’ 92 ) (92% yield
based on F-2-butene) and only low yields of F-propene oligomers. The
structure of C7F14(2g) was deduced from a comparison of its 19F N.M.r.
spectrum and C—C stretch with those of CBF16(EL). Compound C,Fy, (92)
has previously been prepared in low ylelds from the same F-olefins51
(see Table 10, Chapter 1).

CF3CF=CF, (CF4),CF

30

CF4CF=CFCF,

e=¢ «————— CF4CF=C
C,Fs”” CFq . NCFICF,),
92
Scheme 32

Thé most likely mechanism for the fgrmation of C7F14(22) (Scheme 32)
invol;es the reaction of F-~2-butene with the E-isopropylanion (ég). The
preferential reaction of (30) with F-2-butene rather than F-propene (2)
is probably a result of a low concentration of (g) and higher concentrations
of anion (29) and F-2-butene in solutlon, since F-propene will more

readily form an anion with fluoride lon.
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IITI.C.2 Using F-ethylene

In contrast to the reaction described above, F-propene and F-ethylene
gave only a low yield of a co—oligomer; C11F22,-as well as F-propene
oligomers. A sample of C11F22was separated by preparative scale g.l.c.
and its spectral data is consistent with structure (93). Compound (93)
and F-propene tetramer (37) (see I.D.2.c.) could both be formed from
F-propene trimer (33). The 19F chemical shifts of C11F22(2§) and C12F24(21)
are compared below. The more complex spectrum of C11F22(22) could arise

from rotational isomers even though the spectrum is unchanged between

40° ana 190°.
(CF3)2CF F
bl
(cz‘3)2cr‘ . CF4
- 33 -
c3F7 » vinylic subst. C2F5 , SN2!'
b e g d b g d
(CF.) ,.CF CF(CF.) CF CF(CF.)
~3'2 32 3\ . 3’2
>c=c< >c=c<
(CF,) 2CE" CF, cr3 cs'(cp3) CF,CF ,
c £ a a h c f e
55
C1oFaqr 3T C11F227 23
a, 52.6 e, 148 ' a + b, 58.9 £, 105.1 + 106.4
b, 69 £, 155.3 ' c, 67.7 + 69.9 g, 158.1
c, 70 g, 164.4 d, 72.4 + 72.5 h, 164.5

d, 70.5 . e, 79.6 + 81.3
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CHAPTER IV

Reactions of F-3,4-dimethyl-3-hexene with Nucleophiles

Introduction

Some reactions of olefin (41) with O- and N-nucleophiles,
phenylmagnesium bromide, and potassium permanganate are described in
thlis chapter. The reactlons with some O0- and N-nucleophiles had been

169
briefly studied in this laboratory and the present work continues
the investigation. Reactions of (41) with 1ithium chloride and sodium
iodide using solvent proved unsuccessful, as did a reaction with
difluorocarbene. (see experimental, Chapter VIII). Other workers in
181 . 181
this laboratory have reacted (41) with hydride™ ~, diazomethane =, and, by a
. . 182.
radical mechanism, with methanol, acetaldehyde s etc. Slimilar

additions of methanol and acetaldehyde have been observed for F-propene

dimers.1
Na.BH4 é F N
/////////, tetraglyme - 87133
CFs . fF3 CH.N CFs. s
haN 22 . N
. C=C rd /C_C\
/ N\ ether cFy”/ C.F
C.F C,.F 3 2°5
2°5 2°5 HQ§ A
a v
C.F C.F
CH_OH 25 /25
T N
Yy Co
_ 3 ® cH' 3

OH
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IV.A O=Nucleophiles

.IV.A.l Alcohols

Like F-2,3-dime£hyl—2—butene (9&5, (41) 1s unreactive towards
refluxing neutral methanol, but in the presence of base the two olefins
react with methanol giving.different types of product. Thus (94)

8
undergoes addition 7 whereas (41) glves

— MeOH, 100°
(CF4), C=CICF3), ———*W (CF4) ,C—CICF,),
84 H OCHg

products arising from substitution reactions (Scheme 33). This is
because (41) has allylic fluorines which are more easily displaced

(ggg———CF3 as opposed tor CFy ).

CF CF CF CF.
KN /73 KN 73
i CF C—= Cc= +trans
i 3 G
1 == \c\/ F o -ROH, cF” C\:FOR
F7 C,Fg Fy
_ CFa\C/OR . CF3\C_ LFy _ CFy _C/:F3
CZFS/ \C=CF2 S\C/ — \F ROH | Cr3\C/C-_ \oR
CoF5 RO NC,Fg RO” \CoFg
' 96 97

R =CHy, CpHg, CH(CH3)2 but not C(CH3)3
Preferred pathway: 1, using tetraglyme and CsF, at 22°

11, wusing tetraglyme and Na2003, at 220

Scheme 33

Olefin th) and methanol, using sodium carbonate as base and
169

tetraglyme as solvent, give either a monomethoxy derivative (96, R = CH3)
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or a dimethoxy derivative (21, R = CH3) as the main product depending on the
conditions used (efficiency of stirring, rate of additiop of methanol, etc.).
An additional minor ﬁroduct from this £eaction is monomethoxy derivative
(QQL R = CH3) which is, in fact, the major product from a similar reaction,
but using CsF as base. Isomers (95, R = CH3) and (96, R = CH3) are not
interconverted under the conditions of these reactions. A similar range
of products was obtalned from ethanol and isopropanol using CsF as base.
IV.A.l.a2a Mechanism

Clearly, (96) is formed by dire;t SN2' displacement of fluoride
from (41) whereas (95) is derived from (98), an isomer of (41) produced
in the presence of fluoride. The equilibrium constant between (98) and
(1) will greatly favour (41) but (98) has a vinylic fluorine and will
therefore be the more reactive (see below). The monoalkyl ethers (96)
also have a vinylic fluorine and woﬁld be expected to have the same order
of reactivity as (98). However ethers (96) will probably be more soluble
than (98) in tetraglyme (see experimental) and this will obviously
influence the reaction.

IV.A.2 Reaction of CBF16 Isomers with Methanol

A mixture of isomers (41), (98), and (99) is produced from (41)

by passage over hot iron (see Chapter V). The reaction of this mixture

CF3\ . /CF3 ' CF3\ _ /CF3 . C2F5\ B
/C_C\ + trans C_:F3\ J ._C\ + Cis CF3\ /C_CFZ
CZFS C2F5 /C\ F /C\
F CZFS F CZFS

41 . 98 99
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with neutral methanol proceeds as expected (see II.B.l.b). Thus at
room temperature only terminal olefin (99) reacts, glving a mixture of

CaF150Me isomers (from elemental analysis)

CF F.,0Me MeOCF LCFy  CF
99 — 3‘0:0’.:6 2 2e=c{" ¥ §2 >c=crome
C,FE  “CyFg \c/ F <‘\
100 101 102

The l9F n.m.r. spectrum is obviously complex, but isomer (100)

is indicated by a CF3€E20:: absorption at 100 p.p.m. as 1s found for (41).
The presence of the other isomers 1s Inferred from the i.r. spectrum which
shows stretches at 1635 mw (C=CFCF4, 101; cf. 96, 1660 m) and 1715 m
(C==cCFOMe, 102; cf. CF2=C(CF3). C(CF4)—CFOMe, 1700 s cm'l).

The remaining mixture of (41) and (98) was refluxed with neutral
methanol and only (98) reacted.
IV.A.5> With Phenol

" Reactions of (41) with phenol were investigated by a previous
worker.l_ At that time two of the phenoxy derivatives were incorrectly
assigned but, now that more n.m.r. data is available, it has been possible
to reassign the structures, from a comparison Of data with that of the
alkoxy derivatives. All the structural assignments will be discussed later.

The monophenoxy derivatives from these reactions are a mixture
containing isomers (95, R = Ph5 (cis, trans isomers resolvable by g.l.c.)

but instead of (96), a different isomer (103, R = Ph) is present.

CZFS\C_C _CFy CF3\C_ <CF3 . CFB\C—C’CF3
cF{  CF-CFy C,Fe”  SF-CFRy >l oR
RO RO F7 O NCyfs

95q 95h. 103
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It was demonstrated that compounds (95, R = Ph) and (103, R = Ph)
169
are In equilibrium in the presence of fluoride 1ion. Therefore, it
seems likely that the isolation of (103, R = Ph) from reaction with
phenol, but not from the analagous reactions with alcohols, occurs
because of the lower nucleophilic character of the oxygen atom in the
enol ether (103, R = Ph) than in (103, R = alkyl). The alkyl derivatives

are probably sufficiently nucleophilic to promote the conversion of (103)

to (95).
CF CF CF CF CF CF
3 3 3 3 3
CFq /\E/—C;’ p— /;C— C/ — j:,C: C(
>c\ OR cF—¢7 Nk C,Fs CF-CFy
F7 C,Fs : tFs F RO
103 95

The absence of significant amounts of isomer (96, R = Ph) is
probably a result of the lower reactivity of phenoxide when compared
to alkoxide ions. Consequently, as soon as fluoride ion is formed and
CgFqg isomer (98) 1s generated, then preferential reaction with (98) will

occur.

CFq
N .
C:C 96
N -
c F
/ \
Cst

CFy

IV.A.4 Bifunctional Nucleophiles

The reaction of (ﬂl) witﬁ ethylene glycol 1n tetraglyme using
sodium carbonate as base gave cyclic product (104), corresponding to the
dialkoxy products (21). In contrast, intermolecular reaction is

apparently more important for ethanolamine since only an 8% yield of
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eyelic product (105) was obtained, together with water soluble products.
Although (41) reacted with ethylene diamine, urea, and sorbitol (a
multifunctional nucleophile) it was not possible to identify any products

(see experimental).

CF CF
1,ii NN 73
41 + HOCH.CH.OH e 4 Cc=C (58%)
- 272 CFy. 7 \_
3
X o)
. F5C2 ] ]
o) _ c,
\cu P
2
104
CF3\\\ //CF3
CF =C
N AN
/c\ F
CoF¢ 0\ i
CH,CH,0
CF
14 N_ 3
41 + HOCH,CH,NH, —_ cr. . t=C
N o (&%)
CH
H” 2
\CH2 /
105

i, Na2003; ii, tetraglyme.

IV.A.5 Structural Assignments

The usefully diagnostic features for the assignment of these

structures have been discussed 1in section IIT.A.3.

The basic structures of (22) follow simply from a comparison of

,19F chemical shifts and i.r. C=C stretching vibrations with those of
169

(11). The cis and trans isomers of (95, R = Ph) were separated and
the cis isomer (95b, R = Ph) could be assigned on the basis of the

CF 4 CF, signal at 75 p.p.m. (D, J = 21 Hz). Assignments to the cis,
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trans mixtures (95, R = alkyl) were then possible.

J=21Hz 15—-20 16
-~ T g e
C-F3\C/F : CéCF3 . CF3\C_C CF; . CF3\C—C/CF33 -
R0’ Ne=c’ 2 SN BRCHED 2
CF{  CF4 7 C,F crf” NCyFs
95h,R=Ph 106 0

=X -

~The other mono- and bi-functional derivatives have the same basic
carbon-fluorine framework (106), which was easily assigned by comparison

19F n.m.r. data with that for (&Q) (see Table 23, Chapter III for

of
chemical shifts). The n.m.r. signal of the *CF3 group of (106) is very
useful because'it is only- coupled to the adjacent CF3 (Q, J = 15-20 Hz) and
the vinylic fluorine (J = 1.5 - 2 Hz) if one is present. Obviously the
presence of absence of a vinylic fluorine (ca. 90 p.p.m.) and a

tertiary fluorine (181 p.p.m. for 103, R = Ph) 1s diagnostic. The

compounds having basic structure (106) show consistent i.r. C=C stretches:-
ca. 1660 m (96; C==CFCF, ) and ca. 1620 m em™ (97, 10%, 105; C==CCF40R).

The spectral data for the cyclie derivative from ethanolamine does

not distinguish between the assigned structure (105) and an isomer (107),

but (107) would almost certainly exist as its tautomer.
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IV.A.6 Further Reaction Involving Alkoxy Groups

Although the reactions of (41) with a large excess of ethanol
(no other solvent) u§ing either EtaN or MeqN as base (two fold excess)
produced mainly mono- and dl-ethoxy derivatlves (22, R = CZHS) and
(21, R = CZHS)' similar reactions using methanol were more complex.

With Me3N as base the two major products formed ére dimethoxy
derivative (97, R = CH3) and an ester (108). The analagous reaction

using Et,N as base also gave (108) but much less (97, R = CH3).

CF3_ SR CyFs. OCH;
o MeOH ,  CF3 ~C=C Pl
= Me3N “oR - CF§” CHy=G—0CH;
RO” Cof I
97, R=CHy (30%) 108 (40%)

Simila:r.'ly the reactions of (41), (95, R = CH3), and (96, R = CH3)
with sodium methoxide in methanol are also complex. Thus (41) with a
four fold excess of methoxide gave a product mixture showing carbonyl
strefches and contalning no (95, R = CH3) or (97, R = CH3). Clearly
nmucleophilic attack on méthyl must occur. This has also been found
for péntafluoroanisole with methox:lde.l.84

RF_-—OCHs. + "OCH; or NRy — R0 + '(CH3)20 or CH3—§m3

R = Et, Me.

A possible mechanism for_the formation of estér (108) is given
in scheme 34, together with similar mechanisms accounting for the
products obtained from the reaction of (41) with dilute NaOH (eq.IV.l)126.

These reactions are very similar to those described earlier for olefin (40)

with hydroxide, and olefin (42) with hydroxide, when a ketene was isolated

(Section II.B.2.b).




=116~

Reactions of (g}) with Watera and Methanolb

CF CF CF CF CF CF
3 3 - 3 3 - 3 3
/\c=c< Ro_, \_ e Ro_, \c=c<

— ]
C,F¢ CoFe - CF3 /c\ F R}, o OR
a RO C,F. ==
96
2° R=
+ -
' Base -R , =-F
- "OH “3 yd “3
-CH-CF —— H—C-C
Re 3 ~CF 4CO,H ' \
R o
F A 4
CF CF,, CF3
Hg>c—cx{=cp2 : >C-c <
nt
cst | Ry, o)
- 2 x MeO
“OH - Me,O
o \
CF3\ o+ NaOOC\ /cs'3 C \ /CF3
Ho7c-cnz—ﬁ—cr3 oo /c=c\ /c—c\
2 .
C F¢ RE" OH RE" o)
J MeQ~
CF o) '
3 Y/
MeO —c-cnz-c< <« 2e0H RE',—CH=C=0 + CF,COO0Me
ngs OMe
108
R = Me, H.
RE" = RO(CF3)CC2F5.
a, using dil. NaOH at ca. 35° 126.

b, using MeOH and Me3N (ox Et3N) at room temperature.

Scheme 34
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OH OH

1) dil.NaOH ]
N ¢ —cuc-cr. 1126)
diglyme Cofg=(T—CHCF; +  CoFy R T

2) acid CF3 CF3 o]

(IV.1) 41
tentative assignment

The ester (108) was separated by preparative scale g.l.c. and
gave a satisfactory analysis. The mass spectrum did not shqw a parent
peak but showed peaks at M-31 (loss of OCH3) and M-73 (loss of CHZCOZCH3).

The i.r. spectrum shows a carbonyl stretch (at 1755 cm-l) and the 1H

- 1
spectrum has two signals, ratio 3:1. The 9F n.m.r. spectrum shows a

CF, group and a CF30F2 group having similar chemical shifts to those

found for an analagous compound (see later).

b c -
a, 72.9 CF.~CF CH.,~C-OMe NC CF. a, 73.6
PUAN 2 b e . Ngoo
b, 8l1.0 /// AN CFy=CFy _ _~ \\\ b, 80.2
aCF3 OMe C NH2
c, 117.5 cF” nm c, 119

108 a 3 2

IV.A.7 PFormation of Furans

Interestingly if the reaction of (41) with methanol (ca 1:1 molar
ratio); using Et3N169 or Mg3N'as base is carried out with tetraglyme
present as solvent, then besides the expected monomethoxy derivatives
(95) and (96), F-2,5~dihydrotetramethylfuran (109) is formed (10 - 20%
yield at room temperature). However, much better yields of (109)
(ca. 50%) were obtalned from reactions under reflux using pyridiﬁe as base
(scheme 35). In this case the formation of (109) is not limited to

methanol, occurring also for ethanol and isopropanol but not for t-butanol

or water.
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PY | 3‘\\ /// "3 ROH 3\\\ //’ 3
CeF16 CF i F
3\‘// \\ rc//' \\é%F
Py 2°s RO
’ 95
ROH \\ Py
Py
CE3\\\ CF3 cF, CF3 CF3\\\ //CF3
c=C c=C
CFj\\c \\\F CF4y Fy ¢— F:lcr/// \\\c c§
RO \\Cst F No~ F cry” "3
96 cis, trans 109

R = CH,, C,Hg, CH(CH3)2

~ Scheme 35
Also in separate experiments it was shown that ether (95) is converted
to furan (lgg) by pyrldine or caesium fluoride using fetraglyme as
solvent.

Obviously, the process involves the generation of an oxygen anion
by nucleophilic cleavage of ether (95), followed by cyclisation. The
cyclisation can be accoupted for by a mechanism involving intramolecular
SN2 d;s;lacement of fluoride, for which there 1s ample precedent. However,
cyclisation via an internal nucleophilié attack on saturated carbon
seems -more likely (Scheme 35) by analogy with an example given later.

Only a low yleld of ether (96) was obtained from the reactions of
(41) with methanol and ethanol using pyridine as base and, in fact, (96)
and pyridine under similar conditions gave (41) (Scheme 35).

Furan (111, R = CZHS) (61% yield) was formed from (109) and ethanol,
at room temperature,.in the presence of pyridine and tetraglyme. Also

compounds (111, R = CHy, CoHg) were produced in low yields from the
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reactions of (41) with ethanol and methanol described above.

CFy CFq CF3 ‘ CF3 CFj CFj
. / +
Py
Py | ROH | OR
CF,F FCF CFLF CF CF4F
3" g 3 3 o 3 3 o CF4

IV.A.7T.a Defluorination by Triethylamine

The cyclisation induced by triethylamine is even more intriguing
because F-tetramethylfuran (llg) is obtained from reaction under reflux.
Also (109) when heated with EtsN and tetraglyme, gave (112) in 41% yield.
Defluorination induced by fluoride ion (see ITI.B.l) can be ruled out
because (109), when heated with tetraglyme and CsF (or CsCl), does not
produce any (112). An electron transfer process also seems unlikely

because of the contrasting results obtained with pyridine and triethylamine.

- A mechanism, which accounts for these observatlions involves the lntermediate

formation of an ylid (Scheme 36).
Furan (112) was produced more efficiently (79% yleld) by

defluorination over iron at 580o (see Chapter V).

CF CF CF CF, JFEt
3 3 3 3
. Et
EtgN Tq//
—_— CH—CH,
CF4F FCFy cF3- .~ FCFa !
0 - H
109 l “~NEt,
CF CF CF CFy Et
3 3 3 % LB
— TCH—CHz
CF CF CF CF3
3 3 3
112

Scheme 36
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IV.A.7.b An Analagous Cyclisation

_The reactions of olefin (40) with aqueous base have been described

earlier (II.B.2.b). The use of mild conditions (ag. Et,N, DMF, 20°)

3

12 ’
. leads to ketone (64) after acidification. 7 However, it is also possible

to obtain cyeclic product (113) (78% yield) using slightly different

conditions (Et3N, diglyme, HZO).185
- CF3\C—C _CF3 . FCF3\C_C/CF3 + 0:3 o CFy
5 = H,0 CoFs =C_ _ — c%
¢y T,Fs cry oF 7 CFs
ﬁJ\CF3 C,Fg
40 : 64
CyFs F3
CFyq
CFgF CF4 -

—
o O

Cyclic product (113) must arise via an intramolecular nucleophilic
displacement from a diflucromethylene group. This suggests that the
cyclisation described earlier also occurs in this manner.

IV.A.7.¢ Structural Assignments

Compounds (109) and (112) have been isolated pr-eviously169 and

155

(112) 1s a known compound. A satisfactory analysis has now been

obtained for(109). Compound (111, R = CZHS) gave a satisfactory analysis

and M-1 peak 1n its mass spectrum. Its structure follows from a comparison

1 )
of the 9F n.m.r. spectrum with that of (109). Both compounds are mixtures

19

F n.m.r.).

of cis and trans isomers (by
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CFyq CFy CF | CFy

: ) ' R
CFAF FCF CF4F
3 . 0 3 3 0 CF3
109 m

IV.A.8 Reaction of F-Propene Trimers with O-Nucleophiles

The reactions of F-propene trimers with O-nucleophlles are very
similar to some of the reactions of (41) described above, with the
. 103
notable exception that the formatipn of cycllic derivatives was not reported.
The F-propene trimer used was a mixture of two main isomers, (32) (65%)

and (33) (30%), which are in equilibrium in the presence of Et,N.

3
Isomer (22), having a vinylic fluorine, 1s the more reactive towards
alcohols and phenols using Et3N as base and, in fact, the prodgcts gfe
derived solely from (33). Alcohols favour the formation of allylic ethers
(114). For example, using ethanol the ratio of‘(llﬂ):(llg) is 13:1. In
contrast vinylic ethers are the main products from phenols. Thus phenocl
1tsélf gives (114) and (115), ratio 1:12. Both F-propene trimers will
react with alkoxides bu£ (32) 1s unreactive towards phenoxide.

Nucleophilic cleavage of ethers (114), by fluoride ion or other

nmucleophiles, glves F-tetramethyl-2-fluoropropenyl caesium.




,Fst
(CF3)2

F(CF3)2

CF,COF + (CF,),C=C=C(CF

3

R = CHy; C,H,,
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Ee,N CF3\ /QF(CF3)2
_— C=C
F/ \CF(CF)
3°2
23 | ron
CF3\ ) CF(CF3)2
CF-C
CF(CF
_ F (CF ) ' CF(CF,)
CsX 3\c /f Need 22
-RX e \
CF3 CF(OR)CF3 /’ \CF(CF )
114, R = alkyl - 115, R = aryl

3

CH,CH= CH CH

X = F, (CF,),C, (CF3)2CF0

IV.B N=-Nucleophiles

CsF / 2 +
s — (CF,C \\C(CFs)z cs

6HCH 0

The reactions of (41) with N-nucleophiles are influenced by the

base strength and steric 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 fluoride 1s
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a weak nucleophlle, different products can be formed.

Interestingly some amines give products arising from (22), the
terminal olefin isoﬁer of CaF16'(ﬂl).. Analagous products were not
observed with O-nucleophiles. Table 25 lists the base strengths of

the N-nucleophlles used in this study.

Table 25
Base Strengths of N-N’ucleophiles137
Nucleophile Kp Relative Base Strength
NH, 1.79 x 107 1.0
t-BulH., 2.80 x 10°" 15.6
Meﬁﬁz | 4.38 x 107 245
EtNH, 5.60 x 207" 31.3
Et,NH 9.60 x 207 53.6 -

IV.B.1 Ammonia and Methylamine

IV.B.l.a Anhydrous Conditions

It has been reported that two main products are formed by
143
bubbling anhydrous ammonia through a solution of (41) in ether.
These are mono-imino and di-imino derivatives (116 and 117). In
contrast, only one main product, an amino derivative (118, R = CH3), was

formed by bubbling anhydrous methylamine through excess (41) in the

presence or absence of ether (see Scheme 37).
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F CcF I /°F3 NH, °F3\ 3
41 —_— CF c=c\ —one c=C
3\:/ F / \c—cr
F~ N, F CoFg o3
2°s NH
9_8_ 116
MeNH2 -HF
=
CF CF CF CF CF CF
3\c= 3 3\ =C/ 3 NH3 3\c= s 3
CFal VAR “—r / N _CF4
(o] F c C-CF F C=F
cang” NC.F X 4 3 S
CF NH HN c
3 2's 3 7N
HN CF,
118 117
Scheme 37

Clearly, the product from méthylamine is formed by direct attack
on (41), whereas the products from ammonia result from attack on (98),
an lsomer of CBF16' From Table 25 it can be seen that methylamine is
ca. 24 times more basic than ammonia and it will therefo;e react much
faster with (41). Ammonia will react slowly with (41) and any fluoride ion
produced will set up an equilibrium forming isomer (2§), with which ammonia
can then react much faéter. The di-imino derilvative (llz) will be formed
in a similar manner.

