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Abstract

Perfluoro-4-isopropylpyridine (1) has been shown to undergo nucleophilic substitution

reactions with wide range of nucleophiles and was thus demonsirated to behave as a
powerful regioselective electrophile in most cases.

CH(CF3)q CF(CFJ), CF(CF3),
X 1 eq. PhMgBr N 2 eq PhMgBr

| F ) = _ | F
N N

m

This work has enabled a series of highly fluorinated macrocyclic compounds to be
synthesised based on highly fluorinated pyridine derivatives.

CF(CFq),

CF(CF3),
CF(CFa)s X N
| Fe Step 2 | .
N Step 1 ‘ N X X N Y
ll\f/ TN X:I = E N ]
F

HX  XH IF\ HY YH X | S Y
\J P \J P

CF(CF3), CF(CF3),
X = NMe, O

Polyfluoroalkylation and nucleophilic substitution in tetrafluoropyrimidine and

tetrafluorophthalonitrile give highly fluorinated products that react readily with
nucleophiles.

FaCo
CF(CFy), 3 CF,
CN
SN ‘ FoC
| F ;
(F3C)oFC™ N ' CN
Perfluoroalklyated pyrimidine derivative Perfluoroalklyated phthaloriitrile derivalive

v
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Chapter I Introduction.

1) General Introduction to Organoflucrine Chemistry.

Compounds containing carbon bonds to fluorine are extremely rare in nature with only a
few examples known and, consequently, organofluorine compounds are almost entirely
man-made. This is surprising because fluoride is widespread and has been estimated to be
the thirteenth most abundant element within the Earth’s crust.! Sources of fluorine
include mineral deposits such as, fluorspar CaF,, cryolite NaAlF, and phosphate rocks,
e.g. fluoropatite CaFCa,(PO,),.

The principle source of fluorine for fluorocarbon compounds in industry is
anhydrous hydrogen fluoride? 3, obtained by distillation from a mixture of fluorspar and
concentrated sulfuric acid. Synthesis of organofluorine compounds can then be achieved
using a range of techniques including: direct fluorination using elemental fluorine,
electrochemical fluorination and reactions with a variety of metal fluorides, of which the
most important are those using HF and SbFs.4

Fluorine can impart unique properties into organic systems, arising from the

nature of fluorine and its bonds to carbon; several properties are listed below:

1) Fluorine forms the strongest single bond to carbon (485 kJmol')> and enhanced
thermal stability to organic compounds is often observed, for example,
tetrafluoromethane only undergoes decomposition at temperatures in excess of 2000
°Cl6

2) Fluorine is the most electronegative element,’. 8 therefore, carbon-fluorine bonds are

more polarised and ionic in character than other carbon-halogen bonds.

3) Fluorine is the halogen with a Van der Waals radius closest to that of hydrogen (F,
1.47 A; C1, 1.75 A; H, 1.20 A),% 10 therefore, multiple substitution of hydrogen by

fluorine is possible without a major disruption to the geometry of a system.

4) Fluorine possesses three tightly bound, non-bonding electron pairs, which results in
weak intermolecular interactions between perfluorinated systems, increased
volatilities and much lower cohesive energies compared to their hydrocarbon

counterparts.!!




1.1) Applications of Fluorocarbon Compounds.

The unique properties of fluorocarbon compounds, such as enhanced chemical and

thermal stability, low surface energies and surface properties and have been utilised for

numerous industrial applications!?, and some examples are displayed in table 1.

Table 1

Application

Example

Refrigerants

Inert fluids and heat transfer liquids

Anaesthetics

Polymers

Fluorinated membranes

CF,CH,F

CF,

000

CF,CHBrCl Fluothane™
CHCIFCF,OCHF, Enflurane™
PTFE -(CF,CF,),-
PVDF -(CH,CF,), -

‘Nafion’
50,04  SO,0H Fluorocarbon
Backbone
'Flemion’
COOH COOH

Introduction of fluorocarbon groups into drugs can impart enhanced biological activities

on a range of systems and numerous commercial products are available!3, several

examples are shown.

