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SUMMARY .

PART I, Cross-linking reactions of two co-telomer
élcohol mixtures have been investigated. The co-telomer
alcohols contained (1) hexafluoropropylene, vinylidene
fluoride, and methanol; (2) oetafluorocyclohexa-l,4-
diene, vinylidene fluoride, and methanol. Both mixtures
eliminated hydrogen fluoride on standing.

Co-telomer (1) has been successfully cross-linked
and stabilised by a primary amine, several primary diamines,
and a tertiary amine with a dithiol, as indicated by the
infra-red spectra, molecular weights, and fluorine content,

of the products.

Products from reactions of co-telomer (2) with di-
amines had increased viscosity but still eliminated hydrogen

fluoride,

Mechanisms have been put forward for the cross-linking

reactions.

PART II, The electric dipole moments of some members of
the series C6F5X and 2,3,5,6-H.C6F4X (where X is any sub-
stituent) have been measured in order to investigate the

ground state electron distribution of these compounds.



The dipole moments of the corresponding members of the
series ¢-F.06H4.X have been measured and calculated, in
order to provide comparative values for the series CGFSX’
and values for the series CGHSX have been obtained from
the literature in order to provide comparative values for

the series 2,3,5,6-H.06F4.x.'

The results show that the high electronegativity of
fluorine causes the pentafluorophenyl nucleus to act as an
electron sink, facilitating movement of electrons from
electron donating groups into the ring and reducing electron
withdrawal by electron attracting groups. The resonance
of nitro and N-dimethyl groups is shown to be reduced by
steric hindrance, due to the presence of the two fluorine

atoms ortho to the groups.

In an attempt to prepare a partially fluorinated
indole derivative, the reactions between the sodium salts
of polyfluoroanilines and chloracetic ester have been in-
vestigated. N-(pentafluorophenyl)-glycine, N-(2,3,5,6-
tetrafluorophenyl)-glyeine, and N-(2,3,4,5-tetrafluorophenyl)
glycine have been prepared. An attempted cyclisation of
N-(2,3,4,5-tetrafluorophenyl)-glycine with polyphosphoric
acid did not give the desired 4,5,6,7~tetrafluoroindoxyl.



PART 1.

CHAPTER I: INTRODUCTION




1.

I.l. JFluoro-olefin reactions, telomerisation.

Nucleophilic addition is characteristie of the
reactions of fluoro-olefins, in contrast t o hydrocarbon
olefins, because of the electron wifhdramal by the strdngly
electronegative fluorine a'boms.1 Free radical attack on
the double bond of a fluoro-olefin proceeds smoothly, and
the direction of addition (for an unsymmetrical olefin)
and the reactivity can be correlated with the steric and

polar factors involved.2

In 1947; Miller and his co-workers 3 were using a
free radical polymerisation process in order to make fluoro=
carbon oils with the reactive monomer olefin,GF2 = CECl.

An o0il with a puzzlingly high chlorine content was obtained.
The solvent in the reacfion was chloroform and they deduced
that the extra chlorine was coming from the solvent, i.e.
the solvent was acting as a terminator in a chain transfer
process and telomerisation was occurring. They postulated

the following mechanism:
peroxide
(1) CHGlB _R'—__> 0315 + HR
(ii) CClé + CF2:CF01 —_— CClB.CFa.CFCI‘ initiatior
(iii) CClB.CF2.0F01'+ CE2:CF01 —_—

cc1,.CF,.CFC1.CF
3 5o o ORATER;
,/\'\“‘l‘ SOIENOE
20 0CTl966 }

4 (1.3
uéﬂkn*

2.CF01° propagation


file:///iexe

2.

(iv) 0013(0F20F01)£ + ch13 ———e»0013(CF2.CF01)nH + C01§

ete.
chain transfer

The growing polymer chain reacts with a solvent molecule by

transfer, with the formation of a free radical from the sol-

vent. The chain transfer step (iv) competes with the pro-

pagation step (iii), and, by careful selection of the pro-

portions of reagents, can become the dominant step. Telo-

merisation occurs only in a polymerising system, and a non-

homopolymerisable olefin will not undergo telomerisation.

Ielomerisation reactions are usually assumed to
proceed by a radical-chain mechanism as represented above,
although, a mechanism which involves a stepwise series of
additions of iodide to olefin, has been suggested by
Hauptschein 4 for the telomerisation (thermal) of CF30F=CF2
with n-03F7I. There are several methods of initiation for
telomerisation reactions. Organic free radiceal initiators

5

and di-t-butyl

o |

27 8,9

peroxide, irradiation in the form of ultra-violet rays,

10,11 4,12

X-rays and ¥ -rays, have

all been used.

and thermal initiation,

I.2. Fluoro~-olefing/methanol cotelomerisations of Musgrave
and Plimmer.

The first part of this thesis is an extension of
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the work of Misgrave and Plimmer,’” who extended the idea

of telomerisation into systems, not simply of an olefin

and chain-transfer agent (C.T.A.), but of a pair bf fluoro-

olefins and a C.T.A, Thg_reactiops were initiated with
¥ radiation from a cobaltso source, C.T.A.'s such as

CHy CHO, (CH,y),CO0, CoF I, CF;CO0H, CH;0H, and CH5SH were

3 5
used, and various pairs of fluoro-olefins, having first
ascertained that copolymers were formed by the olefins

under the conditions used.

With CHéOH as the C.T.A. for the Viton (CH2:CF2/
CFBCF:CFQ) copolymer system, chain shortening occurred
with total conversion. of olefins to form a mixture of
viscous liquid products. It was deduced from the infra-
red spectrum of this mixture, by a wide band at 3436 cm'l,
that hydroxyl groups were present. Thesé cotelomer alco-
hols could be distilled into crude fractioms, up to 160° C,
at reduced pressure. The viscous residue formed at 160°C
was assumed to be the result of HF elimination, followed by
a certain amount of polymer formation. All the crude
fractions distilled at reduced pressure had peaks in the
region 5 - 6-5/4 in thei: infra-red spectra, indicating

munsaturated centres, plus the band at 3436 em™t

showing
~the presence of an -0OH group. Molecular weight deter-

minations varied from 300 to 800 corresponding to a chain
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length of up to 4 units (1 unit = - CF,.CF (CF4)CHLCF, -).
The byproduct wasalways the 1:1 adduct CH2(OH)CF20EH(CF3).
The mechanism of this telomerisation, based on experimenfal

evidence, was postulated as:

- a) CH;0H —>  °CH,0H + H".
b) °CH,0H + CH,:CE, — CH,(OH)CH,CF; B %nitia-
A . ion
e) CH,0H + CiFfg = — CH2(OH)(C3F6) A
CH30H
a) CH2(OH)(03F6)' —Z CH2(OH)(03F6)H Transfer 4

Initiation A is not likely to lead to cotelomer formation

14 The intermediate

since step (d) is very efficient.
free radical from initiation B can attack either olefin

present to give:

CH20F2 either olefin
CHZ(OH)CHQCFé —_— GH2(0H)GHQCF20H2CFé(1) >
.Eéfﬁa CH2(0H)CHQCFZCF26F(CF3)(2)orq§gggg9
CH4 0H

The former (1) can attack either olefin present to continue
the copolymer chain. The latter (2) can only attack
CH2:CF2, or undergo chain transfer by é@tracting a hydrogen
atom as in(d) forming the n = 1 cotelomer. The final
longest chain copolymer which will form will be (D) where

l,m, and p, are either one or two:

CHéOH(CHQCFa)l(CBFs)(CHQCFz)m(CBFG)(GH20F2)pCF2éF(CF3) (D)



..

Radical attack on CH,:CF, is exclusively on the :CH 15 ana

2’
16 ppig copolymer (D)

on CBFG’ exclusively on the = CF2.
now undergoes chain transfer to form a cotelomer by hydrogen
abstraction as in (d). No homopolymer of vinylidene fluo-

ride was detected in the product. The slight unsaturation
in the crude fractions was taken as corresponding to HF eli-

mination from structures such as (E) giving (F) as an extreme

example. _ _
CH2(OH).CH2CF2;CFQ.?F.Cﬂchz.CFafEH (E)
l C]i‘3 CF3
1640cm™!  1640em™t . 1754cm™t
CH2(OH)CH = CE.CF2 ? = CH.CFz.CF = ?F
CF3 CF3
The peaks which arise in the unsaturation region were ex-
plained as follows:13
em™t unsaturation
1640 - CF = CH, linear
- CH = CFH "
1754 - CF = CF - "
- CF = CF2

The presence of fluorine in a polymer molecule

gives it marked chemical and thermal stability. This is
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due to the high C - F bond dissociation energy, the shield-
ing effeet of the fluorine atoms, and the high electronega-
tivity of fluorine. Fluorine is a slightly larger atom
than hydrogen (van der Waals radius, 1°354; cf. hydrogen,
1-2A), and, in a large fluorocarbon molecule, these atoms
form & compact shield around the carbon chain, protecting

it from chemical attack. Fluoropolymers have been the sub-

ject of several reviews.17’18'19

The best known organic fluoropolymer is polytetra-
fluqroethylene (P.T.F.E.) a homopolymer of tetrafluoroethyl-
ene. It shows remarkable resistance to chemical attaclk,
and because of its high softening point (327° C) and high
thermal stebility may be used over a wider range of tempera-
ture than any other simple addition polymer. X-ray dif-

fraection measurements 20

show that the zig-zag chains in
P.I.F.E. are not planar as in normal paraffins, but are
twisted to relieve repulsions between fluorine atoms on
alternate carbon atoms. P.T.F.E. iz classed as a thermo-
plastie, but, mainly beceuse of the high viscosity of its

melts, cannot be moulded.

The resinous nature of P.T.F.E. can be reduced in
two ways. Heterogeneity can be introduced by replacing
some of the fluorine atoms by bulky atoms or groups as in

polychl:orotrifluoroethylene, the structurehof which has been
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ghown to be °* ¢ CE, - 9F - CF, - ?F }n. This polymer
C1 01 has its crystal-
linity broken by the pendant chlorine atom. Its softening

point (216° C) is lower tham P.T.F.E. and it can be moulded,

i.e. it is a true thermoplastic.

The tightly coiled polymer backbone of P.T.F.E. can
be converted to a more mobile structure by the inciusion of
methylene (CH,) units in the chain as in polyvinylidene
fluorid_e which consists of alternate - CH, - and - CF, -
units i.e. ¢ CH, - CF, 3 7°.  The rigidity of the backbone
is brokem by the alternating - CH2 - units, and it has a
lower softening point (about 171° C) which limits its ther-
mal stability. The presence of the - CH2 units also pro-
vides sites for crosglinking i.e. the use of amines in the
- curing of fluoro rubbers conmtaining 0112:(.':1'!‘2.22’23"24"25
The order of thermal stability for hydrogen-containing

fluoropolymers 19326

(CoF,)y, > (CF,5:CH,), ) (CFo:CHF), ) (CoH,) > (CH,:CHR),

Copolymerisation of one of these 'reactive' (homo-
polymerisable) monomers with an 'unreactive' (non-homo-
polymerisable) monomer leads to the formation of copolymers
with 'tailormade' properties i.e. the properties can be
varied by alterihg the ratio of the two monomers. The

copolymer of reactive CF2 = CF2 and non~-reactive CFBCF = CF2
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is a true thermoplastic with a working range up to 200° ¢
and a softening point of 285° C. The ﬁackbone remains
rigid, but the thermally stabdble, bulky, pendant -GFB group
breaks up the crystallinity (50%, cf. P.I.F.E.,95%) of the

chain,

The most thermally stable elastomer sb far pro-
duced is a copolymer of CH, = CF, and CF4CF = CF,, Viton
A 28 (Trade name: E.I. Du Pont de Nemours & Co., U.S.h.).
The - CH2 - units break down the rigidity of the backbone
and act as a site for cross-linking. The - CI‘3 group '
reduces the crystallinity. It keeps its elastic properties
down t o about - 25° C and can be used indefinitely at 204°C
and up to 315° C for 48 hours.

I.4. The crogs-linking of Viton A,

a) Industrial Cures,
Viton A is a copolymer of vinylidene fluoride and
hexafluoropropylene. Its structure (I) consists of alter-
nating - CH2 - and - CF2 - groups interspersed with very

short branched fluorocarbon ?FB

29 he copolymer '[(CHQCF2)ngF20F]' x (1)

is of little use until it has been converted to a cross--

chains.

linked vulcanisate. The chemical stability conferred by

its structure (I) makes the formation of cross-links
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difficult. Several methods have been used to cross-link
Viton A although only one, using derivatives of aliphatiec

amines, has been found to be commercially feasible.

The actual procedure used 23 is to compound Viton
A on normal rubber processing equipment, with filler metal
oxide acceptor, and curing agent. The stock is then
moulded in a press for 5-60 mins. at 100-150° C.  The
partially vulcanised stock is then oven-cured in an air
circulating oven at 200° G for up to 24 hours. It is
important that sufficient cross-links are formed during
the press cure to prevent sponging by release of decompo-
sition products during the oven cure, without causing

scorching during the compounding.

Cross-links may be introduced by 3 general methods:
by the action of aliphatic amines, high energy radiation,
or peroxides. Primary, secondary, and tertiary mono-
amines can be used, but press cures of up to 200° C are
necessary.23 This is sometimes called a thermal cure.

Tertiary mono-amines are effective co-curing agents with
diamines 23 gng dithiols.50s31 Presumably the tertiary
amine eliminates HF and the dithiol forms cross-links across
the double bonds so formed. Diamines such as NH,(CH,)NH,
and NH2(CH2)2N32 are very scorchy but do form effective
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vulcanisa,tes.z3 When their amine functions are blocked
in order to reduce this tendency to scorch they are by far
the most widely used curing agents. Inner carbamates and
bis~cinmamylidene derivatives are those most commonly

used, 23124+25,30,32

The use of high energy radiation has all the ob-
vious disadvantages inherent theréin without producing an
improved vulcanisate. The radiation causes unsaturation
similar to ﬁhat.caused by the action of amines and the un-
saturated polymer is considered to crosslink at high tempe-
rature by mtual interaction of the unsaturated centres.23

Benzoyl peroxide 24,32

is a very scorchy curing
agent, yet leads to only a moderate state of cure. It is

also somewhat impractical due to poor processing safety.

Acid acceptors such as magnesium oxide, zinc oxide,
or basic lead phosphite, are essential ingredients in the
curing process of Viton A.23’33 | It has been shown by
Smith 33 that the oven cure of Viton A is dependent upon
the elimination of water from the polymer and he concludes
that the water is derived from the neutralisation of HF,
which is eliminated during the cure, by the magnesium

oxide:

g0 + 2HF — ﬁgl‘z + Hy0 (4)
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By assuming the stoichiometry of equation (A) and measuring
the quantity of water evolved, he was able to show that 4
moles of HF were eliminated per mole of curing agent. On
the basis of this information he proposed the following

mechanism:

i I | I | |

CH, CH, CH CH CH, CH,

[ | - 2EF | I NH,(CH,) ;NH,, | | -2HF
CF, CPF, —> CF CF L= 2% CI‘-NH(CHz) 21\15-03‘ —
|+ b+ | - |

?Hz fﬂa Tﬂz ‘|3H2 ‘l’Hz THe

| ' |

CH, CH, . CH,

| | B0 |

CH CH CH

;2 (B) | 2 =2

In a 3-stage process, 2 moles of HF are eliminated to form
double bonds, then the dliamine forms crosslinks across the
double bonds, and finally 2 moles of HF are eliminated to
give a di-imine structure (B). It should be possible to
hydrolyse (B) if it is present, ard, in fact, 20% of the

original amine was obtained on hydrolysis.
b) Solution Studies.

Several solution studies of the reactions of fluoro-

- elastomers with amines have been undertaken. An early stud

by Bro 22 of the embrittlement and colour changes caused by
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adding strips of polymer to refluxing amines, led him to

postulate the following reaction reaction squence:

HF EF
;:wcmg-é-f':-cagm + RNH, —> '-\'-‘NMCFg-(‘J:-(ll-CHa':\/W + RMEHEF (1)
H ¥
HF E F
w_wCZE‘z-é-'C-CHQW + RNH, —> WCFE;C:-%}-Cﬂzw (2)
HE NH-R

He suggested that the product from (2) may react with excess
amine to give conjugated imine structures of the type:

I ¢
€C-C=0C3) oreC-C=Cy
N N NH
R R R
or the product from (2) may add to a double bond on another
chain and crosslink giving considerable stiffening of the

films,

Pakiorek 34 examined the reactions of Viton A anmd
Kel F elastomer (trade name: Minnesota Mining and Mamfactu-
ring Co., U.S.A. for CF2:CF01/CF2:CH2) by dissolving them
in diglyne and adding amines under varying conditions,

Addition of amines to Kel F caused discolouration and pre-
cipitation of amine hydrochloride. Mluoride ion was only
obtained when excess amine was present, which indicates the

relative ease of dehydrohalogenation of HCl and HF. ZPrimary
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amines were the most reactive and tertiary amines the

least reactive, as cross~linking took place at room tempera-
ture with primary amines and at 180-90° with tertiary amines.
This conclusion is confirmed 23 by the results of a study

of the rate of elimination of HF, in the treatment of Viton
A in tetrahydrofuran, with amines, for periods of several

weeks, at room temperature.

When Viton A was treated with tertiary amines 23

it was possible to demonstrate that chain scission occurred
during the reaction by plotting the time of reaction against
the viscosity of the solution and noting the gradual fall
in viscosity. It was suggested that similar degradation
occurred in reactions with primary and secondary amines,

but this could not be demomnstrated because of the formation
of gels during isolation of the polymer samples.

An attempt to establish the presence of unsatura-
23

tion in amine-treated Viton A by ozonolysis caused no
reduction in molecular weight. KMm04 and Br2 could not be
used as double bond reagents because Viton A was attacked
by them in solution. However, infra-red spectra of
pressed films of Viton A after treatment with trimethyl-
amine showed 2 new absorbtion peaks at 5-8 and 5°95 microns

which were assigned to double bonds.23 The infra-red
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spectra of Viton A after treatment with primary and second-

ary amines showed similar but more pronounced changes.

¢) Model Compound Studies.

The reactions of model compounds containing struct-
ures resembling those offluoroelastomers, with various
amines, have been studied in order to elucidate the mecha-
nism of curing in the fluoroelastomers. Two model com-
pounds, ¢ * 1,5,5-trihydro-4-iodoperfluorooctane [1] end 4,4-
dihydro-3-iodoperfluoroheptane [2], were sy_nthesiséd by
Pakiorek,35 and their reactions w;.th amines investigated.
Their structures are s;imilar to that of Kel F polymer
except that chlorine is replaced by iodine. At room
temperature high yields of amine hydr:iodide were obtained
with butylamine, dibutylamine, and trethylamine, and rates
of reaction were the same as for Kel F and amines, i.e.
primary > secondary?> tertiary amines. The olefin
formed by reaction of [2] with C,BgNH, was [3], the pre-
sence of - CF = CH =~ beiﬁg indicated by infra;red absorption
bands at 5-80//\ and 3-22}\/1 similar to those exhibited by
emine treated polymers. When [3] was treated with an
equimolar quantity of C 4H9NH2, the amine 'added across the
dduble bond. A further equimolar quantity of amine
caused the precipitation of C4H91\IE[2.HF and a mixture of



15,

tautomers [4] and [5] was obtained. Infra-red absorptions
at 5o93}A ’ ;scribed"to CeC, and at 5-8§/A , ascribed

to the imino group, indicated the presence of the tautomers.
Treatment of a mixture of [4] amd [5] with more C,HgNH,
gave [6]. The reaction meéhanism is shown in fig.I.l.