Compound (llg, R ='CH3) was not isolated but was identifiéd by
comparison of the l9F n.m.r. spectrum with that of (118, R = CZHS)
(see later). The 19F chemical shifts and coupling constants of these two

compcunds are virtually the same.

IV.B.1l.b Aqueous Conditions

The reaction of (41) with aqueous ammonia.gave one main product (119)

(72% ecrude yield), a solid, which was purified by sublimation. A
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mechanism accounting for the formation of (llg) is given in Scheme 38.
After the Initial attack by MH3‘the reaction 1s the same as that found

for olefin (40) with ammonia (see II.B.4.c).

CF CF CF
” NH, 3\c=c 3 NH, 3\(c?=c/ 3
== CEF cr'3\c e . -BF cr3\c s NG
N 7N 2
BN C,Fe BN C,F,
~HF
N=C CF CF
N / F3 NH, 2. .~ 3
cF e=c T c-c
3\\c/// \\\ CFix yd <§§
c NH
BN NCF "2 \c Fe
2 2°5 H.N
119 2
Scheme 38

The reaction with methylamine gave a product mixturé containing
two main components which were separated by distillatlion and preparative
scale g.l.c. The less volatlle component was identified as azetine (lgg)
but the more volétile component had a very complex l9F n.m.r. spectrum
and was not identified. The formation of (129) can be explained by a

similar mechanism to that suggested for (119). Again the maximum

[ CH3N CHgHN_  CoFc
. cF T \c/c CFq
", /73 /s
L] ——s CFy_ S —— CF3
CH3HN/C\C2F5

CH4N cH,
121 1

amount of HF is lost giving ketenimine (121) which must cyclise

spontaneously to the isclated product (120).
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Similar ketenimines have been isolated (see II.B.4.b) but these
have bulky t-butyl or aryl groups on nitrogen, which will hinder
cyclisation. - Spontaneous cyclisétions of related fluorobutadienes

186

have been observed.

IV.B.l.c Structural Assignments

Compound (119) gave a satisfactory analysis and a parent peak in
the mass spectrum. The i.r. spectrum shows NH2 stretches, a very strong
C=C stretch at 1625 cm-l, and a strong C=N stretch at 2220 cm-1 (ef. 112,
-1 144 |
C=N at 2220 cm ) and the u.v. spectrum indicates conjugation
(e = 15,400). The 1H n.m.r. spectrum (in acetone) shows two types of
NH2 group, one undergoing slow exchange (& 7.9, broad) and one fast exchange

19

(83.3). The “F n.m.r. spectrum (see also IV.A.6) shows two CF3 groups

and one CF3CF2 group and in particular oneof the CF3 groups 1s a sharp

singlet at 68.7 p.p.m. (cf. 112, CF, at 67 p.p.m.luu).

NG CFy NC_  FF3
o CF3 =G Je=C_
119 )oY NH, F NHy 122

Compound (120) gave a satisfactory analysis for N and H only,
but showed a parent peak in the mass spectrum. The i.r. spectrum shows

-1
very strong C=C and C=N stretches at 1710 and 1685 cm = (cf. 89b, C=C

-1 177

at 1720 cm ) and no C=C=N stretch as expected for ketenimine (121)

-1 136

(ca. 2100 cm ). The double bonds are conjugated (€ = 13,600).

Like (119), the 19F n.m.r. spectrum shows two CF5 groups and a CF4CF,

group, having similar chemical shifts to those found for (119) but, in
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CH CF
3 3
N

L2afs
CHN /p\
CF5 “NHCH,4

120

Cii CFy
F
F
o
CF§ CFy

89b

this case, the vinylic CFq group.gives a broad signal (at 67 p.p.m.,

ef. 89b, vinylic CF5 at 66.5 p.p.m.). The 1H n.m.r. spectrum is 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 volatile components

were separated by distlllation and preparative scale g.l.c. and were identi-

fied as (118, R = C,Hg), and a mixture of (123, R = C,Hg) and (124, R = C,Hg)

(Unresolvable by g.l.c., ratio 123:124 = 2:1 by ~“F n.m.r.).

CF3\ /CF3
=  EtNH CF3, /’ =X
2 C F
RHN CyFe
R=Et 118

19

C2Fs,

S G faFs
pumad + =
cFy’  G=NR  CFy G=NR
cFY F
123 124

- Clearly each of the products arises from a different isomer of CSFTG'

Although EtNH2 is a slightly strongér base than MeNH2 it is more bulky

and this must retard direct reaction with (41). Again an equilibrium

wlll be set up between (&l) and 1ts isomers, as was found for F-propene dimers

(see II.B.4.a).

CaFsg_

F.-

— F e r———

E\ JC=CcF, =
99

. - CF3\C C)3F3
- T \/ Ne
\
CF5’ C,Fs

98
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No products arisiné from terminal olefin (22) were obtained using
ammonia or methylém;ne. It seems likely that this difference is a
result of the greater sterlc reéﬁirements of EtNH2 which must also hinder
reaction with isomer (98).

An approximately 1:1 molar ratio of (U41) and t-butylamine in
pyridine gave recovered (41), and (124, R = CLHg) as the main product (ca. 60%
yield based on 41 consumed). Compound (124, R = CLHQ) was ldentified 1n the
product by comparison of the 19F n.m.r. spectrﬁm with that of (lgﬂ,

R = CZHs). Similarly (123, R = CLHQ) is a minor component or is absent

(Scheme 39).

N ™~
CF C= C.F C=NR
3 2°5
via 99 ™~ _ v Nl yd
C8F16 ———— Yy /C—C\ _%_) /C-C \
C.F C.F RN=C C.F
2°5 2°5 \\F 2°5
124
via gg_ l
F F
| N ) N
Cst\ /cr3, cF, C=NR CF3\ /C—NR
/c=c\ c=C /c=c\
cr” ~CF CF.-C C.F C.F C=CF
N 375 2Fs 5 A3
12 NR
=<2 125
lA
CF C=N
3
e
CFy-C C,F
3 N\mr 5
126
R = C(CHj) ,

Scheme 39
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An excess of t-butylamine in pyridine gilves a disubstituted
product (;gg) as fhe main componen#. HoweQer, when separation of
(lgé) was attempted using prepafative scale g.,l.c. t-butyl fluoride was
lost giving nitrile (126). This did not go to completion and unfortunately
there was not enough time avallable to repeat these reactions in order to
isolate and fully characterise the products.

The initial reaction giving (;g&,_n = CLHQ) is understandable in terms
of the bulky t-butyl group. Subsequent reaction giving (lgé) is more
difficult to explain. Tt could bé argued that this is the least crowded
of the three_possibie products from (124, R = CLHQ) (Scheme 39).

IVv.B.2.a- Structural Assignments

Compound (118, R = CZHS) gave a satlsfactory analysis and a
parent peak in the mass spectrum. The l.r. and n.m.r. spectra are consistent
with structure (118) by comparison with the data for ethers (96)

(see IV.A.5).

N NN CZFS‘c—c/CF 3 G5, f2"s
3 = : = =

' \/c\ N cry SE=NR CF3 C=NR
RHN” “CoFs CF% F
me 23 12

The.mixture (123, R = CZHS) and (124, R = CZHS) gave a satisfactory
analysis and a parent peak in the mass spectrum. The i.r. spectrum shows
three double bond stretches a.t 1640 (c=c), 1670 (CF30=N), and 1750 cm"1
(CF=N). Besides the signals expected for vinylic CFy and vinylic CoFgs

19

the "“F n.m.r. spectrum shows a broad signal at 70.5 (123, CF3C=N), and

two signals at 17.6 and 20.2 p.p.m. (124, CF=N), which probably arise

from cls and trans isomers.
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Compound (124, R = CLHQ) was identified by comparison of the

19F n.m.r. spectruh with that of (124, R = CZHS)' In particular the

spectrum shows the characteristic CF —N signals at 6.5 and 9.7 p.p.m.

15Hz
8.5 CF3\C_ JC=N—C Hq 85 /»CF3\ . C=N
VAN N
N\ \
C,Hg CHg
125 126

Compound (lgé) shows a M-19 peak in‘the mass spectrum, two
singlets at 8.1.4 in the 'H n.m.r. épectrum, and slgnals in the
19F n.m.r. spectrum corresponding to a vinylic CF3 » a vinylic CZFS’
a CFaé-==N group (at 69.3 p.p.m.), and a CF—N group (at 11.8 p.p.m.).
The fine structure indicates structure (125) because the vinylic CF,
is a doublet of quartets and is not coupled to the CZFS group. Compound
(126) shows a M-15 peak in the mass spectrum, and mul;iple bond stretches
in the i.r. épec‘l';rum' at 1625 (C =c¢), 1685 (C=N), and 2225 em™t (c =N).
The 'H A.m.r. spectrum shows a singlet (§ 1.4) and the 19F n.m.r. spectr;m
is similar to that of (125), except_thﬁt the CF=—N group 1s absent and

the vinylic CF3 is a simple quartet.

IV.B.3 Diethylamine

The reaction of (41) with diethylamine, using sulpholane as
solvent, gave one product (127). The structure of (127) was confirmed
- 169
by subsequent hydroysis. Compound (127) is also formed using ether

as solvent or with no solvent present. Again the product is almost
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certalnly a result of steric effects as there does not appear to be

any other slimple explanation.

CoFs - LaFs CoFs. C2fs

 -Et,NH - H>0 —
MEPLLIN N 0, “Ze=c
£ d
127

IV.C Summary of Reactions with O- and N-Nucleophlles

It 1s now possible to explain the reactions of (41) with O-
and N-nucleophiles by the following general points and the scheme

glven below.
1) Equilibria must be set up between the various CSF16 1somers
(4, gg, and 99) if there 1s active fluoride present.
2) There 1s a competition between fluoride ion and the nucleophile
" for (41).
3) As the reaction proceeds there 1s a competition between the isomers
of C8F16 for the nucleophile.
L) There must be some specific difference between O- and N-nucleophiles
to explaln why the O-nucleophiles give no products arising from (22).
This méy be a result of markedly different relative reactivities of
i the 08F16 isomers towards the two types of nucleophile.
5) Sterlc effects are important_for N-nucleophiles.

6) The presence of water inhibits equillbria by deactivating fluoride.
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€Fs O Tl CF3  p~ Fi
CF C=CF, e — >=C _t CF c=C
N ' RN .~ N
C - C,F 4 C,F C F
F~ Ncr. 25 zs F~ c,F
2°5. 41 2°5
% - 98
(111) (1) (11)
CF CF C,F
3\ / 3 F- 2 5\
products CF C=C 6————-_CF C=CF2 products
N~ N
P AN
A 2F5 . A C2F5

(a) O-nucleophiles routes (i) and (i;).'

(b) EtzﬁH - exclusively route (1i1), steric inhibition of (1)
and (11).

(e) t-BuNH, - as for Et,NH.

(4) EtNH, - routes (1), (i1) and (iii) all oceur.

(e) | MeNH, - route (1), steric requirements less than for EtNH,

() | Nﬁ3 ~ anhydrous - route (1i), base strength of NH3 inhibits

route (i).

(g) NH, - aqueous - route (1) only.

IV.D Phenylmagnesium Bromide

Interestingly (41) does not undergo direct nucleophilic attack
by phenylmagnesium bromide. A-reaction does occur but the products result
from an initial defluorination-giving CgF,, isomers (128), biphenyl, and
presumably magﬁesium fluoride.

Compound (128) also reacts furthér with PrMgBr gilving a mixture of

CeF13Ph isomers which are mainly (129). Subsequent stirring of this
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mixtufe with CsF and tetraglyme produces isomers (129) only (from

1
the 9F n.m.r. spectrum) (see Scheme 40).

CF
3
41 + 2PhMgBr —_— CF3FC=C + th + MgF2 + MgBr
///C=CF2
C2F5
cis, trans 128
CF
3 PhMgBr
CF3FC=C - 9
>C=CFCF 3
CFy CF
3 3
89 CsF /
- —— =
12 tetraglyme CF4FC c~\\ + isomers
C=CFPh
CF3 129

Scheme 40

The initial reaction almost ceftainly proceeds via an electron
transfer process but there is no obvious explanation as to why (1.28)
should be formed in preference to (89). The isolation of (128) is
readily explained by the fact that there will be no active fluoride
in solution since MgF2 has a high lattice energy.

-The overall reaction is not very efficient sipce 63% of the
fluorine in (41), consumed was recovered as inorganic fluoride; This
feature has also been observed for the reaction of PhMgBr with F-biphenyl
187

ketone which produced more than 70% of fluoride.

IV.D.1 Structural Assignments

Compourd (129) gave a satlisfactory analysis and a parent peak in

the mass spectrum. The 1.r. spectrum shows C=—C stretches between 1650

19

-1 ’
and 1710 cm , and the F n.m.r. spectrum shows a CF3CF2 group as well
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as indicating that a mixture of lsomers are present. Assignments were

169,176

made by a comparison of the spectrum with those of isomers (89)

/QF3 /CF3 CF3
CFj FC-‘C\ CF3FC=C\/ CF3FC:C\ FZC:C
FP =CF =
P =CFPh /C CF, /C CFCFy /C—CFz
CoFg CoFg - CF3 CFq
129 128 89a 130

and ;:ompounds given in Table 23 (Chapter III). Compound (128) was not
isolated but was iaentified in a mixture containing (41). The n.m.r.
spectrum is similar to that of (Q), except that it shows a C=CF‘2 group
at ca. 69 p.p.m. (cf. 130, C==CF, at 72 p.p.m.), and the i.r. spectrum

shows C—=C stretches at 1690 and 1715 (CF3CF——C, cf. 89, see Table 23

Chapter III), and 1740 em™ (CF,=—=C, cf. 130, 1740 and 1760 cm'l).

IV.E Potassium Permanganate

Pl

Potassium permanganate 1s generally regarded as nucleophilic in
character and, like other F-tetraalkylethylenes (see Section II.D.1l),

olefin (41) gives diol (131) from reaction in anhydrous acetone.

: ’ CF
: KMnO CFy 3
41 3 > e / (65%)
—_ acetone /| ,\
_ 2 g OH OH “C,F,
131
KOH
CF : CF CF
3 . 3
(ca. 98%) \ r"" A \c__ 3
CFS\ é \ \ “F c F/(')H E_KXCF -CF
cr” Nor 2's 273
C2¥s 133

Scheme 41
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IV.E.1l Reaction of Diol with Potassium Hydroxide

Interestingly, if diol (131) 1s allowed to stand over dry KOH
and the products recovered by heafing under vacuum, then a more volatile
component is formed. This was i;olated, by preparative scale g.l.c., as
a mixture of two isomers (ratio 4:1) and the spectral data indicated that
loss of HF had occurred giving epoxide (132) (Scheme 41), It is important
that dry KOH 1s used because a violent reaction occurred wlth wet KOH.
Epoxide (1225 1s probably formed from the monopotassium salt (133),
via intramolecular nucleophilic digplacement of fluoride. Two similar

- examples of this type of reaction were described earlier.

cr=3\c CF3 CFy CF4
:C * _F“
TN S
CF3—CF _C{CF—CFs CFF FCFy
) 0
C,F CF3\c—c’ o' Cfs CF3
2Fs = e
>C/ \0_ F 3 CF
cFy XF CF4F F
3 2 3 3
AN 0
CFy

‘'The disodium salt of F-pinacol has, in fact, been isolated as a
stable solld hydrate. o0

IV.E. Structural Assignments

Diol (131) gave a satisfactory analysis and shows OH stretches in
1 .
the i.r. spectrum. The 9F n.m.r. spectrum shows the presence of CF3 and
Cst'groups, which are broadened because (131) has two asymmetric centres

giving rise to dl and meso forms.

Epoxide (lzg) gave an M-19 beak in its mass spectrum but a
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satisfactory analysls could not be obtalned. The i.r. spectrum shows

OH stretches.

@ CF3\C/O\C _CFy CF3> CFj . NC\C_C _CFy
N/t N O CoFs N kg,
/ : e
CF4-CF; “OH F~—0 CF4-CF5 NH,
b c CF3 b c
132 134 119
a, 7.407; Jq,b =4 a, 73-6’ Jq,b = 4
b, 81.4; JG,C = 10 | _ b, 80.2, JG’C = 12.5
e, 126.9. ' e, 119

Structure (1%2) is preferred to (134) because the 19F n.m.r.

spectrum shows a tertiary fluorine signal at 211 p.p.m. Oxetane (134)

189
would be expected to glve a signal at a much lower shift (ca. 130 p.p.m.) .
Also the shifts and coupling constants of the relevant groups compare

favourably with those of (119).
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CHAPTER \'

Pyrolysis of F-olefins

Although there-are many repor£slgo (see also II.F) of the
pyrolysis of.fluorinated organic compounds very few concern acycllc
systems. As stated earlier three processes have been found to occur
These are: 1) isomerisation, 2) defluorination over a reactive surface
such as iron or caesium fluoride, and 3) loss of fragments containing

carbon. The reactions described in thils chapter 1llustrate these

processes for acyclic F-olefins and some related cyelic systems.

Some of these reactions are very useful since they give good yields of
dienes aﬁd furan derivatives from readily available starting materials
using a very simple technique. All the reactions involve passing a
compound in a stream of nitrogen over a hot surface.

Some reactions of the dlenes and furans are reported in

Chapter VI.

V.A- F-3,4-dimethyl-3-hexene (41)

A;l thrée processes, mentioned above, can occur for F-3,4-dimethyi-

3-hexene (41) by using vafious surfaces and temperatures:-
| Isomerisation: Fe, CsF, Pt, 5400.

Defluorination:  Fe, 430-540°% csF, 540°.

Fragmentation: Pt, Quartz, or any lnert surface, 550-7000.

It has been found previously that (41) defluorinated over iron
filings between 430 and 500° giving diene (89a), as a mixture of two
69 |

1l
isomers, and cyclobutene (89b).

Isomerisation cof (41) also occurs over iron filings and reaction

at 540° gave a mixture of CgFss isomers (41), (98), ard (99), as well as

)
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the expected (89) (ca. 50% of the recovered product).

CF
3
CF3FC*C’// CF3 CF3
C=CFCF, +
CF
cF cr 3 g9a CF3F FCF3
NG 3 pe 89a a9p
/C=c\ -’
540
CoFg CoF's
4L 3\ F3 CoFs
a o+ / + \c—cr'2
/ \ 3\ d
ratio 41:98:99 = 2:2:1 F/ QS F N Fs
cis, trans 98 99

These reactlions are very difficult to reproduce,. which is
probablx-a result of variations in the activity of the iron filings
(sée experimental, IX.A). |

Caesium fluoride at 540o gave a similar product mixture to that
obtained using iron filings at the saéé temperature, but in this
case the terminal olefin (22) was not formed. The conversion to
defluorinated products (89) was about 28%. A similar defluorination
over CsF was'men£ioned_earlier (III.B.l).178 The absence of terminal
olefin kgg) in the producf obtained from passage over CsF 1s not
surﬁrising since alkali metal fluoridés are known to isomerise terminal
olefins to internal olefins (see Table 4, Chapter I).

Isomerisation also oécurs over platinum and reaction at 540o
gave a mixture containing (41) (ca. 70%), (98) (25%) and (99) (5%).

At higher temperatures fragmentation gives diene (130) and cyclobutene

(135) (ratio ca. 4.4:1).
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CF c
/°F3 N 3+ oFg (39%) + C,Fg (10%)
41 -Pt_o’ F,C=C + _
- 670 2 \
C=CF, F F Ci1oF16 (ca. 3%) + others
/ 2
3
130, 59% 135, 14%

Compounds (130) and (135) are CgFyg 1somers, formed from (1)
by loss of CZFG' Although this 1s the major reaction pathway others
must qecur since F-propéne, C10F16 isomers, and other unidentified
products are also produced.
V.A.l Méchanism

The isomerisations of (41) to (98) and (99) are most probably
thermal 1,3-shifts of a fluorlne atom, since they occur over inert
surfaces. The absence of (22), a ter;inal olefin, from the product
obtained using CsF willl be a result of fluoride lon induced isomerisation
of (99) to (41) and/or (98).

The fragmenfation.and defluorination reactions can be explained by
the fogﬁation of intermediate allylic radicals. Thus loss of'CF3

occurs over platinum whereas loss of 'F is obviously preferred over

iron. Subsequent cyclisation of the dlenes to cyclobutenes is a

CF CF CF CF
3 3 FF3
e Fe oy Pt *cﬁ
c/' ~F — -CF, A
CFyF C,F5 cm SFc
l-F : l—'cr=3
186,191

well knovmn thermal process.
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Loss of '02F5 from (41) must also occur over platinum since
F-propane (10% yield) was produced. The formation of F-propane and
also the CioF1g isomers (ca. 3% yleld) (g.l.c.-ms only) can be

accommodated by the following mechanism.

41 —p— CF3=C=C—CF3 + 27C,Fg ——Z-C—F3+ 2C4Fg
lcs‘:w
C10F16
However there was no reaction between diene (lzg) and

F-2-butyne after heating at 300o for 24 h in a Carius tube.

V.A.2 S£ructural Assignments

| F-olefins (89a) and (89b) are known compounds.l76’177
A mixture of CgFyc isomers (41), (98) and (99) (ratio ca. 2:2:1)

was isolated by distillation and preparative scale g.l.c. from the

product obtained using iron at 5400. The mixture gave é satisfactory

analysis. The structures of (98) and (99) follow largely from the

19F n.@.r. spectra of enriched samples (the isomers were not fully

resolvea by g.l.c.) by comparison with data given in Table 23 (Chapter ITI),

data for alkoxy derivatives of (41) related to (98) (Chapter IV), and

the data for diene(130). The eis isomer (98b) shows a diagnostic

CF CF CF C,rFe CF
3 s 3 3 : 2'5 s°03
\ N SN — c ~—
= . = —CF C=C
\ /C\ 3 7\ 7/ 2
C-F = C.E Fe F” ©CHF CF
25 2'S 2’5 3
. 48 Hz
trans 98a cis 98b 99 130

ratio 98a:98b= 4:1
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doublet (J = 48 Hz) for the CF4CF=C group. Further evidence of
structure was obtained by the reaction of a mixture of these lsomers with

methanol (see IV.A.2).

192,193 193 194

Diene (130), cyclobutene (135), F-ethane and
F-propane are known compounds.

V.B F-2,3-dimethyl-2-pentene (92)

Like (41), F-olefin ﬁgg) is defluorinated over iron and glves

a similar range of products.

: ' CF CF

CF CF CF 3 3
3 3 3
\C= / _lf'_e__) CF FC=C/ +
o 3
C.F ' \CF 675 \c=cp
2°5 ) 3 100% conversion ///’ 2 CF3F F,
. 9_2. CF3
136b (10%)

cis, trans 1l36a (43%)

Fragmentation of (922 over platimum requires higher temperatures
(6200 - 7150) than the corresponding reaction of (41) and gives low

ylelds of products.