NHCOCH(CHa)y

NO,

Futamide
Treatment for prostate cancer

o N

Prozac or Fluoxetine
Anit-depressant

NPry
NO,

CF,

Trifluralin
Weed-control in maize

O

| NH
N/&O
H

5-fluoro-uracil
Treatment for breast cancer

F



2) Chemistry of Highly Fluorinated Alkenes.

In this thesis we present the chemistry of some highly fluorinated aromatic and
heteroaromatic compounds bearing relatively large perfluoroalkyl groups, which are
derived from highly fluorinated aromatic compounds and fluorinated alkenes. Therefore,
it is worthwhile discussing some of the aspects that govern the chemistry of fluorinated
alkenes. It is a useful starting point as many topics that are important later, such as
carbanion stability in fluorocarbon systems, are discussed.

2.1) Introduction.

Highly fluorinated alkenes are electron deficient species and are consequently susceptible
to nucleophilic attack.!* There is therefore, essentially, a ‘mirror-image’ relationship
between the chemistry of alkenes and that of highly fluorinated alkenes, in that the
former can undergo electrophilic reactions with H' to produce carbocations and the latter

can undergo nucleophilic reactions with F to produce carbanions.

CH,
H* + H2C=< —_— (CH3)3C+
CH,

CF, _
F +  FC :< —_— (CF3)sC
CF;

The regio-chemistry of nucleophilic attack on fluorinated alkenes can be attributed to
several factors, including, inductive effects and carbanion stability in fluorinated systems,
which will now be discussed.



2.2) Factors Affecting Nucleophilic Attack.

2.2.1) Inductive Effect.

As already mentioned, fluorinated alkenes are susceptible to nucleophilic attack and this
can be attributed to the inductive effect of fluorine in a carbon-fluorine bond.!5 This gives
rise to a significant ion-dipole interaction that contributes greatly to the increased
reactivity of alkenes bearing fluorine substitutents over that of chlorine, because the
inductive effect of fluorine is far greater than that of chlorine.!6

E F
A 1 -
T >=cxv S Nuc-C-CXY
F

Nuc F

=g——> E_ >> =C —ClI
2.2.2) Stability of Fluorinated Carbanions.
The stability of the carbanion intermediates is significant in determining the reactivity
and regioselectivity of nucleophilic attack in fluorinated alkenes and factors influencing
carbanion stability in fluorocarbon systems will now be considered.

Fluorine attached to a carbon atom adjacent to the carbanion site is highly

carbanion stabilising due to Io electron-withdrawing effects.17. 18

C-C—=F
Highly Stabilising
However, for a fluorine atom attached directly to the carbanion centre there are two
opposing effects to consider, Io and electron pair repulsion In, the resultant of these
effects is dependent on the geometry of the system.
It has been established that the In repulsion effect is greater for a planar sp2
hybridised carbanion than if the carbon is tetrahedral.

sp> hydbridised system sp? hydbridised system
Stabilising Destabilising 4



Consequently, for sp>-hybridised systems the In destabilising effect dominates over the
Io stabilising effect and is overall destabilising, whereas, for sp>-hybridised systems the
Io effect dominates and is overall stabilising.

Understanding the effects which govern carbanion stability can be used to explain
the reactivity series of the fluorinated alkenes shown below;

F,C=CF, > F,C=CFCF; > F,C=C(CFy),

y=

Increasing Reactivity

In each case nucleophilic attack occurs at the diflnoromethylene site, producing the

following carbanion intermediates;

Nuc—CF,—CF, > Nuc—CF,—~CFCF; > Nuc—CF,—C(CF),

Lot

Increasing Stability

This series thus demonstrates the greater carbanion stabilising effect for a fluorocarbon
group than for fluorine itself, because, there is an increase in carbanion stability when a
fluorine atom is replaced by a fluorocarbon group at the carbanion centre.

