AR
W Durham

University
Durham E-Theses

Nucleophilic substitution in polyhaloaromatic systems

Mark J. Seabury

How to cite:

Seabury, Mark J. (1984) Nucleophilic substitution in polyhaloaromatic systems. Doctoral thesis,
Durham University.

Use policy

The full-text may be used and/or reproduced, and given to third parties in any format or medium, without prior permission or
charge, for personal research or study, educational, or not-for-profit purposes provided that:

e a full bibliographic reference is made to the original source
e a https://etheses.durham.ac.uk/id/eprint/7177/ is made to the metadata record in Durham E-Theses
e the full-text is not changed in any way

The full-text must not be sold in any format or medium without the formal permission of the copyright holders.

Please consult the full Durham E-Theses policy for further details.

Academic Support Office, The Palatine Centre, Durham University, Stockton Road, Durham, DH1 3LE
e-mail: e-theses.admin@durham.ac.uk Tel: +44 0191 334 6107
https://etheses.durham.ac.uk


https://www.durham.ac.uk
https://etheses.durham.ac.uk/id/eprint/7177/
https://libguides.durham.ac.uk/open_research/etheses#s-lib-ctab-15326874-5
https://etheses.durham.ac.uk

UNIVERSITY OF DURHAM

A THESIS

Entitled

NUCLEOPHILIC SUBSTITUTION IN

POLYHALOAROMATIC SYSTEMS

Submitted by

MARK J. SEABURY, B.Sc.
(Hatfield College)

A Candidate for the Degree of Doctor of Philosophy

1984

The copyright of this thesis rests with the author.
No quotation from it should be published without
his prior written consent and information derived

from it should be acknowledged.




ACRNCWLEDGMENTS

I would like to express my ¢gratitude to Professor
R.D., Chambers for his considerable eacouragement,advice and
discussions during the course cf this research vnrciect. I
would also like to thank Dr. D.L.H. Williams for his heip

and expert advice with the reaction kinetics.

I would also like to thank : Dr. R.S. Matthews for hié
assistance with thevinterpretation of n.m.r. spectra; Dr. M.R.
Crampton for his advice on a number of results; and Dr. M. Jones
and Mr. V.J. McNeilly for the running of mass spectra and for

advice thereon.

Thanks are due to the many technical staff for their in-
valuable assistance: Messrs. R. Hart and G. Haswell for their
expert glassblowing; Mr. J.A. Parkinson for his help and advice
with gas chromatography and t.l.c.; Mr. T.F. Holmes for supply-
ing a number of compounds; Mrs. M. Cocks for analyses and to

many others.

Thanks are also due to Mr. B. Anderson and Mr. N. Hughes
(I.C.I. Organics Division) for supplying a number of compounds

and for their generous hospitality on my visits to I.C.I.

I am also grateful to my colleagues in the laboratory for

. .
many incentive digcugegionsg and to

[P OR3Pl o 00 )

Mrs,

typing this thesis.

Last, but not least, my thanks go to my parents for their

considerable support and encouragement.



ii

MEMORANDUM

Tne work described in this thesis was carried cut
at the University of Durham between October 1981 and
August 1984 and is original except where stated by reference.

This work has not previously been submitted, either wholly

or in part, for a degree at this or any other university.



iii

An approach has been developed from which it has been
possible to elucidate the separate activating effect of sub-
stituent groups or atoms to nucleophilic attack in a number
of ring systems. Using this apprcach it has been possible to
determine the effects of a number of potentially activating
groups to nucleophilic substitution in the pyridine ring system.
A number of groups were studied and these were found to be
activating in the order N02>QN=:CH>CF3>halogens for attack at
any given site.

The activating effect of fluorine, relative to hydrogen,
was determined for attack by ammonia and by sodium methoxide
in the pyridine and pyrimidine systems. The ratio of ottho/
meta fluorine activation was found to increase as the reactivity
of the system increased. From these observations, the nature
of the “ortho-effect" was in part explained as a consegquence of
an initial-state ion-dipole interaction. Evidence was also
provided which suggested that ortho-fluorine is o-complex
stabilising. Ipso-fluorine was found to have a marked o-

complex-stabilising influence.

It has been possible to extend the empirical approach to

account for the orientation of nucleophilic substitution in the
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were found to be activating relative to hydrogen by factors of
about 25 and 30 respectively, whereas the effect of a "pseudo-
para"” fluorine was much less significant being similar in activ-
ating power to hydrogen. Thus the orientation of nucleophilic
attack in this system may be predicted; attack takes place at

the site at which the activating effects of fluorine are
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maximised. Fcy very large polycyclic systeams it was suggdested
that the orientation of attack may be predicted from a consider-

ation of localisation energy.

The synthesis and some reactions of 2H-pentafluoropropene
were studied. Its fluoride ion-induced reactioh with penta-
fluoronitrobenzene yielded.a number of unusual products in-
cluding perfluoro—-3-methyi-2,l-benzisoxazole. The reaction of
24~-PFP with pentafluoropyridine in the presence of fluoride ion
gave mainly perfluoro-4-(prop-2-enyl)pyridine). This in turn
reacted with caesium fluoride in dry tetraflyme to give a very
stable carbanion, observable by n.m.r., which could be trapped
with bromine to give the expected product. However, trapping
of the anion with iodine gave tetrafluoro-4-{(2H-hexafluoroiso-
propyl)pyridine, tetrafluoro-4-(2-hydroxyhexafluoroisopropyl)-
pyridine and tetrafluoro-4-(2,2,2-trifluorocethyl)pyridine as
the major products. Mechanisms for the formation of these

products were proposed.

Rate measurements for the reactions of pentafluorotoluene,
pentafluoro-(2,2,2-trifluocroethyl)benzene and perfluoro-t-butyl-
benzene showed a marked increase in reactivity along the series.
This was ihterpreted in terms of an increase in the substituents'
inductive effect as the number of CF3 groups was increased,
rather than as a consequence of trif1unfomethyl ion hyvperconjug-
ation. Pentafluoro- (2H-hexafluoroisopropyl)benzene was found

to rapidly dehydrofluorinate in the presence of sodium methoxide.
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CHAPTER ONE

NUCLECPHILIC ARCMATIC SUBSTITUTION

Nucleophilic aromatic substitution reactions may
proceed by a number of different pathways. Many of these
mechanistic possibilities are familiar and have been ex-

tensively reviewed,l”2

The following Sections are intended
to give a brief summary of some of the mechanisms which may
occur in both aromatic and N-heteroaromatic systems; dis-
cussion will be concerned mainly with halogenated species.

Some recent developments within the field will also be con-

sidered.

1.1 Introduction - A Summary of Possible Mechanisms
for Nucleophilic Aromatic Substitution

Aryl halides not activated by strongly electron-
withdrawing groups are generally unreactive towards nucleo=
philes3 but, with very strong bases such as potassium amide
in liquid ammonia, reaction may occur via the so-called
"benzyne" mechanism. The initial step is a reversible

proton abstraction, ortho to the halogen substituent,

forming an aryl anion. This is followed by halide-ion
elimination to give the "aryne", which is rapidly captured
by any nucleophiles present. For example, (Equation 1l.1l):

//’ ,/H - / y
H WNH, = + NH,— | +X T
\ ~ X 2 3 { )
X

X=F, Cl, Br, I (1.1)




The radical-chain SRNl mechanism provides ancther
means for nucleophilic substitution in unactivated aryl
halides; there have been reviews both of the scope4 and
synthetic application55 of this mechanism. The reaction
is initiated by electron transfer to the substrate, giving
a radical anion. This process may be chemically,6 electro-
chemically,7 thermally8 or photochemically9 induced. The

radical anion is then propagated in steps (1)-(3) as shown

in the following genéralised process (Equation 1.2):

ArX + ¢ ——> [Arx]- (initiation)
[ArX): ——> Are + X — (1)
Are + Y —= [ArY]- — (2)
[ArY] *+ArX —— ArY + [ArX]e — (3)
(Y = nﬁcleophile) (1.2)

Summation of the three propagation steps gives the overall
equation: ArX + Y -——= ArY + Xs, and therefore the
overall reaction is a nucleophilic substitution of the
leaving group X by the nucleophile Y. More general opport-
unities for electron-transfer chain catalysis (ETC) are

discussed in Section 1.3.1.

A third mechanism for nucleophilic aromatic substitution
is found in the dediazoniation reactions of arene diazonium
salts. An understanding of this process is complicated by

the fact that the mechanism is dependent upon the reacticn

conditions;10 both ionic and free-radical pathways are avail-

11 12

able. It has been suggested that the overall process



of the reaction, vig an ionic intermediate, can be repre-

sented by the following equation (Equation 1.3):

ArN2@ = [Ar@N ] —= Ar@ + N

(molecule/caulon palr)
nu
Ar=nuc (1.3)

This process, analagous to the SNl mechanism observed in
aliphatic compounds, is considered to be the only example
of an aryl-cation mechanism,12 Various mechanisms for the
reaction of diazonium salts v7ig radical intermediates have
14,15,16 ., .
been suggested; it is generally agreed that the key
step is a redox process involving electron transfer from an
17,18

electron donor to the diazonium cation. For example

(Equation 1.4):

ArN2+ + Cu+ — Ayre + N2 + Cu2+

Are + CuX —— ArX + CuX

2

(X = halogen) (1.4)

Aspects of the chemistry of diazonium compounds have been

reviewed.,19

Aromatic systems may also react with nucleophiles via
a bi-molecular addition-elimination, or SNAE mechanism,.which
usually results in the Zpso-substitution of a leaving group.
In order for this mechanism to occur, a system must bg suit-
ably activated and possess a leaving group that can exist
as a stable anion. The reaction proceeds via the formation

of a covalently-bonded anionic o-complex, in which negative



charge is delocalised intc the ring; this is represented as

structure (1) below (Equation 1.5):

X nuc X uc

— + X

(1) (1.5)

Evidence for the occurrence of this mechanism with activated
systems has been well documented.,20 There is overwhelming
21,22

evidence for the formation of anionic o-complexes, which

can sometimes be isolated as salts.,22

In polyfluoroaromatic systems, which are activated to
nucleophilic subétitution and possess an excellent leavihg
group in F , reaction with nucleophiles normally takes place
by this two-step bismolecular process. It is thought that
formation of the intermediate complex (1) is rate-limiting
(Z.e. k,>>k_

2 1
breaking occurs in this step. Evidence in support of this

in Q.5)), which implies that little C=F bond

assumption has been the order (F>>C1>Br>I) of halide ion
mobility found in the nucleophilic substitution reactions
of polyfluoroaromatic compounds;20 this point has been fully

discussed‘,zo’23

Except where stated otherwise, it has been assumed that
all nucleophilic aromatic substitution reactions discussed
in subsequent Chapters occur via the SNAE mechanism, with
the first step rate-determining. Other pathways are avail-
able for the reaction of activated aromatic species with

nucleophiles; some of these are discussed in Section 1.3.



1.2 Mechanism for Nucleophilic Aromatic Substitution
in N-Heterocyclic Compounds

Nitrogen heterocyclic systems are all activated, re-
lative to the corresponding benzenoid compounds, towards
nucleophilic aromatic substitution. The effect of the
ring nitrogen is greatest at positions ortio and para to
this group. The nature and magnitude of this activation

is discussed in Section 2.6.1.

As a consequence of this activation, the majority of
nucleophilic substitutions in N-<=heterocyclic aromatic com-
pounds proceed by the well-recognised two-step SNAE mechan-
ism, as discussed in Section 1l.1. Evidence for this mechan-
ism is the same as for the benzene derivatives; for example,
several studies of o-adduct formation from heterocyclic com-

24,25

pounds have been reported. Similarly, the order of

halogen mobilities is usually found to be F>>C1>Br in these

systems,26'27

However, the reactions of N-heterocyclic compounds with
nucleophiles are often complicated by processes other than
straightforward substitution. In the presence of strong
bases, unactivated substrates may sometimes react by the
elimination-addition mechanism; this area has recently been

20
» L S
reviewed.

Another method by which unactivated N-heterocyclic
systems may react with strong bases is by the SN(ANRORC)
mechanism. The mechanism occurs by a series of reaction
steps, involving an Addition of the Nucleophile, Ring Opening,

and Ring Closure. This process was first observed in the
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reaction of 6-bromo-4é—alkyl-pyrinidines with potassium

amide in liquid ammoniao29 Although the final product

may conceivably have been formed by the more standard
elimination-addition mechanism, labelling experiments
indicated the occurrence of a ring degenerate transformation
in which the ring-N= in the product was different from that

in the substrate (Equation 1.6):

R
\ il
— — ‘1
\N Br ,-\/C Br —_ -0
*

2 N =HBr
R;C6H5,t?C4H9) (Addition of (Ring (Ring (1.6)
Nucleophile) Opening) Closure)

Ring transformations that are non-degenerate ({.e. that
lead to the formation of a new heterocyclic system) also
take place by the SN(ANRORC) mechanism; there is however
recent evidence suggesting that, in a few systems, this

process may occur by a cycloaddition mechanism,31 For ex-

ample32
Yy . __X
. H

Z NO2 H\ /} 5 R

F + C =2¢C
T§> l e N — ZézﬂN 2
‘ R X / Y
(R=H,CH3, ’(CH2)4" X= Y=OCH3p morpholino, (1) = HCN
piperidino) (2) = HX

The scope of the SN(ANRORC) mechanism has been revi@wed°33

both SN(ANRORC) and S . EA pathways are available for the re-

N

actions of unactivated N-heterocyclic systems with strong
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bases; in some cases both mechanisms occur simultanecusiy.

1.3 Some Recent Developments in the Field of
Nucleophilic Aromatic Substitution

1.3.1 The Role of Electron Transfers in
Nucleophilic Aromatic Substitution

That unactivated aromatic species may react

with nucleophiles by the SRNl mechanism, in which the initial
step involves electron transfer to the substrate, is well
known and has been discussed (Section 1.1). The possibility
that single electron transfer (SET) is the primary step in
nucleophilic displacements in general (Z.e. preceding the
formation of the covalent bond) has been proposeda34"’35’36
For example, the reaction of alkyl halides with nucleophiles

has been shown to take place by the following procedure37

(Equation 1.7):

Nu + RX —= Nue + RX°® —> Nu°c + R + X —= R-Nu + X
(1.7)
However, the occurrence of such SET processes in activated
aromatic systems is more questionable; competing processes

38,39 39

such as proton abstraction and o-complex formation

are other alternatives.

The formation of radical anions in activated nucleo-
philic substitution has been substantiated in énly a few
examples. One such case is the reaction of 1,4-dinitro-
benzene with OH , which has been studied by esr;spectroscopyu40
The proposed mechanism40 involves electron transfer from OH

to the substrate, followed by addition of OH to form the

radical dianion (2) (Equation 1.8):



NO., HO NO, CH
oH CH™ =
o o, —

™
NO, NO,, NO,
(3) (2)

(1.8)

This electron transfer pathway is facilitated by the relative
stabilities of the radical anions (2) and (3), and also by
the low oxidation potential of OH . Consequently, the re-
action of 1,3,5-trinitrobenzene with bases occurs primarily
by the SNAE mechanism because of the enhanced stability of

the intermediate c=complex,39

Further evidence regarding the importance of one-
electron transfers in activated aromatic substitution re-

41,42 The re-

actions has been derived from kinetic studies.
actions of various nitroarenes with bases proceed via a
radical chain mechanism in which the initiation step involves

electron-transfer from the base to the substrate, for example4

(Equation 1.9):

i
]
I

cl
NO
+ CH.O ———

Q§}// 3 DMSO

NO

o l ]
(ete. ) (1.9)



However, 1in the above example, appreciable quantities of
anion radicals are detected only under carefully controlled
conditions {€¢.g., in the presence of a large‘excess of base
and in the absence of oxygen). Clearly then, there are
several important factors regarding the general occurrence
of SET processes in activated nucleophilic aromatic sub-
stitution. Firstly, the oxidation potential of the nucleo-
phile and the electron affinity of the substrate must be
favourable. The nature of the solvent is important, as is
the nature of the leaving group. The relative stabilities
of any reaction intermediates, be they anion radicals or
o-complexes, are also important. Whether or not these
criteria are met in the majority of nuclcophilic substitution
reactions and consequently the general occurrence of SBT

processes 1is open to guestion.

Recently, evidence for the occurrence of an electron-
transfer chain (ETC) process, in which the substrate suffers
a one—electron oxidaticn (forming an aryl radical cation)
43,44

before entering the chain, has been presented. This

SON2 mechanism has been compared with the analagous SRNl
process for anion radical propagation.4$ However, there

are very few known examples of this mechanism.

1.3.2 The Scope of Catalysis in Nucleophilic
Aromatic Substitution

(a) Catalysis by Metals/Metal Salts

There have been several recent reports of the catalysis

of nucleophilic substitution processes by copper compounégilh48
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The copper-catalysed substitution reactions of aryl halides
are known as Ullmann condensations. The scope of this in-
. . s . _ . _o..a 48
dustrially-important reaction has been reviewed. Fox
example, the reaction of 2,3-dichloronitrobenzene in the

49 . e
presence of copper-bronze proceeds via the initial form-

ation of an organo-copper intermediate (4) (Equation 1.10):

N2
, cl
NO, NO,
@u Cu O CucCl ~c1
' —— —_——
Ccl cl
(4)

(1.10)

Ullmann condensations have been reported for a number of sys-
tems and catalysts, with copper in the 0, +1 or +2 oxidation
stateso48 A number of mechanistic pathways for these pro-
cesses have been proposed. However, a general feature is
the formation of a complex between the aryl halide and the
coppern48 For example, the Ullmann condensation of 1-
bromoanthraquinone with ethylenediamine in the presence of
CuBr (where Cu(I) is the effective catalyst) proceeds by.a
one-electron transfer from Cu(I) to the anthraquinone vZa an

50,52

organo—-copper complex. This has also been proposed in

the halogen—-exchange reactions of aryl halides with Cu(I)

salts,51

Recently, reports of the use of transition metal salts
and complexes as catalysts in nucleophilic substitution re-

actions have been publishedosz’53

Thus polyhalogenated
aromatic compounds may be dehalogenated using a low-valent

transition metal complex such as Pd(PPh3)4 in the presence



t‘1
t E]

of alkoxidesp53 or by using salts such as Pdcl3 in the pre-

sense of PPh3 and hydroxide ions, where a Pd(0) complex is

54

generated im situ. Pd(0) will also catalyse the re-

action between aryl halides and thiolate iomns (giving arvl

sulphides) via the oxidative addition of aryl halide to
Pd(0) °° (Equation 1.11):

ArX + Pd(0) —= ArPdX

ArPdX + RS ——= ArSR + P3(0) + X (1.11)

The cyanation of aryl halides is catalysed by nickelp56

palladium57 and cobalt58 complexes.

(b) Base Catalysis

The observation of base catalysis in the reactions of
amines with certain activated aromatic substrates has pro-
vided overwhelming kinetic evidence for the two-step bimole=
cular mechanism of nucleophilic substitution in these systems.

20,59

This point has been discussed. Base catalysis is tra-

ditionally represented by the following mechanism6O(Eqmﬁjan]”12):

k
RR’NH T](___-—— ! + H + X
>~ - ~ . — ™
v -4 \_/‘c/ \\/

(1.12)

The initially formed zwitterionic o-adduct (5) contains a
labile N-H proton, and thus the system may undergo baée
catalysis through partitioning of (5) along the available
pathways. A rate expression for equation (1.12) can readily

be derived, and its application to account for the pronounced
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observation of base catalysis in, for example, l-fluocrc-2,3-
dinitrobenzene compared to the non-observation of this effect

. ] o s e . . < . 61,62
in l-chloro-2,4-dinitrokenzene, has been discussed. f

Recent studies have concentrated on the actual mechanism

of the k B base-catalysed step, and there has been consider-

3
able controversy about this. It is generally agreed that
two mechanisms exist. These are, (1) rate~limiting deproton-

ation, and (2) rate-limiting leaving group expulsion.

The rate-limiting deprotonation mechanism has been found
in the formation of the o-complex (6) from 1,3,5-trinitro-

benzene and aniline, which is base catalysed by 1,4=diaza-
63,64,65

bicyclooctane (DABCO)} in DMSO

(Equation 1.13):

B
ky[B] ON.

————1

B;’ +
J[B
kZ[BH ]

(6) (1.13)

This process generally applies when the reaction is carried
out in protic solvents., Detailed kinetic analyses of rate-
limiting deprotonations in the reactions of 1,3,5-trinitro-

benzene with bases have been reported‘,,GG"67

In the rate-limiting leaving group expulsion mechanism,
the initially formed zwitterionic intermediate (5) undergoes
a fast proton transfer, yielding the o-complex (7). This
is followed by a rate-determining general acid-catalysed

. + . c g s
removal of the leaving group by BH v<Za transition state (8).



For example {(Eguation 1.14):

— 'ﬁf
% ~NRR” B—-H-=X_ _NRR NRR
+BH ; | + HX
—_— —>
(5) (7). - (8) - (1.14)
This process has been termed "SB-GA" catalysis (specific
base~general acid),59 A number of examples of this mechanism
68,69,70

have been reported.

(c) Micellar‘Catalxsis

There have been several recent reports of reactions

71,72,73 In agqueous solution,

subject to micellar catalysis.
cationic micelles generally enhance complex stability by in-
creasing the forward rate of complex formation, at the same

time decreasing the reverse rate. Thus, the reaction of
2,4-dinitrofluorobenzene with aniline is catalysed by the
micellar surfactant hexadecyltrimethylammonium bromide (CTABr)o74
In contrast, anionic micelles strongly decrease the rates of
complex formation. Several models to account for the cata-

lytic effect of micelles have been forwarded.,74p75

1.3.3 Cine and Tele Substitution

Activated nucleophilic aromatic substitution by
the addition-elimination pathway usually involves an ipso
attack of the nucleophile; that is, the entering group occu-

pies the same position as that vacated by the leaving group.



Recently, however, a new class of substitution reaction nas
been reported. When the incoming group enters ortho tc the
leaving group, then cine-substitution is said to have taken
place. There are several known examples of nucleophilic
aromatic cine substitutions. An example is the reaction of
2,3~-dinitronaphthalene with piperidine, which is believed to

take place by the following mechanism76 (Equation 1.15):

5710 NCH.
: )5 10
7 _NO, . H \
2 N02 g 2
(1.15)

Other known cine substitutions occur in the reaction of 2,3-
dinitroaniline with secondary amines,77 and in the reaction

of pyrazole with 1g4=dinitropyrazole,78

When the incoming group occupies a position separ-
ated by more than one atom from that vacated by tﬁe leaving
group, then tele substitution is said to have occurred,79
This has also been termed the "abnormal addition-elimination",
or SN(AEa) mechanism.80 Tele substitutions are known in
both mono- and polycyclic aromatic systems. An example is
the reaction of 8-chloro-1,7-naphthyridine with potassium
amide which gives, apart from the "normal"” substituted pro-

81

duct, an adduct arising from the following mechanism™ —,

(Equation 1.16):



(1.16)

Other tele substitutions occur in the reactions of secondary

amines with 2,3-dinitroaniline,77 4-alkoxy-2,3-dinitroaniline

and l,4—dimethyl--2,3—dinitronaphthalene°79

82

Both cine and

tele processes have also been identified in the SN(ANRORC)

cine

mechanism where, for example, SN(ANRORC) symbolises a

process in which an incoming amino group appears adjacent to

the position vacated by the halogen in the final producto33



CHAPTER TWO

SUBSTITUENT EFFECTS IN

NUCLEOPHILIC AROMATIC SUBSTITUTION

2.1 Types of Electronic Substituent Effect

The electronic effect of a substituent,X, on a o=
bonded system is generally referred to as its polar or in-
ductive effect. This effect results directly from a differ-
ence in electronegativity between the substituent and the
adjacent carbon chain. Transmission of the effect through

the molecule can occur by two means:

(a) A progressive, but diminishing, relay of the effect

through the chain (9):

8- S+ S8+

X — CH2 < CH2 G CH2 E—

(%)

(X electron attracting)

This is referred to as the o-inductive effect.

(b) A direct, through space, electrostatic effect, known
as the field effect. The relative importance of field and

g-inductive mechanisms has been discussed‘,83’84

In arcomatic systems, additional mechanisms for the trans-
mission of electronic effects exist. The resonance, or
mesomeric, effect involves a conjugative transfer of 7-
electron density between the substituent and the aromatic
ring. This results in a change in the m-electron density
of the system; the process may be illustrated by the following

canonical structures (l0a,b,c) (m-donating substituent):
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- + / +

(10a) (10b) (10c)

Molecular orbital calcuiations have confirmed this process.,85

A substituent may also perturb an arcomatic m-system
without actual m-electron transfer between the substituent
and the aromatic ring. Substituent effects of this kind are
known as m-inductive effects; the overall effect observed
is in fact a composite of several interactions which are
mutually dependent and experimentally inseparable. These
interactions have been fully discussed.,84 The net effect is
a polarisation of the m7-system so as to enhance the delocal-
isation of negative charge. This may be represented by the

following structures (11, lla):

X X
}
> (X, electron
withdrawing)
+
(11) (1la)

The nature of substituent electronic effects in general has

QA Q& Q@7 Qo
UIT 00 p 0 p OO0

been reviewed.

2.2 Effect of Substituent on Carbanion Stability

A number of techniques are available for the esxamination
of substituent effects in carbanions; The measurement of

equilibrium (KQ and kinetic (kl) acidity in solution is well
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known and has been reviewed;g’”’o however the empirical pKa
values obtained (Equation 2.1l) are complicated by factors

such as solvent effects and other inter -

kq K
- = T
RH + B ———> R + HB pK, .= -log “/k_ (2.1)

1
k
-1
molecular interreactions which may obscure the intrinsic pro-
perties of the carbanion. More recently however measurements

of CH-acidity in the gas phase have been reported for a number

91,92 o

of systems. The standard free energy change, G, for

a process such as (Equation 2.2) gives a measure of the acid-

4 =
H (gas) + X (gas) (2.2)

HX(gas)

ity of HX, and thus a measure of the stability of the carbanion

X—, in the absence of solvent effects. The determination of

substituent effects from gas-phase data has been reviewed093

Carbanion geometry and stability as a function of substituent

effects has also been determined theoretically°94”95

2.2.1 PFlucrine Substituents

The stabilising influence of a fluorine atom
directly attached to a carbanionic centre is generally diffic-
ult to predict. Base-catalysed deuterium exchange re-
actions of haloforms have shown that a=halogens are carbanion

96,97

stabilising in the order I~Br>Cl>F. As this is the re-

verse order of halogen inductive effects, then clearly de-
stabilising electron pair repulsions must be important in

these systems. The interaction between halogen lone pairxs

98

and a carbanionic centre is known as the "Iﬁ effect®, and
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is maximised in planar, sp2 hybridised species where orbital

99

overlap is greatest (12); I, destabilisation is minimised

in sp3 hybridised species 99 (13):

4(/’—“‘\\\3

)

~ ° S
= ~ /// ///
7 /,c — F\

(12) (13)

As a result of this interaction, halogen substituents ex-
hibit a greater stabilising influence in pyramidal carbanionggo

This is consistent with the known weak acid-strengthening

101

effect of fluorine attached to an sp3—centre; carbanions

containing more than one o-fluorine substituent are generally

97,101

destabilised however. Calculated inversion barriers

for simple pyramidal carbanions also confirm this effect 102
(Table 2.1).

TABLE 2.1 Energy Barriers to Inversion, from Pyramidal to
Planar Configurations, for some Simple Carbanions.

102

Species E, _(kcal mol_l)
inv
CH3 19.2
FCH2 32.6
F2CH 53.3

Replacement of H by F in CH3 increases the barrier to in-
version which may be interpreted solely in terms of ITT repul-
sions. The preferred pyramidal geometry of this type of a-

fluorocarbanion has been shown by other M-0 studiesggs’loo
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Rates of deuterium exchange reactions in a-
halomethyl estersp97 and ionisation constants cf some nitro-
halomethanesglo3 have been reported. In these systems the
carbanion generated is essentiaily sp2 hybridised. Conseg-~
uently, Iﬂ interactions are at a maximum, with the net result
that fluorine is found to be destabilising to carbanion
formation, relative to hydrogen. Recently however, a gas
phase study of some fluorinated sp2 hybridised carbanions
has been published,lo4 in which the acidity of a series of
fluoroacetones was determined. The results show that o-
fluorine substituents stabilise planar carbanions in the gas

phase (Table 2.2), 7.e.

0
A4 ] 4
R—C.— is more stable than R— Ci—
N

- N -
—H C—H

®

The difference between gas-phase and solution data indicate
an ambiguity in the effect of g—-fluorine on sp2 carbanions;

this has been attributed to solvent effects in the solution
acidity dataalo4
It is well established that a fluorine atom

adjacent to a carbanionic centre is strongly stabilising;lo5

results (Table 2.2) have also shown this effect in the gas

phase,104 In this situation, Iy repulsions are effectively

removed and stabilisation takes place by inductive means.

A number of recent thermcdynamic studies have confirmed this

effect, 1067109 .Thus the stability of the anion108 (14) and

107,110

of hexafluorocyclobutane ylids (15) are both attribut-

able to the inductive effect of the R-fluorine substituents.



TABLE 2.2 Gas Phase Acidities of Some Fluorinated
Acetones?i?®®
.? e da)
! Compound Anion Generated Gas Phase acfglty” :
{k cal mol ™)
0
/?
CH,COCH CH,—C | - 54.9
3 3 3 -
CH
2
O
14 49%£2
— - +
CH3COCH2F CHZF C\\“ 92
CH
2
0
— (,o
CH3COCH2F CH3 C T 43,5+0.5
CHF
0
/
(CH2F) 2CO CHZFQC (\-_ 36.0+0.5
CHF
0
//—
CH,COCF CF,—C 1 - 35.2%0.1
3 3 3 -
CH2
0
o /o
(CHF,) ,CO CHF,— C ¢ - 263
272 2 -
CF
2
0
CF,COCHF,, CFy—C _{- 17.5¢1
~
CF2

(a) Gas phase acidity = Enthalpy change for the reaction

- +
AH —= A + H

21
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/\ =
\F)—“@ - X = N, P

F
+ 3 = Et, Ph

Cs

x
|

(14) (15)

Similarly, the increase in kinetic acidity along the

following series is also due to this effect:lll

pK_ 43 35 31.5 25,8

2.2.2 Other Substituents

Substituents may be classified in terms of their
ability to donate or attract 0- and T-electrons by the various
processes already described (Section 2.1). The electronic
properties of a given substituent are reflected in the stabil-

isation energy of a given carbanion and also in its geometry.

95

A recent M.O study has calculated these parameters for a

number of a-substituted, XCH; - type carbanions. The results

are shown in Table 2.3.

The carbanion XCH, may be stabilised inductively

by X, and also by interaction of the CH2 lone pair with an

empty m-orbital on X.,95 Thus, for m-accepting substituents
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TABLE 2.3 Calculated and Experimental Stabilisation
= >
Energies for XCH2 Carbanions >
T -
} X } Carbanion Stabilisation Energy, kcal mol L
f Geometry Calculated95 Experimentalgl
\

e Pyr. 1.4 - 3.3
|
i CH3CH2 Pyr. 4.4 - 5.6
!
§ NH, Pyr. 3.3 - 5.6
}
! OH Pyr. 7.9 =15,7
|
: F Pyr. 14.6 -24.6

CN Pla. 55.0 =61.1 44,4

NO2 Pla. 75.9 -98.1 57.9

CH2=CH Pla. 31.8 -37.5 25.8

CH=C Pla. 42.9 -46.5 35.2

CF3 Pyr. 37.0 =57.0

CHO Pla. 60.5 =71.5 50.2

C6H5 Pla. 44.4 37.6

pla. = planar; pyr. = pyramidal.

(NOZ’ CN, CHO, etce.) the carbanion is essentially planar,

which maximises this stabilising interaction; this is re-

flected in the large stabilisation energies in these systems.
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This interaction is unfavourable for m=donating substituents

(CH, NH etc.) where I, effects are significant; consequently,

20
pyramidal geometries and smaller stabilisation energies azxe

ocbserved.

2.3 Linear Free-Enerqgy Relationships

The effect of a substituent on the reactivity of an
aromatic system may be expressed in terms of the Hammett
Equation which, in its simplest form, is shown in Equation112

(2.3)

log k/ko = op (2.3)

where the substituent constant, 0, is a measure of the elect-
ron withdrawing properties of the substituent. The equation
was first used to examine substituent effects in monosubstit-
uted benzoic acids,,112 However, in many cases, especially
when conjugative interaction between the substituent and

the reaction centre is possible, the basic equation fails.

In these situations, o constants, derived from the ionis-

ation of substituted phenols or anilinium ions, must be useé}B

The scope of the Hammett Equation may be improved further

(cI) and resonance (oR) componentso8 The basic Hammett

Equation then becomes114

(Equation 2.4):
lOg k/ko = pIOI + pRQ'R (294)

where OI, pR are transmission factors for each effect.
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This Duali Substituent Parameter (TSP, apprcach has been

fully discussed°84”114 The or values have been further

1A
refinedpg6”l‘“ depending on the electronic nature of the
reaction considered. Thus, o, constants have been applied

R

to substituents directly conjugated with electron rich
systems. The ogy GR(BA) and 0; scales have also been de-
fined. °®

In both dual and single substituent parameter approaches
it is assumed that, for a given system, the transmission
factor, p , remains constant for different substituents.
Another problem is the rigid division of substituents into either
m—donors or m-acceptors, regardless of the electron demand
of the system. A recent theoretical study has shown that
.classical m-acceptors (NOZ” CN, CHO, ete) become m-donors

in electron deficient systemso115

2.4 Nucleophilic Substitution in PolyfluorobenzeneDerivatives

2.4.1 An Early Theory. Orientation in Monosubstituted
Polyfluorobenzenes

It is well known that, with few exceptions, mono-=
substitution in pentafluorobenzene derivatives results in

preferential replacement of the fluorine atom para to the

substituent116 (Equation 2.3),

nuc

X = H, Ph, R alkyl,

FP

nuc halogen, CN, etec.