(cps) 2c=c=c1:-'2 + (CF3) 2c=c(c1.='3) 2

137, v 7% 94, v 1%
2 0 ==
715
100% conversion CF
/// 3 CF3 CF3
F2C=C\\\ N
C=CF

///’ 2

CF3 F2 F2
130, v 14% . 135, v 2%
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Again, the products can be explained by intermediate allylic
radicals. In this case the allylic radical produced over platimum
reacts further by three routes: 1) loss of 'CF3 giving allene (137),

2) loss of F giving (130) and (135), and 3) addition of F giving (94).

kN N F3
F -
P-4 —= g2 —FE, c-c/ Ef——) 130 + 135
CF.CF% CF -F - GF3 CF 4 * \CF
3 3 2 3
lb//:'cr3 INF
CF,=C=C(CF ,) 2 (CF,) 2c=c(cs'3) 2
137 94
Process 2) will not be as favburable as loss of 'CF3 from the

oofresponding allylic radical produced from (41) and process 3) is
possible.because the allylic radical will have a longer lifetime than
that from (41) and also because F atoés are produced by process 2).
Clearly all three processes must be energetically similar whereas for
(41) there 1s one very favourable process.

87

Compounds (2&) , (129)192, (122)192, and (121)195 are known

compougds. These were not separated but were identified by g.l.c.-ms
and by comparison of the 19F n.m.r. ahd i.r. épectra of the product
mixture with the literature data and data for samples of (130) and (135)
obtained from (41) (see earlier).

Isomers: (136), from defluorination of (92), were separated, as
a mixture, by preparative scale g.l.c., glving a satlsfactory analysis

and a parent peak in the mass spectrum. Their structures were assigned

by a comparison of 19F n.m.r. spectral data with that of the related
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compounds (130), (135) and (89) (see Table 23, Chapter III).

CF CF CF
3 3 3
crarc=c{ . cFgFre={ Fe=c]
e=cr —CFCF C—=CF
/ 2 £Z 3 e / 2
CF; CF} F3
136a 89a 130
CFy CFy CFy CFy CFy CFq
CFyFt—JF, CFqF FCF4 Fy Fy
136 89b 135

V.C F-propene Trimers

Defluorination of a mixture of F-propene trimers (32) and (33)

(ratio 3:1) at 605o gave cyclobutene (138) as the main product.

F F
CF, C,F CF CFICF,) Mk €25
i faFs 3, SHCR o
/C.:C /C_—_C\ Eego—)
cF{  CFICFy), F EFICF3), - (CFa)
| 2 32
32 33 138 (48%)

Compound (138) gave a satisfactory analysis and a parent peak
19

in the mass spectrum. The F n.m.r. spectrum is consistent with
structﬁfe (138) by comparison with the related cyclobutenes mentioned
above. Also the C——=C stretch at }708 cm-1 (Raman) indicates a
eyclobutene structure (sée Table 23 and IIT.A.3).

Although the F-propene trimers fragmented over platinum no products

were identifiled.

V.D Furaﬁ Derivatives

Furan derivative (113), obtained by a cyclisation process described
earlier (IV.A.7.b), gave F-trimethylfuran (139) on passage over platinum

between 430 - 700°.
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CFy CF, CFy cF,
C,Fg Pt
: —_— + n-C,F + others
(o4 ) o 4" 10
3 F o CF3 570 F F3
. 100% conversion
113 139, 85% yield
CFjy CF
" Fe CF3 CF3 3
113 -——7? 139 (15%) + + CF3J
470 y ..
100% conversion CF3 o cp3 F\\\O//’FLF3
112, 60% 109, 18%

Pyrolysis of (llz) over iron-at 470° produced furans k}lg) and (109)
as well as (129).

The first step of both reactions is the loss of 'CZFS glving
an allylic radical. The alternative Yoss of 'CF3 from (113) does not
occur because 'CF3 is less stable. Subsequent.reactions are then

determined by the metal.

CFy CFy CFy

g IR G
CF CFy CF
. 3 0 3. : 0 3

"

CF4F FCFy
0
09

——

1

It is quite interesting that furan (169), from the addition of F°,
1s formed since (lgg) was defluorinated over iron at a higher temperature

(5800) giving (112). Furan (109) does not pyrolyse readily over
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cFy CFy cr, cr,
Fe, 580° .
80% conversion
CF3F\\\°//iFCF3 CF4 o CF,
109 112, 79% yield

platinum at 715o and only a low conversion to two unidentified products

was obfained.

155 169

Furan (112) is a known compound and (109) has been characterised

(see also IV.A.T.c). The structure of (139) follows simply from a

1 )
comparison of its 9F n.m.r. spectrum with that of (112). The coupling
constants are usefully diagnostic. Furan (139) also gave a satisfactory

analysis and a parent peak in the mass specfrum.

CFy CFy

15 Hz (’ ) 8.3

F CF 139
3
N

2.5
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CHAPTER VI

Some Reactions of F-2,3-dimethylbutadiene and
F-tri- and F-tetra-methylfurans

The work-described in this chapter is a brief survey of some
reactions of the products obtained from the pyrolyses described in
Chapter V.

VI.A F-3,3-dimethylbutadiene (130)

VI.A.1 Reactions with Methanol and Phenol

Like F-isobutene (II.B.l.b), diene (130) reacts with neutral
methanol at room temperature giving an addition product (140) and
a substitution broduct (141). The addition product (140) is formed by

a 1,2-addition of methanol and not by a 1,4-addition. This is to be

CF CF
3 3
F.,C=C F.C=C
MeOH - 2 o + 2
3 weeks 4 H-C-CF,.OMe . C=CFOMe
P 2 cF
4 3
140, 17% cis, trans 141, 39%
//’ 3
F,C \
/c=cr2
o [ CF 7
LAl "3
\DMF, Na,CO, F2c=q< (CF3) 28
. PhoH, 36h. C=CFOPh| —o— /C=CF°P"
/ ' c:Fa
CF3 144 cis, trans 143, 26%

expected sinceé diene (130) will be non planar and have largely
unconjugated double bonds like F-1,3-butadiene (142). Spectroscopic

' 196
techniques have shown that (142) is non planar and it also undergoes

l,2-addition of methanol.197
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— MeOH —
F,C=CF—CF=CF, —MeOH _, 't c—cF— =
5 2 Bianne [ F,C=CF—CFHCF,0Me]| — CF3CF=CHCF,0Me

The reacﬁion of (lzg) with phénol, using sodium carbonate as
base and DMF as solvent, 1s more complex than that wlth neutral
" methanol. The only identified product (143) (ca. 26% yield) must
arise via initial substitution giving (144) followed by 1,2-addition
of HFF to the other double bond. It 1s probable that the addition of HF
occurred because the reaction was carried out in an aprotic solvent,
in which fluoride 1lon is'a strong nucleophile. 1In contrast, fluoride

ion would only be a weak nucleophile in neutral methanol.

VI.A.l.a ..Structural Assi@men‘bs

| The methoxy derivatives (140) and (141) both gave satisfactory
analyses and parent peaks in thelr mass spectra. Thelr structures
follow simply from a c.omparison of 19F -n.m.r. data and C=—=C stretching
frequencies with those of the starting material (L}_O). The phenoxy

derivative (143) was not obtained pure after using preparative scale

g.-l.c. but was identified by a parent peak in the mass spectrum -and by

a comparison of its l9F n.m.r. spectrum with those of (141) and (1_45).76

' F c d

d - 3
N Na. N
' _C=CFOQPh /C—CFOMe p =CF,
a,d CFj b a,a CF3 b CF3

cis, trans 143 cis, trans 141 145

a, 60.7 D(Jq,b = 22) a, 60.4 D(Jq,b = 19)
1 _ ! =

a', 61.3 D(Jd,b = 10) a', 61.1 DIy = 12)
c, 65-7 D(JC,d = 7-5) : c, 69'6 (JC,d= 7-6)

d, 8&4.1 d, & 3.8



-148-

VI.A.2 Hydrolysis

The hydrolysis of diene (130) has been reported in the literature.198

All the products may be explained by mechanisms described in Section IT.B.2.b.

/ 3
cm =C + (CF3)2CH
//,CHCO2H ///,CHC02H
H,0, Sio CF CF
2 2 3 . 3
l3—°- acetone
: CF ' CF
o o P 3 ///’ 3
=C + HO_C-CH
2 \ 2 \
CH,,COH CHCO_H
2772 ///’ 2
CF3

Like the carboxylic acids mentioned in that section these products

are dehydrated over P205 to form stable ketenes or anhydrides.

VI.A.5 Reaction with Fluoride, Dimerisation

Diene (130) dimerises very readily in the presence of CsF and
tetraglyme. Two dimers are formed as the main products and their
ratio 1s temperature dependent. However they are not interconverted by

CsF and tetraglyme at room temperature or at 800.

CF 3
// 3
F,C=C + CF 73
2 3
F 'c c/ E CsF \ / >C/CF3
= s
—_— N
\\\C-CF tetraglyme CFj/// \\\ F CFq
2
CFj//’ : \\ /// cis, trans 147
. \\\
CF3 CF3

cis, trans 146

Room temperature: (146)(57% yield), (147) (30%)

o°: (146) (28%),  (1k7) (M)



Fluoride Ion Induced Dimerisation of F-2,3-dimethylbutadiene

CF CF
3 2
::)c-c’//
F c’// \\\CF
2 3
130
o
CF CF
3 3
j::c-E’// -
F c/// \\\CF
2 3
' 148a
130
-
CF CF
3\c—c/ 3
cr3\\\ /):4%7 Q\S\cpz
cr,—¢ F ‘R -
3 | F
C
CFi/// \\\CFZ
) l . 149
_ o
CF F| 3
C CF
CF3 \\\c’//
AN
CF 3 F CF3
|
F'lsnz'
CF, CF,
CF
A3
CF 4 c{ o CFy
| >F
F 3

cis, trans 147

]

Scheme 42
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A mechanism accounting for these observations is given 1n
Scheme 42. Addition of fluoride ion to diene (130) will give an

allylic anion (148). It is probable that (148a) and (148b) are

CFy - CF; CFjq
F,C=C —E 5 Fe=c = £,t—(
\CZCFZ N—cry, \C—CF
/ / 3 3
CF3 CF4
130 148a ___8_t_)

discrete specles rather than resonance canonicals because the broducts
are derived from both. Isomer (148a) will be more stable but less
reactive. Thus at room temperature dimer (146), derived from (148b),
predominates. However, at 90o the increased reactivity of the more
stable isomer (148a) leads to increased yields of (147) at the expense
of (146). )

The cyclisation step leading to (147) 1s an intérnal vinylie
substitution of fluoride from a reactive C=CF, group in (149). The
analagous cyclisation of dimer (146) does not occur because it would
require gn Internal nucleophilic attack on a mudh less reactilve C:::C(CF352
group. |

The allylic anion (148) is trapped by bromine, but no bromine

containing products were 1solated because further reaction with fluoride

readily occurs. The main product is the known F-2,3-dimethyl-2-butene

8
(94).°"
F CF CF
3 3. CF
FZC=C<C _CSDFT:I??» /‘c:c\ v 70%
SE=CF, | CF3 CFy

CFj
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VI.A.>.a Structural Asslgnments
Dimers (146) and (147) were separated by preparative scale g.l.c.

and both gave satisfactory analyses and parent peaks in their mass

spectra.
CF
73
CF; R, CFy
NA—
TN

cis, trans 146

The structure of (146) follows from a comparison of i.r. data

with that of diene (130) (from which 1t is derived), and from its
19 i

F n.m.r. spectrum. Thus the 1.r. spectrum shows two strong C=—C

stretches at 1720 and 1730 om = (cf. 130, 1735 and 1760 cm ©) and the
19 . j

F n.m.r. spectrum shows five vinylic CF3 groups, a terminal CF2 group,

one other vinylic fluorine, and a vinylic CF2 group. The 19F n.m.r.
spectrum also indlcates that cis and trans 1somers are present in the

ratio 2:1 but it is uncqrtain which isomer predominates.

38 Hz
.’ O
S/ \CF ) /C 3
CFy 3 CFy . o
. N3
14 7a CF3 /C\ 147b
F Fr. Y F CF3
136
ratio 1l47a:147b = 2.2:1

The most important features indicating structure (147) for the

other dimer are: 1) the tertlary fluorine gives rise to two signals
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(ratio 2f2:1) at 174.5 (septet, J = 38) and 167.7 p.p.m. (doublet,

J = 136) and 2) the QOuble bonds are conjugated from the u.v. spectrum

(e = 17,700). ' The other spectral data is also consistent with these
structures. Thus-the i1.r. spectrum shows C—C stretches at 1730

and 1640 mw cm_l, and the 19F n.m.r. spectrum shows two vinylic CF3 groups,
two sets-of two equivalent CF3 groups, and one vinylic fluorine giving

rise to signals at 77.1 (147a) and ca. 58 (147b).

VI.A.3.b TFormation of a Stable Anion

Acyclic dimer (146), when stirred with CsF and tetraglyme gave
al phase.systém although.(lﬂé) is not soluble in tetraglyme alone.
The 19F nfm.r. spectrum was di%ferent to that of the starting material
(146) in that it showed CF3groups ;t low field (2 x CF; at 39.8 p.p.m.),

but the remainder of the spectrum was similar to that of- (146). The

CF CF cE CF
3 3 - 3 CF3
Ne=CF-CFy—C=0C" —F7, NC=CF = CF,—C=C
/ 2 —_ 2 \C
F,C=C_ | Ry Py l F3
CF, CF, cry” cFy  CFy

146 : 150
spectruﬁ'is consistent with anion (129) although the Integration 1s
uncertain. Addition of BF3-etherat§ resulted in regeneration of (146) as
a lower layer and formation of a precipitate (presumably CsBFL). The
other dimer (147) did not give a one phase system with CsF and tetraglyme
using the same conditions as for (146). The 19F n.m.r. spectrum of the
tetraglyme layer was very weak and different to that of (;29). Several
other fluorodienes were studied, but like (iﬂl) these did no; give

observable anions (see experimental).
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Some other stable carbanions have been reported (see Table 3,
Chapter I) and low fileld signals appear to be characteristic of these

and related systems. An example of each is given below.199’200

F 73.8

|
CF F Fy, 47.4
¢ 3\C,./'_g"\~.c/c | 526 Ag—C/C 3
. CF3/ \CF3 \\CFZ 49.5 , 59.5

VI.A.3.c Fluorination of Dimers

A mixture of the two dimers (146) and (147) (ratio v» 65:35)

o
was fluorinated by passing over cobalt trifluoride heated at 100

o)
and 2000.‘ At 100o cach dimer adds one mole of fluorine and at 200

further fluorination and some fragmentation occurs. It is not obvious

“(CF3) ,CF cry /
C=CFCF2 —c
100° / ¢
cFy CFj CF3
- 151, 68%
CF,= X cry /CF3
C=CFCF.,C=C
CF 7 : Ner CF
3. us "3 RSN T 7
2000 CFCF2CF2C_C\
151,22% CF CF
152, 35% 3
cF, cF, /cp(cp3)2
. ~
CF, /c — f-c\
. e F CF
o I 3
:Efi/’/)/) "2
CFy CF, 153 , 67%
CF
3
CF3 cﬂi’
CF(CF;),

i
153, 61% + C12F24, lgs
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why terminal olefin (153) does not readily undergo further fluorination.

Bo£h products from acyclic dimer (146) were isolated and gave
satisfactory gnalyseé and MtF peaks.in their mass spectra. Their
structures fdllow simply from a comﬁarison of their 19F n.m.r.
spectra and C=—C stretches with the data for (146). Thus (151)
shows a strong C==C stretch at 1705 cm-1 (ef. 146, 1726 and 1730 cm-l)
and one tertiary fluorine whereas (122) shows a very weak C=—=C stretch
at 1700 cm-1 and two tertiary fluorines.

The C12F22130mer (igz), formed from cyclic dimer (147), was
separated and gave a satisfactory analysis and a parent peak in its
mass specfrum. The 1i.r. épeetrum shows two C =C stretchas at 1740 and
1650 ;m-l (ef. 147, 1730 and 1640 cm'¥) but both are weaker than those
of (147). The structure (153) would give the required C=C stretches

and the 19F n.m.r. spectrum is also consistent with (153) since it shows

a CF(CF3)2 group and four other CFj groups, as well as signals for the

vinylic fluorines.

VI.A.5.d Attempted Dimerisations using Other Catalysts

f; was thought that dimerisation of (lzg) could possibly occur-
usiﬁg antimony pentafluoride as catalyﬁt (see Section I.C). Although
a precipitate formed at room temperature using a deficiency or excess of
:antimony pentafluoride subsequent transference, under vacuum, resulted
in a disappearance of the precipitate and gave only (130) (89%, using
excess l}g). The precipltate may have been an Sng salt of an

F-carbocation (see I.B.1l).

Only (130) (85%) was recoversd after stirring with pyridine and

tetraglyme at room temperature.




=155-~

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 waﬁ_photolysed three main products were formed.

: CF3\ CF3_ CF, CFyq
CF C—=CF C—CF
Fe=cC ° CFe0, Ry 2 F—Ce
Ne=crF., mp CFy * | CF3 * Py "2
) 702 0
130 154, 41% 155,15% 156,13%

Two oxetanes (154) and (155) and also a pyran (156) were produced.

An analagous pyran has been 1solated from a thermal reaction of H-2,
' o 201
3-dimethylbutadiene with F-diethyl ketone.

The three maln products were isolated by preparative scale g.l.c.
and (155) and (156) gave satisfactory 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 their
strong C==C stretches (154 at 1700 and 155 at 1730 cm-l) and their
19F n.m.r. spectra. Thus (155) shows a low field -CF,- signal at
ca. 65 p.p.m. characteristic of CF2 ad jacent to 0 in a four membered

189 1 .l
ring, whereas (154) shows a 'normal CF2 signal at 109.4 p.p.m.
The other chemical shifts are also consistent with the proposed structures.

Pyran (156) does not show a C=—C stretch in the i.r. spectrum

~1 } 19
but it appears at 1660 em = in the Raman spectrum. The ~“F n.m.r. spectrum
shows two vinylic CF3 groups (at ca. 59 p.p.m.), two CF3 groups at

76.5 p.p.m. and two equivalent CFZ groups at 101 p.p.m.
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VI.A.5 Radical Reactions

Diene (130) did not react with bromlne and this feature has also
i 198
been reported in the literature. Similarly, copolymers with butadiene
and methylmethacrylate were not formed. Styrene and (130) gave a
polymer containing some fluorine (3.9%) but this was removed after
reprecipitation from toluene.
" These features most probably result from the stability of the

allylic radical derived from (130).

CF CF
L] 3
Fo=c ° _R cm___g(
CF% CFy
130

VI.B F-tri- and F-tetra-methyl furans

VI.B.1l Reactions with Nucleophiles

Nucleophiles will readily replace the vinylic fluorine of

F-2,3,-trimethylfuran (139):-

139
NaOH, MeOH Et,0 PhMgB\DMF
CFq CFy CF3 F3 CF4 CFy CFy CF3
MeO— 0 CF3  Ph CF3 CF3 CFy
157, 80% 158,36% 159, »60%

n=1-4, but mainly 1-2
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_ Methoxy derivative (157) and phenyl derivative (158) both gave
satisfactory anal&ses and parent peaks In their mass spectra. Their
structures féllow simply from a éomparison of spectral data with that
of the starting material (139). Two fractions of (159) were isolated
by molecular distillation, one contained mainly (159, n = 1) from the
elemental analysis and the less volatile fraction mainly (159, n = 2).
The mass spectrum of the less volatile fraction sﬁowed parent peaks
for (159, n = 1-4). Again the 19F n.m.r. spectrum shows that the
furan ring 1s intact.

Similar polysulphide compounds have been obtained from
F-isobuténe.202

VIi.B.2 Dimerisation

Dimer (160) (95% yield) is formed from (139) in the presence of
CsF and tetraglyme at room temperature. Of the two possiple dimers

(160) and (161) only (160) was observed.

CFy CFq

160, 95%
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MeO

An analagous product (162) (11% yield based on 157) was obtained
from (139) and its methoxy derivative (157) by refluxing with
tetraglyme and pyridine. Dimer (160) is also formed in £his reaction.

Both (160) and (lég) gave satisfactory analyses and (160) gave a
parent peak while (162) gave an MiF peak in theilr mass spectra. The
mass spectrum of (160) showed a metastable peak for loss of CgFg, which
1s not possible for the alternative dimer (161). Although (162) did

not give a strong metastable for analagous loss of C_.F.0 the peaks

556

which would produce this metastable are very strong (489-—299) and

again this is only consistent with (162). The i.r. spectra of (160) and
(162) are very similar except that (162) shows a strong C=—0 stretch

-1 . 19
at 1840 cm . Likewise the ~“F n.m.r. spectra are similar except that
(160) shows an AB signal at ca. 63 p.p.m. which is consistent with a

CF2 group adjacent to oxygen. The other assignments were possible by
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comparison with the similar furan derivatives (109) and (157).
CFq CF CFy CF,
0 0
10 5

9 157
VIiI.B.3 Photolysis

The photochemistry of fluorinated furans is of interest because

of the possibility of obtaining valence isomers since a Dewar

3 4
thiophene is formed from F~tetramethylthiophene on 1rradiation.20)’20

CF, CFy CF CFj4

CFy . Y—CF,q CF5

CF
g S 3

In fact low conversions (ca. 20%) to cyclopropenyl derivatives

205
were obtained from both (139) and (112), by using transfer conditions'o’

and a high pressure Hg lamp.
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A statlc system is unsuitable for these reactions because complex
mixtures of less volatile products are formed. Similarly repeated
transference decreases the ylelds of cyclopropenyl derivatives
although a number of other volatile components are also produced. These
may be other isomers of the furans but they were not isolated or
identified.

It is interesting that ring opening of furan (139) gave only the
acid fluoride (163), rather than ketone (165). This may be a result of
the destabilising influence of a fluorine atom directly atfached to a

carbon-carbon double bond (see I.B.3), as in (165) and/or a stabilising

206,207
a

influence of F-methyl groups on small rings, s in (163).

Cyclopropene derivative (164) is a known compound and forms furan

(112) when heated with bromine.207

CFjq - CFy CF3

3 s (207)
i 3
0

CF3 CFy

CF3 0
164 - 12

Acid fluoride (163) gave a satisfactory analysis and a Mtl9
peak in its mass spectrum. The structure follows simply from a comparison
of spectral data with that of (164) and it also shows the characteristic
acld fluoride signal at -29.7 p.p.m.

VI.B.4 Attempted Diels~Alder Reactions

It has been repcrted that no Diels-Alder Adducts were obtained
155
from F-tetramethylfuran (112). In fact no adducts were obtained

from (112) using furan and diphenylécetylene.



EXPERIMENTAL
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Chemicals

F-3,4-dimethy173-hexene (41) was supplied by I.C.I. (Mond) Ltd.

As supplied it contalned amines.and other impurities and was purified by -
washing with dil. HCl1 and water, drying over MgSOL, and finally by
distillation. The (41) thus obtained contained <5% of 3-methyl-3-trifluoro-
methyldecafluoropentane, which azeotroped with (41). The weights and

ylelds of products quoted 1n thls experimental do not allow for this
impurity.

F-4-ethyl-2,3,4,5-tetramethyl-2-oxolene was also supplied by
I.C.I. (Mond) Ltd.

Chlorotrifluoroethyléne had been prepared by dechlorination of
Arcton 113, CFZCiCFClz, with zinc.dust suspended 1n ethanol.