However, in 1950, Roberts suggested an additional carbanion stabilising effect
involving the concept of negative-hyperconjugation, or non-bond resonance in

fluorocarbon systems. !9, 20

AYRE

FACR/~CR, <—= F  R,CZCR,

Although there is notable evidence suggesting that this phenomenon occurs, there is no
real explanation of how significant it is in relation to kinetic data for reactions of such
systems,2! and therefore, negative hyperconjugation is still the subject of debate.

We now have a series of ground-rules regarding carbanion stability in
fluorocarbon systems and this information will be referred to later, when we discuss the
chemistry of highly fluorinated heteroaromatic compounds. At present they provide a
useful tool in understanding the chemistry of fluorinated alkenes and a particularly good
example to illustrate this chemistry is the reaction of hexafluoropropene with fluoride

1on, which will now be considered.



2.3) Reactions of Fluorinated Alkenes.

In general fluorinated alkenes undergo nucleophilic attack by range of nucleophiles and
this has led to a series of addition, elimination and rearrangement reactions. The reactions
of fluorinated alkenes with fluoride ion are especially relevant to this work. For example,
hexaftuoropropene (HFP) reacts with fluoride ion to generate a carbanion, and this
carbanion can then react as a nucleophile with another molecule of HFP to give a kinetic
and a thermodynamic product.

F F,C=CFCF R FsC, FC~CF
~ 2 3 _ I 3 3
_/\>=CFCF3 —_— (CFS)QC:\‘>=CFCF3 —_— m
F F F FC F OF3
FsC,  CF,CF4 NS F R CFs
>_._..< (— < F >—<
FsC F FsC S F (FsC),FC  F
FisC F
Thermodynamic Product Kinetic Product

Reaction of the kinetic product with additional fluoride ion results in conversion to the
thermodynamic isomer; this is a fluoride-ion-induced rearrangement and several good
examples highlight the diverse nature of this chemistry.22-24

Thus we can see that fluorocarbanions derived from fluoroalkenes can behave as
nucleophiles and several reactions have been documented.25 Perhaps the most interesting
aspect of this chemistry are the so-called negative Friedel-Crafts reactions, involving the
reactions of fluorinated alkenes and highly fluorinated aromatic compounds. However, an
understanding of highly fluorinated aromatic compounds is necessary before we consider
negative Friedel-Crafts reactions. Therefore, we turn our attention to the chemistry of
fluorinated heteroaromatic compounds, looking at the synthesis of such compounds, the
mechanistic aspects of their reactions and indeed a further examination of their

chemistry, including that of negative Friedel-Crafts reactions.



3) Chemistry of Highly Fluorinated Heteroaromatic Compounds.

3.1) Synthesis.

Although many different routes to highly fluorinated aromatic systems are known?26-28,
perhaps the most practical method involves the nucleophilic displacement of chlorine by

fluorine, using alkali metal fluorides.

KE + ArCl ———= ArF + KCl

The reactivity of the alkali metal fluorides decreases in the series CsF > KF >> NaF (i.e.
as the lattice energy increases) and because the nucleophilicity of fluorine decreases
substantially on solvation, dipolar aprotic solvents are often required. The use of crown-
ethers with potassium fluoride has been documented to overcome solubility difficulties
and increase the reactivity of fluoride, producing so-called ‘naked-fluoride-ion’.29-31

The reaction of pentachloropyridine with potassium fluoride in sulfolane produces

a mixture of two fluorinated products.32

X 190-210°C O © N
I Cl/ +  KF > || F + | F
N Sulfolane “ “

N N

Major Minor
However, further fluorination under these conditions is limited by the thermal stability of
the solvent. One way of overcoming this problem is to eliminate the solvent from the
reaction, and autoclaves have been used to achieve this at high temperatures. For
example, Chambers and co-workers have developed an efficient route to
pentafluoropyridine using potassium fluoride and pentachloropyridine, in the absence of
solvent at 480 °C.32,33

o CI
N 480 °C BN N
lcr] + kF > @ N (Fj/
P > —~
N Autoclave N N

(68%) (7%)

Numerous highly fluorinated heteroaromatic compounds have been made in a similar

manner and for a table of reagents and conditions the reader is directed to the literature.34



3.2) Nucleophilic Aromatic Substitution Reactions in Highly Fluorinated Aromatic
Compounds.