C,HNH, | C,HglH,
CoFcoCPI.CH,C.F, ——>  C,Fg.CP=CH.C5F,
[2] [3]
T C,HqNH,
/
I
- HNC H
HNC,Hg NC,H 479
(7] [4] [5]
C,HgH,, B A
C,P-.C=CH.C,F — 5 C,F..C=CH.CF.C 8
2¥5+0=CH.C3Fy 2¥5°S o5 (8]
HNC, Hq BNC,Hy
[5] |C4HoNH,
Fig.I.1. . NC,H
c =C.CH.C.C F.. [6] -
25 oFg. 6]
ENC,H,

The non isolation of the intermediaties [7] and [8] is not

36

unexpected as it has been shown in a study of the re-

action of C4H91\IH2 with CFCl = CF2 that a structure con-
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taining the element - NH - éF - readily eliminates HF.

A similar reaction sequence was obtained using dibutyl-
amine 35 but with a slower rate of addition of the amine
to the olefin formed by dehydroiodination.

Further work by Pakiorek 35 has shown that KOH
and amines will eliminate a tertiary fluorine atom as HF

from the unsaturated model compound CF2.CH2.CF(02F5)GH=

CF.C2F5:

] C- B

|2F5 -HF 125
CF,.CH,.CF.CH=CR.C,Fy — OF,.CH=C.CH=CF.C ¥

Work in these laboratories 37 on the reactivity of the
saturated model compounds [1], [2], and [3], of which [1]
contains tertiary fluorine has | | “
[(CE3)2CF.CH2.CFQ)2, [n.GBF7.CHZCF212, [02E5.032.032)2

[1] [2] [3]
shown that.whereas pPrimary and secondary &mines_dliminate
HF from [1] and [3] at room temperature, extemsive decompo-
sition oceérs, in feactions with KOH. Reaction of [1]
with 1 mole of (C¢Eg)3n at 1300 3© canses dehydrofluorina-
tion to give a diene,

(CF3)2GF-CH = CF.CFz.CH = C(CF3)2’

in which one double bond only is formed by the release of
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tertiary fluorine. Some unidentified polymeric material

was also formed which was highly fluorinated and contained
nitrogen, and it was suggested that the formation of this

compound corresponds to the formation of cross-links in

Viton A,

The treatment of a simpler model compound
(CFy) CFCH,CF; with 2 moles of tri.n-butylamine at 130°
for 24 hours gave as the main product (CF3)2CHCH20F3 (38)
i.e. instead of the usual elimination of HF, fluorine has
been replaced by hydrogen. This type of replacement had
not previously been demonstrated and may be a factor in

the croés-linking of fluoroelastomers.
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PART I

CHAPTER II: DISCUSSION AND EXPERIMENTAL
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Discussion.

II.l. Introduction.

Previous work in these laboratorie513 led to the
preparation of various co-telomer alcohol mixtures from
pairs of olefins and methanol as a chain transfer agent
(C.T.4A.) or telogen. The reactions led to the forma-
tion of a complex mixture of co-telomer products of
various chain lengths, and it was found to be impossible
to separate such a mixture into its components for character-
isation, Two co<telomer alcohol mixtures have been used
in this thesis, those containing CFBCF:CFQ, CH,:CF,, and

2
MeOH (Viton-MeOH), and 1,4-CgF8, CH,CF,, and MeOH. Both
mixtures eliminate HF on standing. Part I of this thesis
concerns the attempt to stabilise fhese co-telomer alcohols,
and increase their molecular weight by crosslinking, for

possible use as plasticisers, lubricants, or heat exchangers.

Various methods have been used in industry to
crosslink. Viton A copolymers (see p. 8. ). The most
successful of these methods have been those involving the
use of primary diamines, diamine derivatives, and tertiary
amines with dithiols, These reagents have now been used
to crosslink the co-telomer alecohol mixbtures. Most of

the work concerns the Viton-MeOH co-telomers.
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The products from these reactions have been in-
vestigated by average molecular weight determination
(ebullioscopically), measurement of infra-red spectra,

and analysis of fluorine content.
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ITI.2. Reggents and Solvents,

The preliminary reactions were carried ouf with _
excess nebutylamine anmd triethylamine using the -Vi-'ton-_- |
MeOH co-telomer alcohols in ether solutions., Ethyléne '
diamine and hexamethylene diamine, whose S¢wffis-bases: (.é.g.
R_.CH=N(CH2)_6N=CH.R) have both had commercial acceptance
as curing (crosslinking) agents, 23 are only sligh'blj
soluble in ether, and an attempted crosslinking by the
a'._ddition of a suspension of ethylene diamine in ether
to the co-telomers, gave a very low yield because of the
difficulty in extracting the product from the agueous layer,
after the ethereal solution was acidified with dilute HCL
and thenneutralised. ﬁogfggt:::;s layer from a similar
crosslinking reaction with hexamethylene diamine could
not be e;traeted with ether, benzene, or carbon tetra-
chloride. The diamines were found to be soluble in
monoglyme (1,2-dimethoxy ethane), and later reactions
were carried out in this solvent. Monoglyme is miscible
with dilute HCl which prevented the removal of excess amine
by washing with agueous acid. However, smaller molar
ratios of co-~telomers:diamine were now used (mainly 2:1),
anhydrous potassium carbonate was added as an acid-acceptor
to take up the HF eliminated (cf. Mg0 ete. as industrial

acid-aceeptor523 ’33), and acid-washing of the reaction
mixture was felt to be unimportant.
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Reac- Co- Cross-link- Time/temp. m.wt. A % F
tion telo- ling Agent of Re- Reac-Pro- Reac-Pro- (Reac
mex:’ action tant duct tant duect -tan)
Alco- -% B
hols (Pro-
duct)

(a) 1 Bt 4N 50°C/2 hr 409 488 62+8 606 22
(b) n.CHoWH,  20°C/18 hr 583 1100 64:0 568 7-2
()1 1  NH,(CH,),NH, 20°C/18 hr 355 397 644 54:5 9.9
(é)2 1 " 20°C/18 hr 355 480 64+4 549 95
(e)3 1 " 150°C/3 hr 355 764 64-4 575 6.9
(e)a 1 " 100°C/3 hr 355 520 64:4 57-1 7.3
(e)5 1 " 170°C/3 mx 399 785 579 5:5 64
(a)r 1 NHQ(CHQ)BNHQlOOOC/B hr 330 - 59.9 47-5 12-4
(a)2 1 " 50°C/18 hr 330 1130 59.9 50.8 9-1
(e) 1 NH,(CH,);NH,100°C/3 hr 330 556 59-9 46-6 13-3
(£) 1 BtgN/SH(CH,)350°C/18 hr 330 835 59-9 534 6-5
(g) 2 NH,(CH,) (MH, 50°C/18 hr - -~  55.9 43.6 12-3
(h) 2 NH, (CH,) ,NH,, 20°c/18 hr. - 0 55.9 38.9 17.0

Co-telomer Alecohols:- 1 : 03F6/0H20E2/Medﬂ
2 : 1,4-C6F8/CH20F2/M90H

Table II,1, Summary of Crogs-linkine Reactions,
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IT.3. Cross-linking Reactions.

Cross~linking of Viton-MeOH Co-telomer Alcohols with Primary

Mono-smines and Diamines,

When the Viton-MeOH co-telomers were treated with ex-
cess n-butylamine in ether, and the excess amine was removed
with aqueous acid, a stabilised (non HF-smelling) brown oil
of mich increased viscosity was obtained. The increase in
molecular weight (583 — 1,110; 90%), showed that cross-
linking had taken place and a product of the desired type
had been obtained. The infra-red spectrum of the starting
material had peaks at 34Bé em™t [(broad), O-H stretch],

2985 em™t [(S), C-H stretch], and showed slight unsatura-
tion at 1757 em™t (w) and lé39 om™1 (w). The alcohol
portion was shown to be still present in the infra-red
spectrum of the product, stronger absorption at 2985 cmfl
indicated the presence of n-C439—, and absorption at 1757
om T (s) and 1639 on™1 (broad) indicated a large amount of
unsaturation. The product was tested by sodium fusion
and ferrous sulphate for nitrogen and gave a positive re-
sult, showing that the amine is present in the crosslinked
structure. Amine hydrofluoride was precipitated in the
reaction, showing that HF 1is eliminated, and leading to
unsaturation. The reduction in fluorine content (see

Table II.]1)obtained can be explained as resulting from
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both the elimination of HF and by the inclusion of amine

in the cross-~links formed.,

The Viton-MeOH co-telomers were then treated with
ethylene diamine in monoglyme under various reaction condi-
tions. A molar ratio of 2:1 for co~-telomers:diamine was
used in each reaction except the first (4:1). It was
considered that this molar ratio (2:1) would be best if
one molecule 6f diamine cross-linked two co-telomer::chains
by interaction of each of the amino groups of the diamine
with a separate co-telomer chain, Anhydrous potassium
carbonate was added asan acid acceptor, just as MgO etec.

are added in the curing of Viton A.23’33

The products obtained ét room temperature were
pleasant-smelling, red oils of increased viscosity. From
reactions in Garius tubes at 100-170° C, brown-black,semi-
solid products were obtained. At this temperature degra-
dation occurred and carbon was filtered off from the re-
action mixture. Cross-linking increased with temperature,
as indicated by the increase in average molecular weight
from 355 to 480 (35%) at room temperature to 355 to 764
(115%) at 150° C. Nitrogen was shown to be present in
the broducts by sodium fusions and ferrous sulphate. All

the products showed a large amount of unsaturation with
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peaks at 1724 om™t (s) and 1613 om™t (s) in their -infra-
red spectra. The alcohol portion was still present and

the C-H stretching absorption was increased.

The average molecular weight of the co-telomers used
in reactions with ethylene diamine was 355. The actual
co-telomer molecule with the nearest molecular weight +to
this contains 1 03F6:2CH20F2:1 MeOH (M, 310.), and will
have the following structure (after Plimmer 13,

CH,( OH) . CH,..CF,, ,CH,CF,,.CF,, . CFH(CF;) (M, 310; P, 61+2%)

2* 2772

It is possible to postulate a mechanism for the reaction

of this molecule with ethylene diamine and correlate it
with average molecular weights and fluorine analyses, as

in fig, II.1. It is believed that dehydrofluorination is
the first step, followed by addition of the amine to the
resulting double-bond, with concurrent or subsequent hydro-
gen fluoride elimination. The evidence in support of this
mechanism is as follows: +the elimination of HF on standing
from the Viton-MeOH co-telomers, and the formation of amine
hydrofluoride in the reaction of excess n-butylamine with |
co-telomers points to dehydrofluorination as the main pro-
cess in stage (1), This is supported by evidence from
other workers who found that dehydrohalogenation was the

first step in the reactidén of Viton-like polymers 22,34
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2x CH,(OH)CH,.CF,.CHF,.CF,.CFH(CF;) (4) (M, 310; F, 61.27)

(1) |-mp

2x CH,(OH).CH,.CF,.CH=CF.CF,.CFH(CF;) (B) (M, 290; P, 59-0%)

(2) J,Imz(cne)zmna

CH2(OH)CH2.CF2.CH2.-?F.CF2.CEH(CF3)(C)

CH2(0H).CH2.CF2.CH2.-CF.CF2.CFH(CF3)

(3) |-mF
CHQ(OH).CHQ.CFQ.CHQﬁ.CFQ.CEH(CFB) (D) (M, 6005 F, 50-7%)
N
l
(CHy),
2
N

,,CHZ,C.CFQ.CFH(CF

CHE(OH) CH2.CF2

3)

Fig. II.1l.
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35138438 it primary amines. The

and model compounds
increase in molecular weight, the presence of nitrogen

and increased C-H absorption (infra-red) in the products
indicates that the amine takes part in the cross-linking.
The unit - éF - NE - , which is present in structure (C)
has been shown to be unstable and to eliminate HF to form

- é =N -.36, and it is suggested that this occurs at

stage (3) to give structure (D). The inerese in mole-
cular weight in going from A to D is from 310 to 600 which
agrees well'with the comparative figures for the co-telomer
reactions at 150° C and 170° C, eeg. at 150° C, the mole-
cular weight increase is from 355 to T64; amd the decrease
in fluorine comtent (10.5% - Table II.1l), is of the order
of that obtained in the cb-telomer reactions at 150° C and
170° C (6-9%, 6.4%). These observations also confirm
fhe postulafed mechanism, The decrease in fluorine con-
tent is greater for the lower temperature reactions (9-5%
at room temperature). This can be explained by suggesting
that as there is less cross-linking at this temperature,
co-telomer chains attached to diamines, the second amino
group of which will not havereacted, will be present.

Thus, with molecules present in which one diamine is

attached to only one coetelomer chain, the fluorine con-

tent of the molecule will be reduced.
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The infra-red spectrum of the products indicates
different kinds of unsaturation. This corresponds to

elimination of HF at several sites in A, e.g.

CHa(0H)CI-I=CF.CH=CF.CF.=CF(CF3)

as well as the C=N unsaturation suggested above, and addi-
tion of amine could take place at any of these sites.
Pakiorek 35 has shown that unstable structures of the

type - CH2 - éF - N? - can eliminate HF to give - CH = é - NH
as well as - CH2 - C =N - and the former structure is

therefore also likely to be present in the products.

In order to explain the cross-linking in the n-
butylamine product, it is necessary to postulate (1) re-

moval of HF from two co-telomer cheains, (2) addition of

L | [ o

CH. CH CH CH CH. CH CH. CH
2 2 _HF n.C,H.NH, , 2 2 2
I = | I | B’ s - I o | I
CF, CF, VDep o (2 CF-NH CF  CF-N-—CF
| | | I | |1
C45g C4Hg

amine to one chain, (3) interaction of the - NH group with
the other chain. This type of mechanism has been suggested
before to explain the reactions of primary amines with Viton-
like structures obtained after removal of HC1l from Kel F

elastomer. The average molecular weight of the starting
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material is 583, and a calculation of the molecular weight
of the product formed in the cross-linking of two of these
chains with n-butylamine gives the following result:

(2 x 583) - 40 (2HF) + 73 (n-C,HgNH)) = 1,199

This value is very close to actual molecular weight of the
product (1,110).

At 100° C, the product from the reaction of hexa-
methylene diamine with Viton-MeOH co-telomers was a black
solid. Its molecular weiéht could not be determined as
it was insoluble in boiling acetone. However, its mole-
cular weight mist have been much greater than 1,130 which
was the molecular weight of the semi-=solid obtained from
the reaction at 50° c. The infra-red spectrum of the
former product:- and that from the reaction of trimethylene
diamine with co-telomers were very similar to those des-
cribed above for the ethylene diamine reaction produdts.
In order to obtain a product of molecular wt. 1,130 from
a starting material of average molecular wt. 330 it is
necessary to postulate structures involving three co-
velomer chains cross-linked by two molecules of hexamethyl-

ene diamine, e.8.
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I
N
|

ECHz)%
N

The line -
représents a co-telomer chain, A molecular weight calcu-

lation gives the following result: (3 x 330) + [2 x 112
(NE,(CH,) MH,)] - 160 (8HF) = 1,054, which is close to the
experimental vélue (1,130). It is also possible to postu-
late that two chains are cross-linked by two or more

- amines. This wouhd also lead to increases in molecular
weight. If the reactivities of the diamines towards re-
action with co-telomer chains are expressed in terms of
the ratio + m.wt. product/m.wt. reactant, the following

results are obtained:-

Bthylene Diamine , 100°C & 520/355 = 1.50
(556-14)/330 = 1.64 [14=CH,]

Irimethylene Diamine,lOOOC

Hexamethylene Diamine, 50° C: (1,130-112)/330 = 3.08
[112 = 2 x (CH2)4]
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Allowances were made for the molecular weights of the dia-
mines and the postulate that two molecules of hexamethylene
diamine will cross-link three co-telomers chains. Thus,
the order of reactivity is found to be:~
Hexamethylene Diamine » Trimethylene Diamine 7> Ethylene

Diamine
Cross~linking of Viton-MeOH Co-telomer Alcohols with a
Texrtiary Amine amd Dithiol. :

When a tertiary amine (EtBN) was treated with co-
telomers for two hr. in ether at 50° C, the molecular weight
of the brown product obtained was increased only slightly
(409 to 488). The infraored spectrum showed little ch;nge
with only a very slight increase in unsaturation. When
propane-l,-3-dithiol in monoglyme, a more polar éolvent,
was added, at the same temperature, in the presence of .

pefaggiuw carbonate, considerably more reaction took place.
The molecular weight of the starting material was increased
by 153% (330 to 8353, and the fluorine content was reduced
by g.5% (Table.II.l). The infra-red spectrum was similar
to those of the diamine products, showing a large amount
of unsaturation [1724 em™ (s), 1639 em™L (broad)], and
increased C-H stretch absorption [2985 cm"l(s)]. | No
S-H absorption in the region around 2564 cm™1 éould be

observed. Sodium fusion followed by sodium nitroprusside
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showed that sulphur was present in the product. Thus, the
following type of structure can be postulated for the pro-
duct, involving cross-linking of two co-telomer chains (4)
by the dithiol:

CH2( OH) .CHQ.CF2.0H=(I3 .CF2CFH( CF
S
I
(CH

|
S

CH=C.CF

3)

2)2

CH2(OH)CH2.CF CFH.(CF ).

3

The reaction mechanism will be similar to that suggested

2° 2°
in fig.ITI,1. As before, the cross-linking could take

place at several sites on a co-telomer chain and involve

more than one dithiol and more than two co-telomer chains.

Cross-linking of 1,4-Octafluorocxe1ohexadiene[Vinxlidene

Fluoride/MeOH Co-telomer Alcohols with Diamines.
13

Plimmer suggested that these co-telomers con-

tained structures of the type:-

F

The infra-red spectrum contains peaks in the unsaturation

range at the following wave numbers 1757 cmgl(w), 1754 em™t
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(s), and 1695 om™t (w). The 1754 cm'l(s) peak was attri-
buted 12 4o the - CF = CF - cyclic double bond amd the
other peaks can be attributed to the HF elimination, which

occurs on standing.