The caesium fluoride was reagent grade, and was dried by heating
(1500) under high vacuum for 24 h, ground to a powder under dry ﬁitrogen
in a glove bag, and then heated under vacuum for a further 24 h and was
stored under dry nitrogen.

Solvents

Tetraglyme was purified by stirring with sodium at 95o for 24 h,
followed by a fracfional distillation under vacuum, the middle fraction
being coilected over dry molecular sieve (Type IVA), and then stored
under dry nitrogen.

Sulphﬁiane was purlified ﬁy fractlonal vacuum distillation and the
middle fraction 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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Instrumentatlon

Infra-red spectra were recorded using Perkin-Elmer 457 and 577
Grating Infra-red Spectrophotometers using the normal techniques.

Raman Spectra were recorded for neat liquld samples using a
Cary 82 Laser Raman Spectrophotometer with a Speétra-Physics Model 164
Ar/Kr Laser at 19436.3 c:m-l (green).

~ Ultra-violet spectra were recorded using a Unicam S.P.8000

~ Spectrophotometer and using Spectrosol grade solventé.
} ' Mass spectra were £ecorded on an A.E.I. M.S9 spectrometer, or on
a V.G, Micromass 12B spectrometer fitted witﬂ a Pye 104 gas chromatograph.

Pro£on (lH) and flu;rine (19F) nuclear magnetic resonance spectra
were reaorded on a Qarian A56/60D spectrometer, operating at 60 and
56.4 MHz respectively, for neat large samples and chemical shifts are
quoted relative to external T.M.S. and CFCl3. Variable temperature
facilitles permitted spectra to be recorded at temperatures other than
the standard probe temperature of 400. The'spectra of small liquid
sample§ ( s;O-lé), whi¢ch were conpained in capillaries inside the
n.m.r. tube, were recorded using the Varlan or, more frequently, a
Brﬁker HX90E spectrometer operating a£ 84.67 MHz (for fluorine).

Quaﬁtitative gas line chromatographic analysls was carried out
using a Griffin and George D6 Gas Density Balance or a Varian Aerograph
Model 920, using column; packéd with 30% silicone gum rubber SE-30 on
chromosorb P (Column '0') and 20% di-isodecyl phthalate on chromosorb P
(Column 'A'). Preparative scale gas line chromatography was carried out
using a Varian Aerograph or Varlan Aerograph Model 920 using columns 'o!

and 'A'.

|
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Fractional distillations of product mixtures were carriled out
using a small or large concentric tube, Fischer-Spaltrohr Systems
MMS 200 and HMS 500.

Carbon, nitrogen, and hydrogen analyses were obtalned using a
Perkin-Elmer 240 Elemental Analyser. Analysils for halogens were

208
carried out as described in the literature.

Boiling points were determined by Siwoloboff's Method, and are

not corrected for changes in atmospheric pressure.
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CHAPTER _VII

Experimental to Chapter III

VII.A Oligomerisation of Chlorotrifluoroethylene il

VII.A.1 At 25°

VIiI.A.l.a A mixture of caesium fluoride (12g, 79 mmol) and tetraglyme

(15 ml.), contained in a dry flask (500 ml.), which was connected to a
glass bulb (1 1.), was stirred in an atmosphere of chlorotrifluoroethylene
(ca. 0.6 atmosphere pressure). The chlorotrifluoroethylene (9g, 77.3 mmol)
was added at intervals (ca. 12h) as the pressure decreased. After 88 h the
'voiatile products (6.3 g), containing unreacted chlorotrifluoroethylene (3)
(2.9 g), were transferred under vacuum to a cold trap and (3) was removed
at atmospheric préssure. The components in the residue (3.4 g) were
identified using g.l.c.-ms and the estimated propértions (% weight)

(GDB, col.'0', 50°) are as follows: CF,CFCl, (24%), CgFyg(41) (4%), CyqF,q (81)
(22%), CqoF,,(82) (27%), and.:>C12F22(23%). Involatile material (1 g)

was fecévered by ether extraction from tetraglyme and Water. The yields

of the oligomers, based ‘on CF,CFCl consumed, were estimated as: CBF16(ﬂ1)
(3%), CygFyg(8L) (L6%), CiyF,p(82) (19%), and >Cy, F,,(ca. 30%). CgFyq(41)
was identifiea by cémparison of g.l;c. retention times and g.l.c.-ms with
an authentic sample. Samples of CF,CFCL,, C10F18(§£), and Cy,Fy, (82)

were separated by preparative scale g.l.c.; CF3CFC12 was ldentified by its

F n.m.r. sﬁéctrum;l72 C10F18 (81, a mixture of isomers from 19F n.m.r.),

b.p.116°, (Found F, 73.6%; M, 462. C,gFy requires F, 74.0%; M, 462),

1.r. spectrum No.l, 1gF n.m.r. spectrum No.l; F=3,4,5,6-tetramethyl-3,

5-octadiene (82) (a mixture of isomers by 19F n.m.r.), b.p. 147.50,

(Found C, 25.5; F, T4.8f; M -19, 543. C,,F,, requires C, 25.6; F, Th.U%;
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M, -562), 1i.r. spectrum No.2, 19F n.m.r. spectrum No.2.

VII.A.l.b. A similar reaction for a shorter time (16 h) gave a complex
mixture of volgtile pfoducts. After removal of CF3CF012, elemental
analysis of the remaining mixture showed chlorine. After heatling this
mixture with caesium fluoride and tetraglyme, chlofine was absent and the
amount of material less volatile than C12F22 had been reduced.
VII.A.2 At 120°

A mixture of chlorotrifluorcethylene (8.5 g, 73 mmol), caesium
fluoride (8.3 g, 54.6 mmol), and tetraglyme (10 ml.) was heated and stirred
in a Carius tube (100 m1.) for 18 h at 120°. After cooling the volatile
material (4.3 g) was recov;red by transferfing under vacuum to a c¢old trap.
Any gases present were allowed to escape and the 1gF n.m.r. spectrum of the

residue showed, besides CF,CFCl, and C1OFHB(§l)’ the presence of Cg Fyg (41)

by comparison of the 19F n.m.r. spectrum with that of 'an authentic sample

of (41).
. An earlier worker in this laboratory has reported similar oligomerisations
- o o 169
of CF2CF01, using Ni tubes at 56 and 140 . These results, together with
those obtained at 250 (VIT.A.1 above) are given in Table 22 in the discussion

(Chapter IIT).

VII.B Co-oligomerisation of Chlorotrifluoroethylene

VII.B.1l With F-2-butene

A mixture of caesium fluoride (1.5 g, 9;9 mmol ), chlorotrifluoro~
ethylene (1.25 g, 10.7 mmél), F-2-butene (46) (2.5 g, 12.5 mmol), and
tetraglyme klo ml.) was heated and stirred in a Carius tube (100 ml.)
for 36 h at 800. After allowlng any gases to escape the recovered volatile

material (2.1 g) was-analysed {g.l.c.-ms and GDB, col. 'O’, 500) and
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contained C,Fg(46) (168), CgFy,(4h) (24%), CgFy5(41) (368). CigFq(81)
'(19%), C12F20 (4%), and C1oFo0 (82) (1%). 1Involatile material (o.l g)
was recovered. as before (VII.A.l1). A sample of F-3-methyl-2-pentene (l44)
-was separatea by preparative scale g.l.c. and it has an identlical
19F n.m.r. spectrum to that of an authentic sample of (46) isolated from
fluoride ion induced oligomerisation of F-ethylene. Compound (&é) has
also. been prepared, using a different route (see Section I.D.5), by
Fraticelli.sl

VII.B.2 With F-3,4-dimethyl-3-hexene (41)

Caesium fluoride (9 g, 59.2 mmol), CaF1s (41) (11.7 g, 29.3 mmol),
and tetraglyme was stirred for 16 h at 25° in an atmosphere of CFZCFCl.
The volatile material (15.4 g) was recovered as before (VII.A.l) and
contained (g.l.c.-ms and GDB, col. 'O', 500) CeF1n (46) (3%), CF4CFC1, (16%)
C8F16 (ﬂ) (47-5%): C1OF18 (m-_) (21%): C12F22 (92_) (8-5%).' and C1LF24(§£)
(4%). The yields of the higher oligomers, based on (41) consumed, were
.estimated as C10?18(§£) (64%), C12F22(§g) (21%), and C1LFZL(§£) (9%).
A sample of C14F24(§£) was separated by preparative scale g.l.c. as a

mixture of isomers and identified as F-3,4,5,6,7-pentamethyl-2,4,6-nona-

triene (84), (Found F, 72,6%;h4+, 624, CiuFau requires F, 73.1%; M , 624),
i.r. specfrum No.3, 19F n.m.r. spectrum Nq.ﬂ.

VII.B.3 With C,yFg (81)

As for VII.B.2 above, usihg caesium fluoride (4 g, 26.3 mmol),
CigFyg (8L) (1.2 g, 2.6 mmol), and tetraglyme (8 ml.) for 18 h at 114°,
The recovered volatile material (1.4 g) has the following composition

CF4CFCL, (1%), CgFyg (41) (13%), CygF g (BL) (168), C,,F,((5%), C ,Fy5(82)

(368), C; Fy, (BY) (), CygPpg (88) (226), and CigFyq (28). The
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yields of the higher oligomers, based on C10F1a(§l) consumed, were
estimated as Cp,F,q(6%), Cp,F,, (82) (42%), C\,F,, (8Y) (5%), C,cF,q (88)
(20%), and C1gF30 (2%). A sample of C16F28(§§) 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, 73.9%; M+-l9, 705. C16F23requires

F, 73.5%; M, T724), i.r. spectrum No.%4, 1gF n.m.r. spectrum No.3.

VII.C Oligomerisation of F-2-butene

VII.C.1 A mixture of caesium fluoride ( 3 g, 19.7 mmol), F-2-butene (46)

(4.5 g, 22.5 mmol), and fetraglyme (10 ml.)-Qas heated and stirred in a

Carius tube (100 ml.) for 87 h at 92°. Volatile material (3.6 g) was
recovered by transferring.under vacuum to a cold trap. F-2-butene (.8 g)

was removed at atmospheric pressure to leave liquid product (2.8 g).

Based on f-2—butene consumed the yields of products were estimated as
ceF16(5_1_) (49%), C12F2.0 (83) (1.5%), al"ld CypFy, (82) (26#). Samples of

CBF16 (El) and Cy2Fos (82) were separated by preparative scale g.l.c. and
identified by their 19F‘rhnur. spectra. Involatile maperial (0.8 g)

was recovered by:pouring the remaining tetraglyme layer, after removal

of the ;oiatile products, into waéér and extracting with ether.

VII.C.2 An 1dentical mixture to that used in VII.C.1l above was heated and
stirred for 92 h at 1000. The volatile materi;l was fractionally transferred,
under reduced pressure, into three n.m.r.-tubes, which were then sealed

under vacuum.. No F-n-butane wgs detected by comparison of the 19F n.m.r.
spectra with the reportea spectrum of F-n-butan.e.zog Similarly F-2-butyne

" was absent’.174

Previously in this laboratory a Ni tube has been used for oligomerisation

o e} o]
of F-2-butene. Using shorter reaction times at 58, 100, and 130
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CSFHG(El) and C\,F,, (82) were obtained, together with isomers of CgF,, (89),
identified as F-3, 4-dimethyl-2, 4-hexadiene and F-1,2,3,4-tetramethyl-~

1
cyclobutene.

VII.D Co-oligomerisation of F-2-butene

VIiI.D.1l With CBFHL isomers

The mixture of CSFHL isomers (gg), obtained by defluorination of

169
CSF16 (41), contains F-3,4-dimethyl-2,4-hexadiene as the main component.
Caesium fluoride (5 g, 33 mmol), CBFHL(3'7 g, 10.2 mmol), and tetraglyme
(20 ml.) were stirred for 40 h at 250 in an atmosphere of F-2-butene

(11 g, 55 mmol). After allowing any F-2-butene to escape the volatile
liquid products (10 g) have the following estimated composition C,Fg (46)
(188), CgFy, (58), CoFye (1) (37H), CppFpq (83) (68), C Ty, (82) (268),
and unidentified material ( v 8%). (3.2 g) of CgFy, are consumed.

4

VII.D.2 With F-2-butyne

A misture of caesium fluoride (8.3 g, 54 mﬁol) and tetraglyme (25 ml.)
was vigorously stirred in an atmosphere of F-2-butene (16.8 g, 84 mmol),
which, as before; was contained in a bladder. F-2-butyne (9.4 g, 58 mmol)
was allowed to diffuse into the s&étem from a second bladder. After 119 h
any remaining gas was allowed to esgapé and water (100 ml) was added. The
lower fluorocarbon layer was separated, washedlwith water, and finally
transferred, under vacuum, from P205 to gi;e a colourless liquid product
(11.2 g). Less volatile materlal (6.2 g) was also recovered but not
investigated further. Aéalysis of the liquid product (GDB and g.l.c.-ms,
col '0', 50°)showed three major components (% weight) CBF16(ﬂl) (30%),

C12F5g (83) (15%), and Cy9F25 (82) (50%). These were separated by
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. )
distillation and preparative scale g.l.c. (Autoprep, col 'A', 50 ).

Compounds CBF16(21) and C12F22 (82) were identified by comparison of
their 19F n.m.r. spectra with those of authentic samples. Compound

C12F20 (§2) was characterised as F-ethyl-1,2,3,4,5-pentamethylcyclopentadiene

(83),b.p. 142°, (Found C,27.2; F,72.1%; M,524, C, ,F,, Teduires C,27.5; F,72.5%;
19

M,524),)\max (methanol ) 252 nm (¢ =2900), i.r.spectrym No.5, ~“F n.m.r. spectrum No.5.

VII.E Reactions of F-propene

VII.E.1 With F-2-butene

F-propene (10.5 g, 70 mmol) and F-2-butene (12 g, 60 mmol) were
contained in separate bladdeps attached to a flask containing a stirred
mixture of caesium fluoride (7 g, 46.1 mmoi) and tetraglyme (20 ml.).

Some F-propene was allowed into the flask, and after stirring for 15 min.
at 22o the bladder containing F-2-butene was opened to the flask. Within
1 h this bladder was almost flat. Th;'remaining F-propene was then allowed
Into the flask and the mixture was stirred for 14 h, when both bladders
were deflated. The volatile liquid products (19.6 g) contained (% wt.)
F~2-butene (18%), CyFy, (92) (70%) and CqF'yg (}2%). E-E-butene and

CQF13 (F—pfopene trimer;) were identified by g.l.c.-ms and comparison of

g.l.c. retention times with those of authentic samples. The products were

distilled (Fischer-Spaltrohr) giving F-2,3-dimethyl-2-pentene (92) (7.7 &, 52%
isolated yield based on F-2-butene consumea), b.p. 760, (Found F, 75.8%;
M+—l9, 331. C, Fy, requires F, 76.04; M, 350), i.r. spectrum No.6,

19F n.m.r. spectrum No.6. F—2;3—dimethyl-2-pentene has been previously

prepared using the same starting materials (7% isolated yield).51

VII.E.2 With F-3,4-dimethyl-3-hexene

A mixture of CgF,c (41) (7.2 g, 18 mmol), caesium fluoride (7 g, 46.1 mmol

8
and tetraglyme (20 ml.) was stirred for 72 h at 46° in an atmosphere
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containing a partial pressure of F-propene (8.5 g, 56.7 mmol, 26 cm

Hg pressufe at start) and nitrogen (40 cm Hg pressure). A sample of the
fluorocarbon lower layer was withdrawn and contained (GDB, col 'O', 500)
mainly CBF16 along with a small amount of F-propene trimers and
F-2,3-dimethyl-2-pentene (C.’FM, 92).

VII.E.3 With F-4-ethyl-3,4-dimethyl-2-hexene

VII.E.}.; A mixture of C1OF20(ﬂg) (8.6 g, 17.2 mmol), caesium fluoride

(5.9 g, 38.8 mmol), and tetraglyme (20 ml) was stirred at 70° under F-propene
(8.9 g, 59.3 mmol, 33 cm Hg pressure at start). After 21 h the pressure had
fallen to 10 em Hg and the products (16 g) were recovered as before. After
removal of gases at atmospheric pressure the remaining products (13 gj had the
following estimated composition C3Fg (4%), F-propene dimers (9%), C§F1L (92)
(trace), CeF16 (41) (10%), F-propene trimers (26%), and C10F20 (40) (51%).
VII.E.3.b In a similar experiment at‘é2° only F-propene, F-propene oligomers,

and C0F20 (40) were recovered.

VII.E.4 With F-ethylene

A mixture of caesium fluoride (4.7 g, 31 mmol) ané tetraglyme (20 ml)
was stirred in an atmoséhere of FJQropéne (7.6 g, 50.7 mmol) and F-ethylene
(3.3 g, 33 mmol), which wére contained in bladders. After 66 h the bladders
were completely deflated. The reco;ered volatile products gave, after warming
to room temperature, F-ethylene (2.8 g), iaentified by its 1.r. spectrum,
and liquid product (7.3 g). The liquid product contained (GDB, col '0O’,
800) F-propene dimers (24%) an& trimers (59%) and C11F22(22) (17%). A
sample of C“F22 (93) was separated by preparative scale g.l.c. (GDB,
col 'o', 1300) giving F-}-isopropyl-2,4;dimethy1-2-hexene (93) (two

1somers, ratio 3:2 by 19

F n.m.r., unresolved by g.l.c.), b.p. 149.5°,
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(Found C, 23.8; F, T75.5%; M+, 550. Cy4F,y, requires C, 24k.0; F, 76.0%;

19 19

M, 550), 1.r. spectrum No.7, F n.m.r. spectrum No.7. The ~F n.m.r.

spectrum remalned unchanged over the range 400 - 1900.

VII.F Defluorination of F-3,4-dimethyl-3-hexene;
the Effect of Fluoride Ton

VII.F.1l Without Caesium Fluoride

A mixture of CoF6 (41) (4 g), iron powder (5 g), and tetraglyme
(15 ml.) was heated in a Carius tube for 45 h at 118°. The product
(3.6 g) was recovered by transferring, under vacuum, to a cold trap
and analysis (GDB, col 'O', 500) showed CgF,, 1isomers (14% conversion).

VII.F.2 With Caesium Fluoride

The same for VII.F.l above, but in the presence of caesium fluoride
(2 g), gave product (3.6 g) containing CgFy, 1somers (22% conversion).

VII.G Attempted Defluorination of F-2-butene

A mixture of F-2-butene (5 g), iron powder (6 g), and tetraglyme
(15 ml.) was heated for 40 h at 940 in a Carius tube. All the F-2-butene

was recovered, and no F-2-butyne was detected in its i.r. spectrum.
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CHAPTER VIII

Experimental to Chapter IV

Introduction

The solubllities of reactants and products In the solvents used will
be discussed at this stage so that they need not be mentioned for each
individual experiment.

Olefin (41) is soluble in ether, much less soluble in methanol, and
virtually insoluble in tetraglyme. The products from reaction of (41) with
alcohols are more soluble 1n these and similar solvents, and the solubility
of the dialkoxy derivatives is greater than that of the monoalkoxy derivatives.
For example, the reaction of (41) with excess methanol using amine as base
(see VIII.A.9) 1s a two phase system at the start and a one phase system at the
end. Similar considerations apply to the amino derivatives of (ﬂl). Differences
in solubility can be useful for separating products. For example, although (41)
and simlilar F-olefins are soluble in ether at room temperature, they separate as
lower layer én cooling. Also (41) may be separated from its monoalkoxy derivativ
by diséolving the latter in warm alcohol while (41) remains as a lower layer.

VIII.A Reactions of F-},ﬂ-dimethyi-}-hexene with O-Nucleophiles

VIII.A.1 Alcohols, using Caesium Fluoride as Base

A slisht excess-of alcohol (methanol, ethanol, or isopropanol) was added,
drdpwise over 2-4 h, to a stirred mixture containing (41), caesium fluoride,
and tetraglyme at room temperature. The mixture was stirred for a further
period of 18-20 h and then water (w 150 ml) was added. The product, which
separated as a lower layer, was washed and then dried cver sodium sulphate.

The yields of the main products (given bélow) were'estimated from analytical

scale g.l.c. (GDB, col '0', « 110°).
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Experimental Details

Reactants Methanol Ethanol Isopropanol
Alcohol (g, mmol) 1,31.3 2.6,56.5 343,55
(41) (g, mmol) 10,25 20,50 20,50
CsF (g,mmol) 3,17.7 TT:50.7 9,59.2
Tetraglyme (ml) 20 25 35
Alcohol addition (h) h 2 3
Further stirring (h) 20 18 18
Crude product (g) 9.1 19 18.4

Product Yields (%)

_ CFy SR CFy_ SR CF3_ £F3
CFy /\c:c\ C=C CFy /c:c\
/\c\ F crsC e >c\ OR
ROTCoFy OR RO” C,F:
96 95 97
R = CHyq 8 53 . 17
R =CHg 23 40 7
R = (CH,), CH 512

a, unresolved by g.l.c.

Samples of the three main products from each reaction were separated
by distillation (Fischer-Spaltrohr), and preparative scale g.l.c. of the
volatile fractions,for the mono;alkoxy derivatives (Autoprep: col '0O', 60°: -
methoxy, ethoxy; col 'O', 180°: - isopropoxy), and residues,for the di-alkoxy

derivatives (col 'A’, 140°; - methoxy; col '0', 180°: - ethoxy, isopropoxy).
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Methoxy derivatives: (96), R = CH3) identified by comparison of
169
spectral data with that of an authentic sample (n.m.r. spectrum No.l4);

cis-, trans-2-methoxy-3,4-bistrifluoromethylnonafluoro-3-hexene (95,

o +
R = CH3), b.p. 126.5°, (Found C, 26.5; F, 68.6%; M ,412. CgHF150
requires C, 26.2; F, 69.1%; M, 412 ), 1i.r. spectrum No.8, n.m.r. spectrum

No.1ll; trans-2,4-dimethoxy-3,4-bistrifluoromethyloctafluoro-2-hexene

(97, R = CHy), b.p. 161°, (Found C, 28.1; F, 62.9%; M'-F,%405. CyoHgF1, 05
requires C, 28.3; F, 62.7%; M, 424), i.r. spectrum No.ll, n.m.r.
spectrum No.l1l7.

Ethoxy derivatives: trans-4-ethoxy-3,4-bistrifluoromethylncnafluoro-2-

hexene (96, R = CHc), b.p. 128.5°, (Found C, 28.2; F, 66.6%; M -H,

4os5, CqgHsF450 requires C, 28.2; R, 66.9%; M, U426), i.r. spectrum

No. 10, n.m.r. spectrum No. 15; cis, trans-2-ethoxy-3,4-

bistrifluoromethylnonafluoro=3-hexene (95, R = CZHS)’ b.p. 132o (Found C,

28.2; F, 66.5%; M+,426), i.r. spectrum No.9, n.m.r. spectrum No.l1l2;

trans-2, 4-diethoxy-3, 4-bistrifluoromethyloctafluoro-2-hexene (97, R = CZHS)’

b.p. 180°, (Found C, 32.0; F, 58.3%; M ,u52. CypH oy, 0 requires C,
31.9; F, 58.8%; M, 452), i.r. spectrum No.l1l2, n.m.r. spectrum No.18.

Isopropoxy derivatives: (96, R = C3H7) and (95, R = C3H7) (unresolved

by g.l.c., ratio 96:95 1s 1.2:1 by 19F n.m.r.), b.p. 1450, (Found C, 30.2;
F, 64.%%. C,4HqFc 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 (21, R = C3H7), unsatisfactory analysis, (Found M -03H7, =7,
Cq,Hy,Fq, 0, requires M, 480), 1.r. spectrum No.1l3, n.m.r. spectrum No.1l9.