Highly fluorinated aromatic compounds generally undergo nucleophilic substitution
reactions, and it is a reasonable assumption that displacement of fluoride from a highly
fluorinated aromatic system proceeds via a two-step mechanism.35 In this mechanism the
nucleophilic species is bonded to the aromatic system before fluoride is displaced and it
is the first step which is rate-limiting.

F Nuc
F. Nuc
- F K. -
(R ——m fti': — 2 ) ¢
_ )
N/ k.4 N

An example of nucleophilic aromatic substitution in pentafluoropyridine
showing the two-step process via the transition state.

The fact that fluoride is the most reactive of all the halogens in such reactions suggests
that the rate-limiting step involves little C-F bond breaking.3¢

Kinetic data for substitution reactions in various fluoroaromatic compounds have
concluded that ortho- and meta- fluorines are both activating with respect to hydrogen,
whereas a para- fluorine is slightly deactivating to nucleophilic attack. The electron
distribution at the transition-state can help explain the observed substitution patterns in
highly fluorinated aromatic species and we shall consider the effect of each fluorine in
turn, ortho-, meta- and para- to the site of attack.37-40

We have already discussed some of the factors that influence carbanion stability
in fluorocarbon compounds and we stated that a fluorine atom directly attached to a

planer sp>-hybridised carbanion centre is slightly destabilising with respect to hydrogen.

F. Nuc m
F\‘ : %% a

F._. .
Nuc \

In replusion dominates



In the case of a fluorine atom para- to the site of attack, delocalisation of charge would
be destabilising at this site. The same effect would be expected for the ortho- fluorines,
however, it has been suggested that the activating effect of ortho- fluorine atoms is due to
a large polar influence that is strongly activating in the initial state and is the dominant

influence at this site.

Activating effect by ortho- fluorine
Enhances the electrohpilic character o
the C-F bond under attack

There is evidence to support this view because; the influence of ortho- relative to meta-
fluorines increases with the reactivity of the system (see below). _

The activating influence of a meta- fluorine is easier to explain, in that the charge
is delocalised adjacent to the carbon fluorine bond at the meta- site and is therefore

strongly stabilising.

F. Nuc

C-C—=F

Highly Stabilising

Activating effect by meta- fluorine

Therefore, it is correct to say that, nucleophilic attack in highly fluorinated aromatic
compounds occurs so as to minimise the number of para- fluorine atoms and thus
maximise the number of activating ortho- and meta- fluorine atoms.

Although both meta- and ortho- fluorines are activating, the extent to which each
contributes is dependent on the system. For example, in hexafluorobenzene the meta-
fluorines are more activating than the ortho- fluorines, whereas in the more reactive
pentafluoropyridine system the ortho- fluorines are more activating. This is further
evidence for the activating effect of the ortho- fluorine atoms in the initial state. For a
more reactive system the transition-state will more closely resemble the starting
materials, thus the inductive effect of the ortho- fluorines at an earlier transition-state is

more significantly activating than the meta- fluorines. However, in the less reactive



system the transition-state is more product-like and the meta- fluorines are found to be

more activating.