The co-telomers were treated with ethylene diamine
at room temperature to give a red-brown oil of increased
viscosity, and with hexamethylene diamine at 50° C to give
a black solid. Both the starting material (copiously)
and the product, eliminated HF on standing. It was im-
possible to obtain molecular weights for these compounds,
and it seems likely that the ebulliometer was affected by
the HF released. The increased viscosity of the products,
and the large reductions in f£luorine content (Fig.II.l) due
to HF elimination and inclusion of amine, showed that eross-
linking had occurred, and strong absorption at 1695 em™t in
the infra-red spectrum showed that unsaturation had increas-
ed. The mechanism for these reactions will be similar to

that postulated for the Viton-MeOH co-telomer reactions

with diamines.
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Experimental

IT.4. Molecular Weights.

The instrument used to determine these was a
Gallenkamp semi-micro ebulliometer, suitable for the deter-
mination of molecular weights on 200 mg. samples. The
limitations of the method are that the compound to be deter-
nined must (a) have a negligible vapour pressure (b) be
soluble in acetone, ether, or benzene (c) have a molecular

weight below 1,000,

Procedure, The apparatus was set up as described in the
instruction leaflet. The samples were injected in the
form of weighed pellets (solids), or on a looped copper
wire (semi-solidsand viscous liguids). The gpparatus was
first calibrated using naphthalene as a standard. Once
the solvent (dry acetone) had reached a condition of steady
boiling, pellets of naphthalene (approx. 50 mg. each) were
weighed accurately, and added to the solvent at three min-
ute intervals, noting the resistance change with each addi-

tion, by bringing the galvanometer deflection back to zero.

Results and Caleculation. For naphthalene the results were
tabulated as follows:
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R AR £AR AW sAWE

2085
20125 | 725 T2+5 | 0-057 | 0-057

1920 92+5 155 0-081 | 0-138

1851:5 | 68+5 | 233.5 | 0.050 | 0.188

1784 67-5 | 301 0-053 | 0-241

1697 87-0 | 388 0-075 0'316

Where R = resistance
AR = ché.nge in resistance caused by addition
of A W5 g. solute.
ZAWE = the sum of A Wt corresponding to Z2AR

A graph was drawn of £AR vs. £AWt, the slope of which,
SAR/2AWt = S, was proportional to the molecular weight
of the compound used (see Fig. II.2).

i.ss K = Mol.wts x S,
Hence for the naphthalene standard,

K = 128.17 x S,

K is a constant for -I:hé apparatus under these conditions.
From Fig.II.2, for naphthalene S = 12375, where K = 158,600,
For any unknown compound, the above procedure was repeated,

and a value S® obtained for the slope of the graph. Thus:
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u-E

o
. 158,600
g%
The accuracy of the method was checked using benzoic acid.
From the graph of Z2AR/ AWt of benzoic acid in acetone,
s* - 1,350, <. M = 158,600/1,350 = 117-5 (Cale: 122°1;

error = 3.8%).
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I1.5. Infra-Red Spectroscopy.

The infra~-red spectra of all compounds have been
recorded. 4 Grubb-Parsons, Type G.S.24 infra-red spectro-
meter operated by Miss D, Chapman, has been used to obtain
the spectra, The sample was usually in the form of a

thin + contact film between potassium bromide dises.

Infra-Red Data. (See p. 53 for Infra-red spectra).
Bands are quoted for the regions 2-5/A and 5-77u(unsatura~
tion).

Viton-MeOH Co-telomer Alcohols. 3690 em™t (m), 3436 cm"1

(broad) OH; 2985 em™l (s) C-H; 1757 cm™l (w), 1724 om™t

(w), 1639 om™ L (w) unsaturation.
Spectral: data from reactions of Viton-MeOH co-

telomers are shown below. ER = Ethylene Diamine, HMD =

Hexamethylene Diamine, TMD = Trimethylene Diamine.

Bt.N 0° ¢, Spectrum identical with starting material ex-

cept for a slight broadening of the unsaturation peak.

nC,HNH,/20% 3690 cm™'(m), 3436 cn™l (broad) OH; 2985
om~T (s) C-H; 1724 em’l(s), 1613 cmfl(broad) unsaturation,
ED/20°, Mole ratios of co-telomers:diamine of 4:1 and 2:1

were used at this temperature. Both give the same spectrum

3690 em'l(m), 3436 cm™l (broad) OH; 2985 om™1(s) C-H; broad
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1 1

band centred on 1613 em — with shoulders at 1724 cm —;

1666 cm'l; 1563 em™L unsaturation. The ED/100° c, 150°c,
170° C products give very similar spectra, eicgpt that the
shoulders of the broad band at 1613 em"1 become blurred as

the molecular weight of the product increases.

EMQLEQE_Q; 3436 om™+ (broad) OH; 2985 om™t (ws) C-H;
broad band cemtred on 1613 cm™T, with shoulders at 1724
cm"l, 1666 cm™L unsaturation. No spectrum could be ob-
tained for the HMD/100° C product. |

TMD/100° G, 3436 om> (broad) OH; 2985 om™L (vs) C-H;
broad band centred on 1%13 om™t

1 1563 em™t

B N/SH(CE,) ;5H/50° C, 3436 om™ (broad) OH; 2985 cm ™

(s) C-H; broad band centred on 1681 em™ L and 1613 om~1

with shoulders at 1757

em_ unsaturation,

unsaturation. (No SH absorption in the region 2525 ™1

$0 2575 em™%).
Octafluorocxelohexa-l,4-diene(Vigxlidene Fluoride/MeOH

Co-telomer Alcchols. 3436 cm™T (broad) OH; 2985 om™~
C-H; 1757 cm™t (s), 1748 cu™t (vs), 1639 om} (broad)

1

unsaturation.. The peak at 1757 cm ™~ occurs in 1,4-C.Fg.

Spectral data from tﬁe reactions of these co-

telomers are shown below,
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ED/20° C. 3436 cm~* (broad) OH; 2985 em™* (s) C-H;
1757 em™* (s), 1613 em™t (broad) unsaturation. No
spectrum could be obtained for the HMD/50° C product.
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IT.,6. ZPreparation of the Co-telomer Alcohols.

These reactions were carried ont in a stainless-
steel autoclave (volume 380 ml.) fittied with a stainless-

60

steel insert, to accommodate a cobalt™~ gamma~source guide

tube (Fig.II.3).

Procedure - Anhydrous methanol was weighed directly into
the autoclave, the insert was fitted, and the pressure head
screwed down. The autoclave was then cooled in liquid
air, the outlet arm was comnected to a vacuum line with
pressure tubing, and the amtoclave was evacuated. The
valve on the outlet arm was then closed, and the autoclave
was allowed to warm up to room temperature in orxrder to
vapourise the telogen. After more cooling in ligquid air
the autoclave was evacuated again. Thus, oxygen, which
might have inhibited the reaction, was removed. The ole-
fins were now transferred from ﬁheir cylinders into the
autoclave via an evacuated three-litre bulb which was con-
nected to the antoclave via the vacuum line. The amount

- 0f olefin transferred was controlled by Boting the manometer
pressure of the gas in the three-litre bulb and was deter-
mined by weighing the c¢ylinders before and after tramsfer.
The valve on the outlet arm was now closed and the amto-

" clave allowed to warm to room temperature before being
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placed under the gamma source for irradiation.

Working up - After approx. 14 days the autoclave was taken
off the gamma source and connected to a vacuum line. Any
unreacted olefins were allowed to expand into a large bulb
commected to the vacuum line, to which a vapour density
bulb was attached. The average molecular weight of the
volatile olefins waa then determined and the relative amounts
of recovered olefins estimated from this determination. The
autoclave head was then removed, the remaining liquid was
pipetted into a flask, and the telogen and olefin-met hanol
adduct (e.g. CFB.CFH.CEz.CHQOH) removed by distillation
under reduced pressure. The co-telomer mixture was then
transferred to a one-piece distillation apparatus and dis-
tilled at 0-05 mm up to 200° C, the pressure being measured

on a Piranivacuum gauge.
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Reactions (i) C3EBZCHQQEQZMGQH-

Reagentg MeOH (52 g., 163 mole)
CBFg (60 g, 0°4 mole)
CH,CF, (26 g., 0°4 mole)
Irradiation 14 days on 500 curie source
Recovered MeOH 4T7.2 g.
C3F6 4 g.
6320F2 Nil
Reacted MeOH (4.8 g, 0-15 mole)
CBFE (56 g., 0°+37 mole)
CH,CF, (60 g., 0-4 mole)

Distillation of the methanol + olefin-methanol adduct
gave 12 g. CFy.CFH.CP,.CH,O0H. b.p. 114° C.  This contains
9:9 g. 03F6 + 2.1 g MéQH, therefore the co-telomer mixture

contained: .
03F6:56-9o9 46.1 g., 0.30 mole
MeOH:4.8-2.1 = 2+7 g., 0084 mole
CH2CF2 = 60 g., 0°40 mole

(i1) 1,4-C Fo/CH.CF /MeCH,

Reagents MeOH (103:5 g., 3.23 mole)
1’4'06F8 ( 83:0 g+, 0°37 mole)
CH,CF,, ( 38.0 g., 0.59 mole)

Irradiation 14 days on 500 curie source.
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Recovered MeOH 97-5 g.
1,4-C.Fg 481 g.
CH20F2 Nil

Reacted MeOH (60 g., 019 mole)
1,4-C.Fg (34:9 g., 015 mole)
CH,CF, (38:0 g., 0:59 mole)

Distillation of the methapol + olefin-methanol adduct gave
21-4 g. H(CFg)CHOH, b.p.164° C. This contains 18-72 g.
1,4-06F8 + 2.68 g. MeOH, therefore the co-telomer mixture
contained:

1,4-C,Fg:34:9-18-72 = 16-18 g., 0-07 mole

MeOH: 6:0-2°68 = 3-32 g., 010 mole

CH,CF, = 38:0 g.s 0+59 mole
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ITI.7 Cross-linking Reactions,

Cross-linking Reactions of Viton-Methanol Co-telomexr
Alcohols with Amines -

a) Triethylamine. Co-telomer alcohols (6-5 g+, 0-016
mole) in anhydrous ether (20 ml.) were placed in a three-
necked flask fitted with a stirrer, reflux condenser, and
dropping funnel. TIriethylamine (9:9 g., 0:098 mole) in
ether (10 ml.) was added dropﬁise over 30 min,, and the
reaction mixture was stirred for 12 hr. at room tempera-~
ture. Finally the reaction mixture was heated under re-
flux for 2 hr. A small amount of precipitate formed and
was filtered off. The brown ethereal solution obtained
was filtered through activated charcoal, washed with dilute
HCl to remove excess amine, and dried over MgSO4. The
ether was then pumped off and a brown viscous liquid (3 g.)
remained (Found: F, Eo-é%; M, 488. Original material con-
tained: F, 62+8; M, 409);

b) neButylamine, Using the apparatus described above,
co-telomer alcohols (11 g., 0°019 mole) in anhydrous ether
(30 ml.) were placed in the flask, which was cooled to o° ¢
in an ice-bath, and n-butylemine (175 g., 0:246 mole) in
ether (10 ml.) was added slowly, with stirring, over 45 min.

The reaction mixture was then allowed to warm to roon
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temperature and stirred for 21 hr. A white precipitate
formed (3.7 g.) which was filtered off and washed with
anhydrous ether (Found: F, 20-&%; Cale. for C¢39NH3E:

F, 20-4%). The dark brown solution was filtered through
activatéd charcoal, washed with dilute HC1l to remove excess
amine, and then washed with water. After drying the
solution over MgSO4, the ether was removed under reduced
pressure and the product was a dark-brown, viscous oil

(844 g.) (Found: F,_SS-B%; M, 1,110. Original material
contained: F, 64-0%; I, 583).

c) Ethylene Diamine (1) Using the apparatus described
above, co-telomer alcohols (3 g., 0008 mole), monoglyme
(10 ml.) and anhydrous K,C04 (055 g., 0-004 mole) were
placed in the flask, which was cooled to 0° C in an ice-
bath. Ethylene diamine (0:12 g., 0002 mole) in monoglyme
(15 ml.) was added slowly, with stirring, over 20 min. The
resulting yellow solution was then allowed to warm to room
temperature and stirred for 18 hr. The white residue,
presumably containing K2003, KF, and some amin@ hydro-
fluoride, was filtered off from the brown solution. The
monoglyme was removed at reduced pressure, and 2°4 g. of
Pleasant-smelling red oil_of increased viscosity was ob-

tained. (Found: ¥, 54.5%; M, 397. Original material



contained: F, 64°4; M, 355).

(2) Using the procedure described above [(e)(1)]
and changing the mole ratio of co-telomers to diamine gave

the following result:

Reagents Co-telomer aleohols (3 g., 0.008: mole)
NH,(CH,) ,NH, (024 g., 0-004 mole)
cho3 (1-15 g., 0-008 mole)

Time/Temp, 18 hr./20° C,

Product 1°9 g. dark red oil of approx, doubled viscosity.
(Found: F, 54°9%; M, 480; Original material con-
tained: F, 64.4; M, 355).

(3) Reactions (3), (4), and (5) were carried out
in carius, tubes, shaken in a mechanical shaker, and heated
in a eylindrical heater. In each case monoglyme (30 ml.)
was added as solvent. The working-up of the product was

the same as that described above in c(1).

Reagents Co-telomer alechols (4.2 g., 0-011 mole)
NH2(CH2)2NH2 (0-34 gey 00055 mole)
K,CO04 (1L.61 g., 0.011 mole)

Time/Temp. 3 hr./150° C.

Product 2.0 g. brown-black, semi-solid. (Found: F,

57.5%; M, 764; original material contained:
F, 64-4%; M, 355)., Some degredation occurred

and carbon was fi]_.tered off.



(4)
Reagents

Time/Temp,

Product

(5)
Reagents

Time/Temp.

Producet
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Co-telomer aleohols. (3 g., 0¢008 mole)
NH,(CH,) ,NH, (0.24 g., 0-004 mole)
K5C0q (1-15 g., 0°008 mole)
3 hr./100° C,

1-7 g. bréwn-black, extremely viscous oil.
(Found: F, 57.1%; M, 520; original material

contained: ¥, 64.4%; M, 355),

Co-telomer alcohols (8 g., 0-015 mole)
NH, (CH,) NH, (04 g., 00075 mole)
K,CO0, (2.1 g., 0-015 mole)
3 hr./170° C.

2.0 g. brown-black, semi-solid. (Found:

P, 51-5%; M, 785; original material con-
tained:-F, 57+9%; M, 399).

d) Hexamethylene Diamine (1) TUsing the procedure desecrib-

ed in c(1l) gave the following results for d(l) and a(2):

Reagents

Time[Temn.

Product

Co-telomer alcohols (5 g., 0015 mole)
cho3 (2.07 g., 0.015 mole)
3 hr./100° C.

3¢4 g. black, semi-solid. (Found: R, 47+5%;



(2)
Reagents

Time/Temp,

Product
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M, - ; original material comtained:
F, 59.9%; M, 330). The product was un-
soluble in boiling acetone and no molecular

weight could be obbtained.

Co-telomer alcohols (5 g., 0.015 mole)
NH,(CH,) (NH, (0.87 g., 0-0075 mole)
K005 (2.07 g., 0.015 mole)
18 hr./50° C.

3-5 g. brown-black, semi-solid. (Found:

F, 50.8%; M, 1,130; original material con-
tained:.F, 59.9%; M, 330).

Monoglyme was the solvent used for these [d(1l) and (2)]

and all further reactions.

e) Irimethylene Diamine, Using the procedure described
in(d(1) gave the following result:

Reagents

Time/Temp,

Product

Co-telomer alcohols. (5 g., 0015 mole)
NH,(CH,) ;MH, (0-55 g., 0+0075 mole)
K,CO05 (2.07 g., 0¢015 mole)
3 nhr./100° C,

3.7 g. black, semi-solid. (Found: ¥,

46.6%; M, 556; original material con-
tained: B, 50.9%; M, 330).



f£) Iriethylamine and Propsne-l,3-Dithdiol, Using the

procedure described in c(1l), with propane-1,3~dithiol

also in the flask gave the following result:

Reagents Co-telomers alcohols (5 g., 0-015 mole)
(C2H5)3N (152 g., 0:015 mole)
Hs(0H2)33H (0.81 g., 0.0075 mole)
K2003 (207 g., 0015 mole)

Time/Temp. 18 hr./50° C.

Product 2.8 g, red-brown oil, (Found: F, 53.4%;

M, 8353 original material contained:

P, 59°9%; M, 330).

Cross-linking Reactions of 1,4-Octafluorocyclohexadieng/
Vinylidene Fluoride/MeOH Co-telomer Alcohols with Diamines.

g) Hexamethxleﬁe Diamine. Using the procedure described
in e(1l) gave the following result:

Reagents Co-telomer alcohols (5 g., 0°017 mole X)
NH,(CH,) NH, (0-99 g., 0.0085 mole)
K2003 (235 goy, 0°017 mole)

Time/Temp, 18 hr./50° C.

Product 1.8 g. HF-smelling black solid. (Found:

F, 43.6%; M, - ; original material con-
tained: F, 55:9%; M, 300%). It was not
possible to obtéin molecular weights in g)
and h), probably due to HF elimination by


http://Propane-l.3~Dithd.ol

52,

both original material and produet.z
Molar quantities were based on moleculer
weights obtained by Plimmer 1> for the

same fractions.

h) DBthylene Diamine. Using the procedure described in
c(1) gave the following result:

Reagents Co-telomer alcohols (5 g., 04017 mole ¥)
NH2(0H2)21\IH2 (0«51 g., 0.0085 mole)
K2CQ3 (235 g., 0°017 mole)

Time/Temp, 18 hr./20° C.

Product 2*1 g. HF-smelling, dark~-red oil. (Found:

F,55-9%; M, - 3 original material contained:

P, 38°9%, M, 300%).
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PART II,

CHAPTER I: INTRODUCTION
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I.1l. Dipole Moment, Bond Moment and Group Moment; Sign,
Angle, and Vector Summation of Moments.

A molecule is said to have a dipole moment if its
centres of +ve and -ve charge do not coinecide. If the +ve
and -ve charges, + o and - %e, are separated by a distance
1, then the dipole moment = Sex1, As the moment acts
in thé direction of the line joining the two charges, that
is, the axis of the dipole, it is a vector quadtity. The

electronic charge is 4.8 x 10710 6.s.u. so that if an
) o)
electron moves 1A i.e. a distance of the order of one bond

18 o

length, a moment of 4.8 x 10~ .8.u, 18 created. This

is normally quoted as 4°8 Debye units or 48D,

The HC1 molecule is a simple example of a molecular
dipole which lies in the HCl bond with the +ve end towards
the hydrogen and the -ve end towards the chlorine. It is
often written E:EZ. This illustrates the fact that a
chemical bond between atoms of different elements normally
has a dipole moment acting in the direction of the bond,
known as the bond moment. For a group such as the -N02
group we can define a characteristic group moment, which
is more useful than the bond moment in the calculation of
molecular moments, as the vector sum of the individual
bond moments. Tgbles of bond and group moments have

been published,1+2 gng collected values of dipole moments



up to 1948 3 and 1962 4 are available.