(2.3)
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This orientation has been explained by considering the
distribution of charge in the transition state of the rate-
determining step, where it was proposed that charge is

greatest para to the position of nucleophilic attackoll'

This assumption is supported by ab initiZo M.O calculationsoll8
In valence bond terms, the order of canonical importance

was thought to be

F nuc uc

F\/ n

Thus destabilising I, interactions should be greatest at

the para position and, consequently, any substituent capable
of stabilising negative charge better than fluorine would
direct nucleophiles para to itself. This is the basis of the
"ITr repulsion theory"”, where the major orientating influence
in fluorobenzene systems is attributed to the need to avoid
transition states in which charge is localised next to fluor-

. 117
ine.

2.4.2 Rate and Orientation in Mono-= and Dihydro-
polyfluorobenzenes

The ITr repulsion theory gives a reasonable explan-
ation for the observed orientation of nucleophilic substitution
in polyfluorinated benzenes. However, with hindsight it
is clear that the rdle of para fluorine has been greatly
exaggeraﬁed; little attention is paid to the influence of
fluorine atoms ortho and meta to the point of substitution.

119

In a recent kinetic study, the rate constants for the re-

action of sodium methoxide with a series of hydrofluoro-
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benzenes were determined. From these results it was possibie
to deduce the separate activating influences of flucrine atoms
at different positions in the benzene system. The experi-
mentally determined rate constants are shown in Tabie 2.4.

TABLE 2.4 Second-=0rder Rate Constants for Reactions of
Some Hydrofluorobenzenes with Sodium Methoxide

in Methanol at 58°OOC= 119
Substrate (@) k, 1 mo1™ 1 s71
7 -a (b)
. 1.29 x 10
A X

(a) Position of substitution arrowed

(b) Rate constant statistically adjusted.

D Co a5 0 e —— — . —— —— —— — ——— —————

By making the appropriate comparisons in the above rate con-
sants, the influence of fluorine, relative to a hydrogen atom
at the same position, may be determined; this is shown in

Table 2.5.
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TABLE 2.5 Eva.uation of the Separate Activating Influences
of Fluorine Atoms in the Benzene System

; F Relative {
Comparison |Effect detexrmined |value ( /kH) activating |
! inflvence |

i =

b b
pf\wﬁa , (3 ortho-=F
Si/vs" @ | ortho-H 57 133
o ‘
meta—F
meta-H 106 _ 2456
para-F
para-H 0.43 1

The results indicate that a para-fluorine atom is slightly

deactivating relative to a hydrogen atom at this position.
However, it is clear that this is only a small effect when
compared to the significant influence of fluorine ortho and

meta to the reaction site.

The results may be interpreted on the basis of
what is known about the effect of fluorine on carbanion stab-
ility (Section 2.2.1). If (18) is considered to be a reason-
able model for the transition state of the reactions under
discussion, then a fluorine atom para to the point of sub-
stitution is effectively in the situation (19), where Ij
interactions are maximised owing to the enforced sp2 geometry

of the system,

(18) (19)

{(unmarked bonds to F)
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However, these Interactions are effectively baianced by in-
ductive electron withdrawal, so that the overall effect is
that flucrine and hydrcgen are cf comparable activating
ability. The substantial activating influence of flucrine
meta to the point of attack may similarly be rationalised
(20) ; in this position, a fluorine atom is effectively in the

situation (21) which is known to be carbanion stabilising,

E—OC—oF

(21)

The large activating influence of ortho fluorine is somewhat
more difficult to account for, however, as in the transition
state (22) the effects of ortho and para fluorine should, on

the basis of ITT repulsions, be similar,

Nevertheless, it is clear that the overall effect of ortho
fluorine is strongly activating in these systems. The pre-

cise nature of this "ortho effect” is discussed in Chapter Four.

The separation of fluorine activating influences
in this study enables an alternative rationalisation for the
rate and orientation of nucleophilic substitution in poly-

fluorobenzenes to be made. That 1s, nucleophilic attack
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occurs s as to maximise the npumber ©f orthc and meta

fluorines, largely ignoring the para flucrine. This ration-=

ale explains the observed orientations of substitution in a
number of polyfluorobenzenes. For example, (position of
substitution arrowed.

H

(ete.)

2.4.3 Activating Influence of Chlorine in the
Benzene System

The empirical approach, described in the previous
Section, for the separation of substituent activating influ-
ences, may be applied to other systems. Thus, by deter-~
mination of the second-order rate constants for the reaction
of sodium methoxide with a series of chlorofluorobenzenes,
the activating effect of chlorine relative to fluorine may
be evaluated. This is shown in Table 2.6. The results
show that a chlorine atom, in the para position is much more
activating than fluorine; this is consistent with the known
stabilising influence of chlorine directly attached to a
carbanionic centre (E—Cl).96 Although chlorine has a smaller
inductive effect than fluorine, the decrease in electron pair
repulsions compared with fluorine means that this substituent
is net activating in the para position. In the meta position,

chlorine and fluorine have a comparable activating effect,

implying that the inductive effects on a B-carbon atom in



TABLE 2.6

Evaluation of the Separate Activating Influences of Chlorine in

the

Benzene System.

119

(Methoxide Ton, =-7.6°C)

KFH vs.

Parf:fi////
para-F

Comparison Effect determined | value (XCl/kF) Re}atlye$§ct1v—5
| ating inIf_.uence |
ortho=-Cl
3.2 4.6
ortho-F
meta-Cl
/ 0.69 1
meta-F A
~ 35 51

T€
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these systems are similar. Iin the ortho position, chliorine
is found to be slightly more activating than fluorine, and
therefore strongly activating relative to hydrogen. As in
the previous Section, this "ortho effect” cannot be described
simply in terms of carbanion stabilities; a reduction in Ip
destabilisation accounts for the difference in ortho activ-

ation between chlorine and fluorine, but not the whole effect.

2.5 Alternative Theories on the Orientation of Nucleophilic
Substitution in Polyhalogenated Aromatic Systems

2.5.1 Frontier Orbital Theory

An M.0 study has predicted the nucleophilic sub-
stitution patterns of polyhalobenzenes by regarding the inter-
action between the halobenzene LUMO and the nucleophile HOMO
to be the only transition state-stabilising interactionnlzo”121
In monosubstituted perfluorobenzenes there are two degenerate
LUMOs (23), (24); this degeneracy may be lifted depending on

the nature of the substituent X. For poor m-donor substit-

ents (X=H, CH3, halogen, ete.) calculations show that (24)

(23)
becomes the LUMO,121 so that nucleophilic substitution para
to X is correctly predicted. However the approach fails

for strong m-donor substituents (X=0 , NH2) where (23) is

the LUMO. Thus nucleophilic attack is predicted ortho and
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225

meta to X whereas, experimentally, only meta is found.
Incorrect substitution patterns are also predicted for a

number of perfiuvoropolycyclic species,122

. s s 121
This variation of the FO approach is rather

oversimplified since other important transition state-stabil-
ising interactions are not considered. In addition to the
favourable HOMC-LUMO interaction there is also a stabilising
Coulombic term (especially important for polar molecules)
affecting the activation energy that must be consideredo238

The FO approach is discussed further in Section 4.5.1.

2.5.2 Prediction of Orientation Ignoring Iﬂ Repulsions

A series of papers has been published in which it
is argued that the electronic effect of a halogen substituent
in an aromatic system may be described simply in terms of in-
ductive and resonance contributionsn123 The ITr effect is
not considered because it is regarded as an alternative to

the resonance effect. By this approach the relative activ-

ation, to electrophilic substitution of each carbon atom in

a given polyhalobenzene is calculated from an empirical three-=

parameter expression derived from the Hammett Equation; sub-

stituent effects are taken to be completely additive,123

The carbon atom with the least electrophilic activation is
then assumed to be that most susceptible to nucleophilic .

attack.>?37120  1hig method correctly predicts the predominant

para orientation of nucleophilic substitution in the penta-=

fluorohalobenzenes C6F5X123 and has also been used to predict

the rates of nucleophilic displacement reactions of polyhalo-
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123=126 _. ‘on P 5
benzenes, though with limited success. Halogen

activating effects, called "substituent rate factors” have

¥ : : L - R SR S S A ‘_126 "

been evaluated from experimentai rate constants; tnese

values are in general agreement with the effects quoted in

Table 2.7, aithough the division cf these factors into in-
. . . 126

ductive and resonance contributions does not reflect the

absolute value of these effects.

2.5.3 Prediction of Orientation by the MNDO Method

In a recent publication127

the isomer distribut-
ions for nucleophilic attack were predicted from a consider-

ation of anions of the type (25),

OH

R
i

H, F, NH,,

H, OH, NH

o)
I

However, the calculations generally did not fit the experi-
mental results. For example, attack by NH; on pentafluoro-
aniline is predicted to give almost exclusive ortho substit-
ution when in fact meta is expected. Refinements to this
simple model to include solvent effects and the possibility
of hydrogen bonding would improve the resu1t53127 sucih modif-

ications would however necessitate much more complex calcul-

ations.

Prediction of the orientation of nucleophilic
substitution in perfluoropolyaromatic systems by the "amplified"®

ITT repulsion theory will be discussed in Chapter Five.



2.6 Nucleophilic Substituticn in Poliyflvoropyridines

2.6.1 Influence of Ring Nitrogen on Reactivity

N-Heterocyclic polyfluorcaromatic compounds are
strongly activated to nucleophilic substitution, as shown in

Table 2.7,

TABLE 2.7 Relative Rate Constants for Attack by NH3 on Some
Perfluoro-N-heterocyclic Aromatic Systemso128

(ag.dioxan, 25°¢)

System krelative (b)
o
Y (a)
F | 1
XN
X
F | 37.4
/A
Z N 3
~\§J 2 x 10
Y
/QTF 5
| F_ >10
A |

{a) Position of substitution arrowed:

(b) Corrected for statistical factor.

-— e e 3 e £ O £ 6D €D 0 €D ED £ 6 e e e e

The activating effect of ring nitrogen in these systems is
greatest at positions ortho and pagra to itself, Z.e. at
positions which result in the localisation of negative charge
on the ring nitrogen in the transition state. Ground state
activation»by the nitrogen can also take place; this results

in an increase in the electrophilicity of the ortho and para
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positions. Quantitatively, the relative activating influ-
ence of ring nitrogen has been determined in a recent kinetic
study129 and it is also shown in the Hammett o constantsl3o

for this group (Table 2.8).

TABLE 2.8 Activating Effect of Ring Nitrogen in the
Pyridine Ring System

“N= Activating effect, 125 - 130
(relative to C-H)
oreho 6.2 x 10° 1.00
mee 8.5 x 10° 0.59
para 2.3 x 10° 1.17

T e D IR € SO 8 I8 O 6D D S0 O D 60 o € e -

2.6.2 Separation of the Activating Effect of
Fluorine in the Pyridine Ring System

Using an experimental technique similar to that
discussed in Sections 2.4.2 and 2.4.3 it has been possible
to determine the influence of a fluorine atom at positions

ortho, meta and para to the reaction site in the pyridine

131 . ‘o
system. Two sets of reaction conditions have been used,
and the results are summarised in Takle 2.9, Several im-
portant observations may be made from these results. Firstly,

it is clear that ortho and meta fluorines are activating to
nucleophilic attack, whereas a pgra fluorine is slightly de-
activating, relative to hydrogen. It is also noticeable
that the order of activating influence is not very dependent

on the nucleophile/sclvent system used. The activating
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TABLE 2.9 Ratios of Measured Rate Constants from Reactions
of Some Hydrofluorpyridines131 {a) With NH3 in
agueous Dioxan at 25°C, (b) with MeO  in Methanol
at -7.6°C,

k¥
Comparison Effect kF/kH o =/kH o
Determined (NH3 , 257°C) (MeO , =7.60
0 ] &
7 . =~ orth7
o v \{;L ortho-H 31 79
} b
Do Q| 4
F "ILF 23 30
SNONE® @ meta-H
5 ®
I3 vs. | F |f 0.26 0.33
SN

pari;f///
para-H

influence of fluorine in the pyridine and benzene systems may

be compared (methoxide ion/methanol):

ORTHO META PARA
BENZENES 133 246 1 (Table 2.5)
PYRIDINES 239 : 91 1 (Table 2.9)

The most important feature of this cbmparison is that, in

each system, both ortho and meta fluorines are substantially

activating to nucleophilic attack, whereas a para fluorine

clearly exerts only a small deactivating influence, relative

to hydrogen.
the ring nitrogen is
and para to the ring

However, it 1s clear

In the pyridine ring system, activation by

a major influence, with sites ortho

nitrogen strongly activated (Table 2.8).

that a negligible orientating preference
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“-N=(pare} . , 128,131
=N=(ortho)

between these two sites occurs, since

Therefore, we can extend the empirical approach developed in
Section 2.4.2 to account for the orientation of nucleophilic
attack in polyfluoropyridines. Thus nucleophilic substit-
ution in pentafluoropyridine (26) occurs exclusively at the
4-position because the number of ortho and meta fluorines is
maximised. A consideration based purely on ring nitrogen
activation would have predicted attack at the 2-position also
to take place. Similarly, the observation of attack at
both the 4- and 6-positions in 3 H-tetrafluoropyridine (27)
can be rationalised, as attack at these positions results in

the same number of activating fluorines.

4 activating F-atoms 3 activating F-atoms
2 H
F

NN
Qﬁ%é§3 activating F-atoms — N

(26) (27)

2.6,3 Activating Influence of Chlorine in the Pyridine
System

This has been determined from a recent kinetic

study in which the rates of attack by ammonia on a series of
132

chlorofluoropyridines were i UL If the
results are compared with the activating effects determined
in the benzene series (Table 2.6) then it may be concluded
that the activating influence of chlorine is in the oxder
ortho>meta>para for both pyridine and benzene series. The

nature of this activating influence has been discussed

(Section 2.4.3).
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TARLE 2.10 Ratics of Measured Rate Constants
Reactions of Some Chloroflucxropyr
NH; in Aqueous Dioxan at 25.00C 1

from the
idines with
32

) -
Comparison kc“/}i;F KC:/iw
CJ )
&
F 2.82 86
i
s
4
F 1.05 24
@
+ O
[ﬁ%ﬂ/ 26.5 6.9
o N

2.7 Steric Effects

The basic Hammett Equation (Equation 2.1) cannot be
used to examine ortho substituent effects since in this
position various proximity effects may operate. Primary
steric effects, defined by the Taft Es constant, are due to the
space-filling property of an ortho substituent. Such effects

may be studied by the following relationship,,133 (Equation 2.4):

log %/k = SE_ + pOp + Ppop (2.4)

ortho

where § is the transmission factor of the steric effect.
A rough measure of steric "bulk" is also given by MR, cons-
tants,134 which are determined from molar refractivity experi-

ments . Typlcal steric constants are shown in Table 2.11,
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. . ) 129
TABLE 2.11 Steric Subsiituent Constants

Substituent E: MRD
o 0 1
F -0.46 0.8
Cl -0.97 5.8
Br -1.16 8.7
I -1.4 14
OH =0.55 2.6
CN -0.51 5.5
NH, -0.61 4.4
CH3 -1.24 5.7
Et -1.31 10.3
t-Bu -2.78 19.7
CF3 -2.4 5
NO, -1.01 6.7
NO, -2.52 6.7
Ph -3.82 25.4
CPh3 -5.92 78.7

Secondary steric effects, such as steric inhibition of‘reson—
ance, are also known;135 allowances for this type of electronic
effect have been made in the above ES constantsol34 Steric
effects are often manifested as a steric retardation of re-
activity; thus monosubstitution by ammonia occurs exclusively
at the 4-position in both pentafluoropyridine (26) and 3-
chlorotetrafluoropyridine (28) (lable 2.11), whereas the re-
action of (28) with diethylamine gives monosubstitution at

- both 4- and 6—positions,132
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é
'/
Lo | nuc = NH,, Et,NH.
\ / = Z

.

(26)
‘ l
;
I/Cl = C1l

P nuc = NH | F l nuc = Et,NH
(28) (28)

This reflects a steric deactivation of the 4-position by

the 3-chlorine atom which becomes apparent when a nucleo-

phile with large steric requirement is usedo132
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CHAPTER THREE

ACTIVATING EFFECTS OF SUBSTITUENT GROUPS

TO NUCLEQOPHILIC SUBSTITUTION

IN POLYFLUOROAROMATIC SYSTEMS

3.1 Introduction

A range of fibre-reactive dyes - the "Procion" range -
has been developed, in which the dye molecule is chemically
bonded to the fibre via a reactive linking molecgle.,136
The principle is outlined below (Equation 3.1). The linking
molecule (in this case, cyanuric chloride (ggﬁ is first

attached to the dye through an amine function and then to the

fibre, where the attacking species is cellulose-0 ,

0O- Cellulose
N Dye-NH N7¢\\N Cellulose-0 44;\\

\\Cl 2 kc1 >)q\ J\ (3.1)
X Y NH-Dye XN NH-Dye

CY

(29)

Recently, alternative linking agents have been developed.l36

Obviously, the planning and design of more effective reagents
requires an understanding of the factors affecting the re-
activity and orientation of nucleophilic substitution in
these systems. In the previous Chapter, an approach was
developed in which the activating influence of fluorine and
chlorine atoms to nucleophilic attack could be empirically
determined. The aim of the work described here was to use

a similar technique so that the influence of‘a number of

other, potentially activating, groups may also be determined.
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The substrates investigated were a series o0f substituted

polyfluorobenzenes, pyridines and diazines.

3.2 Preparation of Substrates

A brief description of the preparation of the sub-
strates under study will now be given. All the compounds
have been previously reported; however, a new route to
perfluoro-4-methyl pyridine is described. Other compounds
used, the preparations of which are not discussed here, were
provided, and were purified before use as described in

Chapter Eight.

(a) 4-Chlorotetrafluoropyridine (31)

This was prepared by a two-step synthesis, according to
the method of Chambers and co—workers,137 Firstly, 4-hydra-
zinotetrafluoropyridine (30) was obtained in high yield from

the reaction of pentafluoropyridine with hydrazine hydrate.

NHNH,,
/F NELNH,, °H,,0 _ /F |
CH30H/25°c
(30)
(n95%)

The required product was obtained from the reaction of (30)
with a concentrated solution of copper (II) chloride in con-

centrated hydrochloric acid.

—

NHNH
=

s 1 CuCl/HCl
X

Room Temp.
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(b) 4-Bromotetrafluoropyridine (32)

This was prepared by the reaction of (30) with copper

(II) bromide in 50% hydrobromic acidc138

r
[ji;] (1Br2&Br44ﬂ> F
x Room Temp.,
(30) (32)
(61%)

(c) 4-Iodotetrafluoropyridine (33)

This was prepared, in low yield, from the reaction of
139
pentafluoropyridine with sodium iodide in N ,N-dimethylformamide.

I
/ N
F —'——a'I———O—D F
DMF/130
(33)

(40%, based on recovered starting
material)

(d) 4-Cyanotetrafluoropyridine (34)

This was prepared, in low yield, from the reaction of

pentafluoropyridine with sodium cyanide in N,N-dimethyl-

formamide at OOC,140
CN
= =
F Nacg P l
DMF/0~C W

(27%, based on recovered
starting material)
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{(e) 4-Nitrotetrafiuoropyridine (36)

This was prepared by a two-step synthesis. Firstly,

4-aminotetrafluoropyridine (33) was obtained, in high yield,

from the reaction of agueous ammonia with pentafluoro-

oo 137
pyridine.

F My .

A 4Dioxan/80°C

(35)
(88%)

The desired compound (36) was obtained by oxidation of (35)

with peroxytrifluoroacetic acid in methylene chloride°l4l

(CF3CO)20/H29%)
CHZClz/reflux
24 hrs.

(f) Perfluoro-4-methyl pyridine (38)

This was prepared via a two-step synthesis. Metal-

lation of 4-bromotetrafluoropyridine (32) (n-butyl lithium),

followed by reaction with carbon dioxide and acidificiation

TAD
gave tetrafluoropyridine=-4-carboxylic acid (37).7°°
Br Li CO,H
7 1) co
NS : -GOOC RN (2) HC1 N

(37)
(85%)
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Reaction of (37) with SF4 in an autoclave gave perfluoro—4-

methyl pyridine (§§)'in reasonable yield.

E::t] 230 C/24 hrs° l*%N

(37) (38)
(50%)

This method gives a higher yield of (38) than otherl43”l44

preparations in the literature.

(g) 3-Cyanotetrafluoropyridine (41)

This was synthesised by the prolonged heating of 3-
cyanotetrachloropyridine (39) (provided; see Reference 145

for preparation) with anhydrous potassium fluoride.

cl o N
1 - F + F |
\\N 5uhi€lz¥’ L
ys (40) (41)
(742) (179)

The major product was 3-chloro-5-cyanotrifluoropyridine (40);

no attempt was made to optimise the reaction conditions.

(h) 2-Cyanotetrafluoropyridine (43)

This was prepared by a similar method to that described
in 3.2(g) above. Thus reaction of 2-cyanotetrachloro-
pyridine (42) (provldcdl45) with potassium fluoride in sul-

pholan gave the desired product (43) in reasonable yleld.



cl KF N F
S sulpholan/150°C -
64 hrs.
(42) (43)

(65%)

(i) 2,4,6-Trichlorodifluoropyridine (44)

This was prepared by a method similar to that of
Thorpe,l46 in which pentafluoropyridine was heated with
an excess of aluminium chloride and concentrated hydro-

chloric acid in a sealed nickel tube.

c1
AIC1,/HC1 7
F oo F
. 160°/74. ~
c1 c1
(44)
(70%)

(jJ) A4-Hydrotetrafluoropyridine (45)

This was prepared by the reaction, under anhydrous

conditions and in an atmosphere of dry nitrogen, of penta-

fluoropyridine with lithium aluminium hydride in ethere147

H
Z ) 7
. LiAlH, /Bt 0 r
XN (a) -72°/1 hr. Y
(b) 25°/48 hrs. (45)
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3.3 Kinetic Methods andé¢ Rate Constant Calculations

Rate constant determinations for all reactions dis-
cussed in this Chapter were carried out at ZSQOOC, with
ammonia as the nuclecpnhile, in 6C/40 (V/V) dioxan/water.

All reactions were followed by periodicaily titrating samples
of the reaction mixture against standard acid and hence
determining the concentration of unreacted ammonia. Second-

order rate constants were then calculated from Equation 3q2°l48

9= s 10 e | (3.2)
where, kIJ o sceeond-order rate constant

a = initial concentration of ammonia

b = initial concentration of substrate

x = concentration of substrate reacted at time t.

Equation 3.2 implies that the acid liberated during any
kinetic run extensively protonates the unreacted ammonia;
the result is that, for every molecule of substrate reacted,

two molecules of ammonia are needed.

The reaction of 3=-cyanotctrafluorcpyridine with ammonia
was found to be too fast to successfully employ the titration
technique; this reaction was followed spectrophotometrically.
The runs were carried out in a large excess of ammonia, with

first-order rate constants (kI) calculated from Eguation 3.3.

C-D - 0-D
= i o
kIt 1n 5D =05 (3.3)
) t
where,
0-D = optical density at infinity

0Dy = optical density at time zero
0D, = optical density at time t

k, - first-ovrder rate constant
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Dividing kI by the ammornia concentration {(assumed Zc be con-

stant throughout the run) gave the second-order rate constant.

In cases where monosubstitution at two positions {("y"
and "z¥, say) was observed, the rate constants for attack at
these sites (ky and kz) were calculated from the observed

rate constant, kobsp using gquations 3.4 and 3.5.

kobs = ky + kz (3.4)
EX _ 3 product resulting from attack at y-position (3.5)
kz % product resulting from attack at z-position °

Errors quoted are the "standard errors of the mean” and were

calculated from the usual expressions°l49

3.4 Reactions of Polyfluoropyridines with Ammonia

The substrates investigated were a series of 4-substituted
tetrafluoropyridines and 2,4,6-trichlorodifluoropyridine.
The positions of substitution were established using standard
techniques as discussed in Chapter Eight. Table 3.1 shows
the experimental rate constants obtained, together with the
position of attack. Where a mixture of products resulted,

the rate constant for substitution at each position is quoted.
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TABLE 3.1 Rate Coastants for the Reactions of Ammcnila witn
Some Substituted Polyfluorcpyridines in 50/40 (V/V)

Dioxan/Water at 25.00C

7 i . r
-{ Substrate /Position of attack kII(l mol 1s 1)
i i
; ? i iy
4 /F ) ’ 4= (6.80£0.03) %10
| 5 |
1
€ J 2- 1.56+0.02)x10"°
\\F (a) (1. +0. b4
r
e 2- (1.39:0.01)x10 °
(a)
2 (1.00+0.04) x10~°
(a)
2 -8
2- (6.10+0.1) x10
(a) .
A
o -
2 4- (5.65+0.06) x10" 2
JJ @ 3- (1083t0906)x10j2
2~ (6.44+0.06)x10
X 5
/; 3- (2.77:0.05) x10
(a) 2- (8.58+0.05)x10 >
2- (2.11:0.02)x10 >
{a)
g 3 4- (5.31£0.02) x10™ 2
(a,b) 6- (2.66%0.01)x10 2
I
4;&\ 4 (2.68+0.02) 1077
J&
c1 c1

(a) Rate constants corrected for statistical factor.

(b) Rate constants from Reference 129.
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3.5 Discussion of Rate Data

3.5.1 4-Halotetrafluoropyridines

In these systems nucleophilic substitution was
observed exclusively at the 2- or 6-position, Z.e. meta to
the halogen substituent. Attack does not occur at the 4~
position, although at this position the activating effect
of the fluorine substituents is maximised; this is indicative

of the poor leaving group mobility of the larger halogens.

Chlorine, bromine and iodine substituents are
seen to be activating relative to hydrogen, meta to the point
of attack. The activating effect of these meta substituents
may be determined from an empirical approach, as developed
in the previous Chapter. This is shown in Table 3.2, where
the observed "meta-effects" are compared with the corresponding

Hammett Om values.

TABLE 3.2 Activating Effect of Meta Halogen Atoms

k 113
. Effect Hal/ ¢}
Comparison Determined kH meta
= meta=Cl :
F | vs. [(F ] / 25,6 0.37
\ N meta—H
ta=Br
vl ve. [7 ] " ;// 22,8 .39
N ] \N/’\ meta=H
meta-1I
\E ’ vs. 16.4 0.35
NS ! QSJ meta—-H

(a) Position of substitution arrowed

(b) O values from phenol dissociation constants at 25.0°C.
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From Table 3.2 it is seen that the activating effects of the
meta halogens are very similar. The activating effect of
meta chlorine, deduced above from comparisons of nucleophilic
attack at the 2-position, agrees very well with a previous
study132 (Section 2.6.3) where comparisons of attack at the
4-position were made. This shows the additive nature of
halogen substituent effects. There is a slight decrease in
the magnitude of the meta-effect along the series Cl>Br>I;
this is broadly speaking mirrored by the O constants quoted.
The activating influence of a meta-substituent results mainly

from an inductive stabilisation of the negative charge in the

transition state (46). Thus, from Table 3.2, it must be

(all unmarked bonds
to F)

(46)

concluded that, in the pyridine system, meta halogens have

similar inductive etffects.

3.5.2 4-Nitrotetrafluoropyridine

Nucleophilic attack by ammonia in 4-nitrotetra-
fluoropyridine was observed at the 2- and 3-positions and
also at the 4-position, where the NO2 group was substituted.
This in in agreement with a previous study on this compound.,l4l
The NO2 group is seen to have a profound activating effect
to nucleophilic substitution; it is also seen to have a sub-
stantlal teaving group mobility, in agrcement with the liter=

-

1T
ature. 0 OQuantitative measures of these effects have been

calculated as shown in Table 3.3, where a comparison with the
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=

relevant Hammett ¢ constants is made.

TABLE 3.3 Activating Effect and Leaving Group Mobility

-~ Ll T3 & e n
Of the Nitxo LYOouUp

! 0 \)
 Comparison L Effect kNO2 (a7
| Lompa | determined /%y

|

meta-NO 4

/ 1.06 x 10°| 0.71
eta-H (meta)

m

(c)
ortho—-NO 5

22— 2.2 x 10 1.40

ortho=N= (ortho)

L.G mobility-NO, (k
T..G mobility-F

no,”¥p)

2 —

0.83

(a) o values from phenol dissociation constants at 25,0%, 113

(b) Rate constant from Reference 129.

(c) Cannot calculate kNOz/kH ratio directly. However, as
substituent effects in these systems are generally addit-
ive, we may obtain the desired value from the known
k-—N=/kH value (Table 2.,8),,129 z.e. kNoz/kH = kNOZ/k—Nn'K
(6.2 x 10%).

From Table 3.3 it is seen that the leaving group
mobility of the NO2 group is comparable to that of fluorine.
However, the most striking observation is the substantial
ortho- and meta activation of the NO, group relative to
hydrogen; Hammett ¢ constants confirm this effect as do
theoretical calculations. The NO2 group is known to be a

88,95

strong ¢ and m-electron acceptor, and thus these effects



54

may be explained in terms of the relative stabilisation, by
inductive and resonance means, of the transition state by N02
stbstituents ortho and meta to the reaction site. Resonance
stabilisation is not rikely for meta substituents, which
accounts for the greater activation observed for ortho NO2

(47, 47a).

(47) (47a)

Part of this ortho activating influence has been attributed
to hydrogen bonding between ammonia and the nitro group in

the transition state (£§)°151,152

(urmarked bonds to F)

(48)

The importance of initial state activation is discussed in

Chapter Four.

3.5.3 Perfluoro-4-methylpyridine

Nucleophilic attack was observed exclusively at
the 2-position in this compound. Thus a comparison of the
rate constants of perfluoro-4-methylpyridine and 4-H-tetra-
fluoropyridine gives a measure of the activating influence

of a meta CF4 group, relative to hydrogen; a value of 346 is
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calculated. The effect of ortho and para CF3 has been

129,153

calculated in an earlier study: the total activating

infiuence of this group is shown in Table 3.4,

TABLE 3.4 Activating Effect of the CF3 Group

i ok K - - (a)
i Bffect . CF3/H (position)
ortho-CF
3 3
— 254 X lO -
~Grtho-i
meta—CF3
346 0.47 (meta)
meta-H
para—CF3 3
4.4 x 10 0.54 (para)
para-H
|

(a) o values from phenol dissociation constants at 25.OOC113

From Table 3.4 it is seen that CF3 is strongly activating
at all positions; however, the magnitude of this effecct is
smaller than that observed for the nitro group. This trend
is confirmed by the o constants, which also predict a para-
CF5 group to be more activating than a meta-CF; as observed

in this study.

3.5.4 2,4,6-Trichlorodifluoropyridine

Nucleophilic displacement of chlorine at the 4-
position with slow rate, was observéd in this system. This
is in accord with the known20 poor leaving group mobility of
chlorine rclative to fluorinec. The effect may be quantificd

by a comparison of the rate constants, for attack at the
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4=position, of 2,4,6-trichloropyridine and 2,6=dichlorctri=

fluoropyridine; this latter rate constant has been determined

. 132
previocusly.
Cl E;
= =
F l F {
c1” cl c1 \\N/L cl
(44) ' (49)

2
A value of 1.75 x 10~ for the leaving group mobility of

fluorine relative to chlorine is obtained.

3.6 Reactions of Some Polyfluorocyano Benzene and
Pyridine Derivatives with Ammonia

The substrates investigated were 2-, 3- and 4-cyano-
tetrafluoropyridine and 1l,2-dicyanotetrafluorobenzene. The
experimental rate constants are shown in Table 3.5, togethex

with the position(s) of nucleophilic attack.

TABLE 3.5 Rate Constants of Some Polyfluorocyano Benzene
and Pyridine Derivates with Ammonia in 60/40(V/V)

Dioxan/Water at 25.0°C

Substrate Position of k (1 mol=ls=l)

attack 11

(a) 3- (2.77+0.05) %10 >

P
F/ﬂ -5
2- (8.58+0.05) x10
. 4- 1.56+0.04
6= 0.77+0.04
E;;l 4- (8.18:0.04)x10™ >
N
N (a)
Eii:[ 4- (1.80+0.01)x10" 3
N o |

(a}) Rate constant corrected for statistical factor.
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3.5.1 Discussion of Rate Data

The complete activating influence of the cyano
group may be determined from the rate constants given in
Table 3.5 by usipg the usual empirical techniqgue. Urtho,
meta and para =cffects were obtained from a number of com-

parisons; these are shown in Tables 3.6, 3.7 and 3.8 res-

pectively.
TABLE 3.6 Activating Effect of Ortho-CN'2)
Comparison kCN/kH
@ _ _ ®.9
7 ;\) 3.4 x 107
NG
N N
¢ & '
(b)
@ e D 7.2 x 10
Vs.
4 ’ (b,c)
[
Z e @ 7.1 x 10°
X vs. L
(a)y o = 1.32 (Phenol dissociation, 25°c)1%3
ortho
(b) Direct calculation of kCN/kH not possible. Effect

determined from known kN/kH and kF/kH values at ortho
position.

{(c) Rate Constant from Reference 129.



b3
TABLE 3.7 Activating Effect of Hetg-Cn %

Comparison CN/kH 1
!

(b)
277

) ‘
q
\CL (bﬂc)
V8. F, 1.44 x 103
N f N

113

(a) Om = 0.61.
(b) Direct calculation of kCN/kH not possibie. Effect

determined from known kF/kH and kN/k'H values at meta
position.

(c) Rate constant from Reference 129.

3 e e . ——— G O £ S e e 3 e S e T

(a)

TABLE 3.8 Activating Effect of Para-CN

Comparison kCN/kH

1.3 x 105

1.3 x 10°

(a) o© = 0.89113

(b) Direct calculation of kCN/kH not possible. Effect
determined from known kF/kH values at para position.

(c) Rate constant from Reference 129.