Dialkoxy products are still formed from similar reactions when a

slight deficiency of methanol or ethanol is used. A very similar product
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mixture, to that from reaction at room temperature, is obtained from the
. reactioﬁ of (41) with isopropanol at 850. The composition of a mixture
of monomethyl ethers (95) and (96) was unchanged after stirring with
caesium fluoride and tetraglyme at room temperature for 20 h.

VIITI.A.2 Methanol, using Sodium Carbonate as Base

Using the same method as above, a slight deficiency of methanol
and sodium carbonate as base gave recovered starting material,(il), and

disubstituted product (97, R

CH3) as the main components of the product

and (22, R = CH3) and (96, R CH3) as minor components.

A similar experiment conducted in this laboratory gave (96, R = CH3)
as the main product (61% yield).169 The rate of addition of methanol and
efficiency of stirring appear to greatly affect product distribution.
VIITI.A.3 Methoxide

A mixture ;f (31) (8.5g, 21.2 mﬁgl), sodium methoxide (87 mmol), and
methanol (25 ml) was stirred at room temperature for 18 h. After addition
of water the recovered product (6.5 g) coqtained no (41, 95, 96, or 97).

The 1.r. spectrum shows carbonyl groups.

VIII.A.4 Reaction of CgFyg_Isomers with Neutral Methanol

After passing (41) over iron filings at 540o CgF'y, 1somers (89)

and a mixture of c8F16 isomers are obtained (see Chapter V):

CF3_ SoFs Py F3 CoFs
c=C + Cis CF3 C=C + Cis CF3 C:CF2
/ v/ \ \"
CoFE CF, X F 9
F C2F5 F CZFS

41 98 _ 99
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A mixture of CgF. 1somers (41:98:99 2:2:1; 2.15g, 5.4 mmol) and
methanol (1.6g, 50 mmol) was stirred at room temperature for 5 days.
After adding water the recovered fluorocarbons (2.05g) contained (estimated
using GDB, col '0', 1000) CaF1g (81%) and CgF15Me (19%). Preparative
scale g.l.c. (col '0O', 1250) gave (41) and (98) (1.053) and a mixture of

19

F n.m.r. and i.r. spectroscopy)

CgFi5OMe 1somers (100, 101, 102) (by
(Found C, 26.0; F, 68.9%; M+-F, 393. CgHgF4c0 requires C, 26.2;

F, 69.1%; M,412),Y 1635 w, 1715 m cm'l(c_—zc str.). The recovered

max
(41) and (98) were heated with methanol in a sealed glass tube at 100°
for 16 h. Only (98) reacted.

VIIT.A.5 Alcohols and Water, using Pyridine as Base

Experimental Details

Reactant CHOH CHOH CHOH C,HgOH H0
ROH (g, mmol) 2,62.5 3.5,54 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
Reflux ( o, h) 100,5.5 105,5.5 105,6 105, 6 100,17
Volatiles (g) 13.9 148 16.6 7.6

Black 011 (g) 2 1.5 5 0 o

A slight excess of an alcohol (methanol, ethanol, isopropanol, or
t-butanol) or water was added to a stirred mixture containing (41),
pyridine, and tetraglym at ca. 80°. After refluxing at ca. 100° the

mixture was allowed to cool and the pfoduct recovered as for VIITI.A.1l

above. The volatile component of the product was transferred under

vacuum to a cold trap leaving, in some cases, an involatile black oil.
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The ylelds of the major volatile products were estimated by g.l.c. and
19

F n.m.r. spectroscopy.

Product Yields (%)

CFy CF3 CFyq CF, CF3\ CF3 CF, /CF3
CF c:c< *—=¢
CF 3 / /N
CF4F CR4F 3 }3\ P LFOR Cofs
0" FCF3 N0~ OR RO CyFy  CFy
109 1 96 95
Methanol (R = CH,)® 4o 12 3 0
Ethanol (R = Csz)a 48 8 9 0
Isopropanol (R = 03H7)b 18 0o 18 37
a,- ca. 100% conversion; . b, ca. 70% conversion.

Products from methanol: The volatile, products were distilled (Fischer-

Spaltrohr) giving an unidentified component (0.3g), b.p. 71°;

els, trans-F-2,5-dihydrotetramethylfuran (109) (5.lg, 27% isolated yield),

b.b. 830, (Found C, 25.3; F, 70.0%; M+-F, 359. CSF1LO requires C, 25.4;

F, 70.4%, M, 378),)%nq* 1705 ¢::m—1 (C==C str. Raman), i.r. spectrum No.16,
19F n.m.r. spectrum No.22; and a mixture of (96, R = CH3) and (111, R = CH3)
(identified by 19F n.m.r. spectroscopy). These two compounds could not be
separated by distillation and preparative scale g.l.c. (col. 'O' and 'A')
but a sample containing the furan (l}l, R = CH3) as the major component

(94%) was obtained. Compound (111, R = Csz) was prepared pure (see below).

Products from ethanol: Distillation gave (109) (6g, 32% isolated yield),

a mixture of (96, R = CZHS) and (111, R = CZHS)'and a minor unidentified

component (from preparative scale g.l.c.).
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Products from Isopropanol: (109) (1.5g, 11% isolated yield), unreacted
(41), and a mixture of (95, R = C3H7) and (96, R = C3H7) (ratio 1:2 by
19 '

F n.m.r.).

Products from t-butanol: Only recovered starting material, (41) (7.6g, 76%

recovery).

Products from water: Complex mixture, but no (109) is formed (by 19F n.m.r.

spectroscopy).

VIII.A.6 Reaction of F-2,5-dihydrotetramethylfuran with 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 stirred for 11 days.
The lower layer (l1.6g) was separated, transferred under vacuum from
phosphorus pentoxide, and contained (111, R = CZHS) (90%, 61% yield)
and five minor components. A sample was separated by preparative scale

g.l.c. (Autoprep, col '0O', lOOO) glving cis-, trans-2-ethoxy-5-fluoro-

tetrakistrifluoromethylfuran (111, R = CZHS) (isomer ratio = 83:17 by

19F n.m.r. spectroscopy), b.p. 126.5° (Found C, 30.0; F, 60.6%; M+-H, Lo3,
CyoHgF130, requires C, 29.7; F, 61.1%; M, 404), i.r spectrum No.l7,

n.m.r. spectrum No.23.

Furan (109) (22% yield) was obtained from reaction, at room
temperature, of (41) with methanol using Et;N as base and tetraglyme as
169 .
solvent. Compounds (95, R = CH3) and (96, R = CH3) were also formed.

The same reaction, but under reflux, produced (109), (96, R = CH3), and

69

furan (112) (8%).1 No (95, R = CHj) was obtained. Furan (112) is

S

a known compound.ls)
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VIII.A.7 Conversion of Alkyl. Ethers to F-2,5-dihydrotetramethylfuran (109)
VIII.A.7.a A stirred mixture céntaining (22, R = Czﬂs) (1g, 2.3 mmol),
pyridine (0.21g, 2.7 mmol), and tetraglyme (5 ml) was heated in a sealed
glass tube at 120o for 2 h. After cooling volatile material was
transferred under vacuum from the tube, washed with dilute HCl and
the product (0.4g) contained ca. 95% of (lgg) (43% yield) by
19F n.m.r. spectroscopy.
VIIT.A.7.b A simllar mixture but containing CsF 1nstead of pyridine was
heated at 110° for 21 h and (109) (34% yield) was transferred from the
tube.
VIII.A.7.c A similar mixture to that in a) but containing (95, R = CH3)
and (2§, R = CH3) was heated at liOo for 2 h; The recovered product

19

contained (41) and (109) from its ~“F n.m.r. spectrum.

VIITI.A.8 Reactions of F-2,5-dihydrotetramethylfuran (109)

VIII.A.8.2 With Triethylamine

A mixture containing (109) (2g, 5.3 mmol), triethylamine (lg, 9.9 mmol),
and tetraglyme (5 ml) was heated in a sealed giass tube at 95o for 20 h.
The récovered volatile material (lg) contained (GDB, col 'O', 800) (109)
(61%) and furan (112) (39%, 41% yield based on 109 consumed). Involatile
material-(O.Sg) was recovered from the tetraglyme layer on addition of
water.

VIII.A.8.b With Pyridine

A reaction analagous to that described for (a) but using pyridine,

€9

1
gave recovered (1.09).
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VIII.A.8.c With Caesium Fluoride or Chloride

Similar mixtures to that in (a) above but containing CsF or CsCl
were heated at 130° for 40 h. Only (109) waé recovered (64% using
CsF, 86% using CsCl). No (112) was detected.

VIII.A.9 Effect of Alcohol and Amine

The particular amine used as base can affect the product distribution
obtained from an alcohol (i.e. ethanol or methanol) and (41). This
was shown by pyridine and Et,N (see earlier). For a given amine, using
similar conditions, methanol and ethanol can give very different product
mixtures.

VIII.A.9.a Ethanol, using Trimethylamine

A mixture of (41) (10g, 25 mmol), Me N (3.5g, 59.3 mmol), and
ethanol (20 ml) was stirred at 0o 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 (NQZSOA) glving product (9.4g) containing (estimated %
yields based on 41) (95, R = CZHS) (20%), (gz,R=C2H51(35%), two unidentified
components (10 and 15%), and three minor components. Compounds (95) and
(gz) were separa£ed and identified by comparison of spectra with those

of authentic samples.

VITI.A.9.b Ethanol, using Triethylamine

A similar mixture but containing EtqN (5.4g, 53.5 mmol) was stirred

for 18 h giving product (9.7g) containing (95) (45% yield), (97) (26%),

and the same two unidentified components (5 and 10% ylelds).

VIII.A.9.c Methanol, using Trimethylamine
(1) A mixture, similar to that for (a) above but containing methanol

(20 ml) was stirred at 0° for 3 h and then at room temperature for 18 h
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The product (8.2g) contained (97, R = CH3) (30% yield), (108) (40%)
and elght minor components. Furan (lgg) was not formed. Preparative
scale g.l.c. (col 'A‘, 1100) gave (97) (identified by comparison

with an authentic sample) and methyl 3-methoxy-3-trifluoromethyl-4,

4,5,5,5-pentafluoropentanocate (108) (Found F; 50.4%; M+-OCH3, 273.
C8H5F803 requires F, 50.0%; M, 304), 1.r. spectrum No.1l8, n.m.r.
spectrum No.24.
(11) Methanol (.8g, 25 mmol) was added over 1.5 h to a stirred ﬁixture of

(41) (10g, 25 mmol), Me N (3g, 50.8 mmol), and tetraglyme (20 ml) at
'Oo. The mixture was then stirred at room temperature for 4 - 6 h.

A solid was filtered from the mixture, washed with ether and its
analysls and spectral data are consistent with (CH3)4 N HF,. The
lower layer (3.8g) of the remaining mixture contained (109)

(12% yield), (41) (9%), (96, R = CHj) (12%), (95, R = CHj) (2%)

-énd two other components. Addition of water to the tetraglyme

gave further product (1l.2g).

VIII.A.9.d Methanol, using Trlethylamine

.'Similar mixtures to that for (b) above but containing methanol
(10 ml) were stirred a£ room temperature for 30 h, or at 700 for 18 h.
The recovered products (ca. 8g) were of similar composition and contalned
two major and elght minor components. The two major products were
separated by preparative scale g.l.c. (col 'A', 1100). One was identified
as (108) (see c above) but the other was uncharacterised.

VIII.A.10 Ethylene Glycol

A mixture containing (41) (10.1lg, 25.3 mmol), ethylene glycol

(1.75g, 28.2 mmol), sodium carbonate (5g, 47.2 mmol), and tetraglyme (20 ml)



-182-

was stirred for 42 h. The product (6.9g) separated as a lower layer on
addition of water (50 ml). Analysis by g.l.c. (col '0', 1600) showed
one major product (58% yleld) and separation of a sample by preparative

scale g.l.c. (col 'A', 1450) gave 5-pentafluoroethyl-5,6,7-tristri-

fluoromethyl-1, 4-dioxa-6-cycloheptene (104), b.p. 183.50, (Found C, 28.7:

F, 62.5%; M', 422. C,qH,F, 0, requires C, 28.5; F, 63.0%; M, 422),
i.r. spectrum No.14, n.m.r. spectrum No.20.

VIII.A.1ll Ethanolamine

Ethanolamine (4.5g, 73.6 mmol) was added slowly to a stirred
mixture of (41) (10g, 25 mmol) and tetraglyme (20 ml). After 1 h water
(50 ml) was added and ihe product (3g), which separated as a lower layer,
contained (GDB, Col 'O', 1700) four components. Preparative scale g.l.c.
gave 5-pentafluoroethyl-5,6,7-tristrifluoromethyl-1-oxa-4-aza-6-cycloheptene

(105) (8% yield) (Found N, 3.3%; M', 421. CogHcF,, NO requires N, 3.3%;

M, 421), i.r. spectrum No.1l5, n.m.r. spectrum No.21l. The other analysis
figures were not satisfactory.
VIII.A.;2 Sorbitol

Using a 3:1 ratio of (41) to sorbitol, 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 soiid which showed OH and CF
stretches 1n 1ts i.r. spectrum.
VIII.A.13 Phenol
The reactions with phenol were carried out by a previous worker.169

Now that related n.m.r. data is available for similar alkoxy products

i1t has been possible to reassign structures to two of the products,
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(95a, R = Ph) and (95b, R = Ph). The n.m.r. data for all three
monophenoxy derivatives 1s given 1n the appendices; n.m.r. spectra

NOS ] 19"21 .

VIII.B Reactions with N-Nucleophiles

VIII.B.1 Ammonia

A mixture of (41) (7.7g, 19.3 mmol), 880 aqueous ammonia (10 ml)
and ether (8 ml) was stirred at room temperature for 71 h. There was no
apparent reaction after 30 minutes in the absence of ether, but a rapld
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 MgSOL.
Analysis by g.l.c. (GDB, col '0’', 2000) showed one major component. The
ether was removed under reduéed pressure leaving a pale yellow solid
(4.9g, 72% crude yield) which was fractionally sublimed at 100° and

.005 mm Hg pressure glving trans-2, 4-diamino-3-cyano-4-trifluoromethyl -

octafluoro-2-hexene (119) (2.9g, 43% isolated yield), m.p. 73-40,

(Found C, 27.5; F, 59.3; N, 12.2%; M', 351. CgH,F,,N; requires

C, 27.4; F, 59.5; N, 12.0%; M, 351), X\ (chloroform) 260 nm

max
(e= 15,400), i.r. spectrum No.1l9, n.m.r. spectrum No.25.

Compound (ll9)was recovered'unchanged.after stirring with ether,
dil. HCl and aqueous sodium nitrite at 0—5o for 1 h and then at room

temperature overnight.

Anhydrous ammonia, when bubbled through a solution of (41) in

143

ether glves entirely different products (see discussion).
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VIII.B.2 Aqueous Methylamine

A mixture of (41) (8.5g, 21.3 mmol), 25/30% w/v aqueous methylamine
(20 m1), and ether (10 ml) was stirred for 74 h. The liquid product
(7.5g) was recovéred as in VIII.B.llabove and contained two major and
several minor components (GDB, col 'O', 2000). fhe two main components
were sepafated by reduced pressure distillation (Fischer-Spaltrohr) and
preparative scale g.l.c. The more volatile component contained several

19

isomers or compounds from its F n.m.r. spectrum and was not investigated
further. The spectral and analytical data of the less volétile component

is consistent with 2-tr1fluoromethyl-3-(2Lmethylaminooctafluoro—2Lbuty1)-

4-methylimino-N-methyl-2-azetine (120) (Found H, 2.6; N, 10.9%; M+, 393;

+ .
M ~CFy, 324; - CyqHyoFqqN3 requires H, 2.6; N, 10.7%; M 393), Xy
(eyclohexane) 290 nm (¢ = 13,600), i.r. spectrum No.20, n.m.r. spectrum

No.26. The other analysis figures were not satisfaétory.

VITI.B.5 Anhydrous Methylamine

Anhydrous methylamine (1.3g, 42 mmol) was bubbled into (41)
(7.2g, 18 mmol) and a white solid formed. Addition of water (30 ml) gave
a 1iqu&d product (6.6g) containing (GDB, col ‘'A', 1400) (1) (ca. 75%
wt composition), (118, R = CH3) (20%4), and two minor components.
Trans-4-ﬁethylémino-3,4-bistrifluoromethylnonafluoro-2-hexene (118, R = CH3)
was not isolated but 1ts structure follows from a comparison of the
19F n.m.r. spectrum with that of (118, R = CZHS) (see pelow) and similar

alkoxy derilvatives described earlier.

A similar reaction but with ether present also gave (118, R = CH3).
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VIII.B.4 Anhydrous Ethylamine

Ethylamine (2.4g, 53.3 mmol) was added to (41) (10g, 25 mmol)
and tetraglyme (20 ml) at 0°. After stirring at room temperature for
18 h water (100 ﬁl) was added and the product (6.9g) was recovered.
Transference under vacuum gave a less volatlle ffaction (3.4g) and a
volatile fraction (3.5g). The volatile fraction contained two main
components which were separated by preparative scale g.l.c. (GDB, col 'A',

1450) giving trans-4-ethylamino-3, 4-bistrifluoromethylnonafluoro-2-hexene

o) +
(118, R = CZHS), b.p. 127, (Found F, 66.5%; M , 425. CioHeF15 N
requires F, 67.0%; M, 425), i.r. spectrum No.21, n.m.r. spectrum No. 27.

and a mixture of cis-, trans-2-ethylimino-3,4-bistrifluoromethyloctafluoro-

3-hexene (123, R = CZHS) and cis-, trans-3-(N-ethyliminofluoromethyl )-4-

trifluoromethyldecafluoro-3-hexene (124, R = CZHS) (unresolved by g.l.c.,
19

F n.m.r. spectroscopy) (Found C, 29.3;

ratio 123:124 is 2:.1 by
F, 65.1; N, 3.5%; M+, hos, CioHgFy N requires C, 29.6; P, 65.7;

N, 3.5%; M, 405), X\ (cyclohexane) <235 nm, ). 1640 w (C=c),

max max

1670 mw (CF3C'—'N, 123), 1750 m cm-1 (CF=—=N, 124), n.m.r. spectrum No. 28.

VIII.B.5 t-Butylamine

VIII.B.5.a -In the presence of Pyridine

(1) Excess Amine: t-Butylamine (1.75g, 24-mmol) was added to (41) (1.1lg,
2.8 mmol) and a white solid immediately formed. .The reaction was
exothermic. Pyridine (10 ml) was added and the mixture was stirred for

7 days after which water was added. The recovefed lower layer (0.8g)
contained one main component (ca. 80%) (GDB, col 'A’, 1400). The

19

F n;m.r. spectrum suggests the main component is cis-2-t-butylimino-3-

trifluoromethyl-4-(N-t-butyliminofluoromethyl }-octafluorc-3-hexene (125 )
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(Found M+-F, by, Ci5H1gF1o N> requires M, 466), n.m.r. spectrum No.29.
Attempted separation of (125), using preparative scale g.l.c. (col 'A',
1500), gave a mixture containing (by 19F n.m.r.) (125) (15 mole %) and a
compound identified as cis-2-t-butylimino-3-trifluoromethyl-4-cyano-

+
octafluoro-3-hexene (126) (85 mole %) (Found, M =CH3 , 375. Cy HgFq4N,

requires M, 390), )\ (cyclohexane) < 235 nm (e <2000), ))qu (cm-l)

max

1625 m (C=cC), 1685 m (C =N), 2225 w (C=N), n.m.r. spectrum No.30.

(11) Equimolar Amounts of Amine and CgF A mixture of (41) (lg, 2.5 mmol),

.]Q:
.t-butyl-amine (0.18g, 2.5 mmol), and pyridine (3 ml) produced a white solid,

which after stirring for 7 days had disappeared leaving a lower layer (0.95g)
containing (GDB, col 'A', 145°) (41) (ca. 45%), (124, R = C,Hg) (33%), an
unidentified component (17%), and (125) (5%). Compound (125) was identified
by comparison of g.l.c. retention ti‘mes and (124, R = Ct,Hg) (ca. 60% yield
based on ﬂ consumed) was identified by a comparison of the 19F NeMer..

spectrum with that of 124, R = CoH).

VIII.B.5.b Without Pyridine

The reactions of t-butylamine with (41), in the absence 'of‘ pyridine,
using mol_ar ratios of 2:1 and 1:1 (amine: _ﬂ), produce white solids.
Subsequent addition of water or BF3 etherate glves product mixtures
containing (ﬂ) (main component) and (125).

VIII.B.6 Ethylenediamine

Ethylenediamine (31g, 51.6 mmol) was added dropwise, with stirring,
to (41) (10.9g, 27.3 mmol) at Od. Any volatiles were transferred under
vacuum, and after addition of water (41) (7.9g) was recovered. The
_ remair;ing involatile material appeared to be heat sensitive and no

products could be sublimed.
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VIII.B.7 Urea
A mixture of (41) (10.4g, 26 mmol), urea (3g, 50 mmol),
Et3N(eg, 19.8 mmol), and DMF (20 ml) was refluxed for 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 tar (8g),
which did not sublime.
~ No reactlion occurred in the absence of Et,N.

VIII.B.8 Diethylamine

Previously in this laboratory it has been found that the reaction
of (41) with Et,NH in sulpholane at room temperature gives a single

product (127). Subsequent hydrolysis (dil. NaOH) gives the expected

amide.169

0
CF CENEt CFa  NC—NE
{ 2 3\ / 2

CaFicldl] ——  F—C—C —_— c—

8716' EtoNH VAN NaOH 7
CoFg CoFg CaFs CaFs
127

VIII.B.B.a Without Solvent
Et,NH (0.6g, 8.2 mmol) was added dropwise to (41) (7.7g, 19.2 mmol)
and a solid forms immediately. After 30 min. (41) and Et NH.F were

transferred under vacuum leaving pure (127) (1.7g, ca. 90% yield).

VIII.B.8.b With Ether Present

A similar reaction, but with (&;) in solution in dry ether, gave

the same product.
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VIII.B.9 Triethylamine
| Refluxing (41) with an excess of Et N for 24 h gave mainly (41)

and some F-3,Y4-dimethyl-2,4-hexadiene (89, 5%).169

A low yleld of (89) was also obtained from a similar reaction,
but in the presence of IMF as solvent. Wilth tegraglyme as solvent
CgF43NH, (g.l.c. -ms only) was formed in low yield but no (89) was
detected. Both reactlons, in the presence of solvent, gave complex
mixtures.

VIII.C Phenylmagnesium Bromide

Phenylmagnesium bromide was prepared under n@trogen in dry ether
(60 ml) from magnesium (1.3g, 53 mmol) and bromobenzene (8.lg, 51.6 mmol).
A solution of deoxygenated (41) (10g, 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 4 HC1 (40 ml) were added. The ether layer was
separéted, washed, and dried (NGZSOL)’ and then ether and unreacted (41)
(ca. 2g) were removed by distillation leaving a residue (6.7g) containing
" fluorine (19.6%, 68.9 mmol) by elemental analysis. The aqueous layer
and washings were combined, neutralised and all water removed leaving
inorganic salts which, by elemental analysis, contain 202 mmol of
fluoride. Thus the recovered fluorine accounts for 84% of c8F16 consumed
(8g).
The organic residue was fractionated under vacuum giving involatille
material, biphenyl (3.25g, 81% yleld, based on bromobenzene), and a
colourless liquid (1.5g) which consisted mainly (ca. 95%) of a mixture

19

of CaF13Ph isomers (from ms and ~“F n.m.r.). Stirring the mixture of

CBF13Ph isomers with CsF and tetraglyme gave a less complex 19F Nem.r.
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spectrum and loss of a C=—C str. at 1730 cm-1 in 1.r. spectrum. The

data 1s consistent with 3-trifluoromethyl-4-(phenylfluoromethene)

-nonafluoro-2-hexene (129) (Found C, 40.3; F, 58.3%; M+, 420.