It is necessary to assgign directions to dipole
moments. If the direction of the moment of any atom ox
group bonded to the benzene ring is known, then that of
another atom or group can be determined from the moment
of the compound in which the two groups are substituted
para to each other on a benzene ring. The o -c0h -0
negative pole of the C-Tl bond was assumed Z to be at the
chlorine atom because of the greater electronegativity of
the chlorine than carbon. For ng;.C6H4N02, the moment
would then be either the sum of the momemts of CGHSCI'and
CéHsNO2 or the difference. The value obtained is 2.61D
which is much closer to the difference (2¢46D) than to the
sum (5.56D), i.e. - NO, acts in the same direction as -Cl
relative to carbon. This test is not very useful for the
'bent' groups such as - OH, - NH2, but it is usually assum-
ed that the more electronegative atom is the negative pole

and no real anomalies have been found.

Because of the vector properties of dipole mom-
ents, when two or more groups are attached to the benzene
ring, it is possible to calculate an expected value for

the resultant moment - e.g. for the dichlorobenzenes the
6

following values have been obtained and calculated
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(CéHEEl = 1-56D) in Table I.l.
Observed (D) Caleculated (D)

m-C cH 4612 1-48 156
p-06H4012 0 . 0
Table‘I.l.

The angle between the vectors in the &-compound is 60°,

in the ‘m-compound 120°, and in the p-compound 180°. The
para vectors cancel out, and the meta and ortho values are
calculated using the cosine rﬁle. The agreement between
the measured and c alculated values for p- and mP06H4012
and the discrepancy for 0-06H4612 is typical of dihalo-
substituted benzenes (see later). This is important when
considering the dipole moments of 06F5X compounds where
the C-F(4) and C - X moments are likely to be affected by
the fluorine atoms ortho to them.

From the vector law, the moment of p-chlorotoluene
would be expected to be the sum of the moments of chloro-

benzene and toluene i.e., 1¢58 + 037 = 195D

S
Cl CH
«e<§L—J;>—4— 3

The observed value is 1¢95D, which shows that the vector
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law holds and confirms the directions assigned to these
groups. Since the vector law seems to hold for p-methyl
groups, it seemed reasonable to assume that the moments

of other groups which are mnot directed radially from the
ring, e.8. - NMez, would be unaffected by the introduction
of a p-methyl group, and that the vector law would still

hold. Marsden and Sutton 8

used this approach to calcu-~
late 6, the angle between the dipole axis and the plane
of the ring, for aniline, phenol, etc. An example of
this is the calculation of 6 for - NMb2 from N-dimethyl
aniline (1.58D) and dimethyl p-toluidine (1.29D). These
values should be related to the dipole moment of toluene
(0+37D) by the following relationship:-
[A2( 1Mo, .CcH, o) -/\A2(NM92AR) +/u\2(ARMe) - 2. (Mo AR).
AA(ARMe).cos e
Substituting the numerical values gives @ = 34°, When
large interactions are found to take place between groups
in p-disubstituted benzenes, this type of calculation can-

not be used.

The following calculation is an example of vector
calculation using the cosine rule for 4-fluoro-aniline,
where 9,7 the angle between the dipole axis of the - NH2
group and the plane of the ring is known. The aim is to
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obtain a calculated value for the molecule and the value is
used later in the thesis. Fig. I.la) shows the moment

directions and I.1b) is a vector diagram for the ealculation.

a) 4 F - CeH

4~

b) vector diagram

C-F = m - 1-45,% © - M, = m, ¢ 1.50,% 0 - 48%7 M=
resultant moment A

Fig.I.1l.

2 m?_ + mg - 2m, m, cos (180 - 6)

=
n

1:45° 4 1.50° + 2 x 145 x 1:50 cos 48°
74265
S AL = 2.70D




I.2. Inductive and Mesomeric Effects. (Ig, Iy , M).

As the interpretation of dipole moments concerns
the electronic effects which occur in organic molecules, it

is necessary to define these effects.

The inductive effect IG concerns O electrons and
describes the tendency for a substituent to attract or re-
pel electrons according to its electronegativity without
changing the arrangement of electron pairs in the molecule.
The effect decreases with distance from the source of the

disturbance and may be represented:-9a

¢~ ¢+ L+ 935

X< ¢ ¢ Ce ¢ (-I¢s)
g+ § - s (5§ - '
X—> ¢ —C—C (+I5 )

6% and §~ denote small fractions of a charge unit.

The mesomeric effect, which occurs only in unsatu-
rated molecules, describes the tendency of the substituent
to extend the conjugation path by rearranging the electron
pairs in the unsaturated molecules. This involves either
donation of an electron to the molecule or acceptance of an

electron from the molecule. It may be depicted as follows:-

i/ﬁl Y

- C & C - C =/% (+ M)



T

For halogen atoms attached to aromatic molecules,
an inductive effect concerning T -electrons or I
effect is important. It has been attributed to repulsion
between the T -electrons on the substituted carbon atom

and the halogen lone pair electron repelling.

electrons (Fig.2)'0 and also pd (+ Iw)
+
to unfavourable penetration O O .

P /C electron attracting
of filled orbitals contain- (- Is)
ing the same type of elect- o g 0
rons.ll Fig.I.2

The changes in W electron density caused by
+ Iwy and + M substituents in aromatic molecules may be

shown as follows:-

x&+
88~
y & $”
b $8” $8
s---
+ N

i.e, the + Iy effect removes T electrons from the
position of substitution, building up electron density
at o- and p- positions, reducing it. slightly at m-positions.
For the + M effect, valence bond theory predicts an in-
crease in density at o- and p- and no change in m-positions,

and molecular orbital theory predicts a slight increase in



electron density at the m-position also.

12 nes used the + I effect of the halo-

Burdon
gens to rationalise nucleophilic substitutions in polyfluoro-

and polychoro-aromatic systems. (see later).
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I.3. The Electronic Ground State of the Substituent Groups.

From a molecular orbital standpoint, when resonance
interaction is + N, the occupied orbital of the substituent
associates with the molecular orbi#als of the - electrons
of an aromatic nucleus increasing the electron density in
the ring. Where it is - M, the W-orbitals of the substi-
tuent interact with the  Thorbital system of the ring to
give a T-system covering the ring and the substituent
and the electron density in the ring is reduced. Both
effects are conditioned by overlap of the orbital of the
substituent and the Pw orbital of the carbon atom linked
to it.

2 pybrid orbitals

In the nitro group the three sp
of the nitrogen atom overlep with the carbon atom of the
ring and two oxygen atoms to form o bonds, The remain-
ing p-orbital of the nitrogen atom, which at this stage
will be doubly-occupied, can then release one of its
2lectrons to £ill the singly occupied orbital of one of
the oxygen atoms, and form a T -bond with the singly
occupied orbital of the other. Thus a valence-bond des-
cription of the group is as a resonance hybrid

0 0~
— %7 — =17

- N
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The formal structures are oi" equal energy and the two N-0
bonds are identical. The three atoms bonded to the nitro-
gen are coplanar.‘ F_or resonance with the ring to ocecur,
overlap between the unhybridised p-orbital.. of the nitrogen
atom and of the o< ring carbon atom: must be reasonably
large, and therefore, for maximum pos'sible overlap, the
nitro group mist become coplanar with the ring. It is not
likely that the group will assume a fixed planar configura-
tion as there will be the usual repulsion between already
filled orbitals superimposed upon the resonance effect.

It seems most likely that there will not be a random free
rotation of the nitro group about the C - N bond but that
there will be a preference for orientations near to coplanar-
ity with the ring. The formyl (-CHO) group can be describ-
ed on a similar basis except that its group moment is situ-
ated mainly in the C = O bond whereas that of the nitro
group acts in the direction of the C - N bond. Both

9

groups have - I and-M effects.

In amines (-NH2, -NHCH;, -N(CHB)2), the bonding is
more complex., In aliphatic amines the oxbitals of the
nitrogen atom can best be considered sp3 hybridised and the
lone pair occupies an sp’ hybrid; When linked to an aro-
matic system the nitrogen orbitals must rearrange to give

more p character if there is to be any interaction with



the orbitals of the conjugated system. This would lead

to a flatter disposition of the bonds of the nitrogen atonm

and a conformation with the two hydrogen atoms as nearly as
possible coplanar with the r ing. It is highly improbable

that the lone pair becomes a pure p orbital as p-phenylene

dismine and beng?ine should in that case have a zero dipole

4 Because of the resonance effect,

moment and they do not.
therefore, the lone pair will have more p character in aro-
matic than in saturated aliphatic amines and there will be
a preference for orientations in which the axis of this orbi-
tal makes a large angle with the plane of the ring. Each
group has a - I, inductive effect but this is outweighed

by its strong + M effect.9

The H - 0 - H angle in water should be 90° if the
bonding of the oxygen atom was pure F. The experimental
29

value is 104%°,and Coulson explains this by saying that,
since H - H repulsions can only open out the angle to 95°,
the bonding cannot be pure F. A glight admixture of S
will give more strongly overlapping orbitals and involve
an opening out of the angle. An assumption of a C- 0 - H
angle of 115° in phenols has previously been ma.de,23’28
based on X-ray analyses and electron diffraction measure-
ments, and this further opening out of the angle will re-

guire a larger proportion of S, The C - 0 - C angle in
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anisoles has been assumed to be 12O°.28 The axis of the
remaining P orbital is at right angles to the plane of the
oxygen atom and the two atoms to which it is linked so that
the position is very similar to that arising for the nitro
group, maximum overlap being attained when the two bonds
from the oxygen atom are coplanar with the ring. The -OH
group differs from the amino groupings in that it is not
essential for a change of state of hybridisation to occur
in order to achieve this. The group has a stronger - Io
effect and a weaker + M effect than the amino g:roup.9 The

alkoxy and thiol groups can be discussed on a similar basis.

An alkyl group Jjoined to athenyl gives a molecule
of small moment, which is shown by the moments of p-substi-
tuted toluenes to have its negative end toward the ring.
The mechanism by which this shift of electrXons occurs is
termed hyperconjugation foi which polar structures may be
written as follows:-

H+ﬁH2 H+ﬁH2 H+ﬁH2

The methyl group also has a + Iy effect.

The nitrile group is a linear sp hybridised group
which is unlikely to be affected by steric or planarity
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factors. Its - M resonance may be described in terms of

small contributions from polar structures such as the

following: N
|
C
I
It has a strong - I, +
effect.
The C -« N - O angle in p-iodonitrosobenzene, a
monomer, has been shown to be 125°.14 It has been suggest-

ed by Smyth 23 that the angle is probably widened by reson-
ance to 180°. This was indicated but -0

l

not definitely established by the mom- N
ents of the p-halogen and p-nitro- I

nitrosobenzenes, as the agreement be- I
tween the observed and calculated \\

values for p-nitro-nitrosobenzene points to linearity of

29

the group dipoles. A contributory resonance structure

for nitrosobenzene is shown,
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I.4. Dipole Moment Literature.

The dipole momemts of numerous fluorine-containing
aliphatic and aromatie compounds have been meashred, by

various methods.4

The following measurements were made in a study of
the dipole moments in the vapour state, and molecular struct-
ures, of some highly fluorinated aliphatie hydrocarbons and

ethers:15

CF,01, 0-46; CPyBr, 0-65D; CF3I, 0-92D; CF,CBr,, 0-66 D.

These moments are much larger than would be expected on the

basis of the small differences between the four methyl

halides in the vapour state?

for, say CFBCl, should be less than 0-1D,

from which the expected mogent

CHyP, 1-82D; CH;C1, 1-88D; CHgBr, 1-80D; CHyI, 164D,

and were explained in terms of the induced charge shift
resulting from the differences between the polarisabilities
of the halogens. A value of 0-38D for the dipole moment

of chlorotrifluoroethylene in the vapour state when the
expected value was 0+1D was obtained in a study of aliphatic
fluorine containing compounds. This was taken to indicate
that contributions from structures such I are favoured over

IT to the extent of contributing 0°3D to the molecule



15.

This conclusion was supported by evidence of the shortening

of the C - F distances in various chlorofluorides.

Allocations of structure to several decafluoro-
cyclohexanes have been confirmed by measurement of their

17,18 ppe following values

dipole moments in benzene.
were obtained for perfluorocyclohexane, um decafluorohexane
and two 1H:2H decafluorocyclohexanes:

e [ . [ o [ ] H

06F12’ 0D; CGEFll, 1-64D; céH2F10 (bep.91"), 259D;

CHoFy o (DeDe 70°), 0-88D,

H

I. b.p. 70° II. b.p. 91°

The expected dipole moment of the two equivalent cis
structures (1lHa:2He and 1He:2Ha), calculated from that of
the decafluoride, is 2¢69D. This is in reasonable agree-

mnent with the experimental value found for the isomer of
b.p. 91° (II). In the case of the isomer of b.p. 700(I)
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the low dipole moment (0°88D) confirmed that this structure
mist have the trams structure and that the confa mation with

the 2 axial hydrogen atoms predominates.

As the dipole moments of 06F5X compounds are
studied in this thesis, it is necessary to examine previous
dipole moment evidence concerning o-, p-, and polysubstituted
benzenes. A determination of the dipole moments of p-halo
toluenes, anisoles, and anilines, showed that the interaction
moments were least for the fluorine-containing compounds.8
Interaction moments are the differences between observed
and calculated moments caused by interactions of the reson-
ance effects of the substituents. The dipole moments of
a series of p-fluoro aromatic compounds were then measured
and the values used in determination of AR - X - AR bond
angles in compounds such as p.p'-difluorodiphenyl ether be-
cause the low interaction moments would meke the errors
which might arise from interaction moments least for

19

fluorine. Halobenzenes with p-substituted - M groups

show evidence of resonance interaction which is again small
for fluorine. From a table of values of these com‘pound:s,‘?0
it is noted that the observed value for p-F.C6H41\IO2 (2-63D)
is only 0.11D (4.4%) greater than the calculated vamlue
(2.52D), The contributing resonance structures can become

much more important when a strongly attracting - M substi-
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tuent is para to a st;ongly donsting + M substituent, e.g.
p-NO.CZH, .NMe,, 6:90D;% (calculated value, 4-49D).

The dipole moments observed for o-dihalobenzenes
are congistently lower than the calculated values. This
discrepancy, often called the 'ortho effect', is about 1/3
as large for fluorine as for chlorine and increases with
increasing size and polarisebility of the halogen.atoms.2b

See Table I.Z2.

Observed(R) Calculated(D)

0-CgH,F, 2.38 2¢53

0-062H4_"C--12 2727 2°74

0-06H4Br2 210 2°67

0-CgH, I, 1-70 2+ 24
Table I.2.

The chlorine atoms in 0-06H4312 and the bromine

atoms in o-CGZH4Br2 have been shown to be bent out of the

o 20 which would account for ::ome

plane of the ring by 18
decrease in moment. o0-CgH,F, is unlikely to be steris;y :
affected and it has been shown that the ortho effeét can be
accounted for entirely by mutual inductive effects for all

21 gmith 22

the o-halobenzenes. has used dipole moment
measurements to study the effects of o-halogen atoms and o-

methyl groups on hitro, amine, formyl, and acetyl groups
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attached to a benzene ring. After allowances were made
for the inductive effects of each dipole upon the electron
clouds of the other substituents, it was found that one
o-chlorine atom lowers the nitro group moment (4.01D) by
038D, and two o-bromine atoms lower it by 0.69D. This
was explained by steric inhibition of resonance, partially
in o-fl06H4N02 and fully in 2,4,6-tribromonitrobenzene.
The methyl group had much less effect and réduced the
nitro group by only 0+16D. Two o-methyl groups were
shown to have little effect on formyl and acetyl groups
attached to benzene whereas two o-bromines cause consider-

able inhibition of resonance:-

CHO CHO
8r ’l/\/l Br
.:% A
T
292D 2.96D 253D
NH, /me M,
Me Me B{(/§§1 Br
X ~F
Me Br
1.53D : 1.45D 173D

The reverse was shown to be the case in aniline derivatives

i.e. the effect caused by methyl groups is greater than that
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caused by bromine atoms. As the atomic radius of the bro-
mine atom is only slightly larger than a methyl group it was
inferred that the characteristics of the groups concerned,
as well as their sizes, were significant, i.e. as repulsions
between a halogen atom and an oxygen atom of the nitro or
formyl groups are likely to be stronger than those between
a halogen and hydrogen atom, the effective radius of a
halogen atom may be smaller with respect to the approach
of a hydrogen atom than with respect to that of an oxygen
atom, while the reverse will hold for a methyl group. A
comparison of the observed dipole_moments for o-halo anisoles
with the calculated moments has shown that the double bond
dhéracter of the ring to oxygen bond is sufficient to lock
these molecules in a trans configuration,23 € 8o
o-F.CsH4.OCH3, 2+31D; calculated values: trgns, 2+45D;

cis, 0¢43D; free rotation, 1.78D.
The dipole moment values of the o-halophenols show that be-
tween 85-90% of these molecules have the -OH group in the
cis positioﬁ due to intramolecular hydrogen bonding. The
configuraetions of the anisoles and phenols may be shown as

followg: -



2.31, trahs.

o-fluoroanisole

20,

2
*16D, cis.
o-fluorophenol

«seeses indicates hydrogen

bonding

Studies of the dipole moments of polysubstitutedA

benzenes are of particular relevance to this thesis. The

classical studies of polymethyl substituted benzemes by

Hampson and his co-workers

showed how the resonance

of various groups could be strikingly inhibited by the pre-

sence of two o-methyl groups in their durenyl and mesityl

derivatives, e.g. they found that the moment of aminodurene

is 1.39D, as compared with 153D for aniline, and the dipolé

moment of dimethyl mesidine is 1-.03D compared with 1.58D for

dimethylaniline, i.e.

NH, NH,
AN Mo Me
= Me Me
1.53D 1.39D

Me Me Me Me
N Nar 7
N
R Me X, Me
Z =
Me
1.58D 1.03D

When both the 1l- and 4-positions in durene contain polar
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substituents the differences between the moments of the

durene and benzene derivatives are even more pronounced.

The dipole moments of p-amino, p-hydroxy and p-dimethyl-
amine nitrodurene are 4-98D, 4-08D, and 4-11D, respectively,

comparsd with 6+10D, 5.04D, and 6.87D for the corresponding

benzene derivatives.24’25

In the polychlorobenzenes, the ortho or inductive
effect which explained the dipole moment values of o-dihalo-
benzenes is again evident. The observed and calculated

values in Table I.3 for chloro-substituted benzenes were

obtained by Smyth:-2°

. Substituents Observed(D) Calculated(D)

| 1,2-012 227 2.74
1,2,3-Cl, 2.31 3.16
1,2,3,4-014 1-90 2.74
1,2,3,5-014 0-65 1-58
015 088 1.58
(CHB)' 015 155 1-95
(CoH),Cl, 150 195

Table I1.3.