-3 e e CR 3 e C e €D O 68 0 3 S e e
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Tables 3.6, 3.7 and 3.8 show that the cyano group is sub-
stantially activating at all positions relative to hydrogen.
The magnitude of this activation is comparable with that of
ring nitrogen (Table 2.2) but is less than that of the NO2
group (Table 3.4). Generally speaking, activating effects
deduced from substitutions at a number of different positions
and from a variety of substrates were in reasonable agreement.
This again shows the additive nature of substituent effects
in these systems. The rather low value for the effect of
meta-CN derived from the rate constant of 2-cyanotetrafluoroc-
pyridine is difficult to explain however. Activation by the
cyano group is greatest at positions ortho and para to the
substituent. This general trend is followed by the Hammett
o~ constants, although activation by para-CN determined in
the current study is greater than might have been expected

on this basis,

The cyano group, like the nitro group, is known

88,95 Conseqguently,

tc be a strong o~ and m-electron acceptor.
the large activating effect of the CN group may be explained

in similar terms as described in Section 3.5.2.

(i) The activating effects of the groups studied are

summarised in Table 3.9:



60

TABLE 3.9 Activating Effects of Some Substituent Groups
to Nucleophilic Aromatic Substitution

T T : 7%
! substituent’ "H
Group ORTHO | WETA PARA
5 4
NO,, 2.2x10 | 1.06x10 -
\
3 3
CF, | 2.4x10 346 4.4x%10
(a) 4 5
~N= 6.2x10 850 2.3x10
CN 3.4-7.2x10° 1.4 x10° 5. 1x10° 5
° ° ‘ - 1.3xl10
Halogen - l6 - 25 -

(a) From Table 2.8.
(ii) Halogen substituents meta to the point of attack are

0of comparable activating effect.
(iii) Substituent effects are generally additive.

(iv) Hammett o constants give a reasonable guide to the

substituent'activating effect.

(v) Leaving group mobilities of F and NO, are comparable;

2
both are displaced much more readily than Cl.
(vi) Rate constants determined are insensitive to base
concentration in the range of base concentration used in any
kinetic run. The occurrence of base catalysis is thus not

substantiated in these systems.
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CHAPTER FOUR

THE NATURE OF THE ORTHO-EFFECT

4.1 Introduction

The discussion in Chapter Two showed how, using an
empirical approach, the activating influence of fluorine
atoms on an aromatic nucleus may be separated into ortho,
meta and para effects, relative to the position of nucleo-
philic attack. In the systems considered it was found that
ortho and meta fluorines were strongly activating, whereas
para f£luorine was deactivating, relative to hydrogen at the
same position. The meta and para effects were rationalised
by considering the influvence of fluorine on the stability of
the anionic transition state, for which (50) was an approxim-
ate model. However, this simple explanation did not account
for the activating effect of orthe fluorine. It has there-
fore been argued132 that the Wheland intermediate (50) is
an inadequate model for these systems. Initial state con-
tributions (51) must also be considered,; so that the tran-
sition state for nucleophilic substitution is more accurately
represented by (51) <—= (50). Consequently the activating

effect of ortho fluorine may be explained by an ion-dipole
F

vn-ur*: l o

L &1 O

]
NS

(51)

interaction in (51) whereby the polar nature of the C-ortho

F bond encourages the approach of the nucleophile by enhancing

the electrophilicity of the carbon atom under attack.132
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This interaction more than compensates for the destabilising

I_ repulsions in (50) with the net result that ortho fluorine

T
is activating.

This hypothesis may ke probed by a consideratiocn of
the Hammond postulate°154 On this basis a more reactive

system should lead to an earlier transition state for nucleo-
philic substitution, which means a greater contribution from
(51) to the structure of the transition state. This in turn
implies that, for more reactive systems, an increase in the
importance of the ortho effect relative to the meta effect
is expected, because of the increased importance of initial

state polarisation.

Evidence in favour of this kinetic argument is the
relative importance of activation by ortho and meta fluorine
in the pyridine and benzene systems (Section 2.6.2); ortho
fluorine is more activating than meta fluorine in the more
reactive pyridine derivatives, whereas this order is reversed

in the benzene system.

The aim of the work described here was to determine the
activating effect of ortho and meta fluorine atoms in a number
of systems of different reactivity. Thereby it was hoped
that some conclusion could be reached as to the general
applicability of the above kinetic argument in the description

of the ortho effect.

The substrates under investigation were a series of

hydro-substituted polyfluoropyridines and pyrimidines.



4.2 Preparation of Substrates

A brief description of the preparation of the startin
materials will now be given. All the compounds prepared
have been previously reported. Pentafluoropyridine and
tetrafluoropyrimidine were provided; these were purified

before use as described in Chapter Nine.

(a) 2H-tetrafluoropyridine (52)

This was prepared from 4-chlorotetrafluorcpyridine (31)

by the route shownlBl:

Cl Cl Cl
Z _ iy . 7
p | Ao Mg I dd), F i), F
~ NHNHL Sy S
(31) (982) (448%) (32)
(75%)

(1) NH2°NH2

(ii) Conc. CuSO4 (ag.) .

=H20/EtOH/Room Temperature.

(iii) CsF/Sulpholan/100°C for 6 hrs.

(b) 3H-tetrafluoropyridine (27)

This was prepared by the catalytic reduction, over

palladised charcoal, of 3—chlorotetrafluoropyridine.142

H_/10% P3/C NH

AN AL B /102 PG .
G- G
N 200°C N

—
~d
L

(c) dH-trifluoropyrimidine (54)

An attempt to synthesise (54) via the reaction of
hydrazine hydrate with tetrafluoropyrimidine was unsuccessful
owing to the formation of N,N”-(bis-4,4 -perfluoropyrimidino)

hydrazine (53).



The reaction of lithium aiuminium hydride with excess tetra-

fluoropyrimidine gave 4H-trifluoropyrimidine (54) in low

yieldo155
A H H
- LiAlH /Et,0 = =
E/F TN F + F:ﬂ + F
X
\N (a) _720c” 2 hr. \ \N' H N
) 25°C, 12 hrs (56%) (=)
’ : (19%) (trace)
{based on recovered
tetrafluoropyrimidine)
(d) 5H-trifluoropyrimidine (55)

This was prepared by the catalytic reduction of 5-chloro-

trifluoropyrimidine over palladised charcoal,156

cl ' H
7z J H,/10% P3/C
F —c F
X NS
(55)

4,3 Rate Measurements for the Reactions of Substrates
with Ammonia and Sodium Methoxide

Rate constants for the reaction of polyfluoropyridines

with sodium methoxide and polyfluoropyrimidines with ammonia
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and with sodium methoxide are shown in Tables 4.1 and 4.2

respectively.

All reactions were carried out at ZSOOOC;

details of the calculations and experimental methods are

described in Section

3.3 and in Chapter Nine.

In 4H-trifluoropyrimidine (54) where the orientation

of nucleophilic attack has not previously been reported, it

was established that monosubstitution by both ammonia and

methoxide ion occurred exclusively at the 6-position.

Nucleophilic substitution by methoxide ion in 3H-tetrafluoro-

pyridine (27) occurred predominantly at the 4-position; this

differs from the observed orientation of attack by ammonia in

this compound, where a considerable amount of 6-substitution

has been observed.

The orientation of nucleophilic attack

in all other compounds discussed in this Chapter was in agree-

ment with the literature.

132,157,158

TABLE 4.1 Rate Constants for the Reaction of Sodium Methoxide

in Methanol with Some Polyfluoropyridines at 25.0°C

r T 1
‘ | R
Substrate ! Position of kig (1 mol ls l)‘
Substitution
1
F, 4- (1.42+0.01)x10
™
N a- (5.94+0.04)x10"
-y _
LiN 6- (0.30%0.06) x10™ *
= : -
{ 4- (9.34+0.03)x10™+
\Jth\H
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TABLE 4.2 Rate Constants for the Reaction of (a) Ammonia in
60/40 (V/V) Dioxan/Water and (b) Sodium Methoxide
in Methanol with Some Polyfluoropyrimidines at 25.0 °c
E Rate Constant (l mol—ls—l) {
' Substrate Position of ! |
! Substitution (a) Attack by Amwonla (b) Attack by MeO“:
@ 4- 1.35:0.01 | (3.90£0.02)x10°
. ‘ ‘
-1 2 |
o~ 2- (1.89+0.04)x10 (1.48+0.03)x10° |
HT:igy (a) -1 2 §
> 4- (0.33£0.04) x10 (1.34£0.03)x10° |
{
. 6- (4.49£0.02)x10 * (1.61¥0.02)x10°
!
{ B

(a)
(b)

4.4

Rate constant statistically adjusted.

Rate constant from Reference 129.

Discussion of Rate Data

The activating effect of ortho and meta flucrine atoms

in the pyridine and pyrimidine ring systems,

phile/solvent system studied,

respectively.

for each nucleo-

is shown in Tables 4.3 and 4.4

TABLE 4.3 Activating Influence of Fluorine in the Pyridine
Ring System (Methoxide ion/Methanol, 25.0°C
¢ k 1
f Comparison Effect F/kH
i p determined
b §
® ortho -F
@ 23.9
D vs. ortho-H
} b
Z meta-F
F| 15.2
meta~-H
Ort?ijl////
! meta-F i 1.57
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TABLE 4.4 Activating Influence of Fluorine in the
Pyrimidine Ring System

—

Ke/x o RE -
H (Ammonia) ’"H (Methoxide)

Effect r

!
Comparison }determined

ortho-F
1 / 41 29
; ortho-H |

Va i meta-F

Fj] FJN / 3.0 2.4
a vs.

N

meta-H

ortho-F
13.6 12.1
meta-F

The orientation of nucleophilic substitution in polyfluoro-
pyridines is governed by the effects of both the ring nitrogen
and the fluoro-substituents, as discussed in Section 2.6.2.
However, rather more discrimination by ring nitrogen between
the 4- and the 2-/6-position is observed for attack by meth-
oxide ion than for attack by ammonia,132 This is indicated
by the predcminant attack by methoxide ion at the 4-position
in 3H-tetrafluoropyridine (27), although attack at the 6-

position leads to an equivalent number of activating ortho

and meta fluorine substituents.

The orientation of substitution in polyfluoropyrimidines
is similarly govérned by the ring nitrogen and fluorine sub-
stituents. Activation of the system by ring nitrogen is
substantial; there is, however, little discrimination by the
nitrogen between the 2- and the 4-/6-positions. Thus the

rate constants for attack by methoxide ion at these positions



in S5H-triflucropyrimidine {58}, where attack at each site

is associated with the same number of activating F-atoms,

in {55) leads to

el

are very similar. Attack by ammoni
pfeferential substitution of the 2-fluorine; this has been
expiained by a stabilisation of the transition state for 2-

substitution by intramolecular hydrcgen-bonding (§§)0158

/ N eH
(- /J’{N ;i

\

. /+\

‘H H
(56)

Consequently, the observation of exclusive nucleophilic,
substitution at the 4-position in tetrafluoropyrimidine may
be attributed to the additional activating influence of an
ortho-fluorine at this position. A similar argument may be

used to explain the exclusive 6-substitution observed in 4H-

trifluoropyrimidine (54).

2 activating=N- 2 activating=N-only.
(54)
1l ortho F

The effect of a meta-fluorine in the pyrimidine system is

seen to be negligibhle,

The activating influence of ortho and meta fluorine
has now been determined for three different fluorocaromatic

systems. These effects are shown in Table 4.5, together



TABLE 4.5 Relative Activating Influence of ortho ard meta

Fluorines in Some Polyfluorcaromatic Systems

69

)
System kF/kH ORTHO ﬂkF/kH META ORTHO F
(Nucieophile/°C) : WETA F |
5 i\\ (a) 5
F :
. 57 H 106 0.54
(MeO™ /58°) |
N (b) |
F i
QN/ 31 i 23 1.35
(NH3/25°) |
;
>
lE/ 24 15 1.57
N
(MeO ™ /25°)
T N 41 3.0 13.6
(¥
o
(NH3/25 )
NN
|E;J 29 2.4 12.1
(Me0™/25°)
{a) From Table 2.5; Reference 119.
(b) From Table 2.10; Reference 131.
with the ratio of ortho to meta activation. Considering

reactions with methoxide ion,

increase in the relative
Thus, in fluorobenzenes,

activation is 0.54; this

pyridines and to 12.1
system studied) where
This general trend is

systems with ammonia.

LIS Dy DT

+7 Cf +the svgtem incraaces

[ S L A S w e i e

in fluoropyrimidines

the effect of meta fluorine is negligible.

thare
nere

it is clear that as the re-

ig a corresponding

importance of the ortho effect.

followed by the reactions of these

the ratio of ortho to meta fluorine
ratio increases to 1.57 in fluoro-

(the most reactive
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The magnitude of the ortho-eifect is seen (Table 4.5)
to remain remarkably consistent with each system consideredQ
There is however a marked decrease in the activation by meta-
fluorine as the reactivity of the system increases. Meta-
effects can be rationalised in terms of an inductive stabil-
isation of charge in the Wheland intermediate-type repres-
entation of the transition state (20), (Section 2.4.2).
Consequently the decrease in meta-activation may be explained
in terms 0f a reduction of charge delocalisation into the
ring in the transition state as electron-withdrawing ring-N=

substituents are added.

(20)

It was noted earlier in this Section that, for attack
by methoxide ion, ring nitrogen is discriminating in favour
of the 4-position in the pyridine system but not in the pyrim-
idine system. This is shown below, where attack at the
arrowed position leads to an equivalent fluorine activation

in each substrate: i

b
oY )

P
Ny’ v
~ (27) (55) ™~

kII(4—attack) k (4-attack)

k__(6-attack) 19.8 kII(Z—attack)
IT IT )

Z o

= 0.91

As the ratio of 4- to 2- attack in (55) effectively reflects

the relative activating effect of ortho- to para-ring nitrogen

in the pyrimidine system, the above ohservations may he



eguated with a large increase in the imgportance cf ortho-
ring nitrogen activation in this system. Therefore the

same trend is observed for both ring nitrogen and fluorine
(Table 4.5), Z.e. the relative importance of the ortho effect

increases with the reactivity of the system.

The nature of the activation by ortho-£fluorine will now
be discussed. In Section 4.1 it was suggested that this
effect could be described in terms of an initial state ion-
dipole interaction. For the purposes of this argument, the
transition state of a given nucleophilic aromatic substitution
reaction is represented by the two extreme cases (51), (50)
with the actual situation being somewhere in between these
extremes, depending on the nature of the system. This may
conveniently be represented by the potential energy diagram

159 '

below, in which the first step of the reaction is rate-

determining:

Transition

State
) !>

Energy

initial state

Progress of

Reaction
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On the basis of the Hammond postulate,,ls4 the above
transition state occurs earlier along the reaction pathway
for a more reactive svstem. Effectively, this implies that
the structure of this transition state should more clcsely
resemble (51) for very reactive substrates. Similarly,
for relatively unreactive substrates, the structure of the
transition state should resemble (50). This may in turn be
interpreted in terms of an increase in the relative import-

ance of ion=dipole interactions as the reactivity of the

system is increased.

The results shown in Table 4.5 clearly show this effect;
the ratio of ortho- to meta=fluorine activation increases
along the series benzenes<pyridines<pyrimidines, Z.e. as
the reactivity of the substrate increases. Consequently,
it may be concluded that, at least in part, the nature of
activation by ortho-fluorine is a kinetic effect arising

from an ion-dipole interaction.

4.5 Ortho-Effects in o-Complexes

When electronic effects in the transition state of a
nucleophilic aromatic substitution reaction are considered
it is usually assumed that fluorine atoms ortko- and para-
to the reaction site are destabilising in the Wheland inter-
mediate because of I1T repulsions (22). The observation that

ortho-fluorine is activating to substitution is therefore
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attributed to the predominance of initial state ion-dipole

effects at this position as discussed in the previous Section.

However, while initial state activation by ortho-fluorine
is undoubtedly a real effiect, there is now considerable
evidence to suggest that ortho-fluorine in the situaticn (22)
is also stabilising, Z.e. this substituent confers a thermo-
dynamic stability on the o-complex in addition to the kinetic
effect just discussed. This evidence is now consiéereda

Exchange rates of some ortho-substituted toluenes  have

160 In these systems,

been measured by Streitwieser and Koch.
the rate of exchange depends on the stability of the anion
(57) =——= (58) and it was found that ortho-fluorine was anion

stabilising (Table 4.6), whereas para-fluorine was slightly

destabilising.
H
e \C/H
~F g P
L
(o7) (58)
TABLE 4.6 Relative Reactivities of Substituted Tolueneslso
Substituent Relative (H = 1) Rate
Ortho- Meta- Para-
CHj 0.60 0.60 0.31
F 12 22 0.73
CF3 — 60 180




Similarly, the dissociation constants of fluorine-substituted
phenolsll3 show that ortho-fluorine is anion-stabilising

(59) =— (50)

(59) (60)
More recently the reactions of some l-methoxy-2,4-
dinitro-6X-benzenes (61) with sodium methoxide have been

reported‘,lsl”162 Rate constants from this study are quoted
in Table 4.7, where the reaction studied is shown in

Equation 4.1:

0, X _
+ MeO (4.1)
NO, NO,
(61) - (52)

TABLE 4.7 Rate Constants for the Reactions of Some l-Methoxy-
2=4-dinitro-6X-benzenes with Methoxide Ion in

Methanol at 25°c, 101-162
k X "
: 1, -1 -1, .
(1 mol s ) (s~ (1 mo1~1)
-3 - - .
" 2% 10 4 5 x 10
cl 0.18 0.06 3
F 0.10 0.40 0.3

These results may be interpreted in the thermodynamic stabilis-

ation of the anion (62) by ortho-fluorine; ortho-chlorine is
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found to be more stabilising than fluorine, as expected on

the basis of ITT repulsions (Section 2.4.3).

Theoretical calculations have estimated the stabilisation
energies of a number of substituted cyclohexadienyl anions
(63) relative to the substituted benzene as defined by

163,164

Equation 4.2. A selection of these results are shown

in Tabkle 4.8.

TABLE 4.8 Stabilisation Energies (kJ mol }) of some &3
Substituted Cyclohexadienyl Anions.
| Substituent 1Positioq
1- 2- 1 3- | 4~
H 0 0 0 ’ 0
F 29.0 10.4 27.9 -6.6
CN 54.1 125.8 69.6 148.6
NO,, 129.9 178.9 87.5 201.8
NH,, 15.8 -47.6 -9.5 -78.8

f_
\ ’ +
5L§;§g3
4 X
63)

(4.2)

—

Positive values in Table 4.8 indicate a greater stabil-
ity of the substituted anion relative to the unsubstituted one.

Megative charge has been shown to be localised mainly at the

163

2-/6- and 4-positions in (63) however the results confirm
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that ortho-fiuorine is stabilising the aniocn. Similarly,
meta-fluorine is also seen to be stabilising and para-fluorine
destabilsing in accord with the empirically-determined results

gquoted in Table 2.5.

Table 4.8 shows that ipso-substituents have a marked
anion stabilsing effect. For fluorine, this has been attrib-
uted to the operation of o-inductive effects in the absence

163,164 The importance

of I repulsions at this position.
of this effect has received little attention in the literature
although it has been invoked to account for the preferential

substitution of aromatic fluorine in some systemso164

For the various substituentsp at any given position,
the calculated stabilisation enexrgies are in the order

NO,>CN>F, which is in agreement with the results discussed

2
in Chapter Three.

However, the important conclusion from this Section is
that ortho-fluorine, in the systems considered, stabilises
anionic o-complexes. This stabilisation is clearly shown by
experiment and by calculation. Nevertheless, there is no

descriptive model that accounts satisfactorily for this effect.

4.5.1 The Nature of o-Complex Stabilisation by
Ortho=-Fluorine

In considering the effect of a fluorine atom
directly attached to a carbanionic centre it could be argued
that the balance between I and o-inductive effects in (64)

varies with ¢ . For small values of § it is therefore

< N

§— ow

¢ —————F

(64)
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conceivable that in (64) fluorine would be carbanion stabil-
ising.

. . _ . . . . . 13
In anionic u-complexes, charge has been shown by C

n.m.r. spectroscopy to be localised mainly at the ortho-

165,166

and para positions. Theoretical calculations have

confirmed this effect, where it has been shown that the

greatest m-charge is located on the para-carbon atomJlML163ﬂﬁ4

For example, the predicted m-electron populations for some

18 167

substitutéd cyclohexadienyl anions (§§),l (66) are shown

below. For fluorinated systems, the charges on carbon

1.289

0.946

1.432 1.432
(65) (66)

are thought to be of the same order as in (§§)°164”165

On the basis of these g-electron populations, destabilis-
ing ITT interactions should be marginally more important at
the parag~ than at the ortho-position in a fluorinated ¢-
complex. However, it is unlikely that these differences
in m-electron densities cén substantiate the significant
relief in ITr interactions necessary to account fully for the
difference in the effect of fluorine at these positions.
This point of view is reinforced when the p-densities at
the ortho- and metg-positions in (65) (Z.e. ortho>metq) are
compared with the fluorine activating effects at these
positions (Z.e. ortho™ meta) . However, it is conceivable
that fluorine at the 7pso-position plays an important and

as yet unrecognised r8le in these systems by inductively
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removing charge density from the ortho-positicn (67). Re-~

cent calculations have indeed shown that Zpso~fluorine is

163,164

strongly o-complex stabilising, which has been attrib-

uted to the operation of inductive effects. 2317

An alternative explanation for the ortho-effect is based
on a Frontier Orbital (FO) approach. This formalism has
been used121 to account for the orientation of nucleophilic
substitution in polyhaloaromatics (Section 2.5.1) although

. s 122 : ' 121,122
this has been criticised. However, it was not recognised
that there are in fact two major interactions which affect
the activation energy that must be considered; in addition to
the favourable HOMO-LUMO interaction, there is also a stabil-
ising Coulombic term affecting reactivity. 238 The latter
interaction is especially significant in the reactions of

polar molecules.238

An attractive implication of this FO treatment is that
ortho- and meta-fluorine atoms are predicted to have roughly
the same activating influence, as observed in polyfluoro-
benzenes (24). However, for more reactive systems, it has

been shown (Table 4.5) that the relative importance of ortho-

to meta-fluorine increases. This observation may be explained

(51)
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by the FO apprcach in terms of an increase in the importance

of the Coulombic term in the transition state as the reactiv-=

he system increases. In other words as the system

4 -~
iy Or ©
becomes more reactive, the structure of the transition state

54

tends tc (51) (Hammond postulate)l increasing the importance

of ion-dipole (Z.e. ortho) effects.

4.6 Conclusions

(1) The activating influences of ortho- and meta-fluorine

in the pyridine and pyrimidine systems are:

ortho meta
pyridines 24 15 (methoxide ion/25°)
29 2.4 (ag. ammonia/ZSO)

pyrimidines‘{ o
41 3.0 (methoxide ion/257)

(ii) The relative activating effect of ortho- to metq-fluorine
increases along the series benzenes<pyridines<pyrimidines, <¢.e-

with the reactivity of the system.

(iii) The nature of the ogrtho—-effect may in part be explained,
from the above observations, on the basis of the Hammond

postulate. The effect is a consequence of an initial state

ion-dipole interaction.

(iv) Ortho-fluorine is also g-complex stabilising, although

no satisfactory descriptive model for this effect exists.

(v} Ipso-fluorine has been calculated to have a marked stabil-

ising influence on o-complexes.
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CHAPTER FIVE

NUCLEQOPHILIC SUBSTITUTION IN

THE POLYFLUORONAPHTHALENE SYSTEM

5.1 Introduction

In Chapter Two it was shown how the orientation of
monsubstitution in polyfluorinated monocyclic systems could
be predicted by an empirical approach in which the number of
activating ortho- and meta—-flucrine atoms at each possible
site of attack was consiaered° A logical extension of
this approach would also enable the orientation of nucleo-
philic attack in polyfluoropolycyclic systems to be predicted.
Thus it could reasonably be argued that nucleophilic substit-
ution at the 2-position in octafluoronaphthalene (68) is pre-
ferred bhecause at this position the number of activating
fluorine atoms is maximised. However, the individual activ-

ating influence of fluorine in the naphthalene system must

e

X
AN~

(68) -
be known before the orientation of nucleophilic attack in this

system may be accounted for with confidence.

In this Chapter, the determination of the separate
activating influences of fluorine in the naphthalene ring
system is described. The results are then applied to account
for the gross features of nucleophilic attack in perfluoro-
polycyclic systems in general. The substrates under investig-
ation were octafluoronaphthalene (§§), 2H-heptafluoronaphthal-
ene (70), 1,2-dihydrohexafluoronaphthalene (71) and 2,6-di-

hydrohexafluoronaphthalene (72).



5.2 Pregaration of Substirates

It was necessary to prepare all substrates with the
exception of octafluworonaphthalene. This was provided and
was purified before use. The preparation of 2,6-dihydrchexa-
fiuoronaphthalene has been briefly commented on,167 though

no characterisation of this compound has been reported. All

other substrates have been previously reported.

(a) 2H-heptafluorohaphthalene (70)

This was prepared by a two-step synthesis according to

the literaturen168 Firstly, 2-hydrazinoheptafluoronaphthalene

(69) was prepared in good yield by the reaction of octafluoro-

naphthalene (68) with hydrazine hydrate.

NHZNHZjHZO -
EtOH/reflux

4 hrs.

(68)

2H-heptaflucronaphthalene (70) was produced by reduction of

(69) with Fehling's solutions 'A' and 'B'.

v NHNH: e 2 X4
F l F 2 Fehling's A;EB F F
NS = lOOob/2 hre. N b

NN N Ng
(69) (70)
(69%)

(b) 1,2=Dihydrohexafluoronaphthalene (71)

This was prepared by the reaction of (69) with an excess

of methanolic sodium methoxide.,l-70 The formation of the

product may be rationalised by a base-catalysed prototropic
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cro e
shift, followed by successive lecss of HF and nitrogeng“°g”“’o

] = ¢ F —_—
MeoH/25%C & “HE SN
1 hr.
‘=:N2

A similar mechanism has been reported for the reaction of

4-hydrozinotetrachloropyridine with aqueous copper (I) oxide.,l71

(c) 2,6-Dihydrohexafluoronaphthalene (72)

This was prepared by the reaction of octafluoronaphthalene

(68) with lithium aluminium hydride in THF. The products

were separated by preparative scale gas chrxomatography as

discussed in Chapter Ten.

THF /80°C H N

(68) 44 hrs. (72) (70)
(+ other unidentified products)

Compound (72) may also, in principle, be synthesised via

the following route:

\7— MI°NH2 1,0 7 M behl“@ 8
N NH An ’[\/, L

7o> (72)
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However, this approach was abandoned owing to incomplete

conversions and poor yields.

5.3 Kinetic Methods and Rate Constant Calculations

Rate measurements for all reactions discussed in this
Chapter were carried out at 25.0°C with sodium methoxide as .
the nucleophile in dry ~nalaR methanol. An excesé of sub-
strate was used in each run to avoid disubstitution by methox-
ide ion as discussed in Chapter Ten. Second-order rate con-
stants and standard errors were calculated from the usual

expressions as described in Section 3.3. The reactions were

followed by the titrometric method.

5.4 Reactions of Polyfluorcnaphthalenes with Sodium Methoxide

The second-order rate constants for the substrates under
investigation are shown in Table 5.1. Monosubstitution by

methoxide ion in

(68),; 70) and (71) was observed at the posit-

ions arrowed in Table 5.1 in agreement with the l:i_terature‘,l68’l7O

In (72), where the orientation of nucleophilic substitution
has not been reported, detailed investigation of the crude
product by 19F n.m.r. spectroscopy showed the presence of two

iscmers. The major product was 2-methoxy-3,7-dihydro-1,4,5,6,8~

pentafluoronaphthalene (73). This assignment was bascd

-

principally on the knownl72 peri—-couplings exhibited by this

type of compound; the coupling constants are shown below.
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TABLE 5.1 Rate Constants for the Reaction of Sodium

Methoxide in Methanol with some Polyfluoro-

naphthalenes at 25.00C

84

| -1 -
Substrate Position of | kII (1 mol ls l)
Attack !
(a) | 3
Z [ 2- I (1.12£0.01)x10 ,
N i }
=3
6-— (1.38£0.01)x10
| 6- (4.55£0.03)x107°
!
! i (c)
; 7~ cu. 1.50x10

(a) Rate constant statistically adjusted.

(b) Minor product from attack at 5-position also found.

(c) Products inseparable by g.l.c.; approximate isomer

19

ratio from Fn.m.r. investigations.

A second product (74) exhibited only onc peri-coupling.

The structure of (74)

. . 19
was established trom the Fon.m.r.

spectrum of (72) and the known ortlio, wela and para offects
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i7c

of Me) substituents on perfluicrcnaphnthalernes. Ca this

basis, (74) was identified as l=methoxy=206=dihydro=3p40507p8=.

pentafluoronaphthalene:

3 ~156 ~117
139 2~ H
F
H X ~137
Me ~150

(Estimated shifts for

l-methoxy isomer)

~118
~131

/// 137
~123 ~150

(Estimated shifts for

4-methoxy isomer)

156.4 117.2

J ,P68Hz
pexri
137.8
146.1

i

(Observed shifts)

(all shifts in ppm relative
to internal CFCl

3=0)

The reaction of (72) with sodium methoxide is shown in

Equation 5.1:

O T - G

(72)

5.5 Discussion of Rate Data

(25%)
(1@

In monocyclic systems, positions on the carbon framework

with respect to the reaction site are defined as in (75).
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PARA
(75)

However, for polycyclic systems, a slightly different nomen-
clature is reqguired. If the Wheland intermediate=type re-=
presentation of the transition state for nucleophilic sub-
stitution in a polyfluoronaphthalene (76) is considered, then

the following definitions are now made:

(all unmarked bonds to F)

(76)

ORTHO positions: Adjacent to the site of Attack

"PSEUDO-META" positions: Adjacent to a carbon atom bearing

localised anionic m-charge (§-) in (76).

"PSEUDO-PARA" positionss: At a carbon atom bearing localised

anionic m-charge in (76) (and excluding ortho-positions).

By this definition, in (76) there are two ortho-fluorines,

three "psdueo-meta" fluorines and two "pseudo-para" fluorines.

Having defined the ortho, "pseudo-meta" and “"pseudo-para"
positions in polycyclic systems, the activating influence of
fluorine atoms at these sites in the naphthalene system may
now be calculated from the rate constants quoted in Table 5.1.

This is shown in Table 5.2.

According to this treatment, it is assumed that the
effects of "pseudo-meta" and "pseudo-para" fluorines remain

the same throughout the molecule, whereas in reality it is
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TABLE 5.2 Actlivating Influence of Flucrine in the
Naphthalene Ring System

H
1

Effect k
determined F/k

)

AN {a |
| I ortho=F
F~ ~ X / ca. 25
vs. & F f ortho-H

'"vseudo-meta” F

Comparison

30.3

UER "peeudo-meta" H

"pseudo-para” F

X~
4 ve. 7 N "ngeudo-para” H

(a) Cannot determine effect directly as substitution always occurs

in the fully fluorinated ring. This effect is calculated indirectly

by making an allowance for the "pseudo-meta"-H in (72), so that

k

F/kH (ortho) X

probable that variations in the magnitudes of these effects
occur. Nevertheless, despite the obvious limitations of

this approach, the main observation from Table 5.2 is that
fluorine étoms ortho and "pseudo-meta” to the reaction site

have a large activating influence in the naphthalene system.

The effect of a "pseudo-para" fluorine is seen to be much less

significant, being comparable to a hydrogen atom at this

position. These observations may be rationalised in a similar

manner as previously discussed for the benzene system (Section

2.4.2.).
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The separaticn of fluorine activating infliuvences in
this study reinforces the argument that, in the naphthalene
system, nucleophilic attack occurs so as to maximise the
number of activing ortho and "pseudo-meta®” fluorine atoms.
The observation of exclusive nuclecphilic attack at the 2-
position in octafluoronaphthalene (68) may therefore be ration-
alised, as may the exclusive 6-attack in 2H-heptafluoronaph-
thalene (70), in terms of a maximisation of fluorine activ=

ating effects at these positions.

_—— 5 activating

- F-atoms O @{e

) t .
Q__=%<__4 activating )

F-atoms (_72)

The application of this empirical approach to account for the
orientation of nucleophilic substitution in more complex per-

fluoroaromatic systems will now be discussed.

5.6 Nucleophilic Substitution in Other Perfluoropoly-
cyclic Systems

5.6.1 Decaflucroanthracene (77)

In a recent paper,173 the orientation of nucleo-
philic attack in decafluoroanthracene (77) was predicted by

an extension of the early, previously discussed (Section 2.4.1),

Iﬂtheoryo117 By this "amplified IT1 repulsion” theory,,l22

174
calculated

anionic charge densities in fluorine-bearing
carbon atoms are summed for each possible Wheland-type inter-

mediate, giving a parameter "9" for each position of nucleo-



89

philic attack. The position of substitution predicted was
that which gave the minimum value of 8 Z.e. which localised
the least charge on fluorine-bearing carbons. In decafluoro-

anthracene (77) © was found to be minimised for attack at

the 9—/lo=positiono173 However, nucleophilic substitution

173

was subsequently shown to take place at the 2-position:

>j< (77)

In the naphthalene system, it has been shown

(Table 5.2) that the major orientating influence may be
attributed to the need to maximise the number of activating

|

ortho- and "pseudo-meta-" fluorine atoms. It is reasonable
to assume that, in the anthracene system, the corresponding
fluorine atoms will also be activating (although the magnitude
of these effects may differ). Consequently the orientation
of nucleophilic substitution in decafluoroanthracene (77) may
be predicted in an analagous manner to that discussed in the
previous Section for octafluoronaphthalene (68). Thus attack

at the 2-position in (77) is observed because at this position

the number of activating fluorine substituents is maximised.

seen to be the least likely orientation:
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6 activating F=atons

{(attack at 2-position)

N 5 activating F-atoms

(attack at l-position)

4 activating F-atoms

(attack at 9-position)

P P P
(all unmarked bonds to O = ortho, m = "pseudo-meta" and

p = "pseudo-para" fluorines).