Cy,HgFy3 reauires C, 40.0; F, 58.8%; M, 420), i.r. spectrum No.22,

n.m.r. spectrum No.31l.
The same reaction, as above, when worked up without addition of water

or dil. acid, by transferring under vacuum, gave the same products but

19

in this case the recovered (41) (3g) was shown by ~“F n.m.r. spectroscopy,

to contaln ca. 35% of F-3-methyl-4-methene-2-hexene (128), )

and 1715 m (CF3CF‘==C), and 1740 m cm'1 (cmzzzc), 19F n.m.r. spectrum

max 1690 mw

No.32. Compound (128) could not easily.be separated from (41) using
preparative scale g.l.c.
VIII.D Halide

Chloride{ No reaction of (41) with LiCl using tetragl&me at
room femperature.

lgélgg: Only (41) recovered using NaIl and acetone at 60°.

VIII.E Potassium Permanganate

' To a solution of potassium permanganate (4.7g, 29.7 mmol) in dry
acetone (100 ml), (41) (9,7g, 24.3 mmol) was added slowly. After
stirring for 3 h, water (100 ml) was added ;nd sulphur dioxide was
bubbled into the mixture to decolourise. On cooling to Oo a lower
layer formed, which was separated, and after addition of water (100 ml)
was extracted Into carbon tetrachloride. After washing and drying
(MgSOL then P205) the solvent was removed by distillation, and the

o
last traces by bubbling nitrogen through the product at 100 to gilve

3, 4-bistrifluoromethyldecafluoro-3, 4-hexadiol (131) (65%), m.p. 49-51°,
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(Found C, 22.0; F, 69.5%; CgHF'160 requires C, 22.1; F, 70.0%; W,
i.r. spectrum No.23, n.m.r. spectrum No.33,

VIII.E.1 Reactlion of Diol with Potassium Hydroxide

Crushed dry KOH (10g, 178 mmol) was added to diol (131) (8.4g,
19.3 mmol) and the mixture was left for 7 days.. Strong heating under
vacuum gave a colourless liquid (8g) containing (GDB, col '0O’, 1500)
diol (;2;) (25% by wt) and a more volatile component (132) (75%).
The yield of (132) based on diol (131) consumed is 98%. A sample
of (lzg)was separated, by preparative scale g.l.c., as a mixture of
two isomers (ratio 80:20). The spectral data 1s conslstent with

2;3-bistrifluoromethyl-2—(2Lhydroxyloctaf1uoro—2Lbutyl)ffluoro-oxirane

434),

(132) (Found M+—F, 395. CgHF450 requires M, 414), 1.r. spectrum No.24,

n.m.r. spectrum No.34%, The volatility of the sample prevented a

satlsfactory analysls from being obtained.

When wet KOH was used a very vigorous exothermic reaction occurred

and little material was recovered.

VIII.F Difluoroearbqgg

Only (41) recovered using sodium chlorodifluoroacetate at 1300.
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CHAPTER _TX

Experimental to Chapter V

IX.A Pyrolysis of F-olefins, General Method

All the reactions described in this chapter involved passing
the reactant, iIn a stream of nitrogen, over a packing material contained
in a hot silica tube. The products were collected in a trap cooled
wlth liquid air or solid COZ' The silica 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 volatlile compounds, ahd a flow rate of abéut
50 ce/min gave a contact time of about 25 seconds. Flow rates much‘
above 50 ce/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, in the heated tube, and the
contact time did not markedly affect product distribution, although
very short contact times will-obviously reduce conversion. However,
conversion to producté willl increase at higher tube temperatures, but
this‘may be offset by increaéing degradation.

Thg silica tube contained one of the following: platinum foil,
quartz wool, CsF, or coarse iron filings. Iron fillngs, which are used
as a defluorinating agent, were renewed regularly. It is important
that lower temperatures are used for defluorination than those required
to give high conversions to purely thermal fragmentation products. For
exa;11ple, <540° was used for defluorination of CgF1g (41) because

fragmentation 1s only significant above 540o for the contact times usgd.
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IX.A.1l Workup

The products are generally mixtures of volatile liquids and
sometimes gases, although less volatlile oils may also be formed to
a limited extent. The products were treated either by 1) separating
the gases from the volatile 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. It should be noted that F-ethane (b.p. -780)

2° The

which can be one of the products, is not trapped using solid CO
1iq;id products, which may still contain dissolved gases such as
F-propane and F-butane, were then analysed further.

The percentage converslions and ylelds quoted should be treated
as approximations because of the nature of the products and the number
of variables in these experiments, especially when using iron filings

since theilr activity is very variable.

IX.B F-3,4-dimethyl-3-hexene (41)

IX.B.1 Over Iron

CF3 CZFS
N
CF
A PN
CF3 C2F5 CF3 C2F5
98 99

A freshly packed tube at 540o using about 30 g of (41) gave a

product mixture containing (89) (ca. 50%) and a mixture of CgF4g 1somers,

15

(41), (98), and (99) (ratio 2:2:1 by ~“F n.m.r. spectroscopy). A mixture

of the CBFIG isomers was separated by distillation and preparative
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scale g.l.c. (col '0O', 800) (Fourd C, 23.9; F, 75.9%. CqF4g requires

Cc, 24.0; F, 76.0%4). Some further separation of the isomers was

possible, again using preparative scale g.l.c., enabling l9F n.m.r.

assignments to be made, l9F n.m.r. spectra Nos. 35 (98) and 36 (99).

Further structural evidence is given in Section VIII.A.4. Isomers (89)

169

have been prepared previously by the same method and are known

176,177

compounds.

IX.B.2 Caesium Fluoride

Fresh dry CsF at 540o gave a similar product mixture (2.1lg
from 2.5g of 41) to that obtained using iron at 5400. Thus it contains
CoF'16 isomers (41) and (98) (ca. 70%) and CgFq, 1somers (89a) and (89b)
(30%, ca. 28% conversion to defluorinated products) from a comparison of
the 19F n.m.r. spectrum with those of authentic samples. Similarly (99)
is not present.

IX.B.3 Platinum

IX.B.3.a Isomerisation

Platinum at 54Q° gave a product mixture (1.8g from 2g of 41)

containing (41) (ca. 70%), (98) (25%) and (99) (5%).

IX.B.3.b Fragmentation

CFy  CFy CFy
u Pt FL=C .
= Ta c—CF + CoFg + C3Fg + CygFyg + others
2 F F,
CF}
130 135
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For convenience CgFs isomers (98) and (99) are not considered

as products.
Effect of Temperature
: Liquid % Conversion
Tube temp. 4 (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 (41) (100g) through thé tube (6700) gave a fraotién
(13.5g) consisting mainly of F-ethane (ca. 39% yield), and a liquid
mixture (55.5g) after fractionating the products at -780 under reduced
pressure. The liquid mixture contained three main components (GDB,
col '0' and 'A’, 250) which are F-propane (10%), (135) (16%), and
(129) (70%), giving a ratio of (130) to (135) of 4.4:1. The ylelds,
based on (41), are F-propane (12%), (135) (14%), and klzg) (59%), a
total yield of CsF10‘isomers of 73%. The liquid mixture was distilled
(FiScher-Spaltrohr) with the distillation fractions being collected in
tubes cooled in COz/acetone becauée the bolllng points are F-propane
(-39°), (135) (36°),' and (130) (49-51°)." The atstillation gave
a high recovery of material (49.8g) and the fractions (28.7g) containing
mainly (130) (>90%) is an aéprox. yleld of 40%.

F-ethane was ldentified by its i.r.194 and mass spectra
(M+-F, 119), F-propane by its mass sﬁectrum (M+-F, 169), and (130)

and (135) (M+,262) by comparison of their i.r. and Raman (for 135)
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spectra with literature data,192’193 i.r. spectrum No.27 (130),
1
9F n.m.r. spectra Nos. 37(130) and 38 (135). Two other CgFqg 1somers

and also CioFqg 1somers (ca. %) (g.l.c.-ms of pot residue from
distillation shows M+,424) were formed in low ylelds but were not
isolated or identified.

Recycling of Product

Passage of a mixture (2.6g) containing (130) (63%), (135) (25%).
and the two other CgF,, isomers, through the tube at 670° gave product
(2.2g, 85% yleld) containing (130) (78%), (135) (13%), and the two
other isomers.

IX.B.4 Quartz Wool

At 6500, quartz wool gave the same products obtalned using

platinum.

IX.C F-2,3-dimethyl-2-pentene (92)

IX.C.1 Iron

Compound (92) (1.7g) at 6‘75o gave liquid products (0.85g)
containing (g.l.c.-ms and GDB, col 'O', 400) (130) (5%) and isomers
of CéF12 (136) (95%) (ca. 53% yield). Isomers (136) were separated by

preparative scale g.l.c. as a mixture of c¢is-, trans-F-2,3-dimethyl-1,

3-pentadiene (136a) and F-1,2,3-trimethylcyclobutene (136b) (ratio 136a:136b

19F n.m.r. spectroscopy) (Found F, 72.8%; M+,312. CsFqy

9F n.m.r. spectra Nos. 39 and 40.

is 4.3:1 by
1
requires F, 73.1%; M,312),

IX.C.2 Platinum

CFy CFy CFy
92 Pt , FZC:C\ + + (CFq),C=C=CF, + (CF,),C=CICF)
== C=CF, 312C=C=CF, 312C=CICF3),
crf Fr—F 137 9%
130 135 + others
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Effect of Temperature

Liquiad % Conversion
Tube temp. 2 (g) . products (g) to products
620° 0.7 0.6 5
675° 0.7 0.3 75
715° 0.7 0.2 100

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', 35°) showed CsFg  (137) m*-F, 193), CeFyp (128) M",262),

CgFyy (94) (M'-F,281), and CgF,, (130) (M7,262). |
At 7000, (gg) (0.8g) gave 100% conversion to a mixture of

products (0.4g, including any gases) which was transferred under
19

vacuum and sealed in an n.m.r. tube. The “PF n.m.r. spectrum showed

the presence of allene (137)195

87

(94)"' . F-2-butyne may also be present. The 1.r. spectrum confirms

the presence of diene (130) and allene (137) (C:::C:ﬁ:C, 2045 c:m-1 195.

s cyclobutene (135), diene (130), and

The ylelds of the préducts are roughly the same between 675 and 715o
and are estimated as follows: (137) (7%) (135) (2%), (130) (14%), (94)
(1%).

IX.D F-propene Trimers

IX.D.1 TIron

CoFg CFICF3),  CFy C,Fg
(CF3),C==, + CF3FC=G . + others
CFICF3), CFICF4), F,L—J(CFy),

—
(o]

32 - 33
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A mixture of (32) and (33) (ratio 3:1) (2.3g), at 6050, gave
a product (1.45g) containing (GIB, col '0', 700) one main component

(ca. 70%, 48% yield). This was separated by preparative scale g.l.c.

glving F-2-ethyl-1,3,3-trimethylcyclobutene (138) (0.6g, 28% isolated
yleld based on total st. mat.), b.p. 890, (Found C, 25.9; F, 74.1%;
+ | .
M',412. CgF,, requires C, 26.2; F, 73.8%; M,412),\%nax (Raman)
1708 cm-l (c=c str.), 1.r. spectrum No.25, 19 n.m.r. spectrum No.41.
IX.D.2 Platinum
. o
Isomer (32) fragments more readily than (33). At 560 most of
(32) has reacted, (33) 1s still present at 6200, but-all (33) has reacted
at 6700. Most of the products are very volatile, none were identified.

IX.E F-2,5-dihydrotetramethylfuran (109)

IX.E.1 Iron

At 580°, (109) (9.95g) gave liquid product (?.55g) containing,
by 19f n.m.r., (109) (23% by wt.) and F-tetramethylfuran (112) (77%,
79% yield based on 109 consumed). The product was distilled (Fischer-
Spaltrohr) giving, as the residue, (112) (3.65g, 49% isolated yield).
IX.E.é Platinum

At 7150, (109) (é.lg) gave a product liquid (1.5g) containing mainly
(109) (>90%) and two unidentified minor components from g.l.c.

(cIB, col '0', 50°).

IX.F F-4-ethyl-2,3,4,5-tetrémethy1-2-oxolene (113)

IX.F.1 Platinum_
At 430° there 1s a 45% conversion of (113) to products.

o
From 500° to 700° the conversion to products is 100% and the yleld
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of the main product (139) remains between.80 and 85%.

Passage of (113) (47.9g) through the tube (5700) gave, after
allowing any gases to escape, liquid products (28.2g) containing
(cDB, col 'A', 600) (139) (ca. 88% by wt. 85% yield), n-F-butane
(4%), and unidentified material (8%); A white crystalline solid
(ca. O.Sé) formed in the product on standing,but this was not
identified. Preparative.scale g.l.c. (éol 'A', 500) of a sample

of the product (5g) gave n-F-butane and F-2,3,4-trimethylfuran (139)

(3.2g, equivalent to 62% isolated yield), b.p. 90.50, (Found C,
29.3; F, 65.28; M',290. CoF400 requires C, 29.0; F, 65.5%;
M,290), )\qu(methanol) 220 nm (€ = 3900), 1i.r spectrum No.26,

19

F n.m.r. specfrum No.42. n-F-butane was identified by its
19 174 .

F n.m.r. spectrum. Distillation of the product mixture (19.2g)
obtained from (113) (35g) (tube temp. 590°) gave (139) (14.7g,

69% isolated yield).

IX.F.2 Iron
C2F5 CF3 CF3 CF3 CF3 CF3 CFQ CF3
CF3 —%%—4 + + F
CF3 o CF3 F- CF3 CF3 CF3 0 FCF3
13 139 1 109

— —_—

Passage of (113) (27.0g) through the tube (4700) gave, after allowing
any gases to escape, a product mixture (19.1lg) containing (GDB, col 'A‘,
65°) (109) (20% by wt), (139) (13%), and (112) (60%), and minor
components. The yields are (109) (18%), (139) (15%), and (112) (60%).

Distillation gave (112) (8.5g, 44% isolated yield) and a fraction
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containing (109), which was separated (1l.1g, 5% isolated yield) by
preparative scale g.l.c. (col 'A’, 500) and identified by comparison
of 19F n.m.r. data with that of an authentic sample.
IX.G Others

Olefin (82) at 670o over platinum did not give any liquid
products although gases may have been f;rmed. Over 1ron at 5200,

(82) gave recovered starting material (ca. 6%) and two CyoFy( isomers

(ca. 2%), which are not (83) from their g.l.c. retention times.

CZFS\ . /CF3 ‘ CF3 _ CF3
,/’ ::Q\ HFCZFS
CF3 //C:: \\ CF3 CF3
CF3 CF3 CF3 CZFS
2 83

Olefin (83) at 550o over platinum gave ca. 50% recovery of material
containing at least six products, Including lsomers of C1OFH6’

CqyFyg» and CioFo5.



-200-

CHAPTER X

Experimental to Chapter VI

X.A Reactions of F-2,3-dimethylbutadiene (130)

X.A.1l 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 wa;hed, and dried over magnesium sulphate giving
a colourless liquid (5.1g) containing (GIB, col 'O', 1000) two main
components identified as (140) (28% by wt, 17% yield) and (141) (62%{
39% yield). Preparative scale g.l.c. (GBD col '0', i}Oo) gave

3-hydro-4-methoxy-2, 3-bistrifluoromethyltetrafluoro-l-butene (140),

b.p. 95.50, (Found ¢, 28.7; F, 64.0%; M+, 294, C7HLF1OO requires

c, 28.6; F, 64.6%; M, 294), 1.r. spectrum No.28, n.m.r. spectrum

No.43 and cis-, trans-l-methoxy-2, 3-bistrifluoromethyltrifluorcbuta-
diene (141) (ratio cis:trans = 1.6:1), b.p. 114°, (Found C, 30.9;
F, 61.9%; M', 274 CoH4Fg0 requires C, 30.7; F, 62.4%; M, 274),
i.r. spectrum No.29, n.m.r. spectrum No.44.
X.A.2 Phenol

A mixture containing (130) (4.1g, 15.6 mmol), phenol (1.5g,
15.9 mmal), sodium carbonate (1.75g, 16.5 mmol) and DMF (25 ml) was stirred
for 36 h at 22°. The reactlon mixture was poured into water (300 ml)
and the products extracted iﬁto ether. The ether layer was washed
with dil. NaOg, dil. HCl1l, and water and then drled over sodium sulphate.
Ether was removed by distillation leaving a liquid (3.6g) showing one

main component (g.l.c. -ms and GIB, col '0’', 2000) which 13 a mixture
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by 19F n.m.r. containing (143) (ca. %%, 26% yield). Compound (143)

could not be obtalned pure uslng preparative scale g.l.c. but was

identified as cis-, trans-3-hydro-l-phenoxy-2,3-bistrifluoromethyl-
19

tetrafluoro-l1-butene (143) (ratio cis:trans = 1:2 by “F n.m.r.)

(Found M+, 356. CypHgFoO requires M; 356),\%“ 1700 s cm-l (c=¢cC str.),

ax

n.m.r. spectrum No.45,

X.A.3 Caesium Fluoride and Bromine

Caesium fluoride (3g, 19.7 mmol) was added severally ﬁo a stirred
mixture containing (130) (2g, 7.6 mmol), bromine (9.4 mmol), and
DMF (8 ml). After 3 days the recovered lower layer (1.8g) contains
mainly F-2,3-dimethyl-2-butene (94) ( 90%, ca. TO% yleld). Preparative
scale g.l.c. (GDB, col '0O', 1100) gave (94) (1.1g, 48% isolated yield)
which was ldentified by its mass spectrum and by comparison of its
19

8
F n.m.r. spectrum with that reported in the literature. 7

X.A.4 Caesium Fluoride, Dimerisation

X.A. 4.2 At room temperature

A mixture of (130) (7.lg, 27.1 mmol), caesium fluoride (2.5g,
16.5 mmol), and tetragiyme (20 ml) was stirred for 18 h, when a
one phase system remaingd and most of the CsF had dissolved. This
orange solution is ca. 0.8 M in CsF, almost'certainly in the form of
carbanions (see below). The products (6.7g) were recovered by
transferring under vacuum to a cold trap and contained (% wt, CDB,
col '0', 50°) (130) (2%), (147) (32%, 30% yleld), (146) (60%, 57%
yield), and an unidentified less volatile component (6%). The CsF

was precipltated 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', 6o°) glving cis-, trans-F-3-(3'-methyl-2'-

butylidene)-1, 4, 4-trimethyleyclobutene (147) (ratio = 2.2:1 by 19F Nem.r.), -

b.p. 137°, (Found F, 72.9%; M', 524. C)Fy( reauires F, 72.5%; M, 524),

)\qu (eyclohexane) 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-1, 3, 6-

octatriene (146) (isomer ratio = 2:1 by 19F n.m.r.), b.p. 148° (Found F,

T2.3%; M+, 524), 1.r. spectrum No.3l, 19F n.m.r. spectrum No. 47.
X.A.bb At 90°

A mixture of (130) (2.1g, 8 mmol), caesium fluoride (1lg, 6.6 mmol),
and tetraglyme (5 ml) was stirred at 90o for 15 h in Carius tube. The
recovered product (1.6g) contained (147) (58%, 44% yleld) and (146)
(37%, 28% yleld).
X.A.4b.c Pyridine

A mixture of (130) (1.3g, 5 mmol), pyridine (0.15g, 1.9 mmol),
and tetraglyme (5 ml) was stirred for 19 days. Only (130) (1.1g)
was recovered.

X.A.4.d Reaction of Dimers with Fluoride Ion

A mixture of (lﬂé) and (147) (146:147 = 95:5) (0.25g, 0.5 mmol),

caesium fluoride (0.2g, 1.3 mmol), and tetraélyme (2 ml) was stirred
for }i days. The recovered product (0.13g) contained (146) (90%)
and (147) (10%).

A similar mixture at 80° for 68 h gave a product containing mainly
(146) (ca. 90%).

A similar mixture hut containing (146) (5%) and (147) (95%) at

room temperature gave a product containing (147) (98%).
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X.A.5 Formation of Carbanions from the Dimers

A mixture containing (146) (0.38g, 0.7 mmol), CsF (O.l4g, 0.9 mmol),
and tetraglyme (2 ml) was stirred for 40 h. After filtering under
nitrogen a sample of the tetraglyme layer was removed. The 19F 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
anion (150), 19F n.m.r. spectrum No.51. Addition of BF, etherate (60 wl)
regenerated (146) and produced BFA- (154 p.p.m.).

A éimilar experiment, but using (147) gave a two phase system and
the tetraglyme layer produced only a very weak 19F n.m.r. spectrum
which was different to that of (150). After addition of BF; etherate
the spectrum was still very weak.

A similar experiment, but starting with (130) instead of the
qimers, gave a l9F n.m.r. spectrum showing all the signals arising
from anion (150) and in addition peaks at 51.9 (Int.6), 60.4, 61.8

(ca. 855), 72.8 (3), and 177 (1).

X.A.,5.2 PFrom Other Fluoro-olefins

The dienes (89), (81), (82), and (129) all gave yellow or orange
solutions with CsF and'fetraglyme 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 Trifluoride

This is a standard technlique previously used in thils laboratory
and Involves passing material in a stream of nltrogen over a mixture

of cobalt trifluoride and calcium fluoride.
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X.A.6.a At 100° -

A mixture of (146) and (147) (ratio 65:35) (3g) gave a product (2.3g)
containing (g.l.c.—ms, GDB, col 'A', 500) 3 isomers of C;,F,, (% wt, .
62, 33, and 5). The yield of (151), based on (146), is 68% and the
yleld of (153), based on (147), is 67%. Sampleé of the two main

isomers were separated by preparative scale g.l.c. (Autoprep, col '0O’,

300) giving F-2,3,6,7-tetramethyl-2,5-octadiene (151) (Found F, 75.0%;

M+-F, 543, CqoF,, requires F, T4.U%; M, 562), 1i.r. spectrum No.32,

1l
9F n.m.r. spectrum No.48, and F-2,3,3,5,6-pentamethyl-1, 4-heptadiene

(153) (Found F, 75.0%; M+,562) i.r. spectrum No.34, 19F n.m.r. spectrum
No.50.
X.A.6.b At 200°
A mixture of (146) and (147) (ratio 63:37 respectively) (1.2g)
gave a product (1g) containing (% wt., g.l.c.-ms and GDB, col 'O',
o ; 5
507) C4Fg (18), CqFqg (3%)s CgFyg (9%), CipF,, (153) (29%), CF,, (151)
(19%), CioF2, (9%), and C15Fy, (152) (30%). Yields, based on (146),
are C,,F,, (151) (22%) and Ci2Fas (152) (35%), and ylelds, based on
(147), are C1oFys (122).(61%) and CioFy, (18%). Preparative scale g.l.c.

(Autoprep, col '0’, 700) gave F-2,3,6,7-tetramethyl-2-octene (152) (Found F,

. .
75.7%; M -F, 581. Cy,F,, requires F, 76%; M,600), i.r. spectrum No.33,
19
F n.m.r. spectrum No.49.
The C12F22 isomer (151) 1s unchanged after heating with caesium
fluoride and tetraglyme for 64 h at 1450.