The moment of 1,2,3,4-CGH2£14 can be treated as the vector
sum of the 2- and 3-C-Cl bonds. Its moment is consider-

ably lower ¢by 084D) than the calculated value and lower
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than 0-C6H4C12 (2+27D) by 0:37D because of further induction
of the 2- and 3- chlorines by the 1- and 4- chlorines.

Thus, when the 2- and 3- chlorine atoms have one chlorine
atom O~ to themethey are O- to each other, the moment is
lowered by 0-.4D; and, when the 2- and 3;Ichlorine atoms
have two O- chlorine atoms each, the moment is lowered by
twice this amount. If the value for C6H5§& (1-58D) is
subtracted from that of'1,2,3-06H3£13 it should be equal

t0 the moment of 1,2,3,5-06H2C&4, i.e. 231 - 158 = 0-T3D.
The difference between this calculated value and the ob-
served value (0.65D) is no more than the probable error.

The observed moment of 1,2,3,5-06H23r4 is about the same
(0~7D)4 for similar reasons. The moment of CGIESH, in the
absence of induction, should be the same as Céﬂsﬁl. The
observed moment, however, is 0+88D, and is a measure of

the inductive effects of the four chlorine atoms. This
value 1s important because the value of the corresponding
fluoro compound, G6FSH’ is measured in this thesis. Asg
Csﬂléﬂ differs from CGCIE(CBB)’ and 06015(02H5) only in
lacking the alkyl group, the moments of these compounds
would be expected to be about 088 + 0:37 = 1.25D,
(CéHs(Csz) = CGHS(CHB) = 037D), whereas they are in fact
about 0-3D higher. A value has been obtained for 06015(0H)
(2+14D) 4 which is close to the calculated value (2.27D)
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and sgain much higher than the value expected for 06015H =
0-88D, Dipole moment values for C,Cl., C.F., and 1,2,3,4-
06H2E4 have been obtained using the randomly oriented solid
pellet technique.27 The results were surprising in that
06Q16 and C.F, were shown to be polarised, and the value
obtained foprl,2,3,4-CcH P, (2°43D) is close to the calecu-
lated value (2.53D), whereas induction would be expected
to lower this moment. It would be of interest to measure
the dipole moments of the latter compound and other tri-
and tetra-fluorobenzenes in CCl4 solution, in order to
check the latter value and to provide more information
concerning ground state electrom distribution in fluoro-

aromatic compounds.
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EPART II

CHAPTER II: DISCUSSION.
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II.1. Introduection

There is considerable current inmterest 30 in the
chemical properties of the series of polyfluoroaromatic
compounds CEFSX, where X is any substituent, and the
electric dipole moments of some members of this series
have been determined in order to examine the tremds in

ground state electron distribution for different X sub-

‘ N = micleophile
X = any substituent

¥ N

stituents.

Pig.1I.1.

As the reactivity of a CEFSX compound towards
nueleophilic replacement of fluorine depends on the differ-
ence in stability between the ground state and an inter-
mediate of the type shown in Fig. II,1, it was considered
that an attempt to exemine ground state stability, as
determined by the trends in electron distribution, which
,would be indicated by the dipole moment values, might
lead to a clearer picture of reactivity and orientation

of substitution in these compounds.
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beer

The Series which have, Measured and Calculsated:

X X X X
{
F F X F F 'H H
F F & _ P F H H
F F H H

Series: I II and III IV v

Series I, II, and IV have been measured. Series III has
been obtained by calculation using values from the litera-

4 4

ture. Series V has been obtained from the literature.

X = Substituent Group = NO,, CN, NO, CHO, NH,, NHNe, NMe,,
OH, OMe, SH, CH,.

The CéFSX gseries (I) waa the first to be measured.

5Xmoleeule, the 2- and 3-(C~F) bond moments can be

regarded as cancelling the 5- and 6-(C-F) bond moments.

In a 06F

The dipole moment of the molecule will therefore be the
vector sum of the 4-(C-F) bond momemt and the X group
moment, and will be a measure of the effects of the 2,3,'
5, and 6;f1uorine atoms on the 4-fluorine atom and the X
group, and of this atom and group on each other. The
4.F.06H¢X series II was also prepared and measured, in

order to provide comparative values for the resultant

moments of a 4-(C-F) bond end X group, when not attached
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to a polyfluorinated ring. In a 4.F.06H4.X molecule

the four C-H bond moments will cancel across the ring,

and the dipole moment is equal to the vector sum of the
two substituent groups, as in the CstX series.

The dipole moments of some of the compoundsin
series II had heen measured before,4’19 but not in carbon
tetrachloride which was the solvent used in all determin-
ations, It is normally accepted that use of the same
solvent and conditions provides a sound basis for the com~
parison of dipole moment values. Benzene is the solvent
most frequently used in dipole moment determinations, but
this could not be used for these measurements because it
forms T -complexes with polyfluoro-aromatic eompounds.31
Carbon tetrachloride was used because of its good solvent
properties, non-polarity, and the likelihood of no inter-
action.between the halogen atoms of the solvent and solute.

Values for the 4.F.06H4.X series (III) were also
obtained by vector calculation, using values from tables 4
for the 4-(C-F) bond moment and the X group moment, as a
check on the measured values of series II., Where the
dipole axis is acting at an angle to the ring, the angle
values used were those used by Smith 7 in similar calcul-

ations.
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It was then decided to prepare, and measure the
dipole moments of,the 2,3,5,643.C6F4.X'series (IV) in order
to examine the effect of 2,3,5- and 6-fluorine atoms on an
X substituent when no 4-fluorine atom is present. The
2- and 3-(C-F) bond moments will cancel with the 5- and 6-
(C-F) bond moments and the dipole moment will be the vector
sum of the 4-(C-H) bond moment and the X gromp moment.
There is some doubt as to the velue and sign of the C-H
bond moment in aromatic molecules, but its value is small,
and the dipole moment of CéHSX is normally regarded as the
group moment of X 26 i.e, the X group moment includes the
small moment of the 4-(C-H) bond. Thus the dipole moment
of a 2,3,5,6-H.06F4.X compound cah be regarded as the X
group moment. This procedure is adopted in this thesis.
0f course, when the dipole moment of a p-disubstituted
benzene is calculated from the values of two mono-substi-
'tuted benzenes as in series III, any contributions from
the C-H bonds will cancel. The values for the CgHX |
gseries (V) have been obtained from tables 4 4n order to
provide comparative values for the X group moment when

not attached to a 2,3,5,6-tetrafluoro substituted ring.
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Taeble II.l. Dipole Moment Results in Debyes (D).

_ Series .
Series 1 Series II o ITI(€X,T 0, S, T,%ER, P)
C.F 4.F.C.H o '
65 6-4 o . o
-, 2-85 -NH, 2:69 266 (1.50,48°,CCl,,25°,0,196)
-NHCH, 3-02  -NHCH; 293 2-92 (1.67,41°, B ,25°2,0,259)
-N(CH;), 2-52 -N(CH3), 2-91 290 (1.59,34%, B ,25°,0,299)
-0H 2.11 -OH 1-99 2.29 61'46’760’0014’285 5,193)
-0CH; 2-11 ~0CH, 2-14 2-13 (1-25,76°,0014,25°,o,254)
-SH 144 -SH 1-20 -
-CH; 1.83  -CH;  1.79 1.80 (0-35, 0°,Cc1,,25%,5,25)
Ce¥s 4F.CcH, . .
-0 1.39 ~NO - 1.72 (3.17, 0°, B ,25°,0,181)
-CN  2.34 -CN 2.67 2-57 (4.02, o°,cc14,25°,5,233)
-NO,  1.94 -NO, 2.69 2+55 (4-00, o°,cc14,25°,o,183)
~-CHO 1.59 -CHO 2.13 -
Sexies IV Series V
2’3’5’6-H.06F4c635
-NE, 1.74  -NH, 1.50
-NHCH; 1-96 -NHCH;  1-67
-N(CH3)2 1-54 -N(CH3)2 ;.59
-OCH; 1-47 -0CH;  1-25
-NO,  3.28 -1, 4.00
-CN 3.62 -CN 4.02

cFsH  1°34  -F 1.45(1.47)(1.45,o°,cc14,2o°22;,180)




Also measured was 06H5F = 1°47D. |

The dipole moments of Series I, II, and IV have been
measured experimentally, and Series III has been calcul-
ated by vector summation using the C-X values éiven and
C-F(4) as 1°45D (see p. 4 for an example.of vector
summation) .

All C-X values are taken frém McClellan's Dipole Moment
Tables,4 (measured as 06H5-X).

® = angle between the moment anxis and the plane of the

ring.’
S = solvent used for the measurement.
T = temppérature °c used for the measurement.

30.

%EP = the % of the electron polarisation allowed for the

atom polarisation.
The series V values are those used for the substituent

groups C-X in series III.
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II.2. Results : Trends.

The following trends can be observed from Iable
II.1, (1) when the dipole moment values of the 2,3,5,6-
H.CEF4.X series (IV) are compared with the corresponding
values of the Cést aeries (V), and (2) when the values
of the CGFSX series (I5 are compared with the correspond-
ing values of the 4.F.CGH4.X series:-

(1) 2,3,5,6-H.CgF,.X CeH
p'e

F X F H XS

Fl_ _JF P

H H

(a) The values of the'2,3,5,6aH.CéF4.x compounds in which
X has-a +M effect, are greater than the values of the

corresponding CGHSX compounds e.g.
2,3,5,6-H.CcF, NH,(1+74D) )  C HJNH,(1-50D) by 0-24D(16%)
Exception: 2,3,5,6-H.CcF,.HMe,(1:54) { CgHoNMe,(1-59D) by

0.05D (35})

(b) The values of the 2,3,5,6-H.C¢F,.X compounds, in which
X has a -M effect, are less than the values of the corre-

sponding CéHSX compounds e.g.



32.

2,3,5,6-H.CqF,.CN(3+62D) <  CgHCN(4.02D) by 0-4D(10%)

(¢) The value of 06F5H (1+34) is less than 06H5F (1-45) by
0'1].D (B%) °

F F
F AW

=

1 |

X X

(a) The values of the Cést compounds in which X has a

+M effect are approxi equal to the values of the correspond-
ing 4F.CéH4.X compounds.

Exception: 06F5NM92(2°52D) < CsHSNM92(2-9OD) by 0.38D(13%)
(b) The values of the CSFSX compounds in which X has a

-M effect are less than the values of the corresponding

4F.06H .X compounds e.g.

CePCN(2:34D) <  4F.CgH,.CN(2:67D) by 0-33D (12%)
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IT.3. Discussion of +M Substituenmts in 2,3,5,6-HC.F,X
and CeP.X.

(a) 2,2,5,64H.0624.X compounds. - In the compounds in
this series where X is NH2’ NHMe, OH, etc. the substituent

X group moments are directed towards the ring, at an angle
to the plane of the ring, and the main contribution to the
moment is that of the lone pair of electrons on the nitro-
gen or oxygen atom conjugating with the T -electron eloud
of the ring and causing an increase in T-electron density

at the ortho and para positions.

We have seen that, in general, the moment values
for the 2,3,5,é-H.CéF4X(+M) series (IV) are greater than
the corrésponding CGE5X(+M) values i.e. the X group moments
are increased when attached to the 2,3,5,6-tetrafluoro-
phenyl mucleus. I¥ is possible to explain this by postu-~
lating that the presence of ortho fluorine atoms in the
2,3,5,6-3.05F4.X series would cause repulsion,by a + Iy
effect, of the T -electrons donated by the (+M)X group,
and lead to a greater concentration of T -electromns at
the 4-(C-H) bond (where there is no +I7 repulsion from
the hydrogen) without an actuel increase in the amount of

charge movement, i.e.
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A B

QS X+ X+ X+
l | I

Fl X F[ IF P F B F

F_ __F F(__JF FI _F F
H H H H

with very little contribution to the resonance hybrid

from structures A and B, This would mean that the same
amount of T -electron cloud had moved a greater distance,
and, as the dipole moment is a measure of the product of
charge and distance, this would lead to an increase in

dipole moment.

There is evidence to suggest that this explanation
is not the correct ome: (1) During the.preparation of the
compounds studied, it was found that the 2,3,5,6-tetrafluoro
and pentafluoroanilines will only form salts with dry HCl
gas in anhydrous efher and these salts are hydrolysed by
water, i.e. the base strengths of the fluoro anilines are
lower than that of aniline. This suggests that stronger
resonance contributions of the type,

(NHp ﬂna ﬁHz

X >

l P — || | «— ] ete.
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occur in polyfluoroanilines than in aniline.

(2) The ionisation constant of 06F5-0H_is much greater than

that of CgHOH (CeR0H: Ka = 3:0 x 1078, CHOH + Ea =

1.3 x 10710y 32

which suggests that the anion formed when
a phenol loses a proton is being stabilised more effectively,

by contributions of the type,

] i

\ r
Se(l-

0 than in 06H50 .

etc.

in CGFS

(3) C6F5NE2 requires 220° C for replacement offluorine
by NHQ 33 whereas 06F5N02, where the nitro group is electron

attracting, reacts with ammonia at room temperature.34

Each of these three points suggests that, where
substituent group X has a +M effect, there is increased
electron movement into the ring rather than the same amount
of electron movement over a greater distance. There is no
reason why the 4-(C-H) bond should not accept increased T -
electron cloud and the dipole moment values of the 2,3,5,6~
tetrafluoro compounds containing +M substituents can there-
fore be explained on the basis of increased resonance with

the ring T -system.
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An alternative explanation can be suggested from a
consideration of the strong -Io inductive effects of the ortho
fluorine atoms. The resultant group moment of the OH group
in a phenol consists of a -Io contribution, directed away
from the ring, due to the greater electronegativity of the
oxygen atom, and a larger contribution towards the ring, due
to the group's +M effect. The inductive effects of the ortho
fluorine atoms could be considered to reduce the inductive
contribution of the C-O bond, without changing the amount of
+M donation. Thus although the contribution to the group
moment due to the +M effect of the group is unchanged, that
due to the -Io effect is reduced, and the resultant group
moment will be increased, The reduction of the N(Me)2 group
moment in 2,3,5,6—H.C6F1+.NMe2 is considered later.

(b) Eéféﬁ. - The 4-(C-F) bond moment in C6F5H can be

regarded as the dipole moment of the molecule. The bond moment
is directed radially away from the ring and is the resultant of
(a) a large contribution due to the -Ig effect of the fluorine
atom, and (b) a smaller contribution directed into the ring due

to the +M effect of the fluorine atom, i.c.

F 4F ol
I |l
F F F F F_\_F
I \ H r“/ etc.
F Y
gz N
H H H

(a) (b)



The 4-(C-F) bond moment in C,F_H is 1¢34D compared with

65
145D in C6H5F, and this reduction can be explained by a decrease
in the inductive contribution of the 4-fluorine atom in C6F5H
caused by the =Ico inductive effects of the two fluorine atoms
ortho to this atom. It is possible to postulate an increase
in the +M effect of the 4-fluorine atom, which would also lead to
a decrease in the 4-(C-F) bond moment, but the +M effect of
fluorine is small compared with that of the amino group, and an
increase in the +M effect of fluorine would have little effect.
The reduction of the 4-(C-Cl) bond moment in
06015H is much greater than that of the 4~(C-F) bond moment

in C6F H (1.58D in C6H Cl to 0+88D in C6015H) and has been

5 >

similarly explained.26 This is as expected, because the
difference between the calculated and observed values for
o-difluorobenzene has been shown to be only about 1/3 as large
as it is for o-dichlorobenzene,

(c) C6F5X compounds. = The dipole moment of a 06“ X compound

5

with X a +M substituent can be regarded as the vector sum of

the 4-(C-F) bond moment and the X group moment. If a vector

calculation is made for C6F5NH2, taking the 4-(C-F) bond moment

as 1:34D (as in CGFH), © as 48° as in CeHoNH, 7 (0 = angle



The NH, and NHMe groups will achieve greater resonance

2

by a change in hybridisation. The orbitals of the nitrogen

atom will rearrange and move closer to sp2 hybridisation, i.e.

closer to co-planarity with the ring, and the orbital containing

the lone pair of electrons will move closer to pure P thereby

achieving increased overlap with the ring m-electron system.

39.

In OH groups etc. the P orbital of the oxygen at right angles to the

plane of the ring simply overlams to a greater extent with the

ring m-electron system in order to achieve increased resonance.

By analogy with the explanation suggested for the
+M substituents, the moment value of C6F50H3 suggests that
increased hyperconjugation of the methyl group also occurs

vhen the methyl group is attached to the pentafluorophenyl

nucleus i.e. using 4-(C-F) = 134D, the expected moment is 1.3k

+ 0¢35 = 1+69D, whereas the actual moment of C,F_CH, is 183D,

6573
Similar results have been noted for polychoro
compound of the type C6Cl5X where X = OH, CH3' ahd 02H5.
relevant dipole moment values are:- 26,4
. . H_.CH 0.
06015 OH 2+14D Ce 5+CH5 35D
C6Cls.CH3 1+ 55D C6H5.02H5 0+35D
06015.0235 1+ 50D QCl.C6HqQH 214D
06015.H. 0.88D C6H5.Cl 158D

The



The 4-(C=Cl) bond moment in 06015H is 0.88D and the moments

of 06015.0}13 and 06015.02H5 would be expected to be about

0-88 + 0+35 = 1.23D, whereas they are about O-3D higher,

and the moment of C6Cl «.OH is actually equal to that of

5
4.Cl.C6H4.OH when the expected value would be much less

that this on the basis of the 4-(C-Cl) bond moment in 06015H.

This suggests a similar explanation to that proposed earlier
for the fluoro analogues i.e. increased resonance for OH and

increased hyperconjugation of CH, and C The C-Cl bonds

3 and Ot
in polychloro compounds are known to be bent out of the plane
of the ring (see Section I.4). This complicates the above
calculations slightly but will not affect the conclusions.

In both the 2,3,5,6-tetrafluoro and pentafluoro

series, the X = NMe_ values are less than the corresponding

2
06H5NMe2 and 4F.C6H4NMe2 values. This is explained by
steric. interactions between the NMe2 group and the ortho
fluorine atoms. The fluorine atoms force the group away

from the plane of the ring and decrease the resonance

interactioa of the group with the ring n-system, thus reducing

L)
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the group moment.
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IT.4. Discussion of -M Subsgtituents in 2’2'5’6°H'0524‘§—
and 062554

(a) PFluorobenzenes:

iy F H H

P < \_) H F C) H
F F H H
—t —+
1.34D 1+45D

(v) Nitriles:

H H H H

F —~—( )> O E —=( )—> CN
H H H H
+—> —>
267D 4.02D
F__ T F_F

¥ \ / CN H ___<:>_9_ CN
F F F F
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F ¥ F ¥ |
F —<———©—>—— WO, H—@+N02
e ¢ 4
1.94D 3.28D

Fig.II.2 - Dipole Moments, and Bond and Group Moment
directions for nitriles, nitro-compounds,
and fluorobenzenes.
—<—Direction of bond and group moments which
make eontributions to the resultant dipole
moment .
¢—+ Direction of the resultant dipole moment
of the molecule.