3.3) Pentafluoropyridine.
As mentioned above, pentafluoropyridine is a more reactive system than
hexafluorobenzene, due to the activating effect of ring nitrogen. Indeed the dominating
effect of nitrogen is highlighted by the enormous reactivity increases along the series of
perfluorinated derivatives of benzene, pyridine, pyrimidine and triazine.34

In the case of pentafluoropyridine, nitrogen would be expected to direct
substitution ortho- and para-, however, it 1s found that nucleophilic substitution is, with
few exceptions, exclusive to the 4-position, that is, para- to nitrogen. This has been
explained by the powerful electron-withdrawing effects of the fluorines ortho- to the site
of attack and a comparison of the positions of attack in 2,4,6-trifluoropyridine and
pentafluoropyridine provides evidence that the ortho- fluorines form an additional

orienting effect.41-43

F
H AN H R
» | F
F7ONTF N
4: 789
52: 2202:; (4 100%))

Positions of substitution by aqueous NH;

Another effect of the ring fluorine atoms in pentafluoropyridine, is their influence on base
strength. The electron-withdrawing effects of the two fluorines ortho- to nitrogen render
pentafluoropyridine almost entirely non-basic, and salts are only formed with extremely

powerful acids.44

A SbFg/ HF / SO, | N
| F/ = F/
N+

H  sbFy

The reactions of pentafluoropyridine with a range of oxygen, carbon, nitrogen and sulfur-
centred nucleophiles has been reviewed4> and such reactions are important in this work.
However, we shall first consider the introduction of a perfluoroalkyl group into
pentafluoropyridine using HFP, as this leads to the synthesis of perfluoro-4-
isoproplypyridine, which provides the starting point in this study. We will examine the

10



aspects and practicalities of this reaction before looking at some further nucleophilic

substitution reactions.

3.4) Perfluoroalkylation.
A reaction between pentafluoropyridine and a fluorocarbanion generated from the
reaction of fluoride ion with HFP gives rise to mono-, di-, and tri-substituted products.46

£ R
N KF X R N
@ + =CFCF, > @ + [IF + \fFj\
N F Sulfolane N N/ R N/ Re
RF=CF(CF3)2

Polysubstitution raises some interesting issues:
1) After two polyfluoroalkyl groups are present they can direct the position of
further substitution. This is because the highly electron-withdrawing
perfluoroalkyl groups at the 4- and 6-positions in (2) can stabilise the carbanion
intermediate in the transition-state (2a) and this effect dominates over the

influence of ring nitrogen in this situation.

Re Re_ Re
- Re I8 Rr
~ Rf F - | ~
| F_ —_— s \_) 8 — [ F_
N Ry N Re N R
) (2a)
Re = (CF3),CF

ii) Some of the reactions are reversible and can undergo fluoride-ion-induced
rearrangements.

1i1) Substitution at the most activated site can lead to steric crowding, giving a
product that is not the most thermodynamically stable isomer. There is therefore,

competition between kinetic and thermodynamic products.

11



These factors are all exemplified by the substitution of a third perfluoroalkyl group into

the pentafluoropyridine derivative shown below.

Re Re Re
RF -
X - X F >
| F + (CFy)CF ———» || F | F
~ ~ 7
N™ "Rg N™ Rg R N™ "Rg
Kinetic Thermodynamic

Rg = CF(CF3),
In the kinetic product, substitution is directed by the two highly activating perfluoroalkyl
groups, however, this leads to a sterically demanding product. Fluoride-ion-induced
rearrangement of the kinetic isomer highlights the reversible nature of the reaction and

leads to the most thermodynamically stable 2,4,6-trisubstituted product.4?

3.4.1) Nucleophilic Substitution Reactions in Perfluoro-4-isopropylpyridine.
Until recently, the chemistry of perfluoro-4-isopropylpyridine (1) has been largely
unexplored, however, several reactions have been reported.

Banks has reported the synthesis of azide derivatives of (1).48

CF(CF3), CF(CF5), CF(CF3),
o~ NaN X N
| F/ 2 B | F + l F
- -
N N3 N Nis N7 "N,
(1) (40%) (25%)

Also, Chambers and Haszeldine have independently shown that (1) reacts with methoxide

ion to give mono- and di-substituted products.49: 50

CF(CF,), CF(CF3), CF(CF3),
N NaOMe 1 eq. | F\ NaOMe 2 eq. SN
MeO N N MeQO N OMe
1
(80%) M (76%)

Temperature dependant conformational isomers of (1) have been observed by F NMR

techniques.30

12




Chapter IT Nucleophilic Aromatic Substitution in Perfluoro-4-
isopropylpyridine.