5.6.2 Other Systems

The orientation of nucleophilic substitution
is known only for a limited number of perfluoropolycyclic

compounds. In addition to octafluoronaphthalene168 and

decafluoroanthracene,173 perfluoro—phenanthrene175 (78},

-biphenylene176 (79), —acenaphthene177 (80), :f&uoranthenel78

and -pyrenel79 (81) have also been studied.

In Table 5.3, the predicted sites of nucleophilic
substitution in (68) and (77)-(81l) are compared with the known
It is rcascnably
that, in each system, all ortho and "pseudo-meta" fluorine
atoms (as defined in Section 5.6.1) are activating to nucleo-
philic attack. The position predicted is therefore that
which is associated with the greatest number of activating
fluorine substituents. All "pseudo-para" fluorines are

assumed to have a negligible orientating effect. Thus



TABLE 5.3 Empirically-Predicted and Experimentally=Found
Orientations of Nucleophilic Substitution in
Some Perfluoropolycyclic Systems

Orientation of attack H
System o
Predicted { Found ‘
! 168
2= 2-
173
2= 2=
175
2-, 3- 2=
176
2- 2-
177
3—p 5- 3=
179
2- 1-

nucleophilic attack is correctly predicted at the 2-position

in (79) and also in (68) and (77) as previously discussed.

In decafluorophenanthrene (78) the empirical
approach does not distinguish between attack at the 2= and 3=
positions, each of which is associated with the same number

of activating fluorine atoms.
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6 activating F-atoms

(attack at 2-position)

6 activating F-atoms

(attack at 3-position)

(0 = ortho, M = "pseudo-meta”, p = "pseudo-para™ -fluorine).

Nucleophilic replacement in (78) has been shownl75 to occur

mainly ‘at the 2—pdsition° 'Howeverp the possibility that a
small amount of substitution may also occur at the 3-position
can not be ruled out, as minor products in this study175
were not investigated.

In octafluoroacenaphthenelj7 (80) (and also in

decafluorofluoram‘:hene»178

} monosubstitution takes place at
the 3-position. The empirical approach cannot readily.
account for this orientation as (80) is a non-alternant sys-
tem. However, if (80) is treated as a disubstituted hexa-
fluoronaphthalene, then nucleophilic attack would be predicted

at both the 3- and 5-positions - a reasonable result bearing

in mind the approximation made.

The approach fails to account for the orientation
cf subst ion in decaflucre
position is pfedicted on the basis of fluorine activation
whereas l-substitution is actually foundo179 However, it
is probable that in this system anionic charge in the tran-
sition state is so "spread out” that the localisation energy

(L) for attack at each position becomes the dominant orient-
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6 Activating F-atoms

H

(attack at 2-position)

. . predicted.

5 Activating F-atoms

(attack at l-position)

ating influence. Calculations174 predict the following

localisation energies for nucleophilic attack in this system:

Position Localisation
energy, L
1i- 2.189¢°
2- 2.5489
4~ 2.2743
174

The lower the L value, the more reactive the position;
hence, nucleophilic attack in decafluoropyrene is predicted

at the l-position.

5.7 Conclusions

(i) In the naphthalene system, fluorine atoms ortho-
and "pseudo-meta" to the reaction site are activating to
nucleophilic substitution relative to hydrogen by factors
of ca. 25 and 30 réspectively° A "pseudo-para” fluorine
has a similar effect to hydrogen, with kF/kH = 0.8 at this

position,



(il) ©Nucleophilic repiacement by methoxide ion in 2,6-
dihydrohexafluoronaphthalene (72) occurs mainly at the 7-

position (75%) and also at the 5-position (25%).

(11i) ‘The orientation of nucleophilic attack in poly-
fluoronaphthalene may be empiricaily predicted. Attack takes
place so as to maximise the number of activating ortho= and

"pseudo-meta® fluorine substituents.

{iv) This approach may be extended to account for the
orientation of nucleophilic attack in othexr polycyclic sys-

tems.

(v) The approach does not distinguish between two
possible sites of attack (one of which is observed experi-

mentally) in the non-alternant systems discussed.

(vi) For pyrene and presumably for other large poly-
cyclic systems, the orientation of substitution may be pre-

dicted from a consideration of localisation energy.



CHAPTER SIX

SOME REACTIONS OF 2H-PENTAFLUOROPRCPENE

6.1 Introduction

The reactions of perfluoro-olefins with fluoride ion
are synthetically very useful as they may be used in the
preparation of perfluoroalkyl-substituted aromatic compounds.
Reactions of this type proceed vig the initial formation of
a perfluorocarbanion (e.g., (82); subsequent attack of this
nucleophile on the substrate yields the perfluoroalkyl

substituted product:

F_+ C/ u - Ar‘ E
= ———T ——— - — w— 4 T
CF,=C{_ CF, f ———= g U CF,

The substrate must usually be sufficiently activated; thus

hexafluorobenzene does not normally react with perfluoro-

180,181

olefins in the presence of fluoride ion. However,

the reaction of hexafluoropropene (83) with pentafluoronitro-

benzene (84) and potassium fluorice is well knownlgo (Egquation

6.1):
NO, 102 ﬁoz
N "\ CF(CF.)
+ CF,CF=CF, KF/S§¥PhOI§9a F ] + F 372
120°/12 hrs. & W
| |
(84) (83) CF(CF3)2 CF(CF3)2

+ others (6.1)



It was originally intended to repeat this reaction in the

presence of 2H-pentafluoropropene, CF3CH=CF2p with the aim

(85) regquired for studies described in Chapter Seven

(Equation 6.2):

NO

. 2

KF/sulpholan>

]

<

+ CF3CH=CF2

CH(CF,) (85)
(6.2)
However, this reaction yielded some most unusual products,

and initiated further studies on the reactions of CF3CH=CF2
with aromatic substrates. These reactions are discussed in

this Chapter.

6.2 Preparation of 2H-Pentafluoropropene (2H=-PFP)

This was prepared according to the method of Sianesi

and Fontanelli:182

-CF= (i)
CF3-CF=CF, + MeOH ——=—= CF,CFHCF,CH,0H

CF ,CFHCF ,CH,,OH _ (ii) _ CF;CFHCF,CO,Na
CF.,CFHCF.CO.Na _ii1) . GoF.CH=CF. + CO. + NaF
3 2€0, 3 2 2

(i) benzoyl peroxide, 100°C, 5 hrs.
(i1) (@)= K,Cr,0./c. H,S0,, 80°C, 4 hrs.; (b)- NaOH aq.:

(iii) A ea. 300°C.
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2H-PFP may also e prepared by the fcliowing routes:

- - KoH _ 83
(a) CF3I + CF, = CH, ——= CF3CH,CF,I ——> CF3CH = CF,
(b) (CF ) CHCO,K __é;__D CF.CH = CF + KF + COI-84

6.3 Some Known Reactions of 2H-Pentafluoropropene

The reaction of 2H-PFP with several nucleophiles has

185 Thus in moist TMS, 2H-PFP reacts with

been reported.
caesium fluoride to give 1,1,1,3,3,3-hexafluoropropane (87)

vZa the carbanion (86):

- H,O
F o 2
CF3°CHDCF2 W CF3‘CH CF3 — CF3CH2CF3
(86) (87)

The reaction of 2H=PFP with other nucleophiles is summarised

belowlss"186 (Equation 6.3):
CFB\\ ‘//nuc CF3\\ /ZF
nuc” + CF,CH=CF, -SHReL, TSN T T
H F H nuc
(major)
(nuc = NHR,, SR, HPMe,) (6.3)
187,188

Radical addition to 2H-PFP has also been investigated
and been found to be bidirectional; for example:

Cr, I

=g 3
(CF3)ZCH CF2 —_— (CF3)2CHCFZI
CFy + CF3CH = CF2 (major)
~ o 2 CF,I
CF3CHCF2CF3 _— CF3CHICF2CF3

When 2H-PFP is treated with antimony pentafluoride, linear

dimers are formed. The following mechanism has been proposed:

18¢
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SbF5 + CF3CH=CF2
CF_.CH=CF, ——© CF, ===CH===CF _——=cs CF

3 2 2 2 o~CHCF

2CH(CF3)2

The reaction of 2H-PFP with sulphur triowxide, yielding the

B-sultone (88) has been reportedal84
SO
VAR
CF,CH = CF, + SO _— CF.,CH O
3 2 3 3
~ ..~
CF
2
(88)

The polymerisation of 2H-PFP and its formation of copolymers

with a number of fluorinated monomers has also been reported,lgo

6.4 Fluoride Ion-Induced Reaction of Pentafluoronitrobenzene
with 2H-Pentafluoropropene

Pentafluoronitrobenzene (84) was first prepared from the

reaction of pentafluorobenzene (89) with boron trifluoride

and fuming nitric acid:191
NO2
BF3/HNO3
SulphoTan” F |
AN
(89) (84)

The title reaction was carried out in an atmosphere of

2H-PFP with caesium fluoride as the source of F in tetraglyme
at room temperature. The reaction afforded a complex
mixture of products, separable only by careful gas chromoto-
graphy, together with red-brown tar. Typlcally, total yilelds
of 50-55% (excluding tar) were obtained; however, individual
yields quoted for each product (isolated, pure, based on con-

sumed olefin) are low due mainly to the repeated g.c.
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necessary to effect complete separation. Tre products isco-
lated from the title reaction, together with typical yields,

are shcown in Scheme 6.1.

The major product was perfluoro-l-nitro-4-(2H-hexafluoro-
isopropyl)benzene (20) as expected (Eguaticn 6.2), presumably

formed by the substitution of the para-fiuvorine in (84) by

19

CH (CF The ~°F n.m.r. spectra of (9¢) and of (85) (a

3)2°
minor product) illustrate the existence of restricted rotation

of the CH(CF group; for example (91):

3)2

J=8Hz

F ! J=18-21 Hz (X = N=,1% c-F, C-NO,))

}_J

No oligomers of 2H-PFP were isolated from this reaction
(although minor gaseous products were not identified) which
is a contrast to the known reaction of hexafluoropropene under

similar conditions, where appreciable oligomerisation takes

place.,180

However, a most unusual and unexpected product from the
title reaction was perfluoro-3-methyl-2,l-benzisoxazole (22).
The structure of this compound was determined principally by
19

mass spectroscopy (M+=259) and by its F n.m.r., which showed

the presence of one CF3 group and four aromatic F-atoms (ABMX) ;

assigned F-F coupling constants are shown below:



Schemes 6.1

NO CH (CF,)
2 ] 372
/\
+ CF3CH=CF2 CsF/tgtraglymeO +
257°C/14 hrs.
(84) (0) N0, (92)
(20%) (14%)
H?_CF3
3
~NO 0
(94)
(<1%

and other utnident-

+ unreacted (84) (17%) + CF3CH2CE‘3

ified gaseous products
+ tar

+ other unidentified products.

00T



o
]

4.7 Hz

4.5 Hz

o
I}

Other couplings were visible but could not be unambiguously
assigned. The structure of (922) was confirmed by its l3C
n.m.r., where four non-equivalent aromatic fluorine-bearing
carbons, one CFy and an aromatic carbon adjacent to a nitrogen
atom (C—7é) were observed; other assignments are shown in

the Appendix. The UV spectrum of (92) showed three Amax at

216 nm., 243 nm. (£=4800) and 286 nm. (£=1900).

6.4.1 Mechanism for the Formation of Perfluoro-3-
methyl-2,l-benzisoxazole

The nitro group is ortho- and para-directing in
the nucleophilic aromatic substitution reactions of fluoro-
carbons. However, only para—-perfluoronitro-(2H-hexafluoro-
isopropyl)benzene (20) was isolated from the title reaction
(Scheme 6.1); Z.e. no ortho-substituted derivative was de-
tected. It therefore seems probable that the first step in
the formation of (92) is attack of EH(CF3)2 ortho to the NO,
group in (84) as shown in Scheme 6.2. The acidic proton
should easily be removed in the presence of caesium fluoride,
forming the anion (27 ) which then cyclises and looses a
éFB radical to form ( 98) which is resonance-stabilised as
shown. Re-aromatisation of the isoxazole ring may then occur
through elimination of trifluoromethoxide ion to form the

2).

product (




202

Scheme 6.2
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[87)

The formation ¢f the mincr zdducts (23] and (84)

(Scheme 6.1) may be explained by an electron-transfer process

outlined below (Eguation 6.4); a similar mechanism has been
183
proposed for the substitution reactions of nitrobenzyl halides:

= = =
i
?H(CF3)2 i ?HKEB)Z ?HCFB
+ nuc ——= + e —— F |
1 v cEy2
NO2 NOZ i JOZ
(90)
;HZCF3
!igln
N02
(93) (644)

6.4.2 Reaction of Perfluoro-l-Nitro-4-(2H-hexafluoroisopropyl)=
benzene (90) with Caesium Fluoride

The aim of this experiment was to synthesise
perfluoro(2H-hexafluoroisopropyl)benzene (85) by replacing
the NO2 group in (90) with F; the following was oObserved

however (Equation 6.5):

)
SA¢$\\33 ’ el ¢¢\Y5’<CF3 -
5 F I 2 CsF/tetraglyme E§§i§ﬁ¢9 (6.5)

o
72°C/14 hrs. (92)

(20) NO, (38%)

The structure of (90) was conlirimed by observing the tempex-
ature dependence of the chemical shifts assigned to the 3=
and 5-fluorine atoms. These signals became equivalent at
about 120°C as the barrier to rotation of the CH(CF3)2 group

decreased. This agrees with a previous study on some other
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CH(CF3)2—suost1tutea perfluoroarcmatic systems, end ruled

out the possibility that (90) was the ortho-isomer.

The mechanism for this process may be explained
in terms cf an initial ipso-attack of fluoride ion at either
the 1- or 4-positions in (80) (the reaction was carried out
in a 4-fold molar excess of caesium fluoride) as shown in

Scheme 6.3. Subsequent attack of the displaced group ortho

Scheme 6.3
CH(CF3)2
5 3 F—
b - >
6 2 attack at
l-position
NO2
F | attack at
4-position
NO
F 2 P
—————
F B
F CH(CF3)2 (84) +CHKEB)2

{as Scheme 6.2)
to the remaining substituent generates the intermediate (99)
which then reacts according to Scheme 6.2. Small gquantities

of (85) were isolated from this reaction whereas no (84) was

T o o o e

Ly P} o e e A —~ A
found, suggesiting t

predominant process in the above Scheme.

6.5 Fluoride Ion-Induced Reaction of Pentafluoropyridine
with 2H-Pentafluoropropene

This reaction was carried out under the same conditions

discussed in Section 6.4. In addition to starting materials,
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the produéts perfiuoro-4-(prop-2-enyi)pyridine (Q00) and
perfluoro-4-(2H-hexafluoroisopropyl)pyridine (101} were iso-
lated {(Equation 6.6). Typically, total recoveries of 75-85%
were obtained; yields quoted refer to the isolated, pure com-

pound after preparative-scale gas chromatography:

Q. 22 Eec- (CFy)
/ .
F Il 4 CE3CH=CF2 CsF(/)tetraglymeD F/J +
25°C/16 hrs.
(160 ao1)
(39%) (53)  (©6°6)

Compound (10) is formed by the nucleophilic attack of

CH(CF at the 4-position in pentafluoropyridine; subsequent

32
elimination of HF from (101) gives the major product QQQ)O

19

Both compounds were identified from their F n.m.x.

spectra‘,l92”194

6.6 Reaction of Perfluoro-4-(prop=2-enyl)pyridine with
Caesium Fluoride; Formation of a Stable Anion

Addition of dry caesium fluoride to a solution of (100
in dry tetraglyme under nitrogen resulted in the rapid form-
ation of a strongly coloured homogeneous solution. This is

due to the formation of an anion (102 which is directly ob-

19 13

servable by F and "°C n.m.r. and may be trapped with bromine

giving the corresponding bromo-derivative (103 :

Cs+

CF3 =~ T3

Br- -(CF3)2
CsF/tetraglyme By
E ]2 ]
XN~

(00 (100 (109
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The l9F n.m.r., spectrum of (102 is characterised by the

resonance corresponding to the CF3 groups {(adjacent to the

charge centre) which occurs significantly downfield of the

corresponding resonance in (Ez?, 101) and (¢3) . This is
paralleled by the l3C n.m.r. spectrum of (;9@, The fact
1o

that the F n.m.r. spectrum of (102} remained effectively
unchanged over a large temperature range (-40 to + 110°¢)
confirmed that the system was wholly in the form of the anion;
there was no evidence for the presence of dimers or other
systems. The anion is remarkably stable; the 19F n.m.r.
spectrum of (lgg remained effectively unchanged over a period
of weeks. Attempts to generate the anion using potassium
fluoride in tetraglyme were gencrally less successful, re-
sulting in incomplete conversion to the anion; addition of
18-crown-6-polyether improved this conversion somewhat. Gener-
ation of the anion in either sulpholan or adetonitrile with
caesium fluoride resulted in a very broad 19F n.m.r. spectrum
in which peaks due to both (100 and (1099 could be assigned.
This observation is consistent with the occurrence of an ex-

change process in these solvents as shown by the following

equilibrium (Eguation 6.7):

¥

CsF - F P ————

(6.7)
(199 (103
The generation of other carbanions by the addition of fluoride
195

ion to a variety of fluoro-olefins has been discussed.
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i¢
6.6.1 An Analysis of the C and 'F n.m.r, Spectra
of the Anion (102)

1 1
It is well recognised that both the 3C and 9F.

flect the m-electron density in a given

lBC

19 .
system. In Scheme 6.4, the and P chemical

shifts of the anion {i02) are compared with those of a model

compound, perfluoro-4<2H-hexafluoroisopropyl)pyridine (101):

Scheme 6.4. 8 13C {ppm)

CF CF N3 47)
IngF 2 (57)\>;.c cs” =~

13C shifts relative (142) r o )F shifts relative
to ext. TMS (143) N (§§) to int. CFC13
(101)

Direct correlations between the anion chemical shifts and
local electron densities are difficult to make. However,
from the above data it would appear that a considerable amount
of charge is delocalised into the ring (104) as shown by the
l3C 19

upfield ’ F resonances at the 3,5-position in (102) com-

L} T e e TR Y ~ " - . lq—- - N 2o - -
pared to (101). Similarly, the I resonance at the 2,6~

position shows an upfield shift in (102) compared to (101).
This may reflect the localisation of charge on the ring nit-
rogen, as a similar upfield shift has been observed in the
o~complex generated from trifluoro-1,3,5-triazine and caesium

fluoride (105):128
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N//QQQ:N N’/>x<\N
| F CsF { \
P T
¥ & F —oshifted

upfield
(105)

B
A feature cf the “BC and 19F n.m.r. spectra cf (@o2) is the

marked downfield shift of the CF3 resonances compared to the
model system. This has been cbserved in a number of per-
108,199

fluorinated anions, although an explanation for this

effect is lacking.

Comparisons between the shifts corresponding to

C-4 and C (closely associated with the Cs+ counter ion) in
@02) with the same shifts in (10]) are of little value, since
it is probable that a change in hybridisation takes place at
these positions. Overall, however, and in the absence of
other data, the chemical shifts quoted in Scheme 6.4 are con-
sistent with a resonance stabilisation of the anion as re-
presented by the canonical forms (02) =— (104)-

—

6.6.2 Trapping of the Anion {02) with Iodine

Addition of iodine to a stirred solution of (109
and caesium fluoride in tetraglyme, followed by quenching

with water, caused the following reaction (Equation 6.8):

H-C-~(CF,) HC-G=(CF.,)
. 32 3’2
~ CsF (l) 2/25 C,2hrx.
F |} tetraglyme ‘ EFU ‘ Fl

S
(102) (101) (106)
(48%) (T8%)
_H
CH.,CF, I cr,
z “
v \F | + F
(107) (108)  (6.8)

(10%) {(trace)



The major product from this reaction is perfluoro-4-{2H-

hexafluoroiscpropyl) pyridine (101}, presumably formed by ze-
action of the anion (102) with water. The formation of pex-
fluoro-4-(2-hydroxyhexafluoroisopropyl) pyridine (106} may be
explained by an initial one-electron transfer from the anion

(102) to iodine (Equation 6.9):

CF3 - CE‘3 CE‘3 °© 3
(CFé)z =0=0-
7 Z — 0,
Py + I, — Fl+1I —_t
(L02) (109) J\l H,0
& | (6,9)

(1086)
Reaction of the radical intermediate (109) with oxygen (not

excluded from the reaction), followed by hydrolysis of the

peroxide formed, would then yield the desired product (106).
The formation of perfluoro—4—(2p2,2,—trifluoroethyl)pyridine
(107) may be explained by a similar process to that shown in

Equation 6.4:

GNCFyz CH(CF

In comparison to the trapping of (102 with bromine

32

(where the expected bromo=derviative (03) is readily formed),
the reaction of (g}@ with iodine gives markedly different pro-
ducts. Steric factors may be invoked to account for these

cbservations.
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CHAPTER SEVZEN

NEGATIVE HYPERCONJUGATION IN SOME

POLYFLUOROBENZENE DERIVATIVES

7.1 Introduction

The concept of carbon-fluorine hyperconjugation was
first suggested as an important contributor to the electronic

effect of perfluoroalkyl groups by Roberts et al in 19500200

This "negative hyperccnjugation” has been definedzo as the
stabilising interaction between a filled carbanion lone pair
orbital and a w* (antibonding) C-X orbital (where X=F, CFB)a
In resonance terms, a consequence of this interaction is the
significant contribution of a "no-bond" structure in which

charge is localised on fluorine;zo2 an example is the B -fluoro-

ethyl anion (110, 110a):

F F
AN
31

.2Cc==CH2 S SNV 5N H2C E=»‘CH2
(110) (110a)

Recent molecular orbital (M.0.) calculations have argued that
hyperconjugation involving the C-—CF3 bond may also be im-

portant,203

jugation remains a controversial subject and it has been argued
that inductive effects may equally well account for the ob-

204,205 The aim of the current investigation

served effects.
was to observe the effects of the CH3, CHZCF3 CH(CF3)2 and

C(CF3)3 groups on the reactivities of their perfluorobenzene
derivatives and to determine whether there was any evidence

for the occurrence of trifluoromethyl ion hyperconjugation.
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7.2 Recent Evidence For and Against the Occurrence of
Negative Hyperconijugation

7.2.1 BAliphatic Systems

The B-fluoroethyl anicn (1.0) has been studied
using ab initio technigues. Both resonance and M.C. de-
scriptions of negative hyperconjugation imply a dependence
on the relative orientation of carbanion (2p) and C=F (cﬁ)
orbitals on the degree of stabilisation observed. This 1is

reflected in the large calculated enexrgy barriers to internal

rotation in the B-fluoroethyl anion (E(110b) - E(}lQC))°206
N ) .a
c
] ()
H
(110b) (110c)

Negative hyperconjugation (Z.e. orbital overlap) is at a
maximum in (110b) and zero in (110c) where the interacting
orbitals are perpendicular. A similar model has also been

used to account for the stereochemistry of nucleophilic

vinylic substitution°207 Energy barriers to internal

rotation have also been found in the B=-trifluoromethyl ethyl

203

anion (111), though these were not as large as in (110),

which has been interpreted in terms of the poorer hypercon-

jugation of CF3 compared to F in this system.

Streitwieser has also found barriers to internal

02

rotation in FCH EHz (110) and also in CF EHZ (112)°2

2 3
However these observations were accounted for by a Coulombic
interaction betwecen the carbanionic centre and the C=F bond

dipole, resulting in a polarisation of the electrons surround-
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ing the “hyperconjugating” fluorine atom. This polar

effect was differentiated from hyperconjugation by the fact
that charge transfer to fluorine was not found. This inter-
pretation has been challenged by Schleyer et al, who arguezol
that as the definition ¢f hyperconjugation involves orbital

interactions, then both charge transfer and polarisation are

possible consedquences.

Recently, more sophisticated calculations on

the trifluoroethyl anion (112) have shown much reduced barriers

to internal rotationzol (112a) , 112b).  However, changes in

the geometry of (ll2a) (shorter C-C bond length and longer

C-hyperconjugating F bond length) compared to the parent

.C —C

- ———C\\ .
ST
H H

F F

N ) ~ 5

(112a) (112b)

compound (Z.e. CF3CH3) were attributedzol to the occurrence

of negative hyperconjugation.

The significance of fluoride ion hyperconjug-
ation has been investigated kinetically by the measurement
of the relative rates of hydrogen-tritium exchange in tris-
(trifluoromethyl)methane (113) and the bicyclic compound (114).

Inductive stabilisation of the anions of (113) and (114)

(CF.,) ,CH .,

33

(113) (114)
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should be similar, so that enhanced reactivity of (113)

(which in theory may have many resonance contributors) would
indicate the occurrence of fluoride ion hypercenjugation.
Stabilisation of the anion of (114) by this methcd is unlikely
however (Bredt‘®s Rulezos) as the formation of a double bond

at the bridgehead position is required. In basic conditions,
both (113) and (1l14) have similar pKaso209 In neutral con-
ditions however, (11l3) was found to exchange more rapidly

than (114) (which dehydrofluorinates in basic media) and so

to the concept of fluoride ion hyperconjugation was again in;

210,211 14 ould be argued, however, that the differ-

voked.
ence in acidity between (113) and (114) is due to the greater

number of R-fluorine atoms in (113) (inductive effect).

7.2.2 Aromatic Systems

Evidence for and against the occurrence of fluoride-

and trifluoromethyl ion hyperconjugation in aromatic systems

204,205,212

has been comprehensively reviewed. The following

is a summary of the more important points.

(i) Dipole Moment Measurements

Enhanced dipole moments in some para—CF3 and para-

CF(CF3)2—substituted anilines suggested the operation of

fluoride and trifluoromethyl ion hyperconjugationa200 However,

similar enhancement was subsequently found in meta-substituted

perfluoroalkyl anilines,213 It was concluded that the effect

observed was explicable by a m-inductive polarisation of the

rT—-system by the perfluorocalkyl substituent.213
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(ii) N.m.r. Measurements

The observation that the 19

F chemical shifts of

some para-substituted monofluorcbenzenes are solvent-dependent
when the substituent is capable of resonance interaction with
the para fluorine has been used as evidence for negative hypex-=
conjugation. It has since been suggested however that di-
polar interactions between the substituent and the m-system

cause the observed effects,215

More recently, the l3C n.m.r. spectra of a number

of model benzyl fluoride systems have been reportedaZl6 The

) coupling constants of these systems have
216

long range (5JC F
4

been examined and it was suggested that these parameters
were primarily a manifestation of hyperconjugation of the

C-F bond.

(iii) Studies of Chemical Reactivity

The rate constants for the attack by ammonia on a

series of perfluorcalkyl-substituted benzene derivatives (where

217

RF = CF3, CF_.CF and C(CF ) have been reported.

27737 3)2 3)3

Stabilisation of the transition state for nucleophilic sub-

CF (CF

stitution by fluoride ion hyperconjugation (e.g. (1ll5a), (115b))

should be at a maximum when RF = CF3 and should be reflected

— +
\ F =/)—CF T—
F 3

(115a) (115b)

in a decrease in the observed rate constant with successive

replacement of F by CF3° The series of compounds studied



were found to be of comparablie reactivity however and this
was interpreted solely in terms of the (known218) similar

inductive effects of the perfluoroalkyl substituents. The
results may be reconciled in terms of negative hyperconjug-=
ation only if no-bond resonance involving the C=CF3 and C=F
bonds are egually as important. The Hammett GR= constants

(see Section 2.3) for the above perfluorocalkyl groups have

218,219 .14 found to be comparable. 1f

also been calculated
hyperconjugation is responsible for these apparent resonance

effects, then again C—CF3 no-bond resonance must be postulated.

7.3 Current Studies on Negative Hypercon’ugation

In the previous Section it was suggested that negative
hyperconjugation involving the C—CF3 bond may be an important
factor affecting reactivity. This is a surprising result
when it is considered that the acidity of HF is about 1030
times greater than that of HCF3, The aim of the current
study was to examine the substituent effect of the CF3 group
by successive replacement of the hydrogen atoms of the methyl
group in pentafluorotoluene by CF3 groups. This was to be
achieved by determination of the rate constants for the nucleo-
philic substitution reactions of pentafluorotoluene (116),
pentafluoro(2,2,2-trifluorocethyl)benzene (117), pentafluoro-
(2H-hexafluoroisopropyl)benzene (85) and perfluoro-t-butyl

benzene (118).




7.4 Preparation of Substrates

It was necessary to prepare pentafluoro=(2,2,2=trifluoro-
ethyl)benzene (117) and pentafluoro-(2H-hexafluoroisopropyl) -
benzene (85). Both pentaflucrotoluene (116) and perf’uoro-

26

tabutylbenzene2 (118) were provided and were purified before

use as discussed in Section 12.1.

(a) Pentafluoro-(2,2,2-trifluoroethyl)benzene (117)

This was prepared via the following three-step procedure:
qH(Q%Et)Z

(i)
+ CHZ(CozEt)2 —_—

CH(COZEt)2

(ii)C
FHZCF3
(1iii) 7
—rLl 7 h
OCH.,CH
2 73
(117) (119)
(68%) (8%)

(i) NaH/DMF, A, 4-5 hrs.
(ii) (a) - c. NaOH, 100°c, 30 min.; (b) - c. HCl.

(iii) xs. SF,, 170°C, 18 hrs.?%1

The isolation of 8% l-ethoxy-4-(2,2,2-trifluoroethyl)tetra-
fluorobenzene (119) from step (iii) was attributed to the

presence of a diethyl ether impurity in the reaction vessel.

(b) Pentafluoro-(2H-hexafluoroisopropyl)benzene (85)

This was isolated in very low yield from the fluoride-

ion induced reaction of 2H-pentafluoropropene with penta-



fluoronitrobenzene (84) as

7.5 Rate Measurements for

discussed in Secticns &.4 and

the Reactions of Substrates

with Sodium Methoxide

Rate measurements for

217

11.2.2.

all reactions discussed in this

Chapter were carried ocut at 40.0°C with sodium methoxide as

the nucleophile in methanol.

Details of experimental methods

and rate constant calculations are given in Section 12.2.

Rate constants for the reactions of the substrates with

methoxide ion are shown in Table 7.1.

TABLE 7.1

Methanol at 40.0°0C.

Rate Constants for the Reactiqn of Spdium_Mﬁﬁthid@
with Some Pentafluorobenrzend T ¥

Substrate (a)

Rate Constant,
1 -1

(1 mol ~ s )

(1.12%*0.03) x 10

-6

(3.9520.04) % 10

-4

2

/:.,/

(c)

2.91+0.1

(a)

(b)
methoxide - see Section 12.2 .a.

No attack on ring.

Position of substitution arrowed.

Rate constant corrected for the basicity of sodium



Under the experimental conditions used, exciusive nucleo=
philic attack para to the perfluoroalkyl substituent was
observed in all cases except for the reaciion of pentafiuoro-
(2H-hexafluoroisopropyl) benzene (85). This orientation has

previously been observed for pentafluorotoluene (116)*70 and

for perfluoro-t-butyl benzene (118) with ammonia as the
nucleophileozl7 The observation of exclusive attack para

to the substituent is explicable by the maximisation of the
fluorine activating influences at this position (see Section
2.4.2). In the case of pentafluoro-(2H-hexafluoroisopropyl) -
benzene (85), rapid loss of HF from the -CH(CF,), substituent

occurred in preference to attack of methoxide ion on the

aromatic ring.

The substitution product from the reaction of methoxide
ions with pentafluoro-(2,2,2-trifluoroethyl)benzene (117) re-
sulted from attack of the nucleophile para to the substituent.
However, it was conceivable that the concentration of "free"”
substrate in this reaction may have been reduced by the

setting up of the following equilibrium (Scheme 7.1):

Scheme 7.1

CH,CF 3 _ A
! Kp \F) + MeOH

(117) k
(;;;;T\\Q
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If pentafluoro(2,2,2-trifluorcethyli)benzene (117) is ex-
tensively ionised (7.e. if Kp is large) then the observed
rate constant for the substitution process will be arti-=
ficially low. The extent of ionisation was prcbed by
attempting to trap (120) by reacting (117) with scdium d3=
methoxide/d4=methanol (Equation 7.1).

CHZCF3

=
F

+ CDBO

N
(117) (120) (7.1)

However as no uptake of deuterium was observed it was con-
cluded that pentafluoro-(2,2,2-trifluoroethyl)benzene (117)
is essentially ug}onised under the experimental conditions
used. This conclusion is supported by kinetic measurements,

discussed in Section 12.3.

7.6 Interpretation of Rate Data

The rate constanté quoted in Table 7.1 indicate that a
marked increase in reactivity takes place upon successive re-
placement of H by CF3 in these systems. This trend is also
mirrored by the Hammett Substituent Parameters for the groups
considered (Table 7.2). The magnitude of this effect may
be gauged from comparisons between the rate constants gquoted

in Table 7.1. This is shown in Table 7.3.



i2¢

TABLE 7.2 Substituent Parameters for Fiuoroa.ky. Groups

(a) - 7
Substituent UI | OR ?
‘ i
| b
I CH3 =0.C4 | -0.11
L
! i b
CHZCF3 ; 0.14 -0.04
!v
CH(CF3) 2 _— _—
c
0.00
C(CF3)3 0.26 0.26 b
a. Ionisation of benzoic acid, 250C° 113
b. Ionisation of aniline, 25°¢, 113
C. From 19F n.m.r. studies. 219

O —————— ) —————

TABLE 7.3 Activating Influence of B-CF3 Groups in Fluoro-
alkyl substituents in the Perfluorobenzene System

Comparison kCF3/kH

ca. 350

(a)

ca. 140

= 140 per CF_ group.

3




Thus it can be sszen that the activating effect 0of a BmCF3
group in a fiuoroalkyl substituent is quite substantial.

The numerical values cbktaincd foxr this effect may ke compared
with the "meta—-effect® of the CF3 group, determined earlier

as described in Section 3.5.3; a value of ca. 350 was cbtained.
Meta-effects are primarily a measure of the ability of the
substituent to stabilise the transition state (for which (121)

is a model) by inductive means. Thus, if allowances are made

(all unmarked bonds to F)

for the differences between the two systems and the experi-
mental conditions, the substituent effect of a B-CF3 group
determined in this study (Table 7.3) is seen to be very
similar to the meta-effect of a CF3 group. This obsefvation
suggests that the transition states for the series of sub-
strates studied in this Chapter (e.g., (122)) are stabilised

primarily by inductive means.