The group moments of nitro and nitrile groups are
directed radially away from the benzene ring and both groups
normelly have group moments of approx. 4D to which their
-Io aﬁd -M effects make contributions. Because of the
similarities between these groups it is convenient to dis-
cuss the effects of -M substituents attached to the 2,3,5,6-
tetrafluorophenyl and pentafluorophenyl nuclei by examination
of the dipole moment values of compounds containing these

groups, The relevant compounds and values are shown in

Pig,I1,.2%
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From Fig.II.2(b), the effect of the 2,3,5, and 6-
fluorine atoms on the nitrile group in 2,3,5,6-H.06E4.CN,

=ﬁA(06H50N) -/M(2,3,5,6-H.06F4.CN) = 402 - 3+62 = 0°4D,
i.e. a2 reduction of 04D in the ~-CN group moment.

From Fig.IX.2(a), the effeect of the 2,3,5, and 6~
fluorine atoms on the 4-(C-F) bond in CePsH,

=/\/1(06H5F) '/M(CGFSH) = 145 - 1534 = 0-11D,
i.e. a reduction of 0.11D in 4-(C-F) bond moment.

CstﬂNcontains both a nitrile group and a 4-(C-F)
bond affected by 2,3,5, and 6 fluorine atoms, and its
dipole moment can be regarded as the vector sum of the
nitrile group moment and the 4-(C-F) bond moment. As the
nitrile and 4-(C-F) moments are directed in opposition to
each other, the reduetion in the nitrile group moment should
partly cancel the reduction in the 4-(C-F) moment in
CGFSCN as shown below:

F F
———9 ("
0.11D 0.4D

and a difference of 04 - 0¢11l = 029D would be expected
for /ﬁ(4F.CGH4CN) - /M(g FSCN). The observed value for



45.

C6FSCN is 2+34D, and the observed value of 4F.CéH4.CN is
267D, hence the difference

.,/u(4F.06H4.CN) -/A(CGESCN) = 2¢67 - 2°34 = 0-33D,

Using the calculated value of 4F.06H4.CN the difference
a/\/\(@oCGH4QCN) -7\)(06]?501‘1) = 2'57 - 2'34 = 0.23])’

These differences have the correct sign and are of the order
expected. It is possible to make the same calculations
for the nitro-compounds:

The effect of the 2,3,5, and 6-fluorine atoms on the nitro
group in 2,3,5,6-H.06F4N02

= /M (06H5N02) -/A (2,3,5,6"H006F40NO2) = 4.00 - 3.28
' = 0.72D

Thus, a difference of 0.72 - 0-11D = 061D would be expected
for /A(4.F.CGH.NQ2) -/M (06F5N02). The observed value

for 06F5N02 is 1-94D, and hence, for the observed value

of 4F.CgH,.NO, (2-69D),

/M(4F.06H4.-N02) - /u(cspsmog) = 2¢69 - 1:94 = 0.75D
Using the calculated value of 4.F.06H .I\TO2 (2.55D)

/1A(4F.06H4.N02) ./u(cerNoz) = 255 - 1:94 = 0+61D

Again the differences have the correct sign and are of the
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order expected. Thus, the differences between the observ-
ed and expected moment values for 06]'!‘51(, where X is -M, can
be calculated on the basis of the CgF.H and 2,3,5,6-
H.C6F4.X moment values, i.e. the effeets of the 2,3,5, and
6~-fluorine atoms on the substituents are the same in

C6F5X as in CGFE and 2,3’5,6°H006F4oxo

We suggest that, in 2,3,5,%&H.06F .CN, the decrease
in the nitrile group moment is caused by inductive with-
drawal of o electrons by the ortho fluorine atoms. The
ssme kind of ortho inductive effects have been suggested
earlier to explain the smaller reduction of the 4-(C-F)
bond moment in 06E5H, and we conclude that the nitrile
group and 4-(C-F) bond are similarly affected by the
fluorine atoms ortho to them in CGFSCN‘

The difference between the dipole moment values for
2,3,5,66H.06F4.X and 06H5X is mich greater for X = NO,
th_al_l for X = CN; ieee

M (CgHgNO,) -/M(2,3,5,6-H.06F4.N02) = 4:00 - 3-28 = 0-72D
and/{A(CGHSCN) - M(2,3,5,6-H.CqR,.CN) = 4.02 - 3.62 = 0.4D

even though 06H5N02 and CGHSCN have very close dipole mom~
ent values. This is probably due to steric inhibition of

the resonance of the nitro group by the fluorine atoms
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ortho to it. For maximim resonance to occur, the nitro
group rust be coplanar with the ring and examination of a
scale molecular model of 06F5N02 shows that the oxygen atoms
of the nitro group almost touch the ortho fluorine atoms,
when the group is oriented coplanar with the ring. It

has been suggested,22

in a study of ortho effects and di-
pole moments, that interactions between oxygen and halogen
atoms will be more strongly repulsive than those between,
say, hydrogen and halogen atoms. The effective radius
of a fluorine atom would therefore be larger with regard
to the approach of an oxygen atom,and we suggest that this
causes repulsion between the ortho fluorine atoms and the
nitro group, and hence steric inhibition of the resonance
of the nitro group. Thus, inductive and steric effects
must be postulated to explain the dipole moment value of
06F5N02.

The difference between the values of 4F.06H4.CHO
and CgFCHO (table IL.1)

=/U(4F.06H4.CH0) t/M(CéFSCHO) = 2.13 = 159 = 0.54D

This difference is very high and suggests that ortho steric
effects are occurring for the formyl group also. Examina-
tion of & scale molecular model of CéFSCHO indicates non-

coplanarity of the formyl group and confirms this conclusion.
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It has been suggested 2c from a study of the dipole
nitroso
moments of p-halo and p-nitro/benzenes that the C-N-O angle

in nitrosobenzenes is 1800.
/M(4:E‘.06'H4.No) -/u(cs‘Fs.No) = 172 - 1-39 = 033D,

using the calculated value for 4.F.06H4.N0 in table II.1l.
Assuming the C-N-O angle is 180°, this value can be com-
pared with the corresponding difference for nitriles (0-23D),
and is of the same order. The value for CSFSNO can there-
fore be explained on the basis of the ihductive effects of

the 2,3,5,6-fluorine atoms as is that of 06E CN,

5
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II.5. Dipole Moments and Reactivity.

A phenyl group can act as electron source or as an
electron sink, depending on the characteristics of the
group or groups attached to it. It would be expected that
the -Io effects of the fluorine atoms attached to the penta-
fluorophenyl and 2,3,5,6-tetraf1uorophenyl nuclei, would
lead to the removal of electrons from the nuclei and cause
them to act as electron sinks. From the dipole moment
results obtained, we have seen that the nuclei do aect as
electron sinks, leading to ease of electron movement into
the nucleus for electron donating substituents, and causing
difficulty in the withdrawal of electrons from the ring for

electron attracting substituents.

The reactivity of a CéF5X compound, towards nucleo-
philic replacement of fluorine, depends on the difference
in stability between the reaction intermediate (see Fig.II.l)

a0 o
[

_--u .l';..

Fb

te o
state stability of a C6F5X compound depends on its g;ound
state electron distribution which Burdon 35 has termed the
electron deficiency because of the electron-sink effect of
the five fluorine atoms, e.g. C6F5H is more stable than
C6F635 because it has less electronegative fluorine sub-

stituents and is therefore less electron deficient. When
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substituent X has a +M effect we would expect the electron
donation indicated by the dipole moment results, to reduce
the electron deficiency of the ring, thus increasing the
ground state stability and decreasing the reactivity to-
wards nucleophilic replacement of fluorine. We would
therefore expect C6F5NH2, for example, to be more stable,
i.e. less reactive, than C F;, and this is found to be the
case ?3 Similarly, when X has a stronger electron
attracting effect than fluorine we would expect the re-
activity of CGFSX towards nucleophilic replacement of
fluorine to be greater than 06F6' Again, this is found
to be the case, e.g. 06F5N02 is considerably more reactive
than 06F6.33’ 34 We have suggested thet when substit-
uent groups with +M effects are attached to a pentafluoro-
phenyl nucleus, this electron donation is increased, with
the 4-(C-F) bond as presumably the main repository, and
this is important in view of present theories concerning
nucleophilic substitution reactions in polyfluoro aromatie

systems.

In an analysis of the ground state and spectroscopic

evidence of the different inductive and mesomeric effects

10

of the halogens, #%edder et.al.” question the assumption

that inductive effects are necessarily the same for satu-
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rated and unsaturated systems, and show how spectroscopic
evidence indicates the presence of a +I effect for the
halogens (see Section I.2). Burdon has used this c oncept
to rationalise nmucleophilic substitution reactions in poly-
fluoro, polyechloro, and polyfluoropolycyclic a.roma.tics,35
explaining orientations of the replacement of fluorine in

12

a series of tetrafluorobenzenes by suggesting that tran-

sition state contributor [i] is more stable than [ii]:-

I P
MeO>I::::]E‘ z[::::jL‘GMe
¥ F
[1] [11]

i.e. that carbon bearing a negative charge is less stable
when it is attached to fluorine than when it is attached
to hydrogen. For the kind of resonance effect postulated
earlier to explaine the dipole moment results of C6F5X
compounds in which X has a +M effect, to take place, the
+I 7 effect cannot be the most important effect in the
ground state, as Tl -electrons would be repulsed by the
4-(C-F) bond if it was. The quantity of electron cloud

which the 4-(C-F) bond is required to accept in the ground

state is mch less than that of the electron pair set free
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by the formation of the bond between the nucleophile and
the carbon atom, which the 4-(C-F) bond is required to
accept in contributer [i1i] for example, and it is likely
thatf111r effect of the fluorine will be more important
in the latter case, and the larger charge will be repelled.

36 has suggested that T/- inductive effects are more

Dewar
important in excited states of molecules than in their

ground states which confirms this suggestion.

The dipole moment values of CsFSNMe2 and. 2,3,5,6-
H.06F4.NMe2 have been explained by steric inhibition of the
resonance of the NMe2 group, whereas no steric effects are
indicated by the dipole moment values of the corresponding
compounds containing NH2 and ‘NHMe groups. As electron
donation by substituent groups with +M effects is directed
to the o- and p-positions of a pentafluorophenyl nucleus,
we would expect that CGFSX compounds containing these groups
would be deactivated in o- and p-positions towards the
approach of a nucleophile. The tendency should therefore
be for the nucleophile to replace fluorine at the m-position
i.e. as the delocalisation of the lone pair increases, the
m/pratio for replacement of fluorine will increase, and the
reactivity of the molecule towards nucleophile replacement

of fluorine will decrease. The m/p ratio for
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CgRM, : CRoNiMe : CoFMe, 18 7 : 1 ¢ 0:07.7  Thus,
although, as expected, C6F5m°2 is the more reactive,
06F5NHM9 ig distinctly more reactive than C6F5NH2’ which
would not be expected on the basis of the ground state |
stability of these molecules. The reduction in inten-
sity ¢ max in going from CGFSNHé to C6F51\1HCH3 and
06F5N(0H3)2 in the ultra-violet spectra results in table
II.2A has been interpreted as showing that the -N(CH3)2

group is hindered to & lesser exten'b.37

Amax? M » ¢ max*
c‘6E51m2 215 18,000
c6F5NHCH3 225, 217 16,800
CcF SN( CH3) 5 217 10,000

Iable II.Z24,

+
For CéH51\1H3 which cannot back-donate electrons, and for

CelsNH,, which can, the wavelengths and intensities hafte
been obtained for bands II and III of the benzene spectrum

with CGHG values for comparison 38 and are shown in Table
I1.2B.
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Band II * Band IIT *

Amax® "M tmax_ Amax® M ¢ max
c:'(‘5'£t5£11112 230 8,600 280 1,430
CeH 5N 203 7500 254 160
C6H6 203.5 7,400 254 204

0
£ Brande notat ionlJr

Zsble IT,2B.

From the intensity and wavelength values quoted it
can be seen that the table II.2A figures relate to band II
of the benzene spectrum. Intensity changes have been
used previously 39 to show steric hindrance of resonance
in ortho alkylated anilines, though normally a decrease in
band III intensity and hypsochromic shifts in wavelength
for bands II and IIi are used to indicate the disapp:eara.ﬁce

.+
of resonance, e.g. CGHSNHB shows a nine-fold intensity de-

crease from GéHsmz, and shifts to the blue of 27 m/u in
band II and 16 mM in band III. An examination of the
band III figures for C6F51\IHCH3 etc. may therefore be of
value. Changes in absorption frequency and intensity can
be attributed to a change in the ground electronic state,

a change in the upper electronic state, or a combination
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of the two. If it is accepted that the intensity change
in band II for CGEBNH2/06F5NHCH3 does indicate some steric
interaction then for CsFSNHCH3 this is likely to be due to
a change in the upper electronic state as the dipole moment
values obtained indicate no steric interaction in the

ground state.
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PART II

CHAPTER III: RESULTS AND EXPERIMENTAL
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ITI.1 Introduction,

When a molecule is subjected to a uniform electrie
field it will become polarised. This polarisation is

made up of thee independent contributions as follows:-

1) The field displaces the electrons with regard to the
nucleus giving riseto an induced dipole moment. This

is called the ELECTRON POLARISATION (E.P.).

2) If the molecule contains polar bomds, its constituent
atoms will carry different effective charges, and in an
electric field the nuclei will be displaced relative to
one another. This is known as ATOM POLARISATION (A.P.)
and is muqh smaller than electron polarisation. Both

A.P. and E.P. are temperature independent.

3) Molecules with a permanent dipole moment will tend to
orientate themselves along the field but this tendency
will be opposed by thermal motions. This is called the
ORIENTATION POLARISATION (0.P.), and is temperature depend-

ent.

4) The total polarisation of the molscule is the sum of

these three terms, i.e.
T = OP + AP + EP

The sum of (AP + EP) is sometimes called the distortion

polarisation.
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ITI.2. Calculation of Electric Dipole Moments.

(1) The following equation, due to Debye, relates the
total polarisation (TP) to the molecular dipole moment, :

2
e-l.%=Ty=ﬂ_ﬂ(x+,M_)-EP+AP+OP III.1
€+ 2 3 3kT

M = molecular weight, 4 = density, N = Avogadro's number,
k = Boltzmann constant, T = absolute temperature, & =
dielectric constant, %'TTI\IX represents the pola;‘isation
a molecule would have in the absence of a permanent dipole
and this may be divided up into atom polarisation and
electron polarisation; 41TN/M2/9kT is an expression for
the orientation polarisation, i.e.
4TTH 02

9kT

0P =

9kT. OP
hence, a Zf__
TN

and at 25°C, fe= 022212 +/OF TIT.2

Thus, the molecular dipole moment is obtained by substi-
tuting the value of the orientation polarisation in
equation III.2,

(2) The electron polarisation (EP) of a molecule is equal
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to its molar refraction R (extrapolated to very low fre-

quency), i.e.

2
R-2 -1 = EP, n = refractive

index.

. M
n2 + 2 E
(3) Tnere is no experimental way of obtaining the atom
polerisation (AP) of a molecule that is simple enough for
routine use. Fortunately the AP is small and is approx.
5-~10% of the magnitude of EP, For some time this rela-
tionéhip was widely used to estimate AP, Today most
workers prefer to neglect AP, since EP, as determined from
the refractive index for the sodium D-line is seversl per
cent larger than the extrapolated zero-frequency value.
The D-1line molar refraction is commonly used as an epproxi-

mation for AP + EP and this is the procedure used in this

thesis,

(4) The expression for the polarisation of a solution,
due to Debye is:-

. ——_—— III.3.
€+ 2 d

P = Plfl + 22f2 o

where Pl Pe fl and f2 are the total polarisations and mole
fractions of solvent and solute respectively.

41

Halverstadt and Kumler used specific volumes
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instead of densities and weight fractions instead of
mole fractions, By assuming that the specifiec volume
and dielectric constant of the solution are linear funect-
ions of the weight fraction (i.e. € = a+ W and
V=1+ /ZWL‘-‘, where a and b are the dielectric constant
and specific volume of the solvent, W.. is the weight
fraction of the solute), they derived an expression for
the specific total polarisation at infinite dilution of
the solute P2:- |

<V -1
B, 3«0 + ﬁ—]‘-—— (Vl +P) III.4
(61 + 2) €1+ 2

By plotting € against Ws and V against Wg, « and A

may be evaluat ed.

In a similar manner the electron polarisation

Ep2 can be expressed as:-

6anV1 ni -1
= . X a D ( \ TTT £
E?z = (ni + 2)2 + n?,‘ + 2 \‘.'1 +/3; Llldie D

where the assumption is made that n = n, + XWQ where n,
is the refractive index of the solvent.

To obtain dipole moments by measurements on solu-
tions, the dielectric constant, refractive index, and den-

sity, of a number of solutions must be determined. By
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plotting €, V, and n, against W2, obtaining o , ﬁ ’
and Y y from the graphs, and fitting them in the equa-
tions, then the total polarisation and electron polarisa-
tion of the compound being studied may be obtained. At
low concentrations (W £ 0.02) the plots are usually

41

very close to straight lines, and linear plots of n

against W2 may be obtained at still higher concentrations.



ITTI.3. ZPhysical Measurements,

63.

(a) Dilectric Constant Measurements. Carbon tetra-

chloride was used as the solvent in all determinations and

the dielectric constantslof air (é’l) and carbon tetra-

chloride (6&2) were assumed to be known. The principle

used was the measurement of the change in capacitance

which occurred when the dielectric of a condenser was

changed.

The condenser was the cell (Fig.III.,l), the di-

electric of which could be changed easily by blowing out

with dry nitrogen and replacing with the required solu-

tion. If & 3 is the dielectric constant of the solution,

and Cl, 02, and 03, the capacitances of the cell filled

with air, carbon tetrachloride, and solution, respectively,

then: -~
02"01 - 62 '61
Cp-C  €5-6&

Cy, - C
and 63'((.}2_-%'(:%) (6'2"61)"' él

C, - C
-<—L3+1 (€, -€1) + &
02 - Cl

HI. 6.

A heterodyne beat capacitance meter, similar to the one
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42 was used to measure the

designed by Hill and Sutton
capacitance change in the cell, The measuring system

is shown in Fig.III,2, C was the cell, D an air-spaced,
umealibrated, variable condenser, as was F, and M was a
calibrated, concentric cylinder, Vvarisble condenser, with
a micrometer screw, having a capacitance change of 338
pfs. per cm. S was a switeh by which the cell could

be replaced by F and M, The cell was a modified form

43 with plates of platinum

of the Sayce Briscoe type
burnt onto the glass instead of deposited silver. This
made the cell more robust and allowed washing out with
strong acid if necessary. The capacitance was about 50 .
pfs. The cell was immersed in a 25° thermostat bath

filled with transformer o0il to reduce stray capacitances.

Procedure. The cell was washed out twice with carbon
tetrachlgride, blowing the solvent out with a stream of
nitrogen. The cell was then filled with carbon tetra-
chloride, making sure that any air bubbles were removed,
and allowed to come to thermal equilibrium (10 minutes
was usually sufficient). P was then adjusted until the
figure of eight was obtained on the cathode ray tube.