1) Introduction.

In this chapter we will explore the chemistry of perfluoro-4-isopropylpyridine (1).
Previous work with perfluoro-4-isopropylpyridine (1) has been severally limited by the
difficulty in isolating (1) from the reaction media. Sources of fluoride ion for the
perfluoroalkylation reactions used are alkali metal fluorides, such as potassium fluoride,
but, isolation of the products from the dipolar aprotic solvents required for such reactions,
results in low overall yields.46 However, improved methodology (see below) has since
been developed which negates the need for a solvent and has provided an excellent route
to perfluoroalkylated heteroaromatic compounds, allowing scale-up of the reaction. This
methodology has allowed Chambers and co-workers to fully explore the chemistry of
perfluoro-4-isopropylpyridine for the first time.

More recently in these laboratories, Hoskin3! has investigated the chemistry of (1)
through a series of nucleophilic aromatic substitution reactions. This work was
fundamental in demonstrating that (1) behaves as a powerful electrophile and
nucleophilic substitution could readily be achieved at the 2- and 6-positions with a wide
range of reagents, such as alkoxide ions.

Expanding on this work, in preliminary studies, Hoskin was able to produce a

highly fluorinated macrocyclic compound based on (1).

E.g.
CF(CF,), CF(CF3),
CF(CF \ -
(CF3), | F | F
~ i) N~ O i) 0~ °N” "0
F —_—
| z N o] [o N o:I
N | AN I F\
£ P
1
M CF(CF3;), CF(CF3),

i) CsF / TMSOCH,CH,OTMS / Monoglyme

We aimed to carry out reactions of (1) using a series of nucleophilic aromatic substitution
reactions and examine such aspects as: position of substitution by a nucleophile, the
directing effects of additional substituents and the robustness of the perfluoroalkyl group.

13



For example, the perfluoroalkyl group has a significant effect on the reactivity and
regiochemistry in (1), and in principle could be a leaving group in some reactions. Also
we wish to investigate the further reactivity of (1) by producing highly substituted
pyridine systems.

Whereas previous work has focused on reactions of (1) with oxygen nucleophiles
to give mono- and di-substituted derivatives, our approach was to expand on this work
and examine some tri-alkoxy substituted compounds before looking at a series of both
carbon and nitrogen-centred nucleophiles. Reactions of (1) with alkoxide ions to give tri-
substituted products are examined first, before a series of sp’, sp® and sp-hybridised
carbon-centred nucleophiles are discussed. The chapter concludes with an investigation

of the reactions of (1) with nitrogen-centred nucleophiles.

2) Synthesis of Perfluoro-4-isopropylpyridine.
Using tetrakis(dimethylamino)ethene (TDAE) as a catalyst, Chambers and co-workers
have developed an effective route to perfluoroalkylated heteroaromatics in the absence of
solvent.52

TDAE is a good nucleophile and reacts with highly fluorinated alkenes to produce
fluoride salts. Under anhydrous reaction conditions, TDAE reacts with HFP producing an
‘in situ’ source of fluoride ion, which can react with more HFP to give the nucleophilic
fluorocarbanion, (CF;)ZCF_.

R
'
Me,N  NMe, E Me,N * -
— + >:CFCF3 —_ Y=CFCF, + F
Me,N NMe, F E
TDAE
F
F + >=CFCF3 (CF3),CF
F

This carbanion can then be trapped using pentafluoropyridine, and by careful control of
the stoichometry of reagents, perfluoro-4-isopropylpyrdine (1) can be produced in
excellent yields. Isolation of products is made simple by distillation from the reaction
mixture, therefore, perfluoro-4-isopropylpyridine was made on a large-scale (200 g) in
good yield, and this provided the main feedstock of (1) for this study.

14



Charge stabilised by perfluoroalkyl group

CF(CF,), CF(CF3),

X TDAE X X
| F_| + F,C=CFCF, = lF