The activating effect of each individual CF3 group in
perfluoro-t-butylbenzene (118) (assuming each group to have
a similar effect) is seen to be rather less than the value
obtained from pentafluoro-(2,2,2-trifluoroethyl)benzene (1l17)
(Table 7.3). This may be explained in terms of a saturation

cffect as the number of CF3 substituents is increased.
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On first sight, the rate constants qguoted in Tavle 7.1
appear to substantiate claims for the occurrence of CF3ccion
hyperconjugation, as there is a substantial (>106 fold) in-
crease in reactivity between pentafluvorotoluene (116) and
perfluoro-t-butylbenzene (118). However, the inductive
effect of the CF3 group is substantial (see Section 3.5.3)
and so successive replacement of hydrogen in CH3 by CF3 groups
will appreciably increase the inductive effect of the sub-
stituent group as a whole. Although the experimentally
determined rate constants may be considered to follow equally
well both o_. and o_ values quoted in Table 7.2, there is no

I R

need to invoke CF_ -ion hyperconjugation as a possible mech-

3
anism for rate enhancement in these systems. The reactivity
of the substrates under investigation may be explained simply

in terms of the 7m- and o-inductive effects of the fluoroalkyl

substituents.
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EXPERIMENTAL




Instrumentation

(i) Preparative Work

Infrared spectra were recorded on a Perkin=Elmer 457
Grating Infrared Spectrophotometer. Solid samples were re-
ccrded as KBr discs, liquid or low melting point solids as
contact films between KBr plates and gasecus or low boiling

point liquids in a cylindrical cell with KBr windows.

Proton (lH) and fluorine (lgF) n.m.¥. spectra were
recorded on a Varian A56/60D spectrometer operating at 60 and
56.4 MHz respectively at the ambient probe temperature (40°C)
and on a Briikker HK 90 with Fourier Transform facility at
temperatures ranging from -40°% to +110°c. Chemical shifts
are quoted in p.p.m. relative to TMS and CFCl3° Caxbon (13C)
n.m.r. spectra were recorded on a Bruker WH-360 instrument
operating at 90.6 MHz; chemical shifts are quoted in p.p.m.

relative to TMS.

Untraviolet spectra were recorded on a Pye-Unicam
SP8-100 or Beckman Model 25 Spectrophotometer using acetonitrile,

cyclohexane or methanol as the solvents.

Mass spectra were recorded on an A.E.I. M.S.9
Spectrometer or on a V.G, Micromass 12B Spectrometer fitted
with a P

ve 104 Cac Chrnmatnorsa
ye 104 (as (nhromat cgra

Gas liquid chromatographic (g.l.c.) analyses were
carried out on a Varian Aerograph Model 920 or Pye 104 Gas
Chromatograph. Columns used were packed with 20% krytox
(perfluoropolyoxypropylene) on chromosorb P (Column "K%), 20%
diisodecylphthalate on chromosorb P (Column "A"), 20% poly-

ethylene glycol (20M) on Celite (Column "Carbowax") and
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<

nd 1.5% silicone elastorer on Celite (Columm

4]

308, 10%, 5%

o"). Preparative scale g.l.c. was performed on a Varian
Aerograrh Model 920 using the above columns.

Fractional distillations of product mixtures were

carried out using a Fischer-Spaltrohr MMM202 system.

Carbon, hydrogen and nitrogen analyses were obtained
using a Perkin-Elmer 240 Elemental Analyser. Analysis for

halogens were performed as described in the literature.

Boiling points and melting points were determined at
atmospheric pressure unless stated otherwise and are un-

corrected.

(ii) Rate Measurements.

Thermostat baths were of conventional design.
Temperature control was to +0.01%% by contact thermometer,
and heating achieved by thermostatted aquarium heatexrs. Thermo-
meters standardised to *0.02°C by the National Physics Labor=
atory were used for temperature measurement. The bath was
filled with distilled water and was thermostated at 25.0° and

40.0%C.

When reaction rates were determined spectrophoto-

cally absorbances were meaanrad on

v, aksorbances : sn 1 2 Pye 0

a Beckman Model 25, or a Hi-Tech SF-3 Series Stopped-Flow
Spectrophotometer, the cell compartments of which were thermo-

statted at 25°C,
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General Experimental Method for Preparative Work

Except for reactions in wnhich water was present in the
reactants, or in which dry conditions were not necessary, ail

S o) .
apparatus was oven-dried above 1207C pricr to use.

Ether or methyiene chloride extracted sclutions were
dried over anhydrous magnesium sulphate and the solvent sub-

sequently removed on a rotary evaporator.

Determination of Product Isomer Ratios

In a number of reactions two or more products were
formed and the isomer ratios had to be accurately measured.
Product mixtures were subjected to analytical g.l.c. investig-
ations and the product ratios determirned from the peak areas.
At least six separate injections were made and the percentage
of each isomer was found to be constant within 1-2%. In the
reaction of 2,6-dihydrohexafluoronaphthalene with methoxide
ion, products were inseparable by g.l.c. In this case
19

approximate isomer ratios were determined by Fn.m.x.

integrations.
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HAPTER EIGHT

EXPERIMENTAL FOR CHAPTER THREE =

ACTIVATING EFFECTS OF SUBSTITUENT GRCUPS TO

NUCLEOPHILIC SUBSTITUTICN IN PCLYFLUCRCAROVMATIC SYSTEMS

8.1 Preparation and Purification of Starting Materials

8.1.1 Suvbstrates

In cases where substrates were provided, but not
commercially obtained, a description of their purification is
given, and a reference cited after the name of each compound

for its method of preparation.

(a) Pentafluoropxridinezz3

This was prepared by technical staff and was purified

prior to use by preparative scale g.l.c. (Column ‘A°’, IOOOC)O

(b) 4-Chlorotetrafluoropyridine (31)

This was obtained by a two=step preparation, the first

stage being the synthesis of 4-hydrazinotetrafluoropyridine (30):

(i) Pentafluoropyridine (35.0g, 0.21 mole) was added
dropwise to a stirred solution of hydrazine hydrate (25.0g,0.5mole)
in methanol (200 m1l.). The solution was refluxed for 2 hrs.,
then poured into excess water (500 m1l.) and ether extracted
(4 x 50 m1l.). The ethereal solution was washed several
times with water and dried. Removal of the ether gave a

buff-coloured solid shown to be 4-hydrazinotetrafluoropyridine

(30) (33.9 ¢., 89%) by comparisen of its il.r. spectrum with
that of an authentic sample,l37 This was used without

further treatment.



(ii) 4-Hydrazinotetrafiuoropyridine (30) (16.0g, 0.088
mole) was added slowly to a stirred solution of copper (II)
chloride (87.Cg., 0.65 mole} in concentrated hydrochloric
acid (600 m 1.). The mixture was stirred at room femper-
ature for 2 hrs., then refluxed for 30 mins., after which
time nitrogen ceased to be evolved. The mixture was dist-
illed and the organic layer separated from water in the
distillate. The distillate was ether extracted and working
up the ethereal solution as described above gave a colourless
liquid product (11.0 g., 70%), which was shown to be 4-chloro-

tetrafluoropyridine (31) by comparison of its i.r. spectrum
137

with an authentic sample. Before use, this was purified

by preparative scale g.l.c. (column °‘0O°, 1200C)°

(c) A-Bromotetrafluoropyridine (32)

4-Hydrazinotetrafluoropyridine (30) (21.7 g., 0.12 mole)
was added slowly tbna stirred solution of copper(II) bromide
(210 g., 0.94 mole) in 50% hydrobromic acid (580 ml.). The
reaction was stirred at room temperature for 30 mins., then
refluxed for 30 mins., after which time nitrogen had ceased
to be evolved. The mixture was distilled and the organic
layer separated from water in the distillate. The product
was then worked up as described above to give a cclourless
liguid product (16.9 g., 61%). This Qas shown to be 4-bromo-
tetrafluoropyridine (32), b.p. 137-139% (1it13® 134-135%),
by comparison of its i.r. spectrum with that of an authentic

sample. Before use, this was purified by preparative-scale

g.l.c. (column °'0’', lSOOC)°
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() 4-Iodotetrafiuoropyridine {(33)

Sodium iodide (60.0 g., 0.4 mole), pentaflucropyridine
(i5.1 g., 89.4 mmoles) and dimethylformamide (L5 ml.) were
sealed in a 200 ml. Carius tube and heated, with agitation,
at 130°C for 100 hrs. The violet-coloured product was ex-
tracted with 50:50 (v/v) ether-water {(5x1C0 ml.). The
ether extract was shaken with a saturated agqueous solution
of sodium thiosulphate (50 mwl.), then with water, dried
(MgSO4) and distilled, giving pentafluorcopyridine (4.7 ¢g.,

31% recovery) and 4-iodotetrafluoropyridine (33) (7.8 g.,

46% based on consumed pentafluoropyridinefp b.p. 112°C/121 mm

Hg (lit,139 84°C/4O mm Hg) . This was purified before use

by vacuum sublimation, m.p. 47-49°% (1it.~3° 47-28°).

(e) 4-Cyanotetrafluoropyridine (34)

Sodium cyanide (2.5 g., 30 mmoles) was added siowly to
a cold (OOC) stirred solution of pentafluoropyridine (10.0 g.,
57.8 mmoles) in dimethylformamide (40 m1l.). The resulting
brown solution was stirred for 1 hr. at OOC, then warmed to
25°C, treated with water (200 ml.} and extracted with ether
(8x40 ml.). After drying (MgSO4) the ether was driven off
through a Vigreux column and the residue was distilled, giving
pentafluoropyridine (2.1 g., 21% recbvery) and a white solid
(2.2 g., 27% based on consumed pentafluoropyridine). This
was identified as 4-cyanotetrafluoropyridine (34) m.p. 66-68°C

(11¢.74% 679 b.p. 152-154% (11¢.14°

154°/758 mm Hg) .

(£) 4-Nitrotetrafluoropyridine (36)

This was a two-stage preparation, the first stage being

the synthesis of 4-aminotetrafluoropyridine (35):



(i) Pentafluvoropyridine (20.0 g., 0.118 mcle), &loxan
(25 m1l.), and ammonia (40.C ml.; C.88 s.g.) were stirred
under reflux for 2 hrs. On cooling, the organic layer became
solid. Water (180 ml.) was added and the mixture ether
extracted (4x50 m1l.). After drying (Mgsoé) and removing
the ether, a white solid remained (17.2 g., 88%) identified

as 4-aminotetrafluoropyridine (35), m.p. 83-85°¢C (litol37

85-86°C), by comparison of its i.r. spectrum with that of an

authentic sample. 137 This was used without further treatment.

(ii) A mixture of methylene chloride (50 ml.), tri-
fluoroacetic anhydride (14 ml.) and ca. 90% hydrcgen pero-
xide (5 ml.) was stirred and heated under reflux for 15
mins. 224 A solution of 4-aminotetrafluoropyridine (35)
(5.0 g., 30 mmoles) in methylene chloride (25 ml.) was then
added to the refluxing solution; the mixture immediately
became yellow and changed to bright green after 10 min.
Hydrogen peroxide (2.5 ml.) was added after 20 mins. and
again after 3 hrs., together with trifluoroacetic anhydride
(2.5 ml.), After 10 hrs., the solution had become yellow.
After a total reflux time of 24 hrs., water (150 ml.) was
added. The methylene chloride layer was separated, washed
several times with water and dried (MgSOy). The solvent
was driven off through a short Vigreux column, leaving an
orange-coloured liquid. Distillation of the product (from
P205) yielded pale yellow 4=nitrotetrafludrogyxidine (36)
138 154-156%) .

(3.48 g., 57%) b.p. 29-102°C/140 mm Hg (Lit.
This was purlfiled before use by preparative-scale g.l.c.
(column 'K°, 110°C)ithe i.r. spectrum was ldentifical to an

authentic specimen of the product,138
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~

(g) Perfluoro-d-methylpyricdine (38

The first step in this two-stage synthesis was the

preparation of tetrafluoropyridine-4-carboxylic acid (37)5

(i) N-butyl lithium (19.6 mmoles) in hexane (13.5 ml.)
was added (15 mins.) to a stirred solution of 4-bromotetra-
fluoropyridine (32) (4.5 g., 19.6 mmoles) in hexane (180 ml.)
at -6OOC.and under an atmosphere of dry nitrogen. After 20
min. a dense white precipitate had formed. The temperature
was maintained at -60°C whilst dry carbon dioxide was passed
through the reaction mixture for 30 min. The mixture was
then allowed to reach room temperature while the introduction

of CO, continued. Water (100 ml.) was added, followed by

2
dilute hydrochloric acid (20 m1l. 36% HCl in 60 ml. H20)°

The mixture was then extracted with ether, dried (MgSO4) and
the solvent removed. A white solid (3.25 g., 85%) remained.

This was vacuum sublimed, recrystallised (hexane) and ident-

ified as tetrafluoropyridine-4-carboxylic acid (37) m.p.

103-104°C (1lit. 142 102-103°C); the i.r. spectrum was identical

with an authentic sample of the acid. 142

(ii) Tetrafluoropyridine-4-carboxylic acid (37) (5.0 g.,
25.6 mmoles) and sulphur tetrafluoride (18.0 g., 0.167 mole)
were heated in a steel autoclave at 230°C for 24 hrs. The

product consisted of one major component by g.l.c. and was

purified by preparative scale g.l.c. {(column ‘K°', 90°C) giving

a colourless oil (2.8 g., 50%). This was identified as
perfluoro-4-methylpyridine (38), b.p. 98-100°C (lit ]44102—1O3OC)
the 19F n.m.r. spectrum of this compound was in agyrecement

with the literature. 225



(h) 3-Cyanctetrafiuoropyridine (41)

3-Cyanotetrachloropyridine (39) (20.0 g., 82.6 mmoles),
anhydrous potassium fluoride (30.0 g., 0.52 mole) and sulpholan
(80 ml.) were stirred together at 220° for 7 days in a 250 ml.
r.b. flask fitted with a reflux condenser and a calcdium
chloride drying tube. . The crude product was removed under
reduced pressure and shown by g.l.c. (column °‘K’, 150°C) to

consist of two components. The major component (12.0 g.,

74%) was identified as 3-chloro-5-cyanotrifluoropyridine (40)
19

from its F n.m.r. spectrum (authentic sample provided by
I.C.I. Organics Division) and was not investigated further.
The minor component, a colourless liquid (2.5 g., 17%)) was

identified as 3-cyanotetrafluoropyridine (41), b.p- lll=112°C/

130 mm Hg. [Found: C, 40.87; F, 43.02; N, 15.61%: calculated
for C6F4N2; C, 40.9; ¥, 43.2; N, 15.9%]. N.m.r. spectrum
No.1l. I.r. spectrum No;l° Mass spectrum No.l.

(i) 2-Cyanotetrafluoropyridine (43)

The same technigue was employed as in the previous pre-

paration. 2-Cyanotetrachloropyridine (42) (17.0 g., 70.2

mmoles) , anhydrous potassium fluoride (30.0g., 0.52 mole)
and sulpholan (80 ml.) were stirred together at 150°C for
64 hrs. The product was removed under reduced pressure and
shown by g.l.c. (coluﬁn "K', 150°C) to consist of one major
component. This was distilled under reduced pressure to

give 2-cyanotetrafluoropyridine (43) (8.0 g., 64.7%), a colour-
226

less liquid, b.p. 127-128°C/228 mm Hg (lit. 97% /64 mm Hg.) .

19

The F n.m.r. spectrum of this compound was in agreement with

the literature,226
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4
(i) 2,4,6-Trichlorcdifluoropyridine (éﬁ)l‘é

This was prepared by technical staff and was purified prior

146

to use by vacuum sublimation, m.p. 38-39% (1lit. 38=390C)°

(k) 4-Hydrotetrafluorpyridine ({(45)

To a cold (=720C)p stirred sclution of pentafluoro-
pyridine (20.0g., 0.118 mole) in ether (100 ml.) and under
an atmosphere of dry nitrogen was adcded (over 1 hr.) a sus-
pension of lithium aluminium hydride (3.70 g., 97.4 mmoles)
in ether (200 ml.). On completion of the addition, the
reaction mixture was stirred at -72°C for a further hr. and
then at room temperature for 42 hrs. Watexr (50 . ml.) was
then cautiously added to the reaction mixture, the ether layer
was decanted and the aqueous layer ether extracted (2x25  ml.).
The combined extracts were dried (MgSO4)p and the ether re-=
moved (Vigreux column) . The crude product consisted of only
one major component by g.l.c. (column °‘K’, llOOC)° This was

fractionated, yielding 4-Hydrotetrafluoropyridine (45) (11.4 g.,
147

64%), a colourless liquid, b.p. 100-100.5°C (lit. 102°%¢),

identified by its 19F n.m.r. spectrum.

(1) 2-Cyanotetrachloropyridine (42) and 3-cyanotetra-
chloropyridine (39) 145

These weré provided by I.C.I. Organics Division and were

purified by vacuum sublimation before use.

(m) 1,2-Dicyanotetrafluorobenzene

This was prepared by technical staff and was purified

by vacuum sublimation before use, m.p. 87-88% (1it.227 386-88%).



8.1.2 Solwvents

(a) Dioxan

2
The method adopted was that of Vogel. 28 Commmercial

dioxan (2.5 1.) was refluxed for 8 hrs. with concentrated
hydrochloric acid (35 ml.) and water (200 ml.) with a
steady stream of nitrogen bubbling through the solution to
remove acetaldehyde as it was formed. Sodium hydroxide
pellets were then added, with vigorous shaking, until no
more dissolved and the aqueous layer was separated off. The
dioxan layer was then left standing over fresh potassium
hydroxide pellets for a further 20 hrs. The dioxan was re-
fluxed with excess sodium metal for about 8 hrs., until the
surface of the sodium was bright and then distilled into an
oven-dried flask wunder dry nitrogen. The fraction boiling
between 101-2°C was collected. The dioxan was stored under

dry nitrogen under sodium wire in the dark.

{b) Water

Distilled water was used and its neutrality checked

prior to use by universal indicator.

8.1.3 Ammonia

Analytical grade ammonia was used without further

treatment.
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8.2 DMethods of Rate Measurements

(a) Titrimetric Methods

Stock solutions of amworia in water and substrate in
dioxan were prepared, usuvally being approximately 1.5 moles
2‘1 and 0.5 moles 2_1 respectively, Occasionally, when the
reaction was very siow (e.g. the reaction of 4-bromotetra-
fluoropyridine (32)) stock solutions of triple these concen-

trations were used.

Dioxan (60 ml.) and watei (40 ml.) were pipetted into
a stoppered conical flask and immersed in the thermostat bath
(25.0°C) . Then 5 ml. of stock ammonia solution was added
and the contents of the flask mixed. Two 5 ml. aliguots of
the solution were removed separately, gquenched with distilled
water (50 ml.) and titrated against standard hydrochloric
acid (usually ca. 0.025 M, accurately known) using methyl red
as indicator. From these two titrations, an initial titrat-
ion reading for the reaction was calculated, allowing for sub-
sequent dilution by the substrate solution; from this, the

initial ammonia concentration was found.

The reaction was initiated by the addition of 5 ml.
substrate solution, having been thermostatted at 25°O°C, to
the reaction vessel; the resulting solution was thus a 60/40
(v/v) dioxan/water mixture. The reaction was followed,
usually up to 75% of total reaction, by periodically quenching
5 ml., aliquots of the reaction solution in 50 m 1. distilled
water and titrating the residual ammonia with standard hydro-
chloric acid using methyl red as indicator. Infinity titres
were taken after at least 10 half lives; in some cases the

reaction was too slow for the infinity value to be measured.
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The titrating ecid was prepared by diluting comwmercla
0.1 M hydrochloric acid and standardising the resulting

solution against standard borax (Na28407,10H20) solutions.

Second cordexr rate constants were obtained as cultlined

in Section 3.3.

(b) Spectrophotcmetric Method

This method was used to follow the reaction of 3=cyano-
tetrafluoropyridine (41). Compariscen of the u.v., spectra
of the starting material and the product showed that a wave-
length of 290 nm gave the greatest range of optical density

throughout the reaction (appearahce of product).

Stock solutions of ammcnia in water (7.97 x lO==3 moles lal)
and substrate in dioxan (ca. J.O'=4l moles le) were prepared.
The high concentration of ammonia relative to the substrate
meant that the reaction took place under first order conditionms.
The stock solutions were immersed in a 25°C thermostat bath,
water from which passed through the cell compartment of the
spectrophotometer (Pye Unicam_SP8=lOO) which was used for
absorbance measurements. 1.20 ml. of stock ammonia solution
and 1.80 ml. of the substrate solution were pipetted into
a 1 cm., silica u.v. cell, giving a solvent composition of
60/40 (v/v) dioxan/water. The cell was immediately stoppered,
shaken, and placed in the spectrophotometer. The instrument
was standardised at the wavelength used with a blank solution

of 1.20 nl. water and 1.80 ml. dioxan.

Values of optical density were read every 30 secs. and
the reaction was followed for about three half lives. Zero
time for each reaction was taken to be that of the first

reading and an infinity reading taken after at least 10 half
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irst and second order rate censtants were then

P

lives.

calculated as described in Section 3.3.

8.3 Product Identifications

Unless otherwise stated, reaction products were isclated
by pouring the remaining reaction solution, after completion
of the kinetic measurements into excess water (100 ml.) and
ether extracting (4x10 ml.). The combined ethereal solutions
were washed with water and dried: removal of the ether left
the product. Reaction products were usually identified from

their 19F n.m.r. spectra.

Each crude product was carefully examined by g.l.c. in
order to determine the number of components preésent. In
many of the reactions studied only one product was formed;
however, in a few cases, attack occurred at two or more places
in the molecule, giving rise to a product mixture. In these
cases, isomer ratios were determined according to the Instru-

mentation Section and Section 3.3.

8.3.1 Reactions of Substrates with Ammonia in
60/40 Dioxan/Water

The crude solid product was shown to consist of one
component (apart from remaining solvent) by g.l.c. (column °0O',
220°%) . This was shown to be 4-aminotetrafluoropyridine (35)

by comparison of its i.r. spectrum with that of an authentic

sample.



(b) With 4-Chlcrotetrafiuoropyridine (31)

The crude solid product was shown to consist of one
component by g.l.c. (column °‘Cf, ZZOOC)Q This was shown

to be 2-amino-4-chlorotrifluoxcpyridine by compariscn of

its lg? n.m.x. spectrum with that in the literature. 138

(c) With 4-Bromotetrafluoropyridine ({(32)

A Carius tube containing 4-bromotetrafluoropyridine (32)
(12.0 g., 52.2 mmoles) and aquecus ammonia (30.0 pl., 0.88 s.9.)
was heated at 110°C for 1% hrs.; on cooling, the organic layer
became solid. Water was added to the mixture which was ex-
tracted with ethexr (3x50 ml.). Removal of the dried ether
afforded an orange solid (9.3 g., 78.5%) which was recrystall-

ised from pet. ether (40-60°) -benzene to give 2-amino=4-=
138

bromo—-trifluoropyridine, m.p. 113-116% (1it. 116-117°) .

The l.9F n.m.r. spectrum of the product was identical to that

given in the literature.,138

(d) With 4-Todotetrafluoropyridine (33)

A Carius tube containing 4-iodotetrafluoropyridine (33)
(0.91 g., 3.28 mmoles) and agueous ammonia (12.0 mnpl., 0.88 s.g.)
was heated at 110°C for 24 hrs. Water was added to the mixt-
uré which was extracted with ether (4x40 m 1.), dried and
evaporated. The solid product (0.63 g.) was shown by g.l.cC.
(column 'K', ZOOOC) to consist of one component in addition
to unreacted starting material. This was identified as 2-=amino-

4-jodotrifluoropyridine by comparison of its 19F n.m.r. spect-

139

rum with the literature wvalue. This compound was not iso-=

lated in the pure state.



(e) With 4-Cyanotetrafluoropyridine (34)

The crude, solid product was shown to be a mixture of
two components in the ratio of 75.6:24.4 by g.l.c. inte-
gration (gas density balarce, column °‘0°, ZOOOCDo The 19F
n.m.r. spectrum of the product showed sach component to have-
three fluorine atoms. The majoxr component exhibited one
downfield peak assignable to a fluorine atom ortho to ring

nitrogen and two other peaks to high field; this is consistent

with the major'component being 2-amino=4=cyanotrifluorcpyridine.

The minor component exhibited two downfield peaks assignable
to a fluorine atom ortho to ring nitrogen and one other peak
to high field; this is consistent with the minor product being

3-amino-4-cyanotrifluoropyridine. A pure sample of each

component was not obtained. However, the elemental analysis
of the mixture, after vacuum sublimation,was consistent with
the product being composed of two isomers. {Found: C, 41.48;
H, 1.25; F, 32.44% C6H2F3
Rate constants were calculated from the observed g.l.c. inte-

Nyrequires C, 41.6; H, 1.16; F, 32.9%1),

grations.

N.m.r. spectra of 2-amino-=4=cyanotrifluorcpyridine (No.2)
and 3-amino-4-cyanotrifluoropyridine (No.3) were obtained

from that of the mixture. I.r. spectrum No.2.

(£) With 4-Nitrotetrafluoropyridine (36)

The crude, solid product was shown to be a mixture of
three components in the molar ratio of 58.1:25.4:16.5 by g.l.c.

integration (gas density balance, column °'K’, lSOOC)n By

19

comparison of the F n.m.xr. spectrum of the crude product

4
with literature values from an earlier study of this reactionpl 1
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trotrifliuoro=
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the components were icdentified as 2-aming=4-21

pyridine, 4-aminotetrafluoropyridine (35) and 3-amino-4-

nit

otrifluoropyridine respectively.

LY

(g) With Perfluocro-4-msthylpvridine (38) -~

The crude product was found to consist of one component
in addition to starting material by gas chromatographic

lgF n.m.r. spectrxum of

analysis (column °K’, ZOOOC)° The
the adduct showed it to have one CF4 group and three aromatic
fluorine atoms, one of which was downfield and assignable to
a fluorine atom ortho to ring nitrogen; the remaining ring

fluorines were to high field. This is consistent with the

product being 2-aminoperfluoro-4-methyipyvridine, n.m.r.

spectrum No.4. A pure sample of this compound was not

obtained.

(h) With 3-Cyanotetrafluoropyridine (41)

3-Cyanotetrafluoropyridine (41) (0.82 g., 4.66 mmoles),
aqueous ammonia ( ml., 12 mmoles), dioxan (60 ml.,) and
water (32 ml.) were placed in a stoppered conical flask and
allowed to react at 25°C for 25 mins. The resulting solution
was poured onto water (50 ml.) and ether extracted (4x20 pl.).
The combined ethereal solutions were washed with water and
dried; removal of ether left a solid product (0.68 g., 84%).
The crude product was found to consist of two components in
the ratio of 65.6:34.4 by g.l.c. (gas density balance, column

"carbowax", 160°C). The 12

F n.m.r. spectrum of the product
showed each component to have three fluorine atoms. The
major component exhibited two downfield peaks assignable to

fluorine atoms ortho to ring nitrogen; this is consistent with
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the major compcnent being 4-amino-3-cyanctrzifliuvcropyridinea.

The minor component exnhibited one downfield pealk and two

high field peaks, consistent with it being 6-amino-3-cyano-

triflucropyridine. A pure sarnple of each component was

not obtained. However elemental analysis of the vacuum-~
sublimed mixture was consistent with the product being com-
posed of two isomers. [Founds C, 41.44; N, 24.10; F, 32.66%.
C6H2F3N3 requires C, 41.6; N, 24.3; F, 32.9%]. Rate con-
stants were calculated from the observed g.l.c. integrations.
N.m.r. spectra of 4-amino-3-cyanotrifluoropyridine (No.5)

and 6-amino-3-cyanotrifluoropyridine (No.6) were obtained from

that of the mixture. I.r. spectrum No.3.

(i) With 2-Cyanotetrafluorpyridine (43)

The crude product was found to consist of one component

lgF RDeMoXo

by g.l.c. analysis (column °‘carbowax', 160°¢) . The
spectrum of the product showed three fluorine atoms, one of
which was downfield and assignable to a fluorine atom ortho
to ring nitrogen. The remaining upfield shifts were assigned

to fluorine atoms at the 3- and 5-positiomns, consistent with

the product being 4-amino-2-cyanotrifluoropyridine. N.m.r,

spectrum No.7. I.r. spectrum No.4. This compound was

not obtained in the pure state.

(j) With 2,4,6-Trichlorodifluoropyridine (44)

2,4,6-Trichlorodifluoropyridine (44) (l.64g., 7.5 mmoles),
agueous ammonia (30 nml., 0.88 s8.g.), dioxan (30 ml.) and
water (20 wml.) were sealed in a Carius tube and heated at

about 80°C for 3 weeks. The solution was poured into excess
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water (50 mli.) and ether extracted (3x30 m l.). Trhe
combined ethereal solutions were washed with water and dried.
Removal of the ether left a solid product (1.09 g., 73%).
This was shown to be 4-amino-2,6-dichlorodifluocropyridine by

19 . ) 153
F n.m.r. spectrum with an authentic sample.

comparison of its

(k) With 4-Hydrotetrafluoropyridine (45)

4~Hydrotetrafluoropyridine (45) (3.0 g., 19.9 mmoles),
agqueous ammonia (30 ml., 0.88 S.g.), diocxan (3C ml.) and
water (20 ml,) were sealed in a Carius tube and heated at
about 80°C for 3 weeks. The solution was poured into excess
water (50 ml.) and ether extracted (4x50 ml.). The com-
bined dried extracts were evaporated, leaving a white residue

(2.46 g., 83%). This was identified as 2-amino-4-=hydrotri-
i9

fluoropyridine by comparison of its F n.m.r. spectrum with

229

that given in the literature.

(1) wWith 1,2=Dicyanotetrafluorobenzene

The crude, solid product was found to consist of one
component by g.l.c. analysis (column °‘carbowax’, ZOOOC)°

This was identified as 4-amino-1,2-dicyanotrifluorcbenzene

by comparison of its 19F n.m.r. spectrum with that given in

230

the literature.
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CHAPTER NINE

EXPERIMENTAL FOR CHAPTER FOUR -

THE NATURE OF THE ORTHO EFFECT

9.1 Preparation and Purification of Starting Materxials

8.1.1 Substrates

(a) 2H-Tetrafluoropyridine (52)

This was obtained from 4-chlorotetrafluoropyridine (31)

via a three-step preparation:

(i) 4-Chlorotetrafluoropyridine (31) (7.2g., 38.8 mmoles)
was added dropwise to a stirred solution of hydrazine hydrate
(4.5 g., 90.0 mmoles) in ethanol (100 m1l.). The solution
was stirred at room temperature for 3 hrs. and then poured
onto excess water (250 m1l.) and ether extracted (5x%x30 ml.).
The ethereal solution was washed with water and dried (MgSO4);
removal of the ether gave a buff-coloured solid shown tovbe

4~chloro-2-hydrazinotrifluoropyridine (7.0 g., 99%) by com=

parison of its i.r. spectrum with that of an authentic sample%3l

This was used without further treatment.

(ii) 4-Chloro-2-hydrazinotrifluoropyridine (6.2 ¢g.,
31.4 mmoles) was suspended in water (50 .ml.) and a saturated
solution of copper (II) sulphate (40 g. in 20 ml. water)
added dropwise. The mixture was stirred at room temperature

for 2 hrs., after which time the evolution of nitrogen was

complete. The product was then steam distilled, 150 m]l, of
distillate ‘being collected. This was extracted with ether
(5%30 ml.); removal of the dry solvent left a crude product

which was fractionated, giving 4-=-chloro-2-hydrotrifluoro-

pyridine (2.7g., 51%), b.p. 125-126°C.
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{iii) 4=Chlcrc=2-hydrotriflvoropyridine (2.% g., 14.9
mmoles) was added to dry caesium fluoride (10.Cg., 65.8
mmoles) in dry sulpholan (25 MmM1l.) and the mixture stirred
at 100°C for 6 hrs. The crude product was transferred undex
reduced pressure and snown to consist of one main component
by g.l.c. (column °‘O°, 1OOOC)H This was purified by pre-
parative scale g.l.c. (column 'C°, 1306°C) giving a colourless

liguid (1.70 g., 76%), identified as 2H=tetrafluoropyridine4
19

(52) by comparison of its F n.m.r. spectrum with the liter-

ature value.,l3l

(b) 3H-tetrafluoropyridine (21)142

This was prepared by technical staff and was purified

by preparative scale g.l.c. before use (column ‘0?7, 12000)°

(c) 4H-trifluoropyrimidine (54)

(i) Lithium aluminium hydride (2.42 g., 63.7 mmoles)
in sodium=-dried ether (200 ml.) was added during 1 hr. to a
cold (—72°C), stirred solution of tetrafluoropyrimidine
(20.90 g., 137.5 mmoles) in dry ether. The mixture was
stirred at -72°C for 1 hr., allowed to warm to 20°¢C during
1 hr., then stirred at 20°C for 10 hrs. Water (50 . ml.) was

added cautiously to the product and the clear, orange-coloured,
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ether the product (11.93 g.) was shown by g.l.c. to be a
mixture of several components. This was separated by pre-
parative scale g.l.c. (Column ‘'A°’, 100°¢) to yield tetra-

fluoropyrimidine (6.59 g., 31.5% recovery), 4H-trifluoxo-

pyrimidine (54) (2.43 g., 19% based on tetrafluoropyrimidine

consumed) and .4,6-dihydrodifluoropyrimidine (0.72 g., 7.3%

based on tetrafluoropyrimidine consumed).