D and M were then switched in and the figure of eight
again obtained by adjustment. The cell was switched
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back in and the figure of eight again obtained, and then
D and M switched in again and adjusted. 4s changes in
capacitance in the circuit containing F and the cell
caused slight changes in the frequency of the circuit con~
taining ¥, D, and M, and vice-versa, it was always neces-
sary to adjust each circuit twice at least. When a steady
figure of eight was obtained on both sides of the switch
indicating that the capacitances on both sides had the
same value, then the reading on M was noted. As: . M was
calibrated in centimeters in length (O to 2-5) and as the
capacitance of M increased as the reading in centimeters
decreased it was always arranged that when a balance was
obtained with carbon tetrachloride in the cell, M should

read approximately 2°4 cums.

Ihe carbon tetrachloride was then blown out with
dry nitrogen and the cell filled with the solution under
test. The process of adjustment was repeated but this
time only F and B were adjusted so that the change in

capacitance could be read off on M.

(b) Specific Volume Measurements. A Sprengel type
pyﬂpmeter of about 4 ml., capacity fitted with ground glass

taps to prevent evaporation was used.
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Procédure, The dry pyknometer was filled and placed in
a 25° C thermostat for 15 min. The meniscus of the liquid
was adjusted to the graduation mark by applying a piece of
filter paper to the tip of the opposite 1limb and the pyk-
nometer was removed from the thermostat, dried with tissue
paper, and the caps put in place. It was then hung on
the balance for 20 min. to allow it to reach hygrometric

equilibrium with the atmosphere, and then weighed.

(c) Refractive Index Measurement. A Pulfrich Refracto-
meter with a divided cell, which was cemented by silicone
rubber, was used. The-fefraetometer was enclosed in a
25° C air thermostat which consisted of a large box
(2 x2x 2 £5.) £fitted with a glove and a terylene window
through which readings could be taken and one could see
to make adjustments without opening the box. The box
was heated by an electrical sheet heater.placed directly
in front of a fan. The temperature was controlled by
an a/c bridge thermo-regulator with a platinum resistance
thermometer as the arm of the bridge inside the box.
Temperature differences in particular places did not vary

by more than 0.1° C,

Procedure. The solution was placed in one side of the

divided cell and carbon tetrachloride in the other. A
polythene cap was placed over the top of the cell to prevent
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evaporation and the liquids allowed to reach thermal
equilibrium (usually taking sbout 20 min.). The extinct-
ion angles were read off from the refractometer, and the
differences obtained by substraction As differences rather
than abgolute refractivities were of primary impoxrtance,
this technique minimised any errors which might be caused
by temperature fluctuations.
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III.4 Calculation of Results,

(1) Dielectric Constants. The change in capacitance
in the cell was measured on the calibrated condenser M,
The dielectric constant of carbon tetrachloride was taken
as 2:2280 ** and that of air 1.0006. The change in capa-
citance of the cell when filled with air and then with
carbon tetrachloride was 28.20 pfs., and was measured by
connecting an N.P.L. calibrated condenser in parallel
with the cell and finding the necessary change in cgpaci-
tance to restore the balance when the dielectric was
changed from air to carbom tetrachloride.
From equation III.6:-~
C, - C2
€3 = t‘j_"_c T C +1) (62-61)‘* €4
2 1
€1 = 100005, €, = 202280, C, - Cl = 28-20 pfs.

C, - C, was the change in capacitance measured on M.

€y = (§§§g6 . 1) 1.2274 + 1.0006

If 1 is the reading on the condenser in em., as the capa-

citance change per cm. was 3.38 pfs., then:-
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33841 , 7 \ 1.2274 + 1-006
2820

(20
AEs = (gg—:Lgl) 1.2274

aé 12274 x 3.38 dl
aw- 58+ 20 -\
d€ 0.14711 &
T = 014711 g

d1/dW is the slope of the graph obtained by plotting the
reading on the calibrated condenser against weight fraction.

d€ /dW corresponds to o« in equation III.4.

(2) Specifiec Volumes. The volume of the Sprengel Pykno-
meter was 4-1458 ml. '

Hence Specific volume = 4&; &

where Wg is the weight of solution in the pykmnometer.
41458
V=>»»+ %W2=—Tgi

- a (4-1458/ug)
dWs

Thus /6 is the slope of the graph of specific volume
against weight fraction. After repairs to the pyknometer
the volume changed to 4.1544 ml,
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(3) Refractive Indices. The relationship between the

extinetion angle and refractive index of a solution for

the refractometer had been found to be:-45

1l min., of are = 1087 x 10'7 for the sodium D-line.

A plot of An vs. W gave dn/dW which corresponds to ¥

in equation III.S.

(4) Total Polarisation. From equation III.4,

30(v1 61 -1

P = + (v + )
2 (el+2)§ € + 2 1tp
€, = 2:2280, V, = 0.63123,%6
Then TB, = 010593 X + 0-29044 (063123 + B ) III.7.

(5) ZElectron Polarigation. HFrom equation III,S,

P 2
6nlzs’v1 ny -1

ER, = —F—p— + ==y (V; +
2 (n§+2) (n§+2) 1 ﬁ)
V) = 0-63123, =ny = 1-45759, 4%
Then EP; = 0032450 % + 0-27265 (0463123 + ) 1.8

(6) Error and Size of Moment. To find the dipole moment
the sum of (EP + AP) must be subtracted from TP, If the

moment is small large relative errors will result at this
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stage. Bradford Thompson a7 has calculated the errors
in moment which might arise from 1¢7 ml. error in TP or

in (EP + AP) for various dipole moments as follows:-

(D) Error(D) % Error
0 0.29

1 0.041 4.1

2 0-020 1-0

3 0-013 04
4 0.010 0-25

He notes that both the absolute and relative errors in-

crease as the moment deareas’es.
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ITT.5. Results.

Specimen of Results and Calculation for Pentafluoronitro-

}WGESE.QQ .

Making up of Solutions,

1) wt.of flask 40.2224 41.3138 31.9376 37-9856
2) wt.of flask + CéF5N02 40-3272 41-5194 32.2301 38-3878
3) wt.of flask + CEF N0,

+ CC1, 80:5092 815025 72.5636 T78.5183

4) wt.of 06F5N02 0:1048 02056 0.2925 0.4022
5) wt.of 06F5N02 + CC1, 40.2868 40-1887 40-.6260 401305
6) weight fraction 0+002601 0.005116 0.007200 0.00992:

Specific Volume Measurements,

1) wt. of pyknometer +

solution 27.1824 27.1828 27-.1832 271836
2) wt.of pyknometer 20-5858 20-5856 20+5856 20.5856
3) wt.of solution 65968 6-5972 6.5976 6.5980
4) specific volume 0628456 0-628418 0-628380 0.62834¢

Dielectric Constant Measurements.

1) zero reading (cm.) 2.385 2385 2-385 2+385
2) solution reading (cm.) 2322 2.265 2.217 2155
3) Aec (cm.) 0.063 04120 0.168 0°230
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Refractivity Measurements,

The readings are in minutes and seconds of arc measured

on the Pulfrich Refractometer for the Sodium D-line.
1) chénge in angle 55" 2t00" 2'50" 3'50"

o)1 A n 997 2174 3080 4167

From the graphs (see p. 73a,bc.):-

- x =335, - §a-0-015, £ - 0-04167

From equation III.7:-
TP, = M [0+10593 + 0-29044 (0-63123 +3) ]
= 213:07 [0-10593 x 3:4350 + 0°29044 (0-61583)]
= 115:64 ml,
From equation III.8:-

EP, = M [0.32450% + 0.27255 (0-63123 +ﬁ)]

= M [032450 x 0.04167 + 0-27265 (0-61583)]

28'66 mlo

022 = TP2 - mz = 115.64 - 38’66 = 76.98 mlo
f./U = 02212 + T76.98

/“ = 1:94 D,












T4,

SelslEy:
10 w v | 107 A n
2826 0-628504 725
4601 0+628523 1268
8087 0-628561 2174
10481 - 0-628590 2899
L& . 8. s691 & . o.om 48 _ 0.02718

TP = 198:41 ml.  E, = 33-67ml. U\ = 2:85D.

Celsll
2382 0628504 815
4724 0-628513 1721
7096 0°628532 2536
9445 0+628552 3352

ac . .

dw = 178904 ¥ _ 5,603 & . 0-03533

TP, = 76+00 ml. EP, = 36-56 ml. /U = 1.39D,
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OEH
105 W v 1074 n
2152 0-“628_647 ~1449
5505 0.628799.. -3261
8161 0628914 -4620
9675 0°62900 -5797

%‘% = 1.76_53 % = 0.0436 %—3 = - 005975

TP, = 64+37 ml. EP, = 27-66 mul, /u = 134D,

105 v 10%4n
2475 0+628647 1631
5749 0+628865 3714
7686 0629009 4892
10045 0+629172 6431
86 . 4.4280 L - 0-068 &8 . 0.06431

TP2 = 133-15 ml, EP2 = 4190 ml. /\A = 2.11D
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Celiglile
105 v 10%an
2865 0628656 634
4615 0-628761 1087
7498 0+628914 1721
9412 0.629028 2265
e - 8.8634 SY . 0.0484 4B - 0.02355

TP2 @ 223'98 ml. mz = 38‘03 mlo /A = 3'02Do

Cels.CHy )
6 7

10°W v 10°8 n
2730 0+ 628742 1993
4847 0.628904 3533
7662 0629124 5707
9862 0°629286 7337

d€ _ 3.6438 av dn

dw $y = 00778  F= = 0-07428

TP2 = 10787 ml, EPQ = 39.59 ml, //J = 183D,



OB
205
2537
4060
7513
9774

de dv

a?’ = 47222 d_w = 0

TP2 = 125.82 ml, EE2

R, 08
105
2660
5015
7451
9877

dv

d& | .56 &Y
& - 55166 - 0.0384 T

v
0+ 628494
0+628494
0628494
0+628494

dn
dw

= 34.76

\'j

0.628590
0-628685
0.628785
0.628876

dn

TTe

107A n
1268
2174
3805
5073

= 0-05163

ml, /Ll = 2+11D,

= 0.04710

TP, = 150-39 ml., EP, = 38.20 ml. /M = 2¢34D.



Selglle,
108 v 10"4n
2578 0.628761 815
4827 0-629018 1449
7571 0629277 2174
9735 0.629487 2808
&€ . s.7667 X . 0.1026 &2 . 0.02899

TPz = 173‘98 ml. EPz = 44'23 ml. /L‘ = 2'52D

ColsE
105w i 10%An
2178 0628513 181
4332 - - 272
1174 0-628523 453
9907 0+628542 544
5366 0.628523 -

F =1.9235 X -o0.0045 £B 4 0.00616

TP, = 77+71 ml. EP, = 35.08 ml. /U a 1.44D

T8,
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[
P
o
fas]
S

22
105w v 1041
1199 0.628494 453
3002 0.628494 906
; 4435 0°628475 1268
5093 0°628475 1449
& . 2u4567 & - 0.003 8. 0.02898

TRy - 87-15 ml, BBy = 35-75 ml. AL = 150D

2,2,5,6~H,0624.NH2

105w v 10"An

2716 0628761 181

5682 0628761 362

7301 0628895 453

9313 0+628981 634
g . 33082 FE -o0.0518 - 000652

TP, = 92.19 ml. EP, = 31.10 ml. /\A 1.74D
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205 v 20940
2318 0+628552 815
5074 0628590 1540
7379 0-628628 2174
9427 0°628666 2718

dé : dv

= - 10+ 640 rr i 0-0183 i 0.02971

TP, = 256.67 ml. EP, = 36-43 ml. /U‘ = 3.28D

2.3,5,6-H,CcF,NNe,
106W v 10”& n
1331 0.628694 91
2893 0.628933 181
7652 0°629621 362
9341 0.629860 453

'e .
& -2.2360 F-o0.145 8- o0-00481

TP2 = 8930 ml. EP2 = 41.18 ml, /tﬂ =2 1'54‘D



2,3,5,6-H.0621=NHM9.

10%W

1171
2147
4347
6057

de dv

Io - 40308 F = 0.095 £

TP2 = 114.27 ml, Ep

4-F006§40 OMe

105w

3072
5896
7507

10678

ac dv

v
0.628599
0-628685
0+628904
0+629152

dn

2 = 35'63

X
0.629324

0-630128

0630550
0-631452

2. . dn
r. 6+7229 0 ° 02756 T

0
0
91

181

= 0.00272

ml. //u = 196D

1074 n
- 997
2084
-=2536
3714

= - 003442

TP = 123403 ml. EP, = 29.77 ml. /AA= 2.14D

81,
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£=F.Celijallo
10% v 1074 n
2549 0+629439 - 272
5292 0+630473 - 544
7421 0+631298 2 815
9575 0+632097 ~1087
& _ 50136 & - o0.3756 B - - 0.01087

TP, = 9534 ml. EP, = 29-84 ml. /AA= 179D

Q-F.Cég [ OH_.

4
_10_6H v MIA_Q
2877 0-628940 1540
5840 0629550 3352
8251 - 4710
9704 0-630415 5435
7527 0-629932 -

10044 0630391 -
g€ 6.5170 4¥ _ 0.p08 dm _ ~0-05652
dw aw

TP2 = 104'72 mlo mz L 23'60 mlo /A = 1'99])



2,3,5,6-H.CcF,.CN_

0% X
2713 0-628607
4148 0-628911
6872 0°629035
9792 0629302
&£ 14313 F 0200

TP2 = 303'77 nﬂ-o mg = 36‘76

2,3,5,6-H,CGE4,OMB.

10% w ¥

2650 0+629575
5255 0+628797
8001 0°+629092
8666 0629140

dé av dn
I ° 243390 -l 0.0935 it

997
1449
2355
3080

= 0’03261

ml.

/AA = 3-62D

1094 n
1178
2265
3442
3805

= 0:04348

TPz = 82'54 mlo I:PE = 38‘13 mlo /A= 1’47D

83.



CeHoE
10% i 10" s
2940 0*629515 - 181
5428 0+630387 - 362
7635 0-631202 - 634
10137 0+632078 - 815
&£ . 42706 o357 8. o.00725

TP2 = 7004 ml, EP2 = 2567 ml. /LA= 1-47D.

4.2.CcH,.NO,
0% ¥ 1074
2g94 0.é28626 1812
4112 0-629964 3352
7452 0°629216 5345
9212 0629407 6613

€ 95622 F-omes .. o.0m56

2 = 173.57 ml. Py = 25-49 ml. A = 2.69D

84.
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4.2.CH,,CHO
106w Y. 10" An
2162 0.628712 1540
5480 0+629474 3714
8485 0.630132 5888
9619 0-630391 6884
&€ _ 6.7082 & -o0.224 $&B._ 00702

TPE = 119'03 ml, Epz = 26.11 ml, /!/1 = 2'13])

4.B.CcH, . ME,
10% Y 1074 5
2582 0628902 2899
5424 0-629655 5797
8013 0-630305 8424 A
9310 0-630620 9874
& . 12.063 & - o0.256 48 . _ 0.1027

TP2 = 170.63 ml. EE2 23.18 mlo /AH 2‘69D
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4-F.CcH, Mo,
205 v 1074 s
2062 0.628997 ~1993
4683 07629903 -4348
8446 0-631032 -8153
8862 0-631176 -8424
& _11.298 E.o0-302 B - 0-09511

TP2 = 204'29 mlo EP2 = 31'12 m]-. /A = 2.9]-])

4=F.CgH . SH,
2904 0-628965 3171
5848 0+629531 ~6069
7570 0+629874 -7881
9555 0+630333 -9693
&£ _1.7065 $-o0.2066 $ - - 0-10327

T]?2 = 5433 ml, EEE = 2497 ml. /m a 1.20D
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i-F.CG-E4_.
10% ¥ 1074 n
2218 0+628883 -2265%
4518 0° 629540 =4710
5666 0°* 629865 -5888
T042 0.630295% =T7247
dc dv dn

= - 12754 T 0.293 - 0.10327

TF, = 202-68 ml. EF, 2734 ml. /U = 293D

4-F.CcH,.CN
10% 3 1074 n
2395 0+629105 1449
4430 0.629563 2174
8304 0-630530 4348
9868 0+630933 5435

%37 - 11-0038 %;'_; = 0.2445 %_3 = ~ 0-05344

TP2 171.98 ml. EE2 = 26.82 ml. /\A = 267D
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IIT,.6. Prepaxation and Purification of Materials.

Spectroscopic grade carbon tetrachloride was used
as the solvent in all determinations. It was stored over
molecular sieve and blown out of the storage flask with

dry nitrogen.

The infra-red spectrum of each compound was deter-
mined and agreed with published data where available as
did their melting points and boiling points where applic-
able. The infra-red spectra of new compounds and 4~fluoro-
benzonitrile are reproduced in the thesis. Nuclear
magnetic resonance spectra of some new compounds were

determined and interpreted by Mr. J. Byson, B.Sc.

The following compounds were available in this
laboratory:-~ 06F5N02, CstNHE, 06F5H’ 2,3,5,6-H.06F4.NH2,
CéHSE. Other CgFgX compounds (except X = NHMe, NMe,, NO)
were obtained from the Imperiel Smelting Corporation. All
4¥.C.H, X compounds (except X = NHMe, CN) were obbained

from Koch-Light.

The following compounds were purified by crystal-
lisation to constant melting point:- 06F5NH2 33m.p.33-34°;
2,3,5,6-H.0qF, . NH, 77 m.p. 30-5-32-5% 4.F.CGH,.NMe, '
m.p. 34-355°.
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The following compounds were tésted for purity
by analytical-scale gas-liquid chromatography, followed
by purification, where necessary, by preparafive-scale
gas-liquid chromatography, and distillation from phosphorus
pentoxide of those compounds which do not rgact with phos-
phorus pentoxide:- 06F5N02,34 b.p.159-161°; 06F50M3,48
b.p. 138-140°; 06F5M9,49 b.p. 116-118°; CGFSCN,5° b.p.
190-192°; cstsH,51 b.p. 144%; 06F50H0,49 bep. 168-170°;

0H,48 p.p. 143°; 4-F.06H4.NH2,52 bep. 186-188°;
52

CePs
52 o, -

4"F006H4OCHO, b.P. 179-180 H 4-F006H40N02,

4-F.CgH,.SH,?° b.p, 166-168°; 4-F.C.H,.0Me,”> b.p. 154°;

F, 52 beDe 8__6-880.

'b.Po 2060;

4-F.CgH,.Me,” b.p. 116-118°; CgH

Pentafluoronitrosobenzene. This was prepored by the method
of Brooke et.al.53 and recrystallised from 40-60 petroleun
ether to constant m.p. 43.5-44°,

Pentafluoro-N-methyl aniline, This was prepared by the
method of Brooke et.al.33 and shown to be pure by analytical-

scale gas-liquid chromatography (b.p. 1668-170°).