X.A.7 With Antimony Pentafluoride

Antimony pentafluoride (0.82g, 3.8 mmol) and (130) (3.1lg, 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 ekcess SbF5 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
in a silica tube and irradiated with ultra-violet light (300 nm)
for 550 h. The recovered volatile liquid products (2.2g) contained
starting material (130) and three main products, which are isomers of
CgFHso. The ylelds, based on (130) consumed (1.2g) are (156) (13%),
(154) (41%) and (155) (15%). Preparative scale g.l.c. (GDB, col '0O',

800) gave F-3-(2'-propenyl )-2,2,3-trimethyloxetane (155) (0.12g, 6.1%

isolated yield) (Fourd C, 25.0; F, T70.7%; M+,428. CgF160 requires

C, 25.3; F, 71.0%; M, 428), i.r. spectrum No.35, 19F NeM.T.

spectrum No.52, F-4-(2'-propenyl)-2,2, 4-trimethyloxetane (154) (0.44g,

19F n.m.r. spectrum No.53,

22.4%) (Found M+-F,409) i.r. spectrum No.36,

and F-3,4,6,6-tetramethyl-5, 6-dihydro-2H-pyran (156)

(0.11g, 5.6%) (Found F, 70.7%; M+_-COF, 381),vmcx (Raman) 1660 em
(c—cC), 1i.r. spectrum No.37, 19F n.m.r. spectrum No.54.

X.A.9 Radical Reactions

X.A.9.2 Bromine
No reaction after standing in bright sunlight, irradiating with

ultra-violet light, or after 334 h on the 6000 source. The absence of
198

reaction with bromine has also been reported in the literature.
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X.A.9.b Attempted Copolymerisations using 6000 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
for 336 h. There was no incorporation of fluorine, by 19F n.m.r.,
in the liquid butadiene polymer and (130) was recovered. A similar
reaction, but in 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.1 Methanol

A solution of sodium methoxide was prepared from sodium (0.3g,
13 mmol) and dry methanol (10 ml). An impure sample containing.(lgg)
(2.5g, 8.8 mmol) was added and the mixture was stirred for 15 h. All
the volatiles were transferred under vacuum and methanol, contalning
(129) (0.4g) was removed by distillation leaving a product (2.15g)

containing (157) (83%, 80% yield based on 139 consumed). Preparative

scale g.l.c. (Autoprep, col '0', 900) gave 2-methoxy-3,4,5-tristrifluoro-

methylfuran (157) (lg, 46% yield based on 139 consumed), b.p. 1}9.50,

(Found C, 32.0; F, 56.2%; M',302. CgHF 0, requires C, 31.8; F, 56.6%;
M, 302),)\m°x(methanol) 237 nm (e = 6300), 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% yield).
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X.B.2 Phenylmagnesium Bromide

Phenylmagnesium bromide was prepared, in dry ether (15 ml), from
magnesium (0.25g, 10.3 mmol) and bromobenzene (l.4g, 8.9 mmol).
Furan (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 distillation to leave
a 1liquid residue (l.lg) containing some starting materials and a main
| component identified as (158) (80% , 36% yield). Preparative scale

g.l.c. (GDB, col 'O', 2400) gave 2-phenyl-3,4,5-tristrifluoromethylfuran

(158) (0.6g, 23% yield) (Found C, 44.6; F, 49.0%; M',348. CpyHgFQO

requires C, 44.8; F, 49.1%; M, 348) )__(cyclohexans) 253 nm

max

(e =13%,900), i.r. spectrum No.39, n.m.r. spectrum No.56.

X.B.5> Potassium Sulphide

A mixture of (139) (2.8g, 9.7 mmol), powdered poly potassium
sulphide (2.1g, 19 mmol), and DMF (20 ml) was stirred for 8 days. Water
was added and the products were extracted into 40 - 60° petroleum ether
which was washed with dil. HCl and water, and then dried over MgsQ, .
Most of the solvent was.removed under reduced pressure and then sulphur
was removed by filtratiqn. The remaining solvent was removed and
molecular distillation (0.01 mm Hg and ca. lOOo) gave a pale yellow
liquid (1.2g) and an orange residue (0.5g). Both liquids are mixtures

of compounds (159). The more volatile fraction consists mainly of

CFq CF3 CFy CFy

CFy S CFy
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(159, n = 1) (Found C, 28.2; 8, 6.6%; M', 5Th. Cy F,50,8 requires
C, 29.3; S, 5.6%; M, 5T4) but the mass spectrum also shows (159, n = 2)
(M+, 606). The less volatile component con#ains mainly (159, n = 2)
(Found S, 10.8%; M', 606. C,,F1g0,5, requires S, 10.6%; M, 6€06)
but the mass spectrum also shows (159, n = 1) (M+, 574), (159, n = 3)
(M", 638), and (159, n = 4) (M', 670). The total yield of (159) is
ca; 60%. The 19F n.m.r. spectra of the two fractlons are virtually
the same, n.m.r. spectrum No.57. The workup procedure used has been
202

described in the literature.

X.B.4 Caesium Fluoride, Dimerisation

An impure sample (0.47g) containing (139) (0.41 g) was stirred
with caesium fluoride (0.5g) and tetraglyme (3 ml) for 30 minutes.
The product (0.43g), recovered py transferring under vacuum, contained
(GDB, col 'A’, 600) (139) (11%), (160)(81%) and unidentified material.
The yield of (160) based on (139) consumed (0.36g) 1s 95%. Preparative
scale g.l.c. (Autoprep, col 'A’, 900) of the product of this and

similar reactions gave F-2-(2',3',4'-trimethyl-2',5'~dihydrofuryl)-

3,4, 5-trimethylfuran (160), b.p. 165, (Found C, 29.2; F, 65.1%;

M+,580. C,,Fp00, reauires C, 29.0; F, 65.5%; M, 580), 1.r. spectrum
No.40, 19F n.m.r. spectrum No.58. The mass spectrum shows a metastable
peak at 175 which is a result of loss of CgFg (511 — 299, calculated
value 174.95).

A similar reaction, but at 110o for 1 h, gave a much lower
yield of (160) (8%) and involatile mgterial which was not investigated

further. During the reaction the mixture became bright red.
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Furan (139) is not dimerised by CsF in the absence of solvent
at room temperature or at 1100.

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 @ixture of pyrldine
(1g, 12.7 mmol) and tetraglyme (8 ml) heated at 900. After refluxing
for a further > h at lOOo The mixture was allowed to cool and was
then poured into water. The lower layer was washed with dil. HCl1l and
water and then transferred under vacuum from P205 giving a pale orange
liquid (1.2g) containing (GDB, col '0', 150°) (139) (22% wt), (160) -
(37%), (162) (31%, 11% yield based on 157). Preparative scale g.l.c.
(apB, col '0', 1500) gave (160) (0.25g), identified by comparison of
19F n.m.r., data with thét of an.authentic sample (see above), and

F-2-(2',3', 4" -trimethyl-2',5'~-dihydro-4'-furanonyl )-3, %, 5-trimethylfuran

(162) (0.16g, 4.6% 1solated yield based on 157) (Found C, 29.9; F, 61.0%;
M+-F, 539. Cy,F1g05 requires C, 30.1; F, 61.%%; M,:558), i.r spectrum
No.41, l?F n.m.r. spectrum No.59. The mass spectrum shows strong
peaks at 489 and 299 (489 -» 299 = loss of CSFGO)'
X.B.6 Photolysis | '

Furan (139) was recovered unchanged, by l9F n.m.r., after irradiation,
in the gas phase, with ultra-violet light (253.7 nm) for 140 h in a
sealed silica tube.

Under Transference

- Irradiation under transfer conditions is a well established

2
technique. 05
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The furan (139) (5.3g) was irradiated in a silica vessel in the
gas phase using a high pressure Hg lamp. A partial pressure of
nitrogen (ca. 2 cm Hg) allowed the material to transfer at ambient
temperature over about 24 h to a trap cooled at -780. This procedure was
carrled out twice for the same material giving a-volatile product mixfure
(4.1g) containing (GDB, col '6', 700) (163) (ca. 25%, U42% yleld based
on 139 consumed), (139) (ca. 70%) and four minor components. Preparative
scale g.l.c. (GDB, col '0’, 1050) gave (139) (2.3g) and the more

volatile F-1,2,3-trimethylcyclopropenyl acyl fluoride (163) (0.5g, 21%

isolated yleld based on 139 consumed) (Found C, 28.7; F, 65.9%;

M+-F, 271. CsFyg0 requires C, 29.0; F, 65.5%; M, 290), i.r. spectrum

19

No.42, F n.m.r. spectrum No.6€0.

X.C Reactions of F-tetramethylfuran (112)

X.C.1 Photolysis

Like (139), (112) was recovered unchanged after irradiation with
ultra-violet light (253.7 nm).

A static irradiation of (112) in a silica vessel using a high
pressﬁre Hg lamp gave a-complex mixture of 1e§s volatile products.

Under Transference

Usihg the same experimental conditions deseribed in 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.

(cmB, col '0', 1oo°) gave (112) (1.5g) and F-1,2,3-trimethyleyclopropenyl

F-methyl ketone (164), (0.25g, 35% isolated yleld based on 112 consumed ),
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identified by comparison of séectral data with data reported in the
literature,207 i.r. spectrum No.43, 19F n.m.r. spectrum No.61.

The yleld of (164) decreased with repeated irradiation and the
number of minor components, and less volatile material increased.

X.C.2 Attempted Diels-Alder Reactlons

A mixture of (112) (O.63g; 1.9 mmol) and furan(0.13g, 1.9 mmol)
was-sealed in a pyrex n.m.r. tube and heated for 3 days at 130-1500.
There was no significant reaction.

A similar experiment using diphenylacetylene again gave no

reactlion.
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APPENDIX 1

19

F and lH n.m.r. Spectra

The following abbreviations have been used in describing
spectra:- M - multiplet; S - siﬁglet; D - doublet;

T - tripiet; Q - quartet.
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LN

Shift Fine Structure Relative Assignment
Pep.m. J values 1in Hz Intensity &
1. F-3,4,4~trimethyl-2, 4-heptadiene and
F-3-ethyl-1,2,3, i-tetramethylcyclobutene (81)
58.8 | ] i
59.9 Broad overlapping
6.5 resonances 3a,la,5a
) la',2a',3a'
62.2 | 12
65.5 M i
T2.1 Broad S l
75.8 Broad ] 4a!
80.9 Overlapping T '
multiplets 3 T.3¢
82.6 i
100.2 Broad ]
. 2
104.8 Broad
107.7 M 6,3b’
)
163.0 Broad il 4
-7 6 S Ao} , ,
Y, CF CF
r{C:ﬂ%\ I’_',F , 3 3
- 3a ’
CF3 c=cC CF3 CFs La
Sl o1 CF4 CFgCF5  F
3a 1 % 3B ¥
81a b

Ratio 8la:8lb w T70:30
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Shift Fine Structure Relative Assignment
P.DP.m. J values in Hz Intensity g
2. F-3,4,5,6-tetramethyl-3,5-octadiene (82)
57.6 ]
58.4 Broad overlapping 12 3a, 4a,5a, 6a
resonances
59.0 |
81.0 ]
Broad overlapping 6 1,8
8.5 resonances
-
106-1 Broad multiplets 4 2,7
108.3 |
1 2 La 1 2 La
3a AW 3a _
. CF4 CFq CFqy /C—-C
5a 6a 5a CF3 \CF3
82 88 7a 8a
3. F-3,4,5,6,7,8-hexamethyl-3,5,7-decatriene (88)
57.8 ]
59.0 Broad overlapping 18 3a,la,5a
60.0 resonances 6a,7a,8a
61.3J
79.9 Broad M 6 1,10
106.8 Broad M 4 2,9
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~

Shift Fine Structure Relative Assignment
. P.D.M. J values in Hz Intensity g
4, F-3,4,5,6,7-pentamethyl-2, 4, 6-nonatriene (84)
59.0
3a, 4a,5a
61.2 15 6a,7a
64.7 |
71.5
. 3 1
73.0 Broad
80.6 resonances
' : 3 9
81-7 -
100.0
103.5 3 8,2
106.9 - J
9 8 6a
CF3—CF2 /CF3 4 3a 2a
e CF CF,
=C CFq 3 2
~ N/
CFy J_,:C:C\ 21
7o R P “a cr s 2
Sa
CF3 _ CF3 CF2 CF3
3a 5a 5c
84 83
5. F-ethyl-1,2,3,}4,5-pentamethylcyclopentadiene (83)
57.6 Broad 6 la,4a
60.1 Septet (J10,5c1 , JLG,SG = 10.5) 3 5a
61.8 M 6 2a.3a
82.7 S 3 5e
106.3 M (Jm’5b s J,.a’,5b = 10) : 2 5b
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Shift Fine Structure Relative Assi +
P.PeMe J values in Hz Intensity sslgnment .
6. F-2,3-dimethyl-2-pentene (92) \
60.1 M
60.9 M 9 la,2a,3a
61.4 M
76.9 M 3 5
101.3 M 2 4
3a F 3b
2a a \ /
2a 3a CF3 / \
CFy CFy /\ =c( CFy 3c
CF3 C\ F 4
/ \ /
A 5 4a 5 6
93
7. F-3-isopropyl-2, 4-dimethyl-2-hexene (93)
58.9 Broad 6 la,2a
67.7
Broad M 3 4a -
69.9
72,4 S .
. 6 3b, 3¢
72.5 D(J = 70)
79.6 |
Br.S 3 6
81.}_
105.1 |
Br.M 2 5
106.4 |
158.1 Broad 1 3a
164.5 Broad 1 4
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Shift Flne Structure Relative

ssignment
p.D.M. J values in Hz Intensity A gnme

8. Trans-2-phenoxy-3, H-X\bistriflu oromethylnonafluoro-2-hexene (103, R = Ph)
\ .

58.6 M 3 Ja
&ou Q(J1,3Q = 15) 3 1
735 Broad 3 4a
82.6 Br.D(JLB = 18) 3 6
)
117.9 Complex AB Q 2 5
181.0 M 1 4
'Hs 7.8 p.p.m.
3a 1 4a 3a b 5 3a
6 5 CFj CFy CFy  fFy CF3-CFy _CF3
CF—CE, c=c¢ c=c¢ No=c
I V2N 5 -~ "\ /7T NAe
Py OR " CF) ,CE—OR CF3 CL-OR
L CF3  Fua s CF3 1CF 4a 1CF3
103 95q 95b

9. Cis-2-phenoxy-3,4-bistrifluoromethylnonafluoro-3-hexene (95a, R = Ph)

58'8] Overlapping M 6 3a,la
59.4

71.3 M 3 1
75.5 D(J2,6 = 21) of Q(JLQ,G =5) > 6
99.5 Broad | 2 5
106.2 _ _ Broad 1 2

'Hs 7.8 p.p.m.

10. Trans-2-phenoxy-3, 4-bistrifluocromethylnonafluoro-3-hexene (95b, R = Ph)

58.3 Broad 6 3a, la

70.8 M 3 1

76.1 M 3 6
100.4 Broad - 2 5
105.6 M 1 2

'He 7.8 p.p.m.
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Shift Fine Structure Relative Assi +
p.p.m. J values in Hz Intensity sslgnmen
4a \ 3a 6 5 3d
CF3—CF,  CF—CFy cr='3  CF—CFy
6 5 RO 4a RO
95

11. Cis-,trans-2-methoxy-3,4-bistrifluoromethylnonafluoro-3-hexene (95, R = CH3)

gg::] Overlapping M 6 3a,4a,3a’',la’
72.9 M 3 1,1'

by Poze 19 ] ; ]

99.7 Broad 2 5,5'

115.8 Br. M 1 2,2'

'H§ 3.7 p.p.m. (singlet),

12. Cis-,trans-2-ethoxy-3, 4-bistrifluoromethylnonafluoro-3-hexene (22, R = CZHS)

gg:g:] Overlapping M 6 3a,l4a,3a',la’
72.6 _ M 3 1,1'

75.0 D(Jpq = 20) ] 5 6

5.7 M 6

100.0 Broad 2 5,5"'

112.9 Br. M 1 2,2!

'Hg 1.4'(CH3), 4.0 (sz) ﬁ.p.m.

13. Cls ,trans-2-isopropoxy-3, 4-bistrifluoromethylnonafluoro-3-hexene (Qé, R = C3H

58.3 Broad 6 3a,l4a,3a',la’
1.7 Broad 3 1,1'

T4.9 Br.D (J = 20) 6

75.6 % 3 6'

99.7 Broad 2 5,5'
110. 4 Broad 1 2,2!

'HE 1.1 (2 x CH3), 4.5 (CH) p.p.m.
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Shift Fine Structure Relative

p.P.M. J values in Hz Intensity Assignment
\ ¥ CE.
“@er 3\c—c ?
3./ \_.2
5 5 /A "
96

14. Trans-4-methoxy-3, 4-bistrifluoromethylnonafluoro-2-hexene (96, R = CH3)

54,3 M 3 3a
65.7 Broad 3 4a
68.8 D(J1,2 =2) of Q(J1’30 = 15) 3 1
81.0 M 3 6
92.1 Broad 1 2
119.0 M 2 5

'Hg 3.7 (singlet) p.p.m.

15. Trans-4-ethoxy-3, 4-bistriTluoromethylnonafluoro-2-hexene (96, R = CZHS)

54.7 M > 3a
66.1 Broad 3 ha
68.7 D(Jy9 =2) of Ay 3, = 15) 3 1
81.1 T(J5,6 =5) 3 6
02.1 . Broad 1l 2
118.7 M 2 5

'He 1.3 (CH3), 3.8 (CHZ) p.p.m.

16. Trans-4-isopropoxy-3,4-bistrifluoromethylnonafluoro-2-hexene (96, R = C3H7)

55.7 M ) 3a
67.3 Q(J1,3q = 16) 3 1
67.7 Broad . 3 L4g
80.9 D(J = 9) 3 6
87.0 Broad 1 2
115.0 M (AB) 2 5

'HE 1.4 (2 x CH,), 4.7 (CH) p.p.m.
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Shift Fine Structure Relative

p.p.ms" J values in Hz Intensity Assignment

3¢ CE.

3 3

6 :Fa\c/c_c\
VRN

97

4a

2
OR

17. Trans-2,4-dimethoxy-3,4-bistrifluoromethyloctafluro-2-hexene (97, R = CH3)

53.0 Broad 3 3a
63.1 Q(J1,30 =17) 3 1
64.4 Broad 3 4a
80.6 M 3 6
118.5 : M (AB) 2 5

'He 3.7 (4 - ocn3), 4.0 (2 - OCH3).

18. Trans-2,4-diethoxy-3,4-bistrifluoromethyloctafluoro-2-hexene (97, R = CZH5>

3.1 Broad

3 Sa
62.8 Q(J1,3° =17) 3 1
63.9 - Broad 3 4a
80.1 M 3 6
117.3 M (AB) 2 "5

'He 1.4 (2 x CH;), 4.0 (2 x CH2) p.D.M.

19. Trans-2,4-diisopropoxy=3, 4-bistrifluoromethyloctafluoro-2-hexene (97, R = C,H,

52.3 Broad 3 Ja
61.8 Q(J1’30 = 16) 3 1
65.1 _Broad 3 4a
793 S 3 6
106. 4 Br.AB (J = 275) 2 5
112.3

'He 1.1 (4 x CH;), 4.5 (2 x H) p.p.m.
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P.D.m, J values in Hz Intensity Assignment

20. 5-pentafluoroethyl-5,6,7-tristrifluoromethyl-1,4-dioxa-6-cycloheptene (104)

52.8 M 3 6a
66.6 M(J = 13) of T(qu,sb = 3) 3 Sa
69-8 Q(J60,7c| = 15-5) 3 Ta
7907 S 3 50
117.0 M
2 5b
118.3 M
'H § 4.5 p.p.m. .
6a CFy CFy 7a cr,  cFy
e Se=c MR, e=c]
N N T\
0 C\\
(:F3—Cr-'2 \o CHz CF3—CF2/ NH /CHZ 2
\CH 5c¢ S5b & \CH
2 2 3
104 105

21. 5-pentafluoroethyl-5,6,7-tristrifluoromethyl-1-oxa-4-aza-6-cycloheptene (105)

53.0 M 3 6a
65.0 M 3 5a
70.2 Q(JGQ,-]Q = 16) 3 Ta
78.6 S 3 5c
114.9
AB(J = 290) of M 2 5b
118.7 :

'H § 3.0 (Int.l, 4-H), 3.8 (Int.2, 3-H), 5.0 (Int.2, 2-H) p.p.m.
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Shift F;ne Structure Relative Assi gnment
pP.p.m. J values 1n Hz Intensity &
22. Cis-,trans-F-2,5-dihydrotetramethylfuran (109)
Isomer A
63.3 M 3 Ja
85.0 M ) 2a
122.6 Br. M 1 2
Isomer B
62.9 M 3 Sa
83.4 M 3 . 2a
112.2 Br. M 1 2
CF3 CF3 3a 4a CF3 CF3 3a
F F 2 5 F OR

109 11

23. Cis-, trans-2-ethoxy-5-fluorotetrakistrifluoromethylfuran (111, R = CZHS)

Isomer A
61.6 - " 6 3a,4a
80.7 M ]
6 2a,5a
81.5 M
105.9 Broad 1 5
Tsomer B
62-.1 M 6 3a, 4a
82.1 Q(J= 6) 6 2a,5a
113.6 Broad ' 1 5

'HS 1.4 (CH3), 3.7 (CHZ) p.p.m.

19

The ~“F n.m.r. data for (1ll, R = CH3) is very similar.



_2}6-

Shift Fine Structure Relative

p.p.m. J values in Hz Intensity Assignment

24, Methyl 3-methoxy-3-trifluoromethyl-4,4,5,5,5~-pentafluoropentanocate (108)

72.9 Hextet > Ja
117.5 Q(JL,3G =11) 2 4

'H& 3.8 (singlet, 2 x CH3), 3.1 (singlet, CH,) p.p.m.

3a CF3 OCH3

o OCH
CF?—CFZ/ \CHZ—C. ’
5 4 %o

108

25. Trans-2,4-diamino-3-cyano-4-trifluoromethyloctafluoro-2-hexene (119)

68.7 ' Sharp S 3 1
73.6 T(Jm’5 = 12.5) of Q 3 4a
80.2 Qi =4 3 6
118.9 - Q

119.1 Q 2 5

'H s (Acetone) 3.3 (Singlet, 2-NH2), 7.9 (Broad, 4-Nﬁ2) PeDeMm.

c=C CF,-CFy N G 7
J N/ CF,—CF
2 Ny e /2 03
NHy CF3 4a cH—NZ  C
4 3 7\
1 120

26. 24rrifluoromethy1—3—(2Lmethylaminooctafluoro—QLbutyl):4-
methylimino-N-methyl-2-azetine (120)

67.0 Broad 3 2a
A = .
70 Q (J50,7 10) 3 5a
82.3 _ S 3 7
118.3 M 2

'H 6§ 1.5 (CH3), 1.8 (2 x cu3), 7.8 (NH) p.p.m.



_237_

Shift Fineé Structure Relative

p.p.m. J values in Hz Intensity Assignment

27. Trans-4-ethylamino-3, 4-bistrifluoromethylnonafluoro-2-hexene (118, R = C2H5)

53.7 M 3 3a -
63.8 M : 3 4o
68.8 Q(J1’3c1 = 15) of D(J1’2 = 2) > 1
80.3 . Br. S 3 6
96.4 Broad 1 2
117.6 M - 2 5

'HE 1.2 (CH3), 1.9 (NH), 2.7 (cnz) p.p.m.

3a CFy CFq 1
ba CFy C=C
A N
Py F 2
CF4—CF5  'NHR
6 5
118

The 19F n.m.r. data for the methylamine derivative (118, R = CH3)

is virtually the same.

Cls-,trans-2-ethylimino-3, 4-bistrifluoromethyloctafluoro-3-hexene (1._,,R—02H5;
and Cis-,trans-3-(N-ethyliminofluoromethyl )-4-trifluoromethyldecafluoro-3-
hexene (124, R = Csz)

17.6 Broad
1

20.2 _ Broad Sa
57-61 Br. overlapping M's 3a,ba,la’
70.5 Br. S _ 1
80-81.7 Overlapping M's 1',6',6
105.7-109.2 Overlapping M's 2',5',5
'H & 1.3 (CHg), 3.6 (CH,) p.p.m.

44 CF Y —crl 4a CF CF. 3a

,/C_C\ /C:
—NR
6 5 3a 6 5 CFq

1
124 123
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Shift Fine Structure Relative

P.p.m. J values in Hz Intensity Assignment

29. Cis-2-t-butylimino-3-trifluoromethyl-4-(N-t-butyliminofluoromethyl)
octafluoro-3-hexene (125)

11.8. Q(J3G’Lq =15) | 1 4a
59.5 D of Q(Jyqq = 8.5) > a
69.3 Broad 3 1l-
81.9 Broad 3 6
107.7 Broad 2 5

'H 8§ 1.4, 1.45 (singlets) p.p.m.

F. 4a -
38 6Fy,  XT=N-CiHg 39 cr, CN
~ /7 ~ /
/C:C\ /C: N
N—CLH9 5 N—CAHg 6
125 126

30. Cis-2-t-butylimino-3-trifluoromethyl-4-cyano-octafluoro-2-hexene (126)

61.1 Q(J1’30 = 8.5) 3 ) Ja
70.0 - Broad ) 3 1
80.9 M(J = 4) 3 6
108.4 ' Broad 2 5

'H s 1.4 (singlet) p.p.m.
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p. plm.

Fine Structure
J values in Hz

Relatlve

Intensity Assignment

31. 3=-trifluoromethyl-4-(phenylfluoromethene)-nonafluoro-2-hexene (129)

57.9
61.8
62.5
70.0
70.9
T1.7
85.1
85.7
102.7
105.9
107.0
110.2
111.3

'HS

Broad
D334’
D(J3q o
Q(J = 19)
M

Br. S

D(J = 21)

D(J

18)
Broad

Br. M |
Broad

Br. D(J

Br. D(J

7.4 p.p.m.

CF3 3a

1 CFa\ y

c—C F 4a

AN
2 F /,C::C

Ratio 129a:129b W 25:75

= 17)

18)

19)

22)

3a
3
3a'
b4a,la!
4 1
1 1
3 6,6'
2
1
2 t
2 5, 5'
2 E\ C/CF3 3a ,
C— F 4a
) / \ o
& /CF2 5' Ph
CF3
1296
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Shift Fine Structure Relative Assignment
pP.-D.Mm. J values in Hz Intensity &
32. F-3-methyl-4-methene-2-hexene (}_2_8)*
*
ca.59 , Ja
/ /7 = 1
63.8 D(Jac,z = 18) 3a
68.3 Broad ]
2 4,4
69.2 Q(J = 16) |
71.2 M ] 1
3 ]
T2.3 - Broad ] 1
87'2 ’ Br. M } 6.'6'
113.0 Broad 2 5,5'
[ 4 3 ’
1 CF3\C—C/CF3 3a 2 F\C_C/CF:; a
— . VA N /
2 7 C=CF, ¢ 1 CFy CF/C__CFz A
CF !
6 2 6 2,
cef s cef s
128a 128b

Ratlo 128a:128b w 30:70

* Run on a mixture containing (41),
signal at ca.59 is masked.
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Shift Fine Structure Relative Ass1 nt
p.p.m. J values 1n Hz Intensity sslgnme
33. 3,4-bistrifluoromethyldecafluoro-3,4-hexadiol (131)
69.8 ] _
Br. overlapping M's 3 3a
T70.4
80.4
Br. overlapping S's 3 1
80.6- '
111.0 Broad 2 2
'HS (ether) 6.1 (Broad)
2a 3a
CFQ\. . CF3 3a CF3\ IPF:;
Ho—C—CZOH ta CFy  CF
N
2 1 CF5-CF, "OH
6 5
131 132

34, 2,3-bistrifluoromethyl-2-(2-hydroxyloctafluoro-2-butyl )-fluorooxirane (132)

Main Isomer

4.7 M 3 L
81.4 Q(Js’l’q = 4) 3 6
83.2 M , 3
2a,3a

86.0 D(J = 10) of Q(J20,30 =2) 3
126.9 Q(JS’LO = 10) 2 5
211.0 D(J = 44) of

Septets (J3’30, J3’2° =10) 1 3

'H& 4.8 (Broad)
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p.p.m. J values in Hz Intensity ssignme
35. Cis-,trans-F-3, 4-dimethyl-2-hexene (_&8)*
ca.60.0 3 3a,3a’
66.0 D(J1: Moo= 48) : 1’
! 3
67.4 Q(J1’3Q = 15) 1
75.6 Broad 3 ba,ha'"
82.7 Br. D(JLS = 16) 3 6,6'
1
87.8 Br. Q<J2',3d = 20) . ol
90.0 Broad 2
119.7 " Br. M 2 5,5'
183.1 Broad 1 L,y
3a 4 3a’ 2’ L o
’ 7\
CF3—CF£ = CF3-CF2/ NF 1 CFy—CF, F
6 5 3 g 5 I 6 5 4
98a %8b 99
ratio 98a:98b = 4:1
36. F-3-methene-4-methyllexane (_9_9)*
" 62.3 Br. M 1 3b
68.1 Br. M- 1 3a
75.6 Broad 3 bg
83.0 Br. D : 3 6
88.3 Broad 3 1
109.1 Br. M 2 2
119.7 Br. M 2 5
183.0 Broad " 1 4

* From spectra of enriched samples containing (98), (99) and (41).
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Shift Fine Structure Relative Assignment
PeP.M. J values in Hz Intensity sslg
37. F-2,3-dimethylbutadiene (130)
63.8 M 3 2a
T1.4 Q(J10’20 = 20) of M 1 la
73.1 M 1b
1a F\ /CF3 2a CF3 CF3 2a
C___C\ /F
1 7 o=t
130 135
38. F-1,2-dimethylcyclobutene (135)
66.0 M (J =2) 2a
117.5 M 3
- 39. Cis-, trans-F-2,3-dimethyl-1,3-pentadiene (136a)
0.8 M i 3a'
62.5 M 6 2a, 2a'
64.5 D(Jao’L =21)
70.8 M
71.8 M 5 1,1',5,5'
73'1 Bl"- M ]
102.4 Br« M 7 '
105.0 Qs =21) of a3, 5 = 6)| * 4
A CF, 3a 5' CF CF, 3a' 1a CF CF, 2a
F\C—C/ 3 3\0— / 3 3 3
scf,  o=cr, 1 £ F) Xo=CR,t CF3 3a
3 / 2 /
CF3 CF3 2 F
2a 2a 4 3
136a 136b
ratio.trans:cis is « 1.4:1
40. F-1,2,3-trimethylcyclobutene (136b)
66.1 Br. S 6 la,2a
78.1 M > Ja
115.3 M 2 4
173.8 Broad 1 3
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Shift Fine Structure Relatlve Assi ent
pP.D.m. J values in Hz Intensity sslgnm
41, P-2-ethyl-1,3,3-trimethyleyclobutene (138)
65.7 Q(Jm’2b = 5) of T(Jm,[. = 2) 3 la
67.8 M 6 Ja
85.6 Br. S. 3 2b
111.2 Septet (JL’3G = 10) 2 4
114.5 M 2 2a
fa CFy 2% cF,-CFy2P ba CFy CFy 3a
CFy 3a
4 F
B8 33
bo, p-2,3,4-trimethylfuran (139)
60.2 |
t
60.5 Overlapping M's 6 3a,lda
64.5 D(chls = 2.5) of Q(J20,3q= 8.3) > 2a
103.7 Q(JS’LG =15) of Q 1 5

43, 3-hydro-4-methoxy-2,3-bistrifluoromethyltetrafluoro-l-butene (140)

59.4 Broad 1 1b
63.2 Br. D(Jm’z"o = 19) 3 2a
_67.2 Broad 3 Ja
69.0 Q 1 la
T7.3 Broad 2 4

'H § 3.5 (singlet, CH3), 3.6 (Broad, H) p.p.m.

1a F /CF3 2a

AN
c=C H
¢
4

140
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Shift Fine Structure Relative

i t
P.p.m. J values 1in Hz Intensity Asslgnmen

L4, Ccis-, trans-l1-methoxy-2,3-bistrifluoromethyltrifluorocbutadiene (141)

Ratio ecis:trans~= 1.6:1
Cis Isomer (1l4la)

61.1 D(JL20 = 12) 3 2a
63.1 M 3 3a
73-6 Q(J3O,AQ = 19) 1l 48.
T45 M 2 1,4
'H 5§ 4.03 (Singlet) p.p.m.
_l.a F\ /CF3 3a 4a F\ /CF3 3a
/C:C\ /F 1 /C:C\ /OCH3
A ‘ /C_—_C\ 4b F /C:C\
20 CFyq OCH4 2a CFjy F 1
141a 141b
Trans Isomer (14lb)
60.4 D(J1’20 = 19) 3 2a
63.1 M 3 Ja
3.7 Q(J3Q,LG= 19) 1 ha
74,5 M 1 Up
76.1 Q 1 1

'H § 3.98 (Singlet) p.p.m.

45, cis-, trans-3-hydro-l-phenoxy-2,3-bistrifluoromethyltetrafluoro-l-butene (143’

-

~ 60.7 D(JL20 = 22) 2a
61.3 D(J) o = 10) ] 3 2a’
65.7 D(J3,3°,J3’," =7.5) ] 7 3a,4a,3a’, 4’
66.0 Broad i 1,1’

'H § 4.1 (Broad, H), 7.0 (M, CgHg) p.p-m.

’

1E CF, 2a PhO CFy 2a
\c—c 3H c—c/ ’
/SN . S N\
PhO /c\ 1T F /C\ ,
L CF3 CF3 3a ¥ CF; TCFy 3a
trans 143 cis 143
ratio cis:trans = 1:2

* not fully characterised
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Shift Fine Structure Relative

p.p.m. J values in Hz Intensity Assignment

46, Cis-, trans-F-3-(3'-methyl-2'-butylidene)-1,4, 4-trimethyleyclobutene (147)

56.8 M
58.6 Br. M 33 5a,5a’',2'
62.7 M 3 la,la’
68-1 D(JLQ,G = 38) ) 6 4a, 4a|
T4.6 Br. D(Jg,6 = 8) . 6a
]
75-4 M ' _ 6_7 6a'
77'1 : M h 2
167.7 D(le 5 = 136) i 6'
!
174.5 Septet (JLQ’G = 38) of M | 1 6
La 6 i ‘Gl
X\ a CF3 50
CF c/ 3 CF CF
1a > Ner, 3 C/\ ar
2 F @ 72-F ¢F \CFa
147a 14,7b

—

ratic . 147a:147b = 2.2:1

47. Cis-,trans-F-2,3,6,7-tetramethyl-1,3,6~octatriene (146)

58.2 M ) 3
60'5 M 3] 63:7a or 73,8
62.0 QorT(I=l9)]
. 62.8 M 3 38
64.9 M ' 5 2a
67.8 M 3 6a or 8a
88.2 Broad ]
90.0 Broad 1 4
103.1 Broad 2 5
CF, 2a
3
1 FZCZ-‘C/ F 4
L4
A5
3a CF3 CFy CFy 8
' ~C=C

7 N
6a CF3 CF3 7a
14,6

—

two 1somers ratio 2:1
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Shift ‘Fine Structure Relative Assignment
pP.P.Me J values 1in Hz Intensity
48. F-2,3,6,7-tetramethyl-2,5-octadiene (151)
60.7 Br. M 6 la,2a
64.7 Br. M 6 3a, 6a
72.1 Br. M 6 7a,8
87.4 Broad 1 5
93.0 Very.br-oad 2 4
171.4 Broad 1 7
7 R CFy8 s 7 F\C/CF3 aF )
7a CFB/C Ne=c{ 7 cry el .
CFy CF, _CFqy 2a CF3 CF;—CF, FFy 2a
6a C—=C 6a 5 e=¢
3a CFy’  CRy1 3a CF{  CF !
159 152
49, F-2,3,6,7-tetramethyl-2-cctene (152)
58.2 Broad 3 3a
59.7 Broad 6 la,2a
68.8 Octet (J7q,60’ J8,60 = 13.5) 3 6a
(JGG,G or J60,7 = 13.5)
71.5 M 3
72.5 M 3] 72,8
89.0 Broad 2 i
106.8 Broad 2 5
1166.2 Broad 1 ] 6.7
174.1 Broad 1
50. F-2,3,3,5,6-pentamethyl-1, 4-heptadiene (153)
60-66 Broad signals 14 1,2a,3a,3b,5a
76.0 Broad 4,6a,7
180.0 Broad 1 6
2a
1 cm_—_c<C£iCF33bCF 6
20 CF5 \/C:C< ;F 6
4 F C

DN
6a CF3 CF3 7

153
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Shift Fine Structure Relative Assi N
pP.D.Mm. J values in Hz Intensity Sslgnmen
51. F-2,3,6,7-tetramethyl-3,6-octenyl Anion (150)*
39-8 2 l,2a
" 57.8 1l Sa
63.0 1.
64,2 No fine structure ' 6a,7a,8
Uncertain
65.3 ' Integration
81.9 N
101.9 5
* run in tetraglyme, from (150) and CsF.
2a CF3 .
F
1 3/ \/c—c\
CF CF CFy 7a
6 CF;  CFy 8
150
52. F-3-(2'-propenyl )-2,2,3-trimethyloxetane (155)
59.1 3 3!
6h.2 . 2 51
66.2 No fine structure 2 -
68.2 : 3
69.8 3 | 2a,2b
2.0 3 3a
3 CF3 3 CF3\C ,
CF. —CF, 1' :CF2 1
3 2 3 /
CF4 La
—< ¢, 20 2b CFy 0
155 154
53. F-ﬁ-(2'-propenyl)-2,2,4-trimethyloxetane (154)
53‘4 BI‘. M
1 t
55.6 Broad Z 3.1
61.5 M 6 2a,2b
81.0 . Br. Singlet 3 La
109. 4 M 2 3
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')

Shift Fine Structure Relative
p.p.m. J values in Hz Intensity Assignment
54, F-3,4,6,6-tetramethyl -5, 6-dihydro-2H-pyran (156)
L] d

°9-3 Broa ] 6 3a,4a
59.9 Br. S

76.5 Br. M 6a, 6b
101.0 Broad 4 2,5

3a CFy CF3 4a
2 F, Fy 5
CF bb
156 3
- 55. 2-Methoxy-3,4,5-tristrifluoromethylfuran (157)

5807 Q(JLG,3G= 7) 1 33
59.6 Septet 1 bg
63.3 Al g 5= 85 1 58

'H & 4.4 p.p.m. (singlet)

3a CF3 CF3 La - 3a CF3 CF3 4a
0 0
157 158
56. 2-Phenyi-3,4,5-tristr1fluoromethylfuran (158)

- 57.2 QJ,q.30= 8) 1 3a
58.5 . Septe 1 4a
63.3 QI 4q,50 = 8.5) 1 5a
'HS 7.4 p.p.m.

57. Bis=F=3,4,5-trimethylfuryl Sulphide and Disulphide (159)*
59-0 Br. S . 2 ja,l}a
64.0 Br. Q(J =7) 1 5a
CF. CF; 5a
3 0 5 0 3
n
159

n = 1-4 but mainly 1,2.



=-250=

Shift “Fine Structure Relative

Assl ent
P.p.M. J values in Hz Intensity gnm

58. F=2-(2',3',4"'-tprimethyl-2',5"'-dihydrofuryl)-3, 4,5-trimethylfuran (160)

57.3 M ' 3 3a
59.3 Septet (J =9) ] ' ba
60.8 Br. M %a'
63.3 M 4a!
' 1
64.5 Q (J40’50= 8.5) . 5a
61.5 .
. AB (J = 150) 5!

66.3

4.3 Bf. M 3 2a'

* AB system 1s resolved only by the Brllcker spectrometer.

59. F-2-(2',3"',4' -trimethyl-2',5' -d1hydro-4'-furanonyl )-3, 4,5-trimethyl furan (162

—

58.0 M _ 3a
59.8 M ' 3 4a
61.0 Broad 3a'
65.2 Br. M 2 4a', 5a

74.6 M 1 2a'
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Shift Fine Structure Relative Assi ent

pP.p.m. J values 1in Hz Intensity gam
60. F-1,2,3-trimethylcyclopropenyl acyl fluoride (163)

-29.7 Q(sz = 10) of M(J <1) 1 L

)
63.6 S ' 6 2a,3a
70.4 D 3 1la
'+ 2a CFy CF3 1a 2a CFj CFy 1a
163 164

61. F-1,2,3-trimethylcyclopropenyl F-methyl ketone (164)

63.1 S 2 2a,3a

69.3 S 1 la



APPENDIX 2

Infra-red Spectra
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b) Durham University Chemical Society

& Tuesday, 19th October

Dr. J.A. Salthouse (Univ. of Manchester), "Chemistry and Energy".

# Tuesday, 26th Octobex

Dr. R.E. Richards (Univ. of Oxford), "NMR Measurements on Intact

Biological Tissue".

% Tuesday, 2nd Novembex

Dr. B. Sutcliffe (Univ. of York), "The Chemical Bond as a Figment

of the Imagination".

» Tuesday, 16th November

Mr. R. Ficken (Rohm & Haas), "The Graduate in Industry".

Tuesday, 30th November

Dr. R.J. Donovan (Univ. of Edinburgh), "The Chemistry of the

Atmosphere".

* Tuesday, iBth January

Professor I. Fells (Univ. of Newcastle), "Energy Storage: the

Chemists' Contribution to the 'Problem".

» Tuesday, 8th February

-  Dr. M.J. Cleare (Johnson Matthey Research Centre), "Platinum Group

Metal Compounds:as Anti-Cancer Agents".

Tuesday, lst March

Professor J.A.S. Smith (Q.E. College, London), "Double Resonance".

¥  Tuesday, 8th March

Professor C. Eaborn (Univ. of Sussex), "Structure and Reactivity".
1.2 1977-78

a) University of Durham Chemistrv Colloguia
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» Tuesday, 27th September

Dr. T.J, Broxton (La Trobe Univ. Australia), "Interaction of

Axryldiazonium Salts and Arylazoalkyl Ethers in Basic Alcoholic Solvents".

¥ Wednesday, 19th October

Dr. B. Heyn (Univ. of Jena, D.D.R.), "o-Organo-Molybdenum Complexes

as Alkene Polymerisation Catalysts".

¥ Thursday, 27th October

Professor R.A. Filler (Illinois Inst. 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 for
Studying Structure and Dynamical Properties of Materials Containing Interacting

Spin-% Pairs",

#* Wednesday, 9th November

Dr. A.R. Butler (Univ. of St. Andrews), "Why I lost Faith in Linear

Free Energy Relationships".

Wednesday, 7th December

Dr. P.A, Madden (Univ. of Cambridge), "Raman Studies of Molecular

Motions in Liquids".

'Wednesday, l14th December

Dr. R.0. Gould (Univ. of Edinburgh), "Crystallography to the

Rescue in Ruthenium Chemistry".

* Wednesday, 25th January

Dr. G. Richards, (Univ. of Oxford), "Quentum Pharmacoloyy".
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¥ Wednesday lst February, 2,30 p.m.

Professor K.J. Ivin (Queens University, Belfast), "The olefin
metathesis reaction: mechanism of ring-opening polymecrisation
of cycloalkenes",

¥ Friday 3rd February

Dr A. Hartog (Free University, Amsterdam, Holland), "Surprising

recent Studies in Organo-magnesium Chemistry".

# Wednesday 22 February

Professor J.D. BRirchall (Mond Division, I.C.I. Ltd,), "Silicon

in the Biosphere".

% ‘Wednesday lst March
Dr A. Williams (University of Kent), "Acyl Group Transfer:
Reactions”.

" Friday 3rd March

Dr G. van Koten (University of Amsterdam, Holland), "Structure and

Reactivity of Arylkopper Cluster Coméounds".

Wednesday 15 March

Professor G, Scott (University of Aston), "Fashioning Plastics
to match the Enviromment",

Wednesday 22 March

Professor H. Vahrenkamp (University of Freilburg, Germany),

"Metal-Metal Bonds in Organometallic Complexes".

" Wednesday 19 2pril

Dr M, Barber (UMIST), "Secondary Ion Mass Spectra of Surfaces
and Absorbed Species".

* Tuesday 16th May

Dr P, Ferguson (C.N.R.S5., Grenoble), “"Surface Plasma VWaves

and hdsorbed Species con Metals",
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Thursday 18th May

Professor M. Gordon (University of Essex), "Three Critical
Points in Polymer Science",

Monday 22nd May

Professor D, Tuck (University of Wihdsor,'Ontario), "Electro-

chemical Synthesis of Inorganic and Organometallic Compounds".

Wednesday - Thursday 24th, 25th May

Professor P, von R. Schleyer (University of Erlangen, Nﬁrnberg),
.I, "“Planar Tetra=~co-ordinate Methanes, Perpendicular
Ethylenes, and Planar Allenes",
# IX, "Aromaticity in Three Dimensions".
III. "Non-classical Carbocaéioﬁs".

Wednesday 21st June

Dr S.K, Tyrlik (Academy of Science, Warsaw), "Dimethylglyoxime-
cobalt Complexes - Catalytic Black Boxes".

Friday'23rd June

- Professor W.B, Pearson (University of Florida), "Diode Laser
Spectroscopy at 16 um",

Friday 30th June

Professor G. Mateescu (Cape Western Reserve University),
"A Concerted Spectroscopy Approach to the Characterization of
Ions and Ion Pairs : Facts, Plans, and Dreams".

(b) Durham University Chemical Society

# Thursday l3th October

Dr J. C. Young, Mr A.J.S. Williams (University of Aberystwyth),

"Experiments and Considerations Touching Colour",

4 Thursday 20th October

Dr R.L. Williams (Metropolitan Police Forensic Science Dept.),

"science and Crime",




¥
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Thursday 3rd November

Dr G.W. Gray (University of Hull), "Liquid Crystals - Their
Origins and Applications",

Thursday 24th November

Mr G. Russell (Alcan), "Designing for Social Acceptability".

# Thursday lst December

Dr B.F.G. Johnson (University of Cambridge), "Chemistry of
Binary Metal Carbonyls",

Thursday 2nd February

Professor R.,A. Raphael (University of Cambridge), "Bizarre
Reactions of Acetylenic Compounds",

Thursday '16th February

Professor G.W.A. Fowles (University of Reading), "Home Winemaking",.

Thursday 2nd March |,

Professor M.W. Rcberts (University of Bradford), "The Discovery

of Molecular Events at Solid Surfaces",

‘Thursday 9th March

Professor H, Suschitzky (University of Salford), "Fruitful

Fissions of Benzofuroxans".

‘Thursday 4th May

Professor J. Chatt (University of Sussex), "Reactions of Co-~

orxdinated Dinitrcgen".

‘Tuesday 9th May

Profeséor G.A. Olah (Case Western Reserve University, Clevelard,
Ohio), "Electrophilic Reactions of Hydrocarbons",

Conferences Attended and Papers Read Out

5th European Symposium on Fluorine Chemistry, Menton, 1976.

6th Furopean Symposium on Fluorine Chemistry, Dortmund, 1977, where a

paper entitled "Oligomers from Chlorotrifluoroethylene" was presented.