{(ii} Attempted Preparation cf (54) vie 4-Hydrazino-
trifluorcopyrimidine

Tetrafluoropyrimidine (5.0 g.; 32.9 mmoles) was
added dropwise during 1 hr. to a cqld (QSOC) stirred soluticn

of hydrazine hydrate (1.65 g., 33.0 mmoles) in ethanol (35 mil.).
The mixture was stirred at =5°C for 1 hr. and then poured onto
water/ice (50 ml.) and extracted with ether (4x256"‘m1°)° The
combined extracts were dried, leaving a pale orange solid

(4.65 g., 85%). Repeated recrystallisaticns from petroleum

ether (b.p. 60=80°) gave N,N=(bis-4,4 -perfluoropyrimidino)

hydrazine (53) as pale yellow crystals, m.p.167-168°C(d). [Found:
C, 32.43; N, 28.50 ; H, 0.36 ; F, 38.96 g, CgH, PN, requires |
C, 32.4; N, 28.4; H, 0.7; F, 38.5%]. N.m.r. spectrum No.8.

I.r. spectrum No.5. Mass spectrum No.2.

(d) 5H-trifluoropyrimidine (§§)156

This was prepared by technical staff and was purified

before use by preparative scale g.l.c. (column °O°, 110°¢c) .

(e) Pentafluoropyridine 223

Provided; purified as described earlier (Section 8.1.1).

(£) Tetrafluorogyrimidine;s7

Provided in a pure state and not further treated.

9.1.2 Solvents and Reagents

(a) Reactions with Ammonia

Dioxan was purified as described earlier (Section 8.1l.2).

Distilled water and reagent grade ammonia were used.
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{b} Reactions with Methoxlide Ion

(i) Methanol
Ar.alaR grade, used as supplied.

{(ii) Sodium Methoxide

Freshly cut pieces of sodium metal were cleaned
in diethyl ether and methanol, weighed in sodium-dried diethyl
ether and dissolved in AnalaR methanol under dry nitrogen.
The resulting solution was centrifuged to remove any solid
parﬁicles formed. Samples of the solution (usually around
0.75 moles Qﬁl) were stored under dry nitrogen and werxe

diluted with AnalaR methanol before use.

9.2 Methods of Rate Measurement

9.2.]1 Reactions with Ammonia

Followed by the spectrophotometric method as
described in Section 8.2.b. Comparison of the u.v. spectra
of the starting materials and respective products showed that

the wavelengths 272 nm (4H-trifluoropyrimidine (54)) and 265 nm
(SH-trifluoropyrimidine (55)) gave a large range of optical
density throughout the reaction. Stock solutions of ammonia
in water (6..92x10_3 moles 2—1 for reaction with 4H-trifluoro-
pyrimidine (54);: 10.31x10 > moles 27 for reaction with S5H-
trifluoropyrimidine (55)) ard substrate in dioxan (ca. 3xlOH4

moles'l-l) were prepared. ~First and second order rate con-

stants were calculated as described in Section 3.3,
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9.2.2 Reactions of Sodium Methoxide

(a) With Polyfluoropyridines

Followed spectrophotometrically as describesd earlier
(Section 8.2.Db) . The wavelengths 221nm (pentefliuvoropyridine)
and 220nm (3H-tetrafluoropyridine (27) and 2H-tetrafluorc-
pyridine (52)) were used to monitor the progress of the re-=
action. Stock solutions of sodium methoxlide in methanol
(S"),,98x10.:.3 moles lcl) and substrate in methanol (ca. 4x10a4

moles z"l) were prepared. First and second oxder rate con=

stants were calculated as discussed above.

(b) With Polyfluoropyrimidines

These reactions were extremely rapid and were followed
by the stopped-flow technique. This method is a fixed-wave-

length technique and has been described. 231

The wavelengths 260nm (tetrafluoropyrimidine), 270nm
(dH-trifluoropyrimidine (54)) and 250nm (5H-trifluorxopyrimidine

(55)) were used to follow the reactions. Stock solutions of

3

sodium methoxide in methanoll(6,79xlo= moles 2=l for reaction

with 4dH-trifluoropyrimidine (54):; 9‘.64}110‘=3 moles Rnl for re-
action with tetrafluoropyrimidine and 5H~-trifluoropyrimidine

(55)) and substrate in methanol (ca. 4x10-4 moles in) were

prevared.

Kinetic runs were carried out on a Canterbury Model SF-3L
instrument, with the cell thermostated at 25.0°C. The stock
solutions were stored in two, properly flushed, syrxinges. The
syringes had a shared piston mechanism, so that samples leaving
each syringe were of equal volume and flow rate before mixing.

Mixed samples then passed into the cell of the instrument where
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the absorbance of the solution was measured at the desired
(fixed) wavelength. The absorbance was displayed, as a
functicn cof time, as a voltage (V) on an oscilloscope. First
order rate constants were then calculated from the slope of a
plot of 1In (V_ - Vt) against time. The slopes and intercepts
of all linear correlations were calculated via the principle
of least squares. Duplicate kinetic rumns {(generally in good
agreement) were repeated at least ten times and the mean value

taken as the observed rate constant.

9.3 Product Identifications

9.3.1 Reactions of Ammonia in 60/40 (v/v) Dioxan/Water

(a) With Tetrafluoropyrimiline

Tetrafluoropyrimidine (2.56 g., 16.8 mmoles) was added
to a stirred mixture of ammonia (1 ml., 0.88 s.g.), dioxan
(24 ml.) and water (15 ml.) in a flask at rocom temperature.
After stirring for 5 minutes, the solution was poured onto
icefmter (100 ml.) and ether extracted (4x30 ml.). Removal of
the dried (MgSO4) ether gave a solid product (1.83 g., 73%)
identified as 4-aminotrifluoropyrimidine from its 19F n.m.r.

spectrum.,157

(b) With 4H-trifluoropyrimidine (54)

4H-trifluoropyrimidine (54) (0.1 g., 0.75 mmoles), dioxan
(0.3 ml.) and agqueous ammonia (0.25 ml.,; 0.75 mmoles) were
shaken in an n.m.r. tube and set aside for 1 hr. at room
temperature. A white precipitate was produced; this was

dissolved with a minimum amount of d6-acetone° The 19F n.m.r.
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spectryum of the resuiting solution showed the presence of

only two fluorine atoms in the product, one of which was at
low field and was assignable to a fluorine atom ortho to two
ring nitrogens. The remaining peak was at high field and
was assigned to fluorine at C-5. This is consistent with the

product being 6-aminc-2,5-difluoropyrimidine. N.m.r. spectrum

No.9.

(c) With 5H-trxifluoropyrimidine (55)

5Hjtrifluoropyrimidine (55) (0.52 g., 3.88 mmoles) was
added to a mixture of agueous ammonia (3.0 ml., 4.5 mmoles),
dioxan (60 ml.) and water (37 ml.) in a conical flask thermo-
statted at 25.0°C. The reaction was allowed to proceed for
5 mins., after which time excess watexr (150 ml.) was added
and the solution extracted with ether (4x50 ml.). Working
up the ethereal layer as usual gave a solid product (0.30 g.,
59¢%) . This was shown to be a mixture of two components in
the rétio of 74.1:25.9 by g.l.c. (gas density balance, column
'or, ZOOOC)° The 19F n.m.r. spectrum of the crude product
showed each component to have two fluorine atoms. The major

component was subsequently identified as 2-amino-=4,6=difluoro-
19

pyrimidine from a comparison of the F n.m.r. spectrum of the

mixture with the literature values obtained in an earlier study

‘ . . 15 o ... 158 .
of this reaction. >8 Similariy, the minor component was

identified as 4-amino-2,6-difluoropyrimidine.

89.3.2 Reactions of Sodium Methoxide in Methanol

(a) With Pentafluoropyridine

Pentafluoropyridine (0.1 g., 0.59 mmoles) and sodium

methoxide/methanol solution (0.8 ml., 0.75 M, 0.6 mmoles) were
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shaken in an n.m.r. tibe at rocom temperature. The “7’F n.m.T.

b

spectrum of the product showed two fluorine rescnances of

equal intensity; this is consistent with the product being

4cmethogytetrafluorogyridineo232

(b} With 2H-tetrafluorcpyridine (52)

2H-tetrafluorcpyridine (52) (0.1l g., ©.66 mmoles) and
sodium methoxide/methanol solution (1 ml., 0.75 M, 0.75 mmoles)
were shaken in an n.m.r. tube at room temperature. The 19?
n.m.r. spectrum of the product contained three fluorine reson-
ances of equal intensity, one of which occurred downfield
(Z.e. ortho to ring nitrogen). This 1is consistent with the.
product being 4-methoxy-2,3,5-trifluoropyridine, in agreement

with an earlier study of this reactionol19

(c) With 3H-tetrafluoropyridine (27)

3H-tetrafluoropyridine (0.36 g., 2.38 mmoles) in methanol
(15 ml.) was added to a sodium methoxide/methanol solution
(10 ml., 0.75 M, 7.5 mmoles) in methanol (75 ml.) in a conical
flask thermostattedat 25.0°C. The reaction was allowed to
proceed for 25 mins., after which time excess watexr (150 ml.)
was added. The crude liquid product, isolated by ether ex-
traction in the usual manner, was shown by g.l.c. (gas density
balance, column °'0°', ZOOOC) to contain, in addition to un-
removed solvent, two components in the ratio 95.3:4.7. The
l9F n.m.r. spectrum of the major product (obtained from that
of the mixture) showed two downfield peaks assignable to
fluorine ortho to the ring nitrogen; this is consistent with
the compound being 4-methoxy-2,5,6=trifluoropyridine, in agree-=

ment with an earlier report of this reactiona119 similarly, 119
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the 9F n.m.r. spectrum c¢f the nincr ccmponent was consistent

with it being 2-methoxy=3,4,6-trifluoropyridine.

(d) With Tetrafluoropyrimidine

Sodium methoxide/methanol solution (0.75 M) was added
dropwise to a solution of tetrafluoropyrimidine (0.14 g.,
0.92 mmoles) ih methanol (1 ml.) in an n.m.r. tube at room
temperature. After ca. 50% reaction of the substrate, the
lgF n.m.r. spectrum of the product showed the presence cof

one other component in addition to starting material. This

was identified as 4-methoxy trifluoropyrimidine by comparison

of its n.m.r. spectrum with that obtained from a previous study

of this reactiono157

(e) With 4H-trifluoropyrimidine (54)

Sodium methoxide/methanol solution (0.75 M) was added
to 4dH-trifluoropyrimidine (54) (0.1 g., O0.75 mmoles) as de-

lgF n.m.r. spectrum of the product (after

scribed above. The
ca. 50% reaction) showed, in addition to starting material, the
presence of two fluorine atoms in the methoxylated adduct.

One resonance was found at low field and was assignable to a
fluorine atom ortho to two ring nitrogens. The remaining peak

was at high field and was assigned to a fluorine atom at C-5.

Thus the product was identified as 6-methoxy=2;5-difluoropyrim-

idine. N.m.r. spectrum No. 10.

(£) With 5H~trifluoropyrimidine (55)

S5i-trifluoropyrimidine (55) (0.72 g., 6.37 mmoles) in
methanol (100 ml.) was thermostatted in a conical flask at 25,0°C.
Sodium methoxide/methanol solution (5 ml., 0.75 M, 3.75 mmoles)

was then added. After 30 secs. the reaction was quenched with



excess water (150 ml.) and extracted with methylene chloride
(4%50 ml.) . Working up the methylene chloride layer in the
sual manner ¢gave an oily liguid preoduct (0.43 g., 55%).
This was shown by g.l.c. (gas density balance, column °'0°,

lSOOC) to contain, in additicn te starting material and sclvent,

19

two other components in the ratio 64.2:35.8. The Fn.m.x,

spectrum of the crude mixture showed that each adduct con=

tained two fluorine atoms. The major product was identified

as 4-methoxy-2,6-difluoropyrimidine by comparison of its 19F

n.m.r. spectrum with that given in the literature°l59 Simil-

arly,158 the minor product was identified as 2-methoxy-4,6-

difluoropyrimidine.




CHAPTER TEN

EXPERIMENTAL FOR CHAPTER FIVE =

NUCLEOPHILIC SUBSTITUTION IN THE

PCLYFLUCRCNAPETHALENE SYSTEM

10.1 Preparation and Purification of Starting Matexials

10.1.1 Substrates

(a) Octafluoronaphthalene (68)

The commercial product was purified by vacuum sublim-

168

ation, m.p.88.5-89.5°C (1lit. 87-88°¢) .

(b) 2H-heptafluoronaphthalene (70)

The first step in the synthesis of this compound was
the preparation of 2-hydrazinoheptafluoronaphthalene (69):
(i) Octafluoronaphthalene (68) (20.0 g., 73.5 mmoles) was
dissolved in ethanol (100 ml.) and the solution warmed to
reflux with stirring. Hydrazine hydrate (5.0 g., 0.1l mole)
was then added and the mixture refluxed for 4 hrs. The
mixture was then poured onto water (200 ml.) and extracted
with methylene chloride (6x50 ml.). The extract was dried
(MgSO4); filtered and evaporated, to leave a buff-coloured
solid (17.5g., 94%). This was identified as 2-=-hydrazinohepta=

fluorcnaphthalene (69) and was used without further treatment.

(ii) 2-Hydrazinoheptafluoronaphthalene (69) (12.50 g., 44.0
mmoles) and Fehling's solution (500 ml. each of solutions 'A’
and 'B') were refluxed together for 45 mins., during which time
a red precipitate was formed. The product was steam distilled,
filtered and vacuum sublimed giving a white crystalline solid

(7.76 g., 69%). This was recrystallised from petroleum ether
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(b.p. 60—800) and vacuum sublimed again, giving 2H-hepta-

168

fluoronaphthalene (70), m.p. 62-63°C (lit. 63-64.5°C) .

(¢) 1,2-Dihydrohexafluoronaphthalene (71)

Cleaned scdium metal (0.%50 g., 82.5 mmoles) was dissolved
in AnalaR methanol (100 ml.). 2-idydrazincheptafluoronaph-
thalene (69) (6.0 g., 21.1 mmoles) was then added and the
mixture stirred at room temperature for 1 hr., after which time
nitrogen had ceased to he evolved. The mixture was then
poured onto excess water (150 ml.) and ether extracted
(4x50 ml.). After drying the combined extracts and removing
the ether, a dark red oil (5.8 g.) remained. This was

transferred under vacuum and then distilled, giving 1,2-

dihydrohexafluoronaphthalene (71), a colourless low-melting

solid (3.20 g., 64%), m.p. ca. 19°C, b.p. 124°C/40mm Hg.

(d) 2,6 - Dihydrchexafluoronaphthalene (72)

Lithium aluminium hydride (3.42 g., 90.0 mmoles) in dry
THF (125 ml.) was added dropwise during 2 hrs. to a stirred
solution of octafluoronaphthalene (20.0gy., 73.5 mnoles) in
dry THF (50 ml.) under nitrogen. The reaction was then stirred
at 76°C for 44 hrs. After cooling, water (200 ml.) was
cautiously added and the mixture ether extracted (8 x 50 ml.).
After removing L
residue under vacuum a white solid (16.52 g.) was obtained.
This was shown by g.l.c. {(column "carbowax", ZOOOC) to be a
mixture of one major and several minor components. The major
component could only be separated by lengthy, repeated, pre-
parative scale g.l.c. (column "n", 22OOC), under which con-
ditions the product had a retention time of cu. 45 mins. The

separated major product was sublimed under reduced pressure,
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giving 206—dihyd:ohexafluorcn§phth“lene (72) (6.38 g., 37%)

as white crystals, m.p. 72-73%. {Found: C, 50.56;

H, 1..02; F, 48.52%. Calculated for C10
19

H, 0.85: F, 4£8.3%]1. The F n.m.r. gpectrum of (72} (No.il)

H2F6; C, 50.8;

is characterised by its symmetrical AAMM XX” structure.

I.r. spectrum No.6. Mass spectrum No. 3.

10.1.2 Solvents and Reagents

Sodium methoxide/methanol was prepared as de-
scribed earlier (Section 9.1.2 (b)). AnalaR methanql was

used.

10.2 Method of Rate Measurements

Stock solutions of sodium methoxide in methanol (eca. 0.75
moles Q—l) and substrate in methanol (ca. 1.5 moles z“l) were
prepared. The high substrate concentration was necessary 1if
disubstitution by methoxide ion was to be avoided during each
run. Methanol (100 ml.) and stock sodium methoxide/methanol
(5 ml.) were pipetted into a stoppered conical flask, thermo-
statted at 25.0°C. After mixing, two 5 ml. aliquots were re-
moved and titrated separately against standardised hydro-
chloric acid using methyl red as indicator; from this the

initial methoxide ion concentration was found.

The reaction was initiated and followed in the usual way,
as described in Section 8.2 (a). Rate constants were cal-=

culated from Equation 10.1:
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initial concentration of nucleophile

X = concentration of nucleophile reacted at time t.

10.3 Identification of Products

(a) From Octafluoxonaphthalene (68)

After completion of the kinetic run, the remaining re-
action mixture was poured into excess water (150 ml.) and
ether extracted (4x%50 ml.). After removal of the dried
(Mgso4) solvent.a solid product remained which was analysed
by g.l.c. (column ‘X', ZOSOC) and shown to consist of one
other component in addition to unreacted starting material

and solvent. This was identified as 2-methoxyheptafluoro-

naphthalene by its 19F n.m.r. spectrum (which agreed with

that given in the literaturel7o) and by its mass spectrum

(MT=284) .

(b) From 2H-heptafluoronaphthalene (70)

The reaction product was isolated in the usual manner.
The crude product was found to contain one component in addition
to unreacted starting material and solvent by g.l.c. (column
‘K'Y, 2OOOC)° This was identified as 6-methoxy-1,3,4,5,7,8=

hexafluoronaphthalene by comparison of its 19F n.m.r. spectrum

with that in the literature170 and by its mass spectrum (M+=266)°
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(¢c) From 2,6-Dihydronhexafluorcrnaphthalene (72)

2,6=-Dihydrohexafluoronaphthalene (72) (1.50 g., 6.35
mmoles), methanol (5 ml.) and sodium methoxide/methanocl
(9 ml., 0.75 M, 6.75 mmoles) were sealed in a Carius. tube
and heated at 72°C for 19 hrs. The tube was then coocled,
opened and the contents poured onto water (150 ml.) and ether
extracted (4x50 ml.). After drying, removing the solvent
left a white solid (1.63 g;)° This was analysed by g.l.c.
(column °‘0O°, lSOOC) and appeared to consist of one compound
in addition to unreacted starting material and solvent.
This was separated by preparative scale g.l.c. (column 'O°Y,
240°C) and purified by small scale column chromatography
(hexane eluant). However, analysis of this product by 19?

n.m.r. showed it to be a 75:25 mixture of two isomers. The

major component was identified as 2-methoxy-1,4,5,6,8=-penta-

fluoronaphthalene (73) (n.m.r. spectrum No.l2), as discussed

in Section 5.4. Similarly, the minor component was identi-

fied as l-methoxy-3,4,5,7,8-pentafluoronaphthalene (74) (n.m.r.

spectrum No.13).

It was not possible to obtain pure samples of each com=

pound for chacterisation, but elemental analysis of the mixture

was consistent with it being composed of isomers. [Found:
¢, 53.02; H, 1.79; F, 38.05%. Calculated for CllHSFSO
C, 53.2; H, 2.0; F, 38.3%]. I.r. spectrum No.7. Mass

spectrum No. 4,



(@) From 1,2-Dihydrohexafluorcnaphthalene (71)

The crude product was found to consist of one component,
apart from unreacted starting material and solvent, by
chromatograghic aralysis (column °'K°, 2c0°c) This was

identified as 6-methoxy-3,4,5,7,8=-pentafluoronaphthaiene by

comparison of its 19F n.m.r. spectrum with that in the liter-

aturel7o and by its mass spectrum (M+=248)°
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CHAPTER ELEVEN

EXPERIMENTAL FOR CHAPTER SIX =

SOME REACTICNS CF 2H-PENTAFLUCRCPROPENE

11.1 Preparation and Purification of Starting Materials

11.1.1 Substrates

(a) Pentafluoronitrobenzene (84)

Boron trifluoride was bubbled through a mixture of
sulpholan (40 ml.) and fuming nitric acid (95%, 15 ml.) at
0°Cc until a saturated solution was formed (ca. 90 mins.).
Pentafluorobenzene (89) (30.0 g., 0.17%9 mole) was added and
the mixture stirred at 60-70°C for 2 hrs. During this time
a homogeneous yellow-coloured solution was formed; this was
poured onto ice/water (eca. 500 ml.) and steam distilled.
The organic distillate was decanted and the aqueous layer
extracted with methylene chloride (2x30 ml.). The combined
extracts and organic layer were dried; removal of the methylene

chloride (Vigreux column) and fractional distillation of the

residue gave pentafluoronitrobenzene (84) (32.8 g., 86%), b.p.

191

114-114.5°C/142 mm Hg (lit. 158-161°C) .

(b) 2H-Pentafluoropropene

(1) 2,2,3,4,4,4-Hexafluorobutan=1=01

Hexafluoropropene (83) (49.3 g., 0.329%9 mole), de-
gassed AnalaR methanol (50.0 g., 1.56 mole) and benzoylperoxide
(1.60 g., 6.61 mmole) were charged into a steel autoclave
(165 ml. capacity) and heated at 100°C for 4% hrs. After
cooling, unreacted hexafluoropropene (83) (10.7 g., 71.3 mmoles)

was removed, leaving a liquid product. This was fractionated,
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giving 2,2,3,4,4,4-hexafluorcputan=-_=cl (46.4 g., 99%), &
182

colourless liquid, b.p. 113-114%C (lit. 114-115%c) .

(ii) Sodium 2,2,2,4,4,4-hexafluorchutancate

2,2,3,4,4,4~Hexaflucrcoutan-1=-01l {(40.0 g., ©.22 mole)
was added dropwise to a stirred solution of potassium di-

chromate (82.0 g., 0.279 mole) and concentrated sulphur acid

(175 g.) in water (125 ml.) at 8o°c. The reaction was stirred
for 4 hrs. and then allowed to cool. An orange coloured
organic layer separated, which was decanted. The aqueous

layer was ether extracted (8x100 ml.) and the combined ex-
tracts and organic layer dried. Removal of the ethexr and

fractional distillation of the product gave 2,2,3,4,4,4=hexa-

fluorobutanoic acid (34.5 g., 73%), b.p- 142-144°C (lito182

143-144OC)° The acid (34.5 g., 0.176 mole) was then added
to a solution of sodium hydroxide (7.05 g., 0.176 mole) in
water (125 ml.). Evaporation of the water left sodium-

2,2,3,4,4,4-hexafluorobutancate (38.4 g., 100%), dried on a

vacuum line.

(iii) 2H-Pentafluoropentene

Anhydrous sodium 2,2,3,4,4,4~-hexafluorobutanoate
(38.4 g., 0.176 mole) was deposited in a horizontal tubular
glass vessel and slowly pyrolised with a bunsen flame. Gaseous
products were first bubbled through a 20% sodium hydroxide
solution and then collected in two cold traps (—40°C), con-
nected in turn to a heavy white o0il bubbler. The crude product
(20.0 g.) was purified by trap-to-trap distillation and the
fraction boiling between -20° and -23°C was collected. The

product (17.0 g., 73%) was identified as 2H-pentafluoropropene,
182

b.p. -21°, by comparison of its i.r. spectrum with an

authentic sample. N.m.r. spectrum No.l4.
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(c) Hexafluoropropene (83) and Pentafluorcbenzene 89y

The commercial products were used as supplied.

11.1.2 Soivents and Reagents

Tetraglyme (supplied by I.C.I.) was purified by
stirring with sodium metal at 95°¢c for 3 hrs., followed by
fractional distillation under vacuum. The middie fraction
was collected over oven-dried molecular sieve (Type 4A) and

stored under dry nitrogen.

Sulpholan and acetonitrile were purified by
fractional vacuum distillation. The middle fractions were
collected over dried molecular sieve (Type 4A) and stored

under an atmosphere of dry nitrogen.

Potassium fluoride was dried by heating at ca.
180°C under high vacuum for several days and powdered in a
glove bag filled with dry nitrogen. If necessary, it was

reheated under vacuum and stored under a dry nitrogen atmosphere.

Caesium fluoride was flame-dried at high wvacuum

for 6 hrs. and then powdered and stored as described above.

11.2.1 Standard Procedure

The required quantities of dry casesium fluoride,
dry tetraglyme and substrate were rapidly introduced into a
baked r.b. flask, fitted with a gas-tap and variable volume
reservoir, against a flow of dry nitrogen. The apparatus was

cooled, evacuated and then filled with the requisite amount



of gaseous 2H-pentafluoropropenes to eguilibrate it to atwos-
pheric pressure. The mixture was vigorously stirred a& the
desired temperature and on completion of the reaction, Z.e.
collapse of the gas reservoir, the volatile product was vacuunm
transferred into a trap cooled by liguid air. The remaining
product was poured onto excess water, the organic layer de-
canted, washed and combined with ethereal extracts of the
remaining agueous layer. After careful removal of the ether
(Vigreux column), the crude products were combined and trans-

ferred under vacuum into a cold trap.

11.2.2 With Pentafluoronitrobenzene (84)

A typical experiment is described below, where all

yields quoted refer to consumed olefin:

Pentafluoronitrobenzene (84) (13.0 g., 61.0 mmoles),

dry caesium fluoride (14.14 g., 93.3 mmoles), dry tetraglyme

(20 ml.) and Z2H-pentafluoropropene (7.06 g., 53.4 mmoles) were
rapidly stirred at room temperature for 14 hrsnp'during which
time the gas reservoeoir collapsed. A volatile product (1.90 g.),
isolated by vacuum transfer, was sealed in an n.m.r. tube and
shown to consist mainly of unreacted 2H-pentafluoropropene

and 1,1,1,3,3,3-hexafluoropropane (87). This was not investig-
ated further. The remaining product (9.92 g.; total recovery
58%), a yellow ligquid, was analysed by g.l.c. (column 'O°f,

170°C and 240°C) and shown to contain a complex misture of
components. The product was separated into four main fract-~
ions, according to retention time, by preparative séale g.l.c.
(column '0°, lSOOC)° The fraction df shortest retention time

was further analysed (column ‘'A‘, 9OOC) and shown to consist



163

of one major and several minor components. Sepvaration by

preparative g.l.c. (column 'A°’, llOOC) gave pexrfluoro(2H-hexa-

fluoroisopropyl)benzene (85), a colourless liquid, (0.12 g.,

1.0%). N.m.r. spectrum Ne. 15. I.r. spectrum No. 8. Mass
spectrum No. 5, and an unresolved mixture of many components
(0.08g.) which was not investigated further. The second
fraction was further analysed (column °‘K’, lZOOC) and found

to consist of two main components. Separation by preparative
scale g.l.c. (column °'K’, 80°C) gave unreacted pentafluoro-=

nitrobenzene (84) (2.20 g., 17% recovery) and perfluoro-3-=

methyl-2,1-benzisoxazole (92) (1.43 g., 14.1%), a colourless

liquid, b.p. 162-164°C [Found: C, 36.96; F, 51.60%; N, 5.67%;

Caléulated for C8F7

violet spectrum: Amax 216nm (£=5900), 243nm (£=4800) and

9F and 13C) No.1l6. I.r.

NO; C, 37.06; F, 51.35; N, 5.41%]. Ultra-

286nm (€=1900) . N.m.r. spectra (l
spectrum No.9. Masé spectrum No. 6 . The third fraction
was found to contain one major component, purified by prepar-
ative g.l.c. {(column '0°, 180°¢) . This was identified as

perfluoro-l-nitro-4-(2H-hexafluoroisopropyl)benzene (90), a

pale yellow liquid, (2.73g., 20.2%), b.p. 193-194°C [Found:

C, 31.46; F, 55.36; N, 3.79%; calculated for C9F10HNO H

C, 31.30; F, 55.07; N, 4.06%]. N.m.r. spectrum No. 17,
I.r, spectrum Nc., 10. Mass spectrum NoO. 7. The fourth

(longest retention time) fraction was analysed as usual
{(column '0O7, 240°C) and shown to contain four components.
These were separated (column °‘0°, 190°C) and identified as

l-nitro-2-(2,2,2-trifluoroathyl) tetrafluorobenzene (%94), a

yellow ligquid, (0.09 g., 0.8%). N.m.r. spectrum No. 18.
I.r. spectrum No. 11. Mass spectrum No. 8. l-nitro-4-

(2,2,2-trifluoroethyl) tetrafluorobenzene (93), a pale yellow
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solid, (0.37 g., 3.4%), N.m.r. spectrum No.1l9,. I.r., spect-

rum No.12. Mass spectrum No. 9 , perfiuoro-2,4-diphenyl=-4-

methyl pent-2-ene (95), a yellow liguid (0.07g., 0.3%).

N.m.r. spectrum No.20. I.r. spectrum No.13. ass spectrum

No. 10, and perfluoro-1l,l-bis(phenyl)-ethane (26), a yellow
liguid, (0.05 g., 0.3%). N.m.xr. spectrum No.21. I.x,

spectrum No.1l4, Mass spectrum No., 11l.

11.2.3 With Pentafluoropyridine

Pentafluoropyridine (6.46 g., 38.2 mmoles), dry
caesium fluoride (6.88 g., 45.3 mmoles), dry tetraglyme (10 ml.)
and 2H-pentafluoropropene (2.78 g., 21.1 mmoles) were stirred
at room temperature for 16 hrs. after which time the reservoir
had collapsed. The crude product was poured into excess
water (100 ml.) and the fluorocarbon layer which separated
was decanted. The agueous layer was ether-extracted (3x40 ml.),
and the combined crude fluorocarbon and ethereal solutions
were dried. Careful removal of the ether (Vigreux column),
followed by vacuum transfer of the residue into a cold trap,
gave a colourless liquid (8.53 g.). This was shown by g.l.c.
(column 'K') to contain three components. Separation by
preparative g.l.c. (column °‘K’, 80°¢) gave pentafluoropyridine

(2.89 g., 44.8% recovery), perfluoro-4-(prop-2-enyl)pyridine

(100) , a colourless liquid, (2.31 g., 39% based on pentafluoro-=

192

pyridine consumed), b.p. 130-132°C (1lit. 131-133°%) .

N.m.r. spectra (l9F and 13C) No.22 and perfluoro-4-(2H-hexa-

fluoroisopropyl)pyridine (10l), a colourless liquid, (0.32g.,
192

5.0%), b.p. 131-133% (lit. 133-134°C). N.m.r. spectra

19

(T°F and l3C) No.23.
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1:1.3 Other Fluoride Ion-~Induced Reactions

ll 3.1 Reaction of Perfluoro-l-nitro—4-(2H-hexafluoro-
isopropyl) benzene (90) with Caesium Fluoride.

Perfluoro-l-nitroc-4-(2E-hexafluorocisopropyl) -
benzene (90} (4.6Cg., 13.3 mmoles), dry tetraglyme (2.5 mi.)
and dry caesium fluoride (8.0 g., 53.3 mmoles) were stirred
at 72°C for 14 hrs. under dr ry nitrogen and then poured onto
water (500 ml.). A brown-coloured organic layer separated
out and was decanted. The remaining aqueous solution was
ether extracted (4x50 ml.), the combined extracts and organic
layer dried (Mgso4) and the solvent carefully removed. The
residue was transferred under vacuum into a cold trap, giving
a pale yellow ligquid (1.%97g.). The product was shown to
consist of one major component and was purified by preparative
g.l.c. (column °‘K°‘, l20oC) giving perfluoro¥3=methy1=201=
benzisoxazole (92) (1.22 g., 38%), identified by its '°F n.m.r.

and i.r. spectra.

11.3.2 Reaction of Perfluoro-4-(prop-2-enyl)pyridine (100)
with Caesium Fluoride

(i) Perfluoro-4-(prop-2-enyl)pyridine (100) (0.1 g.,
0.36 mmoles) dry tetraglyme (1 ml.) and dry caesium fluoride
(0.1 g., 0.66 mmoles) were mixed in a baked n.m.r. tube under
a stream of dry nitrogen. An orange=coloured solution was
rapidly produced which was attributed to the formation of

19 13

the anion (102), characterised by its F and C n.m.r.

spectra (No.24) as discussed in Sections 6.6 and 6.6.1.

The same general technique as described above was
used to examine the reaction of (100) with caesium and pdt-

assium fluorides in sulpholan and in acetonitrile.
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(ii) Trapping of the Anion (102) with Bromine

Perfluoro-4-(prop-2-enyl)pyridine (100) (1.0 g.,
3.56 mmoles), dry tetraglyme (7 ml.) and dry caesium fluoride
(0.67 g., 4.47 mmoles) were rapidly stirred in a baked r.b.
flask under dry nitrogen. After 30 mins., bromine (0.83 g.,
5.19 mmoles) was added; a yellow precipitate formed immediately.
The reaction product was poured onto water (100 ml.) and an
orange lower layer was formed. This was decanted and the
aqueous layer ether extracted. The combined extracts and
fluorocarbon were dried; removal of the solvent left a liquid
residue shown by g.l.c. {(column 'K') to contain two components.
Separation by preparative scale g.l.c. gave unreacted perfluoro-
4- (prop-2-enyl)pyridine (100) (0.18 g., 18% fecovery) and

perfluoro-4- (2-bromohexafluoroisopropyl)pyridine (103), a

white solid, (0.57 g., 51%), m.p. 36-37°C [Found: C, 25.18;
N, 3.74; F, 50.36%; Calculated for C8BrFlON; C, 25.3; N, 3.68;
F, 50.0%]. N.m.r. spectrum No.25. I.r. spectrum No.1l5.

Mass spectrum No. 12.

(iii) Trapping of the Anion (102) with Iodine

Perfluoro-4-(prop-2-enyl)pyridine (100) (1.40 g.,
4.98 mmoles), dry tetraglyme (6 ml.) and dry caesium fluoride
{1.35 g., 8.88 mmoles}) were rapidiy stirred for 1 hr. as
before. Iodine, (1.35 g., 5.31 mmoles) was then added and the
mixture stirred for 2 hrs. The dark brown reaction product
was poured onto water (100 ml.) and worked up as described
above. A red-coloured liquid residue (1.32 g.) was produced,
shown by g.l.c. (column '0O') to consist of one major and two

minor components. These were separated by preparative g.l.c.