Pentafluoro-N-dimethyl aniline, This was prepared by the
method of Allen et.al.>’ and purified by preparative-scale
gas-liquid chromatography (b.p. 161-3°).
g;-ﬂuoro-benzonitrile.52 A method previously used to

convert pentafluoro bromobenzene to pentafluorobenzonitrile
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was employed. 4-fluorobromobenzene (12.4 g.), cuprous
cyanide (64.6 g.) and dimethyl formamide (150 ml.) were
heated under reflux for 15 hr, The solution was cooled,
ferric chloride (375 g.) in water (400 ml.) and conc.
hydrochloric acid (80 ml.) added: This mixture was ex-
tracted with ether, the extracts dried (MgSO4), and the
ether distilled off to give a white solid, 4-fluoro-
benzonitrile, vhich was recrystallised to constant m.p.
33-35°.

2,3,5,6~tetraf1uor9 anisole,54 was prepared and purified

by Dr. G.M. Brooke. The following new compounds were

prepared and purified. All gave correct analyses:-

2,3,5,6-tetrafluoro-N-methyl aniline, Pentafluorobenzene
(9.0 g.) and methylamine [distilled from methylamine hydro-

chloride (22 g.) and dilute alkali] were heated in a sealed
tube at 95° for 18 hr. The mixture was then diluted with
water and extracted with ether. Distillation of the dried
(EgSO4) extracts afforded 2,3,S,éatetrafluoro-N-methyl
aniline (7-9 g.) b.p. 172-174° which was purified by gas-
liquid chromatography. The 79 nuclear magnetic reson-
ance spectrum was consistent with the 2,3,5,6-tetrafluoro

structure.

2,3,5,6-tetrafluoro-N-dimethyl aniline. Treated as in the
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previous experiment but at 85° for lé hr.,, pentafluoro-
benzene (5.5 g.) and dimethylamine [from dimethylamine
hydrochloride (16 5 g.)] gave 2,3,5,6-tetrafluoro-N-dimethyl
aniline (4+0 g.) b.p. 167-70°, which was purified by gas-
liquid chromatography. The F19 nuclear magnetic reson-
ance spectrum was consistent with the 2,3,5,6-tetrafluoro

structure.

4-fluoro~N-methyl aniline. (a) 4-fluoroaniline (25 g.)
and p-toluene sulphonyl chloride (42¢9 g.) in pyridine,
were heated on a steam-bath for 4 hr. The mixture was
poured into wa -ter and the p-toluene sulphonate of 4-fluoro
aniline separated out and was crystallised once from carbon

tetrachloride (34.4 g.) m.p. T4-T7°.

(b) The product from (a) (16-7 g.) was susperded in 2N,
sodium hydroxide (20 ml.) and dimethyl sulphate (6 ml.).
The mixture was boiled gently and a moderate reaction set
in. Alkalinity to phenolpthalein was maintained by addi-
tion as required of N/10 sodium hydroxide. More dimethy
sulphate (6 ml,) was added after the disappearance of the
first instalment. On cooling, a solid separated, and was
crystallised once from absolute alcohol to give the p-
toluene sulphonate of N-methyl emiline (16°0 g.) m.p.91-95°.

(c) The produet from (b) (12 g.) was hydrolysed by heating
for 1 hr. on a steam-bath with a mixture of glacial acetic
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acid (8 ml.) and conc.sulphuric acid (20 ml.). Onpouring
into water, p-fluoro-N-methyl aniline separated. The
amine was purified by crystallisation to constant m.p.
(119-121°) of the hydrochloride formed by passing dry
hydrogen chloride into a solution of the amine in dry ether.
Addition of sodium hydroxide, followed by ether extraction
gave the p-fluoro-N-méthyl aniline (4.5 g.) b.p. 196-198°,

2,3,5,6~tetrafluorobenzonitrile, was prepared and purified
by Mr. L. Chadwick of these laboratories.

2,345,6-tetrafiuoronitrobenzene, We followed Brooke et.
al's 34 method for the preparation of pentafluoronitro-
benzene. Pure 2,3,S,E-tetrafluoroaniline (8.5 g.), tri-
fluoroacetic anhydride (25 ml.) and hydrogen peroxide (10
ml.) in methylene chloride (25 ml.) were heated under re-
flux for 18 hr. The reaction mixture was neutralised
(Na2003), and the methylene chloride layer was separated,
dried (MgSQ4), and distilled, to give a yellow oil,

N 7

2,3,5,6~tetraflucronitrobenzene (76 g.).
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PART II

CEAPTER IV: A ROUTE TO PARTIALLY FLUORINATED
HETEROCYCLES.
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IV.l, Introduction and Discussion.

As part of a programme concerning the preparation
and properties of partially fluorinated heterocyeclic com~
pounds,55 the preparation of 4,5,6,7~tetrafluoro-indoxyl
and hence the provision of a route to 4,5,6,7-tetrafluoro-

indole, was attempted.

By analogy with the hydrocarbon analogue, it was
hoped that elimination of water from N(2,3,4,5-tetrafluoro
phenyl)-glyciﬁe followed by cyclisation would give the
4,5,6,7-tetrafluoro-indoxyl: -

F ~H.0 B

2
by H 5 by ?O
B NHCH2COOH F CH

F P MH

2

The suggested route to the substituted glycine was as
follows:~ Treatment of 2,3,4,5~-tetrafluoro-aniline with

equimolar sodium hydride should give the sodium anilide:-

+ -
NH, Na wH
P~ X H NaH P X H
| ‘ 3 .| F
¥ _E —
T B

Treatment of this with chloracetic ester should give the
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glycine ethyl ester:-

NH.CH,.COOEt.

N& Mg Hebioe
P XNH CH,.C1CO00Bt F (@ "N\H
f 2 > F | P
by ' F =
F B
56

These two stages were based on Tamborski's preﬁ&ation
of polyfluorodiphenylamines in which, fof example,he
treated pentafluorocaniline with sodium hydride to form
the anion, which displaced F~ in hexafluorobenzene to give

the diphenylamine.

Hydrolysis of the glycine ethyl ester should then

give the acid:-

NHCH,,COOBt NHCH2COOH
dil. ///§§>H
— |
iy HC1 M. _~F

B B

Only small quantities of 2,3,4,5—tetrailuoromx
aniline were available and optimum reaction conditions
were discovered by using pentafluoroaniline and 2,3,5p-~

tetrafluoroaniline. R

Treatment 6.f pentafluoroeaniline in tetra%hydro

furan with sodium hydride at -20° ¢ followed by addition
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of choracetic ester and heat under ®»flux gave a white solid

which was shown by analysis and infra-red spectrum to be:-

co — cH, F F
/
\CH — Co F—7F

N,N'4§iﬂ pentafluorophenyﬂ-2,5-diketopiperazine.

The 2,3,5,6~ and 2,3,4,5-tetrafluoro-analogues were obtain-

ed under similar reaction conditions.

Presumably the glycine ethyl ester forms as an
intermediate in this reaction and intermolecular elimina-
tion of two molecules of ethanol then occurs as follows:-

, co — CH2
LE Bt 0] OCCH,NC,F, S N
| | ——> CghgN N PP
CH,— CO
C4P 5N, CH,CO 2

N.N' diphenyl-2,5-diketopiperazine is prepared by a similar

N . s $ md= T
eliminagtion of ethancl from two moclecules of glycine ethyl

Alkaline hydrolysis of the diketopiperazines gave
the required N-(polyfluorophenyl)-glycines, e.g.
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’//co °H2\\ 30% NaOH
CP - §CgPs ————> CgF NHCH,COOH
675 AN - 3 hr.
cH, — CO

The infra-red spectra of these amino~acids were surprising
in that, unlike other amino-acids, they were shown to be

un-ionised, All show a single N - H bend in the region

3325-3375 em L and a carbonyl band at 1724 om.”t

58

Ionic

carboxyl in amino-acids absorbs
1

in the region 1600-

1560 em — and unionised carbonyl, as in amino-acid hydro-

58 in the region 1754-1720 c:m."l Pre-

chlorides, absorbs
sumably electron withdrawl by the ring fluorine atoms
causes the delocalisation of the nitrogen lone pair, thus
reducing the basicity of the amine and preventing the forma-
tion of a salt with the acid. The author has observed a
similar low base strength in pentafluorocaniline due to the

same effect. The structure of N-(2,3,4,5-tetrafluoro-
phenyl)-glycine is therefore [1] rather than [2]

NEHCH,COOH NH - CH. 00
F H F~ X\H
F F pl i

F F

[1] [2]
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CH2-?H—EOO’ The only other polyfluorophenyl
B F NHB amino acid known is pentafluoro-
F phenylaniline.59 [3] This molecule
i) does exist in an ioﬁised form, but
[3] the amino group has a weakly basic

character, reflected in the rapid
loss of HC1 from its hydrochloride, and its low base
strength has been attributed to an interaction between an
ortho fluorine atom and theNH3+ group across intramolecular
space.
A large number of mono, di and tri-halogen deri-

vatives of N-phenylglycine have been prepared by Finger 60

as part of a programme on the symthesis of fluorinated
.herbicides and medicinals. His method of preparation
was to condense the appropriately substituted primary

aniline with ethyl chloroacetate in the presence of sodium

acetate. An investigation into the herbicidal properties

of our N-(polyfluorophenyl)-glycines may be of interest.

Ireatment ofnN2,3,4,5-% etraﬂuorophenyl)—glyc ine
with polyphosphoric acid, a milder dehydrating agent than
phosphorus pentoxide, gave a compound which showed C = N
unsaturation in its infra-red spectrum, and was shown, by

its nmuclear magnetic resonance spectrum, to be symmetrical,
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On the basis of this evidence, and the analysis figures,

we tentatively suggest the following di-imino structure:-

F F By R
P —¢ —N=CH-CH2-CH=N-©'—F
P H B B
PRI
{\;O OCT 1966 )

\ Lll!;'ll{;{'a*
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IV.2, Experimental,

(a) N N'-(bis pentafluorophenyl)-2,5~diketopiperszine.
‘A 150 ml. two-necked flask was fitted with a
dropping funnel, a magnetic stirrer, and a condenser
leading to a gas burette through a caleium chloride tube.
The dropping funnel was fitted with a 'T' piece so that
nitrogen could be passed through the appératus or provide
an atmosphere of nitrogen in the dropping funmel. PFPenta-~
fluoroaniline (5 g, 0-0273 M) and tetrahydro furan
(T.H.F., 50 ml.,) were placed in the flask, the apparatus
was flushed with nitrogen and allowed to equilibrate.
Sodium hydride 65% oil suspension (0964 g., 00273 M)
was plgced in the.dropping funnel and washed with T.H.F.
(25 ml.) to remove the oil by hand-stirring the suspen-
sion with a glass rod, allowing the suspension to settle;
and pipetting off the T.H.F./0il solution. 4 stream of
nitrogen was passed through the dropping funnel during
this ard the next stage, in order to keep an atmosphere
of nitrogen above the sodium hydride. More T.H.F. (25
ml.) was then added to the sodium hydride, and, stirring
the-suspension before each addition, this was added slowly
with stirring to the flask aver 2-3 hrs. The flask was
kept at -30° C to -20° C by an acetone/drikold bath. The
reaction could be followed by noting the rate of evolution
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of hydrogen on the gas burette. After 3 hrs. the re-
action mixture was allowed to equilibrate at room tempera-
ture and a grey suspension in a dark green solution obtained.
The amount of hydrogen evolved during the reaction was 560
mle (cale, 610 ml,) Ethyl chloroacetate (3.37 g., 0.0273M)
in T.H.,F, (25 ml.) was then added dropwise over % hr. with
stirring at room temperature and an exothermic reaction took
place, The reaction mixture was then heated under reflux
for 1 hr., allowed to cool, poured into water (500 ml.),

and extracted with ether (2 x 75 ml.). The ethereal ex-
tract was dried (MgSO4), filtered, and evaporated. The
solid residue was vacuum-distilled at 0-001 m/140° ¢ -

160° C to give N,N'-(bis-pentafluorophenyl)-2,5-diketo-
piperazine, (3-3 g. 53-6%). This was recrystallised from
60-80 petroleum ether/benzene to constant m.p. 171-173.5° C.
(Found: C, 433; H, 1.00; F, 43-3. Cale. for CjgH,F ¥0,:
C, 43.1; H, 0.94; B, 42.6%).

N,N'-(bis 2,3 6=tetrafluorophanyl)-2,5-diketopipera-

azine,

(b)

2,3,S,E-tetrafluoroaniline (5.0 g., 0.0303 M),
sodium hydride (1+11 g., 0-03 M, 65% suspension), and ethyl
chloroacetate (3:71 g., 0+33 M) were caused to react, using
the same apparatus and under the same reaction conditions

as in (a) except that the flask was kept at -10° C during


http://li.il
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the addition of sodium hydride. The solid residue from
the ether extraction was vacuum-distilled at 0001 mm/
160-180° C to give N,N'-(bis-2,3.5,6-tetrafluorophenyl)-

2,5=-diketopiperazine (30 g., 48f3%). This was recrystal-
lised from benzene to constant m.p. 219-225° C. (Found:

C, 46:9; H, 1-54; B, 3685 Cale. for CjHFoN,0,: C,+46+8;
H, 1463 F, 37.1%).
(e) N,N'-(bis-2,3,4,5~-tetrafluorophenyl)-2 -diketé?
piverazine,

2,3,4,5-tetrafluoroaniline (5.0 g., 0.0303 M),
sodium hydride (1 g., 0°03 M, 65% suspension), and ethyl
chloroacetate (371 g., 0-33M) wére caused to react, using
the same gpparatus, and under the same reaction conditions
as in (a), except that the flask was kept -10° C to 0° C
during the addition of the sodium hydride. The product
was only slightly soluble in ether/benzene and was filtered
from the ether/benzene layer (1.5 g.). The ether/benzene
layer was dried (MgSO4), filtered, and evaporated.- Vacuum
sublimation of the residue at 0-001 mm/200-210° C gave
more product (0+3 g,). The product was N,N'-(bis-

2,3.4,5-tetrafluorophenyl) -2, 5-diketopiperazine (1.8 g.,
29+0%). This was recrystallised from T.H.F./60-80 petro-

leum ether to constant m.p. 259-263° c. (Found: C, 47.1;
H’ 1'75; F’ 3608; ca-lco fOI cl6H6F8N2O2= c, 4608; H, 1046;
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F: 37'1%) o

(d) Hydrolysis of N,N'-(bis pentafluorophenyl)23,5-diketo-
piperazine with N sodium hydroxide,

N,N'-bis-pentafiuorophenyl-2,5~-diketopiperazine

(0.25 g.) was added to N sodium hydroxide (50 ml.) and the
nixture was refluxed for % hr. The reaction mixture was
then neutralised (HCl), ether extracted, and the extracts
dried (MgSO4), and evaporated. The solid residue was
vacuum-sublimed at 0+001l mm/70-80° to give N-(pentafluoro-
phenyl)-glycine (0+2 g., 72°1%). This was recrystallised
from warm water(80-90° maximum temperature) to constant m.p.
120-122.5°, (Found: C, 39-6; H, 1-81; ¥, 39.2. Calc. for
CgH,FcNO0y: C, 39-2; H, 1.66; F, 39.4%).

(e) Hydrolysis of N,N'-~(bis-2§3,5,6-tetrafluorophenyl)-2, 5~
diketopiperazine with 30% sodium hydroxide, ‘

N,N'-2,3,S,E-tetrafluorophenyl-z,5-diketopiperazine
(0°3 g.) was added to 30% sodium hydroxide (25 ml.) and the
mixture was refluxed for 3 hr. The solution was worked up
as in (d) and vacuum sublimation of the solid thus obtained
at 0.001 mn/60-70° gave N-(2,3,5,6-tetrafluprophenyl) -
glycine (022 g., é7°4%). This was recrystallised from
warm water (800. Highér temperatures cause decomposition)
to constant m.p. 105-107+5°. (Found: C, 43-5; H, 2.29;
F, 33°6; Calc. for CgHgF,NO,: C, 43-1; H, 2.24; F, 34.1%).
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(f) Hydrolysis of N.N'—(bis-2,3,4,5-tetrafluorophegyl}-
2,5~-diketopiperazine with 2N sodium hydroxide,

N,N'~(bis-2,3,4,5-tetrafluorophenyl) -2, 5~diketo-
piperazine (082 g.) was added to 2N sodium hydroxide
(50 ml.,) and the mixture was refluxed for }% hr. only.
The solution was worked up as in (d) and vécuum sublima-
tion of the solid thus obtained at 0.001 mm/120° gave
N-(2,3,4,5,-tetrafluorophenyl)-glyeine (0-8 g., 4y %).
This was recrystallised from boiling water to constant m.p.
175-178.5°.  (Red spots begin to appear at 170°%). (Found:
C, 43:0; H, 2:29; F, 33-8, Calec. for CgH.F,NO,: C, 43-1;
H, 2.24; P, 34.1%). L1 three N~(polyfluorophenyl)-
glycines decompoée at their melting points.

Reaction of N-(2 -tetrafluorophenyl)-glycine with
Polyphosphoric Acid. Polyphosphoric acid (20 ml.) was
heated?lBOo and N-(2,3,4,5-tetrafluorophenyl)-glycine (O.ég.]
added in small quantities. After 20 min. water was added
to the brown reaction mixture, the resﬁlting mixture neutra-
lised (Na2003), ether extracted, and the extracts dried
(MgSO4). Bvaporation of the ether, followed by sublima-
tion at 0.003 mﬁ/130o of the residue obtained, gave a

white solid (0.2 g.) which was recrystallised from 40-60

petroleum ether to constant m.p. 187-189°, We suggest
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the following di-imino structure for this compound (2,3,4,5-

CeFy +H) -N=CH- -CH,-CH=N- -(2,3,4, 5-C6F4.H) (Found: C, 49-1%;
H, 1-8%; F, 41- 3%. Cale., for 015H6F N,: C, 49- 18%; H, 1-64%;
F, 41. 537). The 79 nuclear magnetic resonance spectrum
indicated the presence of four different fluorine environ-
ments, therefore the molecule is symmetrical., The infra-
red spectrum has a band at 1650 om™t (C = N).

Infra-red Spectroscopy. All spectra were obtained on
potassium bromide discs of the solid. The N,N' disubsti-

tuted 2,5~-diketopiperazines gave bands at the following

frequendes:-

(CgF5.NCOCH,) , 1694 cm™* (C = 0)
(2,3,5,6-C4F,H.NCOCH,,) 1694 cm™L (C = 0)
(2,3,4,5-C4R,H.NCOCH,) , 1681 en™t (C = 0)

BEach of the N-substituted glycines gave a band at 1724 ™t

(C'= 0), and also as follows:-

CFys NH.CH, COOH 3400 cm“l (N - H)
24345,6=C¢F,H.NH.CH,,CO0H 3413 omw ™t (N - H)

2,3,4,5-CgF H.NH.CH,.COOH 3367 em™t (N - H)
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