(column °'0°, l7OOC) and identified as perfluoro-4-(2H-hexa-
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fluoroisopropyl)pyridine (101) (0.72 g., 48%), perfluoro—4-

{2-hydroxyhexafluoroisopropyl)pyridine (106), a colourless

liguid (0.29 g., 18%). N.m.r. spectrum No.26. I.r.

spectrum No.16. Mass spectrum No. 13 and tetrafluoro-4-

(2,2,2-trifluoroethyl)pyridine (l07), a colourless liquid,

(0.12 g., 10%). N.m.r. spectrum No.27. I.r. spectrum No.1l7.

Mass spectrum No.l4 A trace amount of another product could

not be isolated pure but was identified as perfluoro-4-(lH-1-

iode-2,2,2-trifluoroethyl)pyridine (1l08) from its mass spect-

rum (M+=359).
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CHAPTER TWELVE

EXPERIMENTAL FOR CHAPTER SEVEN -

NEGATIVE HYPERCONJUGATION IN

SOME POLYFLUOROBENZENE DERIVATIVES

12,1 Preparation and Purification of Substrates

(a) Pentafluoro-(2,2,2-trifluorocethyl)benzene (117)

{i) Sodium hydride (5.44 g., 60% dispersion, 0.136 mole)
was added during 1 hr. to a stirred solution of diethyl
malonate (28.29 g., 0.177 mole) in dry DMF (100 ml.) in a
baked r.b. flask under dry nitrogen. After the evolution
of hydrogen had ceased, hexafluorobenzene (32.17 g., 0.178
mole) was added and the mixture refluxed for 5 hrs. The
product was cooled, poured onto excess water (500 ml.) and
extracted with methylene chloride (6x50 ml.). The combined

extracts were dried (MgSO and removal of the methylene

s)
chloride gave a red coloured residue which was transferred
under vacuum to a cold trap (42.59 g. recovery). Fractional
distillation of the product gave hexafluorobenzene (10.3 g.,

32% recovery), diethyl malonate (13.6 g., 48% recovery) and

pentafluorophenyl malonic ester, a viscous -o0il (13.4 g.,

48% based on consumed diethyl malonate), b.p. 80—810C/O,Olmm lig

) 233 o
(Lit. 1247C/0.5mm Hg) .

(ii) Pentafluorophenyl malonic ester (21.2 g., 65.0 mmoles)
was added to a solution of sodium hydroxide (40.0 g., 1.0 mole)
in water (100 ml.) and the mixture stirred under reflux for
35 mins. On cooling, the product was acidified (conc. HCI)

and extracted with methylene chloride (5x50 ml.). The ex-
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tracts were washed with dilute sodium carbonate, the aqueous
layer decanted and acidified (conc. HCl) and extracted with
diethyl ether (5x50 ml.). Removal of the solvent left a
white so0lid which was recrystallised from petroleum ether

(b.p. 40-600) giving pentafluorophenylacetic acid, (10.1 g.,
234

69%), m.p. 102-103°C (1lit. 103-105°¢) .

(iii) Pentafluorophenylacetic acid (11.81 g., 52.3 mmoles)
and sulphur tetrafluoride (22.8g., 0.211 mole) were charged
into a steel autoclave and heated at 170°C for 18 hrs. After
cooling and venting the gaseous products, a brown liquid
(11.90g.) remained. This was transferred under wvacuum,
giving a clear liquid (8.93 g.) shown to be a mixture of two
components by g.l.c. (column '07). The mixture was separated
by preparative g.l.c. (column '0O°', 190°C) and the components

identified as pentafluoro-(2,2,2-trifluorocethyl)benzene (1l1l7),

a colourless liquid, (8.90 g., 68%) b.p. 130-131°¢ (lit,221
126—1280C) previously reported but incomplete spectral data
given. N.m.r. spectrum No.28. I.r. spectrum No. 18. Mass

spectrum No.15 and l-ethoxy-4-(2,2,2-trifluoroethyl)tetra-

fluorcbenzene (119), a colourless liquid, (1.15 g., 8%), b.p.

190-191°c. [Found: C, 43.75; H, 2.23; F, 48.46%. Calcul-
ated for ClOH7F7O: C, 43.5; H, 2.5; F, 48.2%]. N.m.r.
speclrun No. 29. I.r. spectrum No.1l9. Mass spectrum No.1l6.

(b) Pentafluoro-(2H-hexafluoroisopropyl)benzene (85)

Prepared and purified as discussed in Sections 6.4 and
11.2.2. N.m.r. spectrum No.l1l5. I.r. spectrum No.8§.

Mass spectrum No. 5.
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(c) Perfluoro-t-butylbenzene (118)226

The sample used was prepared by a previous worxker in
this laboratory and was purified by preparative scale g.l.c.

before use {(column '0', l2OOC)o

(d) Pentafluorotoluene (116)

The commercial product was used as supplied.

12.2 Method of Rate Measurements

(a) Compounds (85), (117) and (118)

e

The reactions of these compounds with sodium methoxide
in methanol at 40.0°C were followed spectrophotometrically
(see Section 8.2(b) for general method). Comparison of the
u.v. spectra of the starting materials and respective pro-
ducts showed that the wavelengths 229nm (pentafluoro-(2,2,2-
trifluoroethyl)benzene (117) and pentafluoro - (2H-hexafluoro-
isopropyl) benzene (85)) and 234nm (perfluoro-t-butylbenzene
(118)) gave a large and easily measured range of optical
density throughout the reaction. Stock solutions of sodium
methoxide in methanol (5.84){10"2 moles K—l for reaction with
(85) and (118); 0.721 moles g7t for reaction with (117)) and
substrate in methanol (ca. 3,5x10_4 moles Q_l) were prepared.

First and second order rate constants were calculated as

described in Section 3.3.

The rate constant for the réaction of pentafluoro-(2,2,2-
trifluoroethyl)benzene (1l17) was determined at a relatively
high methoxide ion concentration in order that an accurate
infinity reading could be obtained. At methoxide ion con-

coentrations greater than 0.1 moles Q—l, the effective basicity
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of the solution increases and is governed by a Hammett

236
acidity function, Hmy defined as (Equation 12.1},

[MeO 1 } (12.1)

= L + —_—

Ay = Pyeon © 19910 L [MeCH]

Values of Hm solutions of sodium methoxide in methanol have
236

been reported and form an Hm acidity function scale.

Using this scale, the "effective" concentration of methoxide

ion in a given sodium methoxide solution may readily be

obtained (Eguation 12.),

. o . . , _ [MeO"}
Effective” methoxide ion concentration = TVe0H ]
(12.2)
= antilog (Hm - pKMeOH)
where pKMeOH = 16.92.

(b) Pentafluorotcluene (116)

The reaction of (116) with sodium methoxide at 40.0°%
was too slow to be measured spectrophotometrically; conseqg-
uently the titrimetric method was used. Stock sclutions
of sodium methoxide in methanol (ca. 2.6 moles 2—1) and sub-
strate in methanol (1.02 moles Z—l) were prepared. AnalaR
methanol (100 ml.) and stock sodium methoxide solution (5 ml.)
were pipetted into a stoppered conical flask and the concen-
tration of methoxide ion determined in the usual way by the
separate removal of two 5 ml. aliquots of solution. The
flask was then immersed in a water bath thermostatted at
40.0°C. The run was initiated by the addition of 5 ml.
substrate solution and monitored as usual by the periodic
removal of reaction mixture. Second order rate constants

were Lhen calculated as discussed in Scection 10.2.
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12.3 Othexr Kinetic Studies on Pentafluoro-=(2,2,2-trifluoro-
ethyl)benzene (117)

It was necessary to prove kinetically that (1l17) was
essentially unionised in its reaction with sodium methoxide.
It can readily be shown that the observed rate constant,

k , for a process such as Scheme 7.1 is obtained from

obs
(Equation 12.3),

k_ [MeO ]
kobs = 1 + kp[MeO~] (12.3)
where Xp [C6F5CHCF3]
[C6F5CH2CF3][MeO ]
There are two limiting cases. Firstly, if the substrate is

extensively deprotonated (Z.e. XKp is large) then Equation 12.3
reduces to kObs = k/Kp, so that the observed rate constant

is independent of methoxide ion concentration. Howeveyr, if
the substrate is essentially unionised, then Kp is small and
Equation 12.3 reduces to kobs = k{MeO ]. Consequently, the
extent of deprotonation of (117) may be gauged by examining

the dependence on methoxide ion concentration of the first-

order rate constant k .
obs

The rate constants for the reaction of (117) in this

~

was determined at 40.0 C ovver a range of

e 3 vl ae e T
ciCliial Sctudy

par
sodium methoxide concentration using the spectrophotometric
method. In very dilute concentrations of methoxide ion,
accurate infinity rcadings could not be made owlng to the
slowness of the veaction., In these cases, first-order rate

constants were determined by Guggenheim's method. This

technique requires the measurement of optical density at



reqular intervals so that the readings are separable into

two groups corresponding to the times

and

(t

+At) , t.+AL), (t3+At), ooooooooooo (ete.)

1 2

Accurate and reproducible values of kI were obtained only
if At was greater than at least two half-lives of the re-

action. The slope of a plot of 1n (0O.D. - OeDt) against

t+At
time gave the desired rate constant (—kI)° The experiment-

ally determined rate constants are shown in Table 12,1 and

are plotted in Graph 12.1.

TABLE 12.1 First-Order Rate Constants for the Reaction of
Pentafluoro-(2,2,2-trifluorocethyl)benzene with
Sodium Methoxide in Methanol at 40.0°C

' ¥EZSE§?dmoles 2_1 Hm ?igg?fiZTesﬂnli IOSkI, S-l
4.8 x 1077 — 4.8 x 1072 1.42

. 7.6 x 1072 —_ 7.6 x 1072 3.18

' 9.0 x 1072 | — 9.0 x 1072 3.45
 0.162 12.25 0.214 6.65

| 0.192 16.34 0.263 9.97

% 0.361 16.65 0.531 21.0

{ 0.495 16.79 0.741 29.7

As the observed first-order rate constants for the reaction
of (1l17) are linearly dependent (Graph 12.1, following) upon
methoxide ion concentration, it is apparent that pentafluoro-
(2,2,2-trifluoroethyl)benzene (117) is not extensively de-

protonated in these reactions.
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GRAPH 12.1 Effective Methoxide Ion Concentration vs. kI

for Pentafluoro-(2,2,2-trifluoroethyl)benzene

o J/////

T 201
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‘T_‘ L.
o
o
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12.4 Product Identifications

(a) From Pentafluoro-(2,2,2-trifluoroethyl)benzene (117)

~ - - f AY 4~ ) -
J (G.1 g.,

TN ot N A A A - TIPS BN R - AN
reinwariua LO=TL,4,47 L0 1L 1LUOQLOECLIIY L) DEllz€Ile (1L L

-
/

0.40 mmoles) and sodium methoxide/methanol solution (¢g. 1 ml.,
2.6 M) were mixed in an n.m.r. tube and set aside for 12 weeks
at room temperature. The 19F n.m.r. spectrum of the resulting
solution showed the presence of one CF3 group and two high-
field aromatic fluorine resonances in the ratio 2:2. This

18 consistent with the product being 4~mcthozx—1"(%!2!g:ﬁfi—
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fluoroethyl) tetrafluorobenzene. N.m.r. spectrum No.30.

(b) From Pentafluoro-(2H-hexafluoroisopropyl)benzene (85)

Sodium methoxide/methanol solution (0.75 M) was added
dropwise to a solution of pentafluoro-(2H-hexafluoroisopropyl)-
benzene (85) (0.08g., 0.25 mmoles) in methanol (0.5 ml.) in
an n.m.r. tube at room temperature. After ca. 90% reaction

of the substrate, the 19

F n.m.r. spectrum of the product
showed the presence of one other component apart from start- -
ing material. The product exhibited five aromatic fluorine
atoms which integrated in the ratio 2:1:2 (three separate
signals) indicating that, initially, methoxide ion did not
attack the aromatic nucleus. Two other fluorine resonances,
in the ratio of 2:2, were observed at low field and were
attributable to two deshielded CF2 groups . Thus in the ab-~-
sence of other data the initial product from the reaction of

pentafluoro(2H-hexafluoroisopropyl)benzene (85) with methoxide

ion was identified as 1,1,3,3-tetrafluoro-2-pentafluorophenyl-

2-methoxyprop—l-ene. N.m.r. spectrum No.31l.

(c) From Perfluoro-t-butylbenzene (118)

Sodium methoxide/methanol solution (0.75 M) was added
dropwise to a solution of perfluoro-t-butylbenzene (118) (0.1 g.,
0.26 mmoles) in methanol (0.5 ml.) in an n.m.r. tube at room
temperature until complete conversion of the substrate was
oObserved. The 19F n.m.r. spectrum of the product showed,
in addition to CF3 resonances {(nine fluorine atoms by inte-
gration), two upfield resonances attributable to four arom-

atic fluorine atoms in the ratio 2:2. Thus the product was

identified as 4-methoxyperfluoro-l-t-butylbenzene. N.m.r.

Sspectrum No.32.
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(d) From Pentaflucrotoluene (1.6)

Pentafliuorotoluene (0.30 g., 1.65 mmoles) and sodium
methoxide/methanol solution (1.5 ml., 2.6 M) were mixed in

; . - .. : c
an n.m.r. tube and set aside for eight weeks at about 80 C.

The l9F n.m.r. spectrum of the product showed one other com-

ponent in addition to unreacted starting material. This

was identified as 4-methoxy-l-methyltetrafluorobenzene by

comparison of its 19F n.m.r. spectrum with that given in

the literaturel7o for this compound.




APPENDIX ONE

N.M.R. Spectra

10.
11.
12.
13.
14.
15.
16.

17.

18.

19.

3-Cyanotetrafluoropyridine : (lgF)°

2-Amino-4-cyano-3,5,6-trifivorcpyridine : (“OF).

3-Amino-4-cyano-2,5,6-trifluoropyridine : (lgF)°

2-Aminoperfluoro-4-methylpyridine : (lgF)°

4-pmino-4-cyano=2,5,6-trifluoropyridine : (19F)°

6-Amino~-3-cyano—~2,4,5-trifluoropyridine (lgF)a
19

4-Amino-2-cyano-3,5,6-trifluoropyridine : (""F).

N,N°-(bis-4,4"-perfluoropyrimidino)hydrazine : (lgF)o

6-Amino-2,5-difluoropyrimidine : (10F).
6-Methoxy-2,5=-difluoropyrimidine : (19F)e
2,6=-Dihydrohexafluoronaphthalene : (lgF and lH)n
2-Methoxy-1,4,5,6,8-pentafluoronaphthalene : (19F and 1H)°
1-Methoxy-3,4,5,7,8-pentafluoronaphthalene : (19F and 1H)°
2H-Pentafluoropropene : (19F and lH)°

Pentafluoro- (2H-hexafluoroisopropyl)benzene : (lgF and lH)°
Perfluoro—3—methyl—2,l—bénzisoxazole g (19F and 13C)o

1-Nitro-4- (2H-hexafluoroisopropyl) tetrafluorobenzene

19

(T"F and lH)°

1-Nitro-2-(2,2,2-trifluoroethyl) tetrafluorobenzene

19

(1%F ana ).

1-Nitro-4-(2,2,2-trifluoroethyl) tetrafluorobenzene

19

(*%F and m).

19

Perfluoro-2,4-diphenyl-4-methylpent-2-ene : ( ’F).

19gy .

13

Perfluoro-1,i-bis(phenyl)ethane : (

Perfluoro-4-(prop=-2-enyl)pyridine : (7°C).

"
a

Tetrafluoro-4-(2li-hexafluoroisopropyl) pyridine : (13C)a
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24, Anion of Perflucro-4-(prop-2-enyl)pyridine : (“2F and lgc)o
25. Perfluoro-4- (2-bromochexafluoroisopropyl)pyridine : (lgF)c

3
26, Perfluoro=-4-(2=hydroxyhexafluoroisopropyl)pyridine : (“9F)°

27. Tetrafluorc—-4-(2,2,2=trifluoroethyl)pyridine s(*gF and “E) .
19

28. Pentafluoro-(2,2,2=trifluoroethyli)benzene : (""F and lH)°

29, 1-Ethoxy-4-(2,2,2-trifluoroethyl) tetrafiuorobvenzene :
(lgF and lH)°

30. 4—Methoxyml=(2¢202~trifluoroethyl)tetrafluorobenZene's
(19F),

31. 1,1,3,3-Tetrafluoro-2-pentafluorophenyl-3-methoxyprop-1-

19

ene ¢ (T7F).

32. 4~-Methoxyperfluoro=l-t=butylbenzene : (lgF)°

The following abbreviations are used in this appendix:
S, singlet; D, doublet; T, triplet; Q, gquartet; Sept., septet;

M, multiplet.

Unless otherwise stated, spectra were recorded at 40°¢

in CDCl3°

19 1

CFC1l TMS and TMS were used as references for P, "H

3?

l3C spectra respectively.

and

For lH spectra, downfield shifts are quoted as positive,
whilst for 19F spectra, upfield shifts are quoted as positive.

For l3C spectra, "downfield" shifts are quoted as positive,

where downfield is the direction of increasing the absolute

values.

13

Relative intensities quoted for C spectra are approxi=

mate values.



Shift Fine Structure

Relative Assignrent
(p.p.m.) Coupling Constant (Hz) Intensity
I
1. 3-Cyanotetrafluoropyridine, CN
o F
60.8 M 1 ¢ XN 2
72.8 M 1 6
106.5 M 1 4-
163.6 M 1 5
N
s 2z 3
2. 2-Amino-4-cyano-3,5,6-trifluoropyridine F
6
NH2
98.2 D(J=22.9Hz) of D(J=31l.6Hz) 1 6
137.9 D(J=10Hz) of D(J=31.6Hz) 1 5
154.4 D(J=10Hz) of D(J=22.9Hz) 1 3
CN
3. 3-Amino=4-cyano=2,5,6-trifluoropyridine P NHQ
A 2
86.0 D(J=11.7Hz) of D(J=30Hz) 1 6
109.2 D(J=11.7Hz) of D(J=19.7Hz) 1 2
143.4 D(J=19.7Hz) of D(J=30Hz) 1 5
a
‘ N
Z
4, 2-Aminoperfluoro-4-methylpyridine F
NH2
56.4 T (J = 22 Hz) 3 a
90.3 D (J = 26.6 Hz) of D (J = 31 Hz) 1 6
142.0 M 1 5
158.8 M 1 3
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Shift Fine Structure Relative Assicnment
(p.p-m.) Coupling Constant (Hz) Intensity -
5. 4-Amino-3-cyano-2,5,6-trifluoropyridine Mo
5/ CN
656.7 CD 1 2
88.5 B 1 6
169.8 DD 1 5

6. 6-Amino-3-cyano=2,4,5-trifluoropyridine

63.8 DD 1 2
122.8 DD 1 4
170.0 DD 1 5

NH2
s 7 3
7. 4-Amino-2—-cyano-3,5,6—-trifluoropyridine Fl
A N CN
90.1 D (J =19.5Hz) of D (J = 20,3 Hz) 1 6
137.4 D (J =10.5Hz) of D (J = 19.5 Hz) 1 3
154.0 D (J =10.5Hz) of D (J = 29.3 Hz) 1 5
8. N,N°=(bis—4,4 -perfluoropyrimidino)- . % F \)-NH-NH= / F\N
hydrazine ' — —_—

47.7 D (J=11Hz) of D (J = 24.4 Hz) 1 2;2'

84.9 D (J =11Hz) of D (J = 16.9 Hz) 1 6,6'
178.1 D (J =16.9 Hz) of D (J = 24.4 Hz) 1 5,5
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Shift Fine Structure Relative Ass: N
(p.p.m.) Coupling Constant (Hz) Intensity ~grmEn
8. 6-Anino—2,5-diflucropyrimidine, H
F |
NHZ\N)?—
52.6 D (J= 25.6 Hz) 1 2
160.3 D (J= 25.6 Hz) 1 5
10. 6-Methoxy-2,5-difluoropyrimidine, H
(solvent; CDC13/methanol) 5,27
F J“
MeC XN 2
49.6 D(J=27Hz) 1 2
159.3 D(J=27Hz) 1 5
11. 2,6-Dihydrohexafluoronaphthalene,
9F spectrum
116.8 D(J=62Hz) of M 2 1,5
136.3 M 2 3,7
149.3 D(J=62Hz) of M 2 4,8
1
H spectrum
7.2 M broad 2 2 and 6.
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Shift Fine Structure Relative

_{p.p.m.; Coupling Constant (Hz) Intensity Assigrment

12. 2—Methoxy71,4,5,6FB—Qentafluoro= 8

a 1
naphthalene, CH3O\%¢;\\Y/A§§VH

15 F ll F
F spectrum H’\\; = 6
118.1 M 1 8
119.7 M 1 4
139.9 M 1 6
146.6 D(J=68.3Hz) of M 1 1
150.5 D(J=58.6Hz) of M 1 5
lH sSpectrum
4.0 S 3 a
7.1 M broad 2 2 and 6

13. 1-Methoxy-3,4,5,7,8-pentafluoro~-
naphthalene,

lgF spectrum

117.2 M 1 5
137.8 M 1 7
138.8 M 1 3
146.1 M 1 8
156.4 D(J=68.3Hz) of M 1 4
1
H spectrum

3.9 S 3 a

7.1 M broad 2 2 and 6
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Shift Fine Structure Relative .
(p.p.m.) Coupling Constant (Hz) Intensity Assignment
14. 2H=-Pentafluoropropene, CF3 ¥
(neat) \\\\ ///
C==C
19 / AN
F spectrum H F
' CF
61.2 . 3 3
75.8 1 aorb
80.8 1 aorb

lH spectrum

3.7 M 1

15. Pentafluoro- (2H-hexafluoroisopropyl)benzene, .

lgF spectrum
64.4 D(J=8Hz) of D(J=18.8Hz) 6 b
134.7 M 1 6
140.9 D(J=19Hz) of M 1 2
149.2 M 1 4
159.9 M 2 3 and 5
1
H spectrum
4,55 Sept. (J=8Hz) 1 a
: CF
16. Perfluoro-3-methyl-2,l-benzisoxazole, y 3 3
5/ o~
19, \QE S
spectrum s\\7/1:<§
63.2 D(J3al4 = 11.7Hz) 3 3a
138.9 D(J=11.7Hz) of M 1 4
147.3 D(J=47Hz) of T (J=18.8Hz) 1 7
153.3 2
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Shift Fine Structure Relative

(p.p.m.) Coupling Constant (Hz) Intensity Assigrment
16. Perfluoro-3-methyl-2,l-benzisoxazole, (contd.)
Eigﬂgpect:um
149, Q (J=42.7Hz) 1 3
149.10 M 1 7a
143.8 D(J=261Hz) of T(J=12.8Hz) 1 5
13%.0 D(J=253.9Hz) of T(J=14.9Hz) 1 6
138.5 D(J=265.4Hz) of D(J=13.5Hz) 1 4
of D(J=3.7Hz)
132.9 D(J=258.3Hz) of D (J=14.6Hz) 1 7
of D (J=5.3Hz)
119.0 0 (J=272.2Hz) t 3a
105.2 D(J=19.1Hz) 1 4a
a
b
| H=C (CF3)2
17. 1=Nitro-4-(2H-hexafluoroisopropyl)tetra- 5 3
fluorobenzene,
6 j 2
lgF spectrum : at 40°%
NO2
64.3 6 b
131.3 1
137.1 1
145.2 2
: at 80°C (solvent; dg DMSO)
63.4 6 b
134.7 1
135.2 1
145.5 2

lH spectrum

4.75 Sept. (J=8Hz) 1 a



Shift Fine Structure Relative Assi ¢
(p-p-m.) Coupling Constant (Hz) Intensity Jrmen
2 b
18. 1-Nitro-2-(2,2,2=-trifluorocethyl)tetra- CH_CF.
fluorobenzene s 3
3@ Sy o
1¢ F o 2
F spectrum 5\ 6
5
65.8 3 b
136.2
145.0 1
147.9 1
149.1 1

lH spectrum

3.75 Q (J=9.2Hz) 2 a
a
CHZCFg
19. 1-Nitro-4-(2,2,2-trifluoroethyl)tetra-
fluorobenzene S 8
19 spectrum 6 2
65.9 3 NOy, b
137.7 2 2,6 or 3,5
146.6 2 3,5 or 2,6

1 :
“H_spectrum
3.63

Q (J=9.8Hz)
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Shift Fine Structure Relative

(p.p.m.) Coupling Constant (Hz) Intensity Assignrment
20. Perfluoro—z,4—diphenyl—4—methxlpent—iieﬁi,%Fgf ?b CF§
) — e—arx
— i a 7 5~
s s CFj F|
2R L
68.3 3 ‘e
71.7 1 b
71.9 6 a,a”
136.8 4 2,6 and 27,6°
147.4 2 4,47
159.4 4 3,5 and 37,57
b
3,2 (EF3 22 3~
21. Perfluoro-l,l-bis(phenyl)ethane, 4 — C @ 4o
. s =6 %a. 6~ 5
78.7 3 b
137.2 4 2,6 and 27, 6~
148.0 2 4,4"
157.2 1 | a
158.5 4 3,5 and 37,57
22, Perfluoro-=(prop-2-enyl)pyridine, b b~
CF a .CF
13 Mo 2
C spectrum u
5 3
157.4 D (J = 305 Hz) of D (J = 301 Hz) 1 & E;S |2bi
143.9 D (J = 230 Hz) of D (J = 16 Hz) 2 2,6
142.0 1 4
140.4 D (J = 266 Hz) of D (J = 30 Hz) 2 3,5
121.5 Q (J=281Hz) 1 b

46.6 M 1 a
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Shift Fine Structure Relative

(p.p.m.} Coupling Constant (Hz) Intensity Assignment

23. Tetrafluoro-4-(2H-hexafluoroisopropyl)

pyxidine,

13C spectrum (ﬂlCD3CN, external TMS)

143.8 D (J = 248 Hz) of M 2

141.2 D (J = 265 Hz) of M 2 3,5
121.8 Q (J = 281 Hz) 2 b
118.7 T (J = 16 Hz) 1 _ 4
45.4 Sept. (J = 32.6 Hz) 1 a

24. Anion of Perfluoro-4-(prop-2-enyl)pyridine,

lgF spectrum (in tetraglyme)
47.0 T (J = 17 Hz) 6
101.4 M 2 2,6
150.2 M 2 3,5
l3C spectrum (in tetraglyme, external TMS)
144.7 D (J = 232 Hz) of M 1 . 2,6
134.5 D (J = 249 Hz) of M 2 3,5
133.9 T (J = 16 Hz) 1 4
128.9 . Q (J=265Hz) 6 b
56.5 Sept. (J = 38.0 Hz) 1 9
25. Perfluoro-4-(2-bromohexafluoroisopropyl)- Br——-C==-—(CFg)2
pyridine, 5 //q 3
F
66.6 T (J = 20.1 Hz) 6 ° o
88.7 M 2 2,6

129.0 M 2 3,5



Shift Fine Structure Relative Ass: orment
(p.p.m.) Coupiing Constant (Hz) Intensity ~gnrEne
26. Perfluoro-4-(2-hydroxvhexafluoroiso= HO===C===-(CF3b_)2
propyl) pyridine
] PY L) RY ’ s
r |
75.5 T (J = 14.5 Ez) 6 XN b
79.0 M 2 2,6
136.3 M 2 3,5
27. Tetrafluoro-4-(2,2,2-trifluoroethyl)- CH?CF3b
pyridine,
5¢” N3
19F spectrum ' F [
P 6 X\~ 2
65.4 T (J =10 Hz) of M 3 b
89.9 M 2 2,6
143.3 M 2 3,5
1
H spectrum
3.66 Q (J = 10Hz) 2 a
28. Pentafluoro-(2,2,2-trifluoroethyl)benzene, CHzaCFg
2 6
l9F spectrum
3 5
66.7 T (J = 10 Hz) of M 3 » b
142.0 M 2 2,6
153.7 M 1 4
162.3 M 2 3,5

lH spectrum

3.55 Q (J = 1OHz) 2 a
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Shift Fine Structure Relative

(p.p.-m.) Coupling Constant (Hz) Intensity

Assignment

29, 1-Ethoxy-3-{(2,2,2-triflucroethyl)tetra-
fluorobenzene,

19F spectrum

66.5 : T (J = 10.4 Hz) of M 3
144.6 M 2
157.5 M 2

lH spectrum

1.0 T (J = 7Hz) 3
3.1 Q0 (J = 10.4Hz) 2
3.9 Q (J = THz) 2

30. 4-Methoxy-1-(2,2,2-trifluoroethyl)tetra-
filuorobenzene,

66.6 T (J = 10 Hz) of M 3
144.0 M 2
158¢4 M 2

31. 1,1,3,3-Tetrafluoro-2-pentafluorophenyl-
3-methoxyprop-l-ene,

139.0 M

t-
=

b
ocH CHy 4
3,5
b
c
a
CHZCF3
2
3 b
OCH 3,5
2,6
a b
CF2 = C — CFZOMe
2//; 6 .
ANGPE
o
a
b
2,0
4

3,5



o
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Shift Fine Structure Relative Assi e
(p-p.m.) Coupling Constant (Hz) Intensity signmen

——— e —e —— —— e e L s e e e

32. 4-Methoxyperfluoro-li-t-butylbenzene, C = (CF};)3
|

61.1 T (J = 25.8 Hz) 9 3
129.7 M 2

156.6 M 2 3,5
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APPENDIX TWO

I.R. Spectra

14.

15.

16.

17.

18.

19.

3—Cyanotetrafluéropyridine°

Ca. 76/24 mixture of 2-amino-4-cyanotriflucro-
pyridine and 3-amino-4-cyanotrifluoropyridine.

Ca. 66/34 mixture of 4-amino-3-cyanotrifluoro-
pyridine and 6-amino-3-cyanotrifluoropyridine.,
4-Amino-2~-cyanotrifluoropyridine

N,N -(bis-4,4 -perfluoropyrimidino)hydrazine.
2,6-Di-hydrohexafluoronaphthalene.

Ca. 75/25 mixture of 2-mcthoxy-1,4,5,6,8-pentafluoro-
naphthalene aﬁd l-methoxy-3,4,5,7,8-pentafluoro-
naphthalene.

Perfluoro- (2H-hexafluoroisopropyl)benzene.
Perfluoro-3-methyl-2,l-benzisoxazole.
l—Nitro—4—(2H—hexafluoroiso§ropyl)tetrafluorobenzene.
1-Nitro-2-(2,2,2-trifluoromethyl) tetrafluorobenzene.
1-Nitro-4-(2,2,2-trifluoroethyl) tetraflucrobenzene.
Perfluoro-2,4-diphenyl-4-methylpent-2-¢cne.
Perfluoro-1,1-bis(phenyl)cethane.
Perfluoro-4-(2-bromohexafluoroisopropyl)pyridine.
Perfluoro-4-(2-hydroxyhexafluoroisopropyl)pyridine.
Tetrafluoro-4-(2,2,2-trifluoroethyl) pyridine.
Pentafluoro-(2,2,;2-trifluoromethyl)benzene.

1-Ethoxy-4-(2,2,2-trifluorcethyl) tetrafluorobenzene.
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APPENDIX THREE

Mass Spectra

1

1

1

1

1

1

<

0.

1.

2.

3.

4.

5.

3-Cyanotetrafluoropyridine.

N, N"=(ois-4,4 " =perfluoropyrimidino)hydrazine.,
2,6-Dihydrohexaflucronaphthalene.

Ca. 75/25 Mixture of 2-methoxy-1,4,5,6,8-perfluoro-
naphthalene and l-methoxy-3,4,5,7,8-pentafluoroc-
naphthalene.

Pentafluoro- (2H-hexafluoroisopropyl)benzene.
Perfluoro-3-methyl-2,l1-benzisoxazole.
1-Nitro-4-(2H-hexafluoroisopropyl) tetrafluorobenzenc.
1-Nitro=-2-(2,2,2-trifluorocthyl) tetrafluorobenzene.
1-Nitro-4-(2,2,2-trifluoroethyl)tetrafluorobenzene.
Perfluoro-2,4-diphenyl-4-methyl pent-2-ene.
Perfluoro-1,1-bis(phenyl)ethane.
Pentafluoro—4—(2—bromohexafluproisopropyl)pyridine.
Tetrafluoro-4~(2-hydroxyhexafluoroisopropyl)pyridine.
Tetrafluoro-4-(2,2,2~-trifluorcethyl)pyridine.
Pentafluoro-(2,2,2-trifluorcethyl)benzenc,

1-Bthoxy-4-(2,2,2-trifluoroecthyl) tetrafluorobenvzenc.
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Pentafluoropyricine + Ammonia in 60/4C Dioxan/Water at 25.0°%

. ; _ -
Time (min.) Titre (ml.) 107k (1lmol 3 s 7)
e 7.50 -
30 7.08 6.83
74 6.54 6.73
150 5.82 6.79
182 5.58 6.81
271 5.04 6.74
360 4.60 6.79
480 4,19 6.81
- -2 -1
[NH. ] = 7.23 x 10 moles 1
3°0
) . =2 -1
[substratelo = 2.51 x 10 " moles 1
_ o . -4 -2 =1 .
k = (6,79 £ 0.03) x 10 I mol s (7 readings)
. -4 -1 -1 .
duplicate k = (6.81 = 0.04) x 10 I mel s (7 readings)
mean K = (6.80 = 0.03) x 10_4 1 mol_l sml
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4-Chlorotetrafluoropyridine + Ammonia in 6C/40 Dioxan/Waterat,ZSJfb

Time (mins.) Titre (ml.) 10° x (1 moi”t 57
C 32.33 -
1423 31.20 (2.44)
2872 30.00 3.02
4325 28.52 3.08
7177 : 26.37 3.14
8622 25.62 » 3.06
10059 24.67 3.14
11481 23.77 ' 3.14
12927 23.03 3.16
18685 20.50 3.14
[NH,] = (0.191 moles 1—1
3°0 : , -
[substrate]O = B8.48 x lO_2 moles l—l
_ -6 -1 -1 :
k = (3.12 £ 0.02) x 10 1 mol s (8 readings)

E

(3.12 * 0.02) x 10 ° 1 mol™* s™% (7 readings)

i

duplicate k

6 1 -1

mean k = (3.12 * 0.02) x 100 ° 1 mol ~ s



Ny
-~

4=Bromotetrafiuoropyridine + Ammonia in 60/40 Dioxan/Water at 25.0°C

Time (min.) Titre (ml.) 16° x (1 molm; sfl)
o 33,85 -
4624 30.24 2.78
5418 29.32 2.82
7043 28.32 2.78
10049 26.62 - 2.74
11225 26.00 2.74
15657 24.05 2.72
17233 23.38 2.74
21147 21.95 2,72
27010 19.98 | 2.78
[NH,], = 0.219 moles 171
[substrate] = 8.56 x 1072 moles 171
K = (2.76 ¢+ 0.01) x 10°° 1 mol™t s™% (9 readings)
6 1 -1

duplicate k (2.76 + 0.01) x 10 ° 1 mo1™t s™! (8 readings)

1 -1

6 1 mol = s

(2.76 + 0.01) x 10

mean k



4-Todotetrafluoropyridine * Ammronia in 6C/40 Dioxar/Water at 25.0°C

Time (mins.)

0]
4434
5842
7162
8790

10097
12904
14315

17805

[NH3]O
[substrate]o
k

duplicate k

mean k

Il

I

i

0.206 moles 1

Titre (ml.)

21.04
20.58
20.C5
18.70
19.42
18.98
18.60

17.88

1

7.64 x 1072 moles 1~

+

I+

0.04) x 10°°

0.03) x 107°

0.04) x 1070

1

P
A0 - W=l
107 k (1 mol

(8 readings)

(8 readings)



N
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4H-tetrafiuvoropyridine + Ammonia in 6G/40 Dioxan/Water a§u25if%

Time (mins.)

9741
21363
41610
6360

117200

[NH310
[substrate]O
k

duplicate k

mean k

1l

Titre (ml.)

38.2¢
37.88
37.46
36.55
35.7¢9

34.25

-

0,208 moles 1 *

7.49 x 1072 moles 17+

(1.22

(1.24

(1.22

+

I+

0.06) x 10~/ 1 mol

0.12) x 1677 1 mol

-1

-1

0.1) x 1077 1 mol t

107k (1 mol" s7H)

Sm
-1

S

-1

(5 readings)

{5 re=acdings)



4-Nitrotetrafluoropyridine + Ammoniz in 6C/4C Dioxan/Watex at 25.0°C

Time (mins.) Titre (mi.) 103k {1 mol ™ 574
o] 32,4¢ =
6.5 28.70 2.27
15 £5.15 2.24
24.5 22.00 2.18
32.5 20.52 2.21
43.5 18.51 2.23
56 16.60 2.23
90.5 14.15 2.21
105 13.32 2,16
o 9.38 -
[NH,] . = 0.210 moles 1 '
3°0
[substrate]o = 7.62 x 10=2 moles l“l
k = (2.22 # 0.03) x 107> 1 mol™" s™! (8 reacings)

(2.21 £ 0.05) x 10’3 1 mol_l sgl {6 readings)

duplicate k

0.04) x 102 1 mo1”t 71

(2.22

I+

mean k



)
)

Y
A
I

4-Cyanotetrafiuoropyricdine + Ammonia ir GO/QOIﬁcxamﬁkmereﬁ:ZSJff

Time (mins.) Titre (ml.) 10°% (1 mez™t s7h
C 12.57 -
65 1i.91 (2.62)
128 1i.42 (2.50)
191 11.07 2.2¢
313 10.25 2.24
371 9.98 2.33
418 9.80 2.25
471 9.62 2.21
576 9.C6 2.28
o 3.12 -
[NH3]O = 6.94 x 1052 moles l—l
[substrate]o = 2,62 % 10_2 moles l“l
kK = (2.27 £ 6.03) x 10°% 1 moi"* &1 (6 readings)

duplicate k {2.27 £ 0.03) x 10 4 1 mol ! s (6 readings)

mean k {(2.27 * 0.03) x 10—4 1 mol—1 S



Perfluoro-4-methy.pyriding + Ammoniz in GD/QODidmemeg'atZSJfk

Time (mins.) Titre (mi.} lOSk (1 molnlvsml)
C 12.95 -
32280 11.12 4,26
15CC 10.84 4,24
2679 9.68 4.27
3035 9.29 .24
3336 9.17 4,21
4129 8.60 £.29
£273 8.52 4,22
5823 7.68 £,22
. -2 -1
[NH3,O = 6,98 x 10 moles 1
T - =2 -1
[su]ostrateaO = 2.62 % 10 moles 1
kK = (4.23  0.02) x 10> 1 moi * s™* (8 readings)

14+

. . s e . =5 | - 1 . - .
duplicate k¥ = (4.21 C.C2) x 10 1 mo1i s {8 readings;

0.02) x 10_5 1 mol ~ s

"
Peane )
N
°
[
[\ ]
i+

mean k



2”4y6=Trichlorodifiuorggy;idine + Ammonia in &0/40 Dioxan/Water

at 25.09C

Time (mins.)

4371
11516
29030
34531
29123
45089
49348

5219C

65244

[NH,1,
[subétrate]O
k

duplicate k

mean k

i\

It

0.211

7.62 x

(3.69

(3.68

(3.68

moles 1

1072

+

I+

1+

Titre (ml

o)

€8}

2.43

32.C0

27.78

27.43

26 .88

1

moles 1_l

0.03) x 107/

0.04) x 1077

-

0.03) x 10 '

1 mol
1 mol

1 mol~

1

1

i

=

s

S

1

107 (1 mol ~ s

l\

2

-1

-1

-

-1

(10 readings)

( 6 readings)
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I
lonta:

3=Cyanctetrafiuorecpyridine + Ammonia in 60/40 Dioxan/Water at 25.07C

Time (secs.) 0.D. 167 k (s ™}
C 0233 =
30 0270 7.67
60 298 7.46
20 321 7.46
120 342 7.45
150 <356 7.67
180 2367 7.58
210 379 (7.93)
240 .383 7.45
o 413 -
=3 -1
[NH3}O = 3.19 x 10 moles 1
-3 -1 . ‘
kI = (7.53 * 0.06) x 10 s — (7 readings)
kyp = (2.36 + 0.02) 1 mol™t 1
. -3 -1 .
duplicate k. = (7.38 £ 0.04) x 10 s (7 readings)
-1 -1
mean k__.= {(2.33 + 0.02) 1 mol s

1



N
™)
wn

Lo - k3 n - 2 iy e N . - N .)
<-Cyanotetrafiucropyridine + Ammonia in 6C/.C Dliokan/Vater et 25.0°C

P |
ime (mins.) Titre (ml.} }st (1 mc 1 C

1

C 18.31 -
9 15.45 8.1k
23.5 12,18 8.26
37.5 11.30 8.5
42.8 10. 42 8.i2
48.1 9.84 8.1
59.8 8.55 8.16

6.29 x 10 ° moles 1 -

[NH3]O

B

2.62 x 1()—2 moles 1 *

[substrate}o

3

k = (8.17 + 0.05) x 10 ° 1 mol (6 reedings)

0.03} x 10_3 1 mol_‘1 s“l (5 readings)

1+

duplicate k

(8.20

0.04) x lOc’3 x 1 mol ~ s

(8.18

I+

mean k



i,2-Dicyanote

PR
SN

cC

at725°O

Time (mins.)

1o

18.5

32.5

41

54
6C

68.5

[substrate]O

duplicate k

mean k

..l,u.mv:)'—‘x ze

6.89 x 10772
2.50 x 10°°
(3.60 &+ 0.

(3.60 = O,

(3.60

I+

O.

TN e T ey e
LOHQDy nEvE]

12.87
11.z2

10.45

X

-84
9.36
8.90
8.58

8.17

3,43

moles Zi_m1

~1
moles 1

02) x 1677 1 mol ! 571t

-3 -1

02) x 10~ 1 mol ~ s

=3 -1 -1

02) x 10 1 mol ]

{8 readings)

(8 readings)



N3
\S]
~}

- . s oma A . . az O
S5E-triflucropyrimidine + Ammonia in 60/4C Dicxan/Water at 25.C°C

Time (ming.) C.D, TR (g )
0] 538 -
1 .269 2.87
2 598 2.92
3 618 Z2.33
4 <037 2.93
5 0552 2.30C
6 <663 2.82
7 -576 2.9C
8 . 684 Z.85
o - 734 =
- -2 -1
[NH,] = 1.15 x 1C moles 1
3°0
_ : -3 -1 -
k. = {(2.89, 0.03) x 10 s {8 rezdings)
. . - -~ 1 : -1 -1
Kip = (2.51 * 0.03) x 10 1l mol s
duplicate k. = (2.98 + 0.05) x 1073 &% (8 readings)
-1 1 -1

1 mol ~ s

4

mean kII= (2.56 + 0.04) x 10



6]

N

Time (mins.} O.D. iC7k (s 7}
o 526 -
2 572 2,05
4 512 3,52
6 540 3,08
8 657 3,11
10 670 3.12
12 578 3,07
14 683 | 3.05
15 688 3,33
o 698 -
NH 1, = 6.90 x 107> moles i 7*
kI = (3.11 = 0.24) x lOm3 s_l {8 zeadings)
k;p = (4.50 £ ©.04) x 107" 1 moi”" 77
duplicate ky = (3.09 + 0.04) x 107> s™* (7 readings)

mean kII= (4.49 + 0.04) x lO“1 1 mol_1 s_l



T

duplicate k

mean k

it

i

4.99 x 1073

(7.10

(1.42

(7.09

(1.42

1+

1+

Lum Methoxice ir Mszthanoli

LN
fOu
[£)))

Ib
N
N

(S
N
[@))

10

lO1

moles 1

-2

N}
¥

O
{\

)

1

1 (8 readings)

s = (6 readings)

1 mol * g7t



ZH-tetraf.uvorcpvridine <+ S

Time {sec.)

i

F

duplicate kI

mean kII

I

2 1
o.C 107k (s )
188
220 4,55
253 4,61
279 4.63
302 4.68
322 4.66
342 4,72
357 4,64
531 -
_.3 -
4,99 x 10 moles 1
(4.66 + 0.03) x 10°° s”% (7 readings)
(9.34 + C.03) x 10~ 1 mol * s *
(4.66 + C.02) x 1073 g7t (7 readings)
| - -
{(9.34 + 0.03) x 10 © 1 mol 1 s 1



3E~tetraflvcxepyriding - 50dium Metnoxlids ‘o Methandli st 25,

Time (sec.) 0.D. 103% (7
o “a3
40 204 2.93
80 1238 3.03
120 268 3.13
160 | 292 3.08
200 .315 3,10
240 .336 3.13
280 352 3.09
w 485 -

{Meoa}o = 4;99 x 10—3 moles l-l
k, = (3.10 + 0.02) x 1072 571 (7 readings)
kpp = (6.21 % 0.02) x 10 " 1 moi ~ st
duplicate k; = (3.12 * 0.01) x 1673 ¢! (6 readings)

mean kII = (6.23 + 0.02) x lO_l 1 mol_l sal

+
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Tetrafluorcpyrimidine -+ Scdium Methoxide in Methanoli at 25.0°C

Time (msec.) 0.D. (V)
0 3.40
20 4.30
30 4.90
40 5,40
50 5.60
60 5.80
w 6.00
k. = 38.15 s ! (6 readings)

39.97, 37.46, 37.40, 37.67, 36.97, 37.72,

duplicate kI

37,72 s~ L.
- _ -3 . -1
[{MeO ]O = 4.82 x 10 moles 1
1 -1 .
mean kI = (3.76 = 0.03) x 10 s (8 readings)

0.02) x 103 1 mol % 71

1+

mean kII= (7.80
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4H=trifluoropyrimidine + Sodium Methoxide in Methanol at 25.0°C

Time {(msec.) 0.D. (V)
o) 2.15

50 3.25

100 4.15

150 4.80

200 5.25

250 ; 5.65

300 5.90

350 6.15

© 6.80

k = 5.57 s™1 (7 readings)

duplicate kI 5.46, 5.51, 5.51, 5.45, 5.48, 5.44,

5.47 51
[MeO ], = 3.395 x 107> moles 171
mean k; = (5.47 £ 0.03) s™1 (8 readings)
mean kII= (1.61 + 0.02) x lO3 1 mol—l s—l
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SH=trifluoropyrimidine + Sodium Methoxide in Methanol at 25.0°C

Time (msec.) 0.D. (V)
20C 1.20

400 2.70

600 3.70

800 4.35

1000 4.75

1200 5.05

1400 5.25

© 5.70

k = 1.97 s—1 (7 readings)

1.98, 1.95, 2.01, 2.03, 1.99, 1.97, 2.02,

duplicate kI

1.98, 2.00 s T,
- _ 23 -1
[MeO ]O = 4,82 x 10 moles 1
mean kI = (2.00 = 0.02) s—l (10 readings)

mean kyy = (4.15 £ 0.02) x 102 1 mo1”t 71

4



N
[ o3}
[97]

Octafluoronaphthalene + Sodium Methoxide in Methanol at 25.0°¢C

1

3 _l = 4
k (1 mol s )

Time (mins.) Titre (ml.) 1C

0 7.32 -
10 5.94 5.94
20.5 4,90 4.47
30 4,14 4,49
39.5 3.57 4.43
54 2.85 4.44
69 2.30 4.42
80 1.98 4.42
o 0.0 -
, - -2 -1
{MeO ]O = 3.96 x 10 moles 1
..2 ..1
[substrate]o = 8.03 x 10 moles 1
-3 -1 -1 .
k = (4.46  0.,01) x 10 1 mol s (7 readings)
, -3 -1 =1 .
duplicate k = (4.46 + 0.01) x 10 1 mol s (7 readings)

1 -1

3 1 mol ~ s

+

(4.46 *+ 0.01) x 10

mean k



N
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2H-heptafluoronaphthalene + Sodium Methoxide in Methanol at 25.0°C

Time (mins.) Titre (ml.) 10°k (1 mol ~ s %)
0 7.25 -
14 6.63 1.37
22.5 6.28 1.39
33.5 5.84 1.42
42.5 5.60 1.36
55.5 5.20 1.36
65.5 4.90 1.37
75 4.63 1.3¢9
88 4.38 1.37
i 0.0 -
- _ _2 -1
[MeO ]O = 3.93 x 10 moles 1
' B : -2 -1
[substrate]o = 7.96 x 10 moles 1
_ =3 -1 =1 .
k = (0,38 £+ 0.01) x 10 1 mol s (8 readings)

(11.38 £ 0.01) x 107> 1 mol™ ' s™! (8 readings)

i

duplicate k

(1.38 + 0.01) x 107> 1 mol * s+

i

mean k
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1,2-Dihydrohexafivoronapnthaliene & Sodium Methoxide in

Methanol at 25.0°C

Time {(mins.)

1759
3019
4430
4803
5631

6164

[MeO™ ]
[substrate]o
k

duplicate k

mean k

1l

3.94 x 102

8.06 x 10 2

(4.55

(4.56

(4.55

Titre(ml.)

7.27

5.45

moles 1~
moles 1~
0.04)x 107°
0.03)x 10>

0.03) X 107°

1

1

1

1 mol ~ s © (7 readings)

1

1 mol ~ s ~ (7 readings)

1 mol—l s_l
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2,6-Dihydronexafiuoronachthalene + Sodium Methcxide in
Methanol at 25.0°C

Time (mins.) Titre (ml.) lO6k {1 molmlvsg%)
0 6.80 =
8826 6.05 3.85
15628 5.50 3.85
19916 5.14 3.99
25691 4.76 4,03
31477 4.45 3.91
41567 3.90 3.88
46328 3.78 3.99
50584 3.62 3.77
56308 3.30 3,89
o 0.0 -
- =2 -1
[MeO ]O = 3.26 x 10 moles 1
[substrate]o = 6°éO X 1052 moles lul
-6 -1 -1 ,
k = (3.91 £ 0.03) % 10 1 mol s (9 readings)
. -6 -1 =1 ,
duplicate k = (3.93 * 0.04) x 10 1 mol S (8 readings)

mean k = (3.92 + 0.03) x lO—6 1 molnl sﬂl

+



N)
(78]
0

Pentafluorotcluene + Sodium Methoxide in Methancl at 40C.0°C

. _ . o ;. LB -1 -1
Time (mins. ) titre (M.} 10K (1 moi S )
) 20.74 -
8497 20.20 1.11
15345 19.73 1.14
18342 19.60 1.08
24522 19.25 1.10
28480 18.9% 1.15
[Meog]o = 0.126 moles 1+
_ -2 -1
[substrate]O = 5,10 x 10 moles 1
_ -6 -1 -1 .
k = (1.12 £ 0.02) x 10 1 mol s (5 readings)
duplicate kX = (1.13 * 0.04) x lO'm6 1 molml s"1 (8 readings)
mean k = (1.12 + 0.03) x 107 ° gt

1 mol ~ s



[\8]
C&
O

Pentafluoro={(2,2,2-trifluorcethyl,benzene + Scdiwr Methoxide
in Methanol at 40.0°C

Time (mins.) 0.D. 10% (s7h
0 -514 -
10 .556 2.06
20 - 594 2.C9
30 627 2.09
40 «657 2.10
50 682 2,09
60 - 708 ' 2.14
70 - 780 2.15
80 - 748 2.15
o .877 -

0.361 moles l—l (meésured)

[MeO“]O =
[Meo;]O = 0.531 moles l—l (effective)
k;y = (2.11 % 0.02) x 10" ™% (8 readings)
kpp = (3.97 £ 0.02) x 10°° 1 mol™* st
4 -1

1+

duplicate k, (2.9 + 0.03) x 10°° s~ (8 readings)

0.02) x 10.4 1 mol—l s—l

i+

mean kII = (3.95



Y
‘>
|._.l

Perfiuoro-t-buty.benzene + Scodium Methoxids in Methancl at épnocc

Tire (sec.) 0.D. 10% (s™h
0 4310 -
3 454 (8.24)
6 492 8.52
9 519 8.55
12 539 8.41
15" ~ .555 8.35
- 613 =

- -

[Meo“]o = 2.92 x 10 % moles 1+
ky = (8.38 % 0.1) x 1072 s (4 readings)
kop = (2.90 + 0.1) 1 mo1”t g7t

(8,50 +# 0.12) x 10_2 s_1 (5 readings)

duplicate kI‘

0.1) 1 mol %t g7t

I+

mean kII | (2.91
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(A) RESEARCH COLILCCUTA, SEMINARS AND LECTURZS

1. Durham University Chemistry Department Colloguia.

1981

14 October Prof. E. Kluk (Katowice): “Chemoluminescence
and photo-oxidation®.

28 Octoberx Pr. R.J.H. Clark (U.C.L.}: "Resonance Raman
Spectroscopy”.

6 November Dr. W. Moddeman (Momsanto): "lHich enexgy

materials”.

18 November Prof. M.J. Perkins (Lcndon): "Spin-trapping and

and nitroxide radicals®.

25 November Dr. M, Baird {(Newcastle): "Intramolecular re-

actions of carbenes and carbenoids”.

2 December Dr. G. Beamson (Durham): "Photoelectron spectro-

scopy in a strong magnetic field”.

1982

20 January Dr. M.R. Bryce {University of Durham}, "Organic
metals”, |

27 January Dr. D.L.H. Williams (University of Durham),
"Nitrosation and nitrosoamines”.

3 February Dr. D. Parker (University.of Durham) , "Modern
methods of determining enantiomeric purity”.

10 Tebruary Dr. D. Pethrick (University of Strathciyde), “"Con-

formation of small and large molecules".

17 February Prof. D.T. Clark (University of Durham), "Plasma

Polymerization".

24 l'ebruary Prof. R.D. Chambers (University of Durham), "Recent

reactions of fluorinated internal olefins".
2 _March Dr, L. Field (University of Oxford), "Applications

of N.M.R. to biosynthetic studies on penicillin".



17 March

7 April

5 May

26 May

14 June

28 June

2 July

13 September

27 September

244

Sr. P. Zamfield {(I.C.I. Crrvanics Diwvision,,
“Computer aided design in synthetic organic
chemistry”.

Prof. R.J. Haines (University of Natal), "Cluster-
ing around Ruthenium, Iron and Rhodium®.

Dr. A. Pensak {DuPont, U.S.A.}, “Ccnputer aided
synthesis®.,

Dr. G. Tennant (University of Edinburgh), "Ex—
ploitation ©of the aromatic nitro-group in the
design of new heterocyclisation reactions®.

Dr. C.D. Garner (University of Manchester), “The
structure and function of Molybdenum centres in
enzymes"®.

Dr. A. Welch, (University of Edinburgh), "Conform-
ation patterns and distortion in carbametalidboranes”.
Prof. C.M.J. Stirling (University Colilege of Wales,
Bangor), " How much does strain.affect reactivity?”.
Prof. D.J. Burton (University of Iowa, U.S.A.),
"Some aspects of the chemistry of fluorinated
phosphonium salts and their phosphonates”.

Prof. H.F. Koch (Ithaca College, University of
Cornell, U.S.A.), "Proton transfer to and elimin-
ation reactions from localized and declocalized
carbanions®. |

Prof. R. Neidlein (University of Heidelberg, FRG),
"New aspects and results of bridged annulene
chemistry”.

Dr. W.K. Ford (Xerox Research Center, Webster, N.Y.)
"The dependence of the electron structure of

polymers on their molecular architecture™.



13 Octobex

14 Octoberx

28 October

3.5 November

24 November

2 December

8 December

1983

12 January

9 February

21 February

Dx
Lo

e
V/'\!OUO

Feast

{Uniwv
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i

- Sora ”~ Mo I emarn b
ersity 2% Durnhan, ,

to the synthesis of conjugated polyners®.

Prof. H. Suhr

"Preparative Chemistry

T e
Lide o

University”,

shaped Fe4 units implications for C-H bond

el
A

{Unive

Housecrort

rsity of Tubingen, FRG),
in Non-egullibrium plasmas™.

(Cxfcrd Hignh Scaccl/Notre Dama

"Bonding capabilities of butteriiy-

activ=

ation in hydrocarbon complexes”.

Prof. M.F. Lappert,

"Apprcaches to asymmetric synthesis an

using electron—rich olefins

metal complexes®.

F.R.S., Sussex) ,

e Lo e - gz
{Cniversity of

£

catalyses

[\

Dr. G. Bertrand (University of Toulocuse, France),

A route for hybridised species”.

Prof. G.G. Roberts (Apvlied Physics,
of Durhamj,

peclymerisation of di

Dr.

G.M., Broock {University of Durham),

*Langmui

-

University

r-Blodgett £ilms: Solid state
acety_.enes”.

"The fate

cf the ortho-fluorine in 3,3-sigmatropic reactions

involving polyfluoroaryl and -hetercaryl systems".

Dr. G. Wooley (Trent Polytechnic), "Bonds in

transition metal-cluster cocmpounds”.

Dr.

D.C.

Sherrington

(University of Strathclyde),

"Polymer-supported phase transfer catalysts”.

Dx.

P. Moore

(Univer

sity of Warwick), "Mechanistic

studies in solution by stopped flow ¥F.T.-N.M.R.

and high pressure NMR line broadening®.

Dr. R. Lynder-Bell (University of Cambridge”,

"Molecular motion in the cubic phase of NaCN".



2 March

8 March

9 March

11 March

16 Marxch

25 March

10 May

11 May

™
&
[5)]

r. D, Bloor (Queen Mazxy College, University of
London), “The solid-state chemistry of diacetylene
monomers and polymers”,

Prof. D.C. Bradley, F.R.S. (Queen Mary Ccllege,
University of London), "Recent developments in
organc-imido=transition metal chemistry”.

Dr. D.M.J. Lilley (University of Dundee), "DNA,
Sequence, Symmetry, Structure and supercooling®.
Prof. H.G. Viehe (University of Louvain, Belgium),

"Oxidations on Sulphur”, "Fluorine substitutions
in radicals".

[The W.K.R. Musgrave Lecture].

Dr. I. Gosney (University of Edinburgh), "New
extrustion reactions: Organic synthesis in & hot-tube"
Prof. F.G. Baglin (University of Nevada, U.S.A.),

"Interaction induced Raman spectroscopy in supra-
critical ethane”.

Prof. J. Passmore {(University of New Brunswick,U.S.A

"Novel selenium-iodine cationsg®.

Prof. P.H. Plesh (University of Keele), "Binary
ionisation equilibria between.two ions and two
molecules. What Ostwald never thought of".

Prof. K. Burger (Technical University of Munich,FRG)

“New reaction pathways from trifiuoromethyl—sub—
stituted heterodienes to partially fluorinated
heterocyclic compounds"”.

Dr. N. Isaacs (University of Reading), The Applic-
ation of high pressures to the theory and practice

of organic chemistry".



13 May

16 May

18 May

25 May

15 June

22 June

5 July

5 October

12 October

1% October

26 October

Dr. R. de Koch (Caloin College, Grand Rapids,

Michigan/Free Universitye Amsterdam) “Electronic
structural calculations in organometallic cobalt
cluster molecules. Implications for metal surfaces®.

Prof, R.J. Lagow {(University of Texas, U.S.A.),

"The chemistry of polylithium organic compounds.

An unusual class of matter®.

Dr. D.M. Adams (University of Leicester), "Spectro-=
scopy at very high pressures®.

Dr. J.M. Vernon (University of York), "New hetero-
cyclic chemistry involving lead tetraacetate”.

Dr. A. Pietrzykowski (Technical University of
Warsaw/University of Strathclude), “Synthesis,
structure and properties of Aluminoxanes"”.

Dr. D.W.H. Rankin (University of Edinburgh),

Floppy molecules = the influence of phase on
structure”.

Prof. J. Miller (University of Camfinas, Brazil),
"Reactivity in nucleophilic substitution reactions®.
Prof. J.P. Maier (University of Basel, Switzerland),
"Recent approaches to spectroscopic chiaracteriz-
ation of cations".

Dr. C.W. McLeland (University of Port Elizabeth,

2l

et r ia)
SASTIXaLl )

7 Y l
the intermediacy of alkoxy radicals and aryl
radical cations".

Dr. N.W. Alcock (University of Warwick), "Aryl
tellurium (IV) compounds, patterns of primary and
secondary bonding".

Dr. R.H. Friend (Cavendish Laboratory, University

of Cambridge), "Electronic properties of conjugated

polymrs®.,



30 Novemher

14 December

1984

10 January

18 January

8 February

15 February

7 March

21 March

23 March

2 April

3 April

Prcf, I. Ccwie {(University of Stirling),
interpretation of non-relaxation processes in
rolymer glasses”.

Prof. R.J. Donovar (University of Edirburgh),

“Chemical and physical processes involving the

ion~pair states of the halogen molecules”.

Prof. R. Hester (University of York), “Nanosecond
laser spectroscopy of reaction intermediates”.
Prof. R.K. Harris (University of East Anglia},
Multi-nuclear solid state magnetic resonance”.
Dr. B.T. Heaton (University of Kent), "Multi-
nuclear n.m.r. studies®.

Dr. R.M. Paton (University cf Edinburgh), "Hetero-
cyclic syntheses using nitrile sulphides”.

Dr. R.T. Walker (University of Birmingham),
"Synthesis and biological properties of some 5-
substituted uracil derivatives; yet another exam-
ple of serendipity in antiviral chemotherapy”.

Dr. P. Sherwood (University of Newcastle), "X-ray
photoelectron spectroscopic studies of electrode
and other surfaces”.

(Informal colloquium) Dr. A.Céulemans (Catholic
University of Leuven), "The Development of Fleld-
Type Models of the Bonding in Molecular Clusters".

Professor K. 0O°'Driscoll (University of Waterloo),

"Chain Ending Reactions in Free Radical Polymerisation

Professor C.H. Rochester (University of Dundee),
"Infrared Studies of Adsorption at the Solid-

Ligquid Interface"”.

“Moleculzazr
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25 April Dr. R.M. Acheson (LCepartment of Blochemistry,
University of Oxford), "Some Heterocyclic
Detective Stories”.

27 April Dr. T. Albright (University of Hous%on), "Sigma=-
tropic Rearrangements in Organcmetallic Chemistry™.

14 May Professor W.R. Dolbiex, Jr., (University of Florida),
"Cycloaddition Reactions of Fluorinated Allenes”.

16 May Dr. P.J. Garratt (University College, London),
“Syntheées with Dilithiated Vicinal Diesters and

- Carboximides”.

31 May Dr. A. Haaland (University of Oslo), "Electron
Diffraction Studies of socme Organometallic Compounds”.

11 June Dr. G.B. Street (I.B.M. San José}, "Conducting

Polymers derived from Pyrroles”.

2. DURHAM UNIVERSITY CHEMICAL SOCIETY LECTURES
1981
22 October Dr. P.J. Corish (Dunlecp): "“What would life be

like without rubber™.

29 October Miss J.M. Cronyn (Durham): "Chemistry in
Archaeology”.
12 November Prof. A.I. Scott (Edinburgh): "An organic

chemist's view of life through the n.m.r. tube”,

19 November Prof. B.L. Shaw (Leeds): "“Big rings and metal-

carbon bond formation".

3 December Dr. W.O. Ord (Northumbria Water Authority): "The

r6le of the scientist in a regional water authority".

1982

28 January Prof. I. Fells (University of Newcastle upon Tyne),

"Balancing the Energy Equations".
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18 February

25 February

4 March

14 October

28 October

4 November

11 November

25 November
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27 January

3 _February

10 February

17 February

e C.W. Turner (University oFf CxIoxd), "Photo-

o
electrcns in a Strong Magnetic Field™.

Prof. R.K. Harris (University of East Anglia),
"N.m.r, in the 198Cs”.
Prcf. R.C.C. Norman, F.R.S. {(University cf York),
"Turning Pcints and Chalilenges for the Crganic
Chemist®.

Dr. R. Whyman (I.C.I. Ltd., Runcorn), "Making
Metal Clusters Work".

Mr. F. Shenton (County Analyst, Durham), "There
is death in the pot".
Prof. M.F. Lappert, F.R.S. {(University of Sussex),
"The Chemistry of Some Unusual Subvalient Compounds
of the Main Group IV and V Elements”.

Dr. D.H. Williams (University of Cambridge),
Studies on the Structures and Mcdes of Action

of Antibiotics”.
(I.C.I. Ltd.),

Dr. J. Cramp "Lasers in Industry”.

Dr. D.H. Richards, P.E.R.M.E. (Ministry of Defence),
"Terminally Functional Pclymers, their Synthesis
and Uses".

Prof. D.W.A. Sharp (University of Glasgow), "Some
Redox Reactions in Fluorine Chemistry"”.

Dr. R. Manning (Department of Zoology, University
of Durham), "Molecular Mechanisms of Hormone Action"
ir Geoffrey Allen, F.R.S. (Unilever Ltd.),

"U.K. Research Ltd.".

{R.S.C. Centenary Lecturel]l, Prof. A.G. MacDiarmid,

(University of Pennsylvania),"Mctallic Covalent

Polymer:: (:;N);.; and (CH) o and their derivatives™.



20 October

3 November

1C November

24 November

1 December

1984

26 January

2 February

16 February

23 February

+

1 March

oo

March

@

Frof. A.C.T. North (University cf Leeds), “The

Use cf a Computer Displiay System in Studying Mcle-=
cular Structures and Interactions”.

Prof. R.B. Cundall (University of Salfoxrd),
"Explosives®.

Dr. G. Richards (University of Oxford}, "Guantum
pharmacology”.

Dr. J. Harrison (Sterling Organic), "Applied
Chemistry and the Pharmaceutical Industry”.
Prof. D.A. Xing (University of Liverpool),
"Chemistry in two dimensions”.

Dr. J.D. Coyle (The Open University), “The

problem with sunshine”.

Prof. T.L. Blundell (Birkbeck College, London),
"Biological recognition: Interactions of macro-
molecular surfaces”.
Prof. N.B.H. Jonathan (University of Southampton),
"Photoelectron spectroscopy - a radical approach”.
Prof. D. Phillips (The Royal Institution), "Lumin-
escence and photochemistry - a light entertainmentP.
Prof. F.G.A. Stone, F.R.S. (University of Bristol),
"The use of carbene and carbyne groups to synthesise
metal clusters”.

[The Waddington Memorial Lecture].

Prof. A.J. Leadbetter (Rutherford Appleton Labs.),
"Liquid Crystals".

Prof. D. Chapman (Royal Frce Hospital School of
Medicine, University of London), "Phospholipids and

biomembranes: basic structure and future technigues”
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Prof. H. Schmidbaur {Technical University cf
Munich, FRG), "Ylides in coordinaticn sphere of

metals: synthetic, structural and theoretical

(B) RESEARCH CONFERENCES ATTENDED

Graduate Symposium, Durham, April 1S82.

Graduate Symposium, Durham, April 1583.

17th Sheffield Symposium on “Modern Aspects of Stereochemistry®,
Sheffield, 21 December 1983.

Graduate Symposium, Durham, April 1984.
A paper was presented by the author entitled "Zffect
of Fluorine in Nucleophilic Substitution®.

International Symposium on "Chemistry of Carbanions”,

University of Durham, 16-20 July 1984.

(C) POSTGRADUATE -INDUCTION COURSE

In each part of the course, the uses and limitations of

the various services available were explained.

Departmental Organisation - Dr. E.J.F. Ross.
Electrical appliances and infrared spectroscopy - Mr. R.N. Brown.
Chromatograpvhy — Mr. J.A. Parkinson.
Microanalysis - Mr. T.F. Holmes and Mrs. M. Cocks.

tomic absorption spectrometry and inorganic analysis - Mr.R. Coult.
Mass spectroscopy - Dr., M. Jones.
N.m.r., spectroscopy - Dr. R.S. Matthews.
Glassblowing techniques - Mr. R. Hart and Mr. G. Haswell.

Safety matters - Dr. M.R. Crampton.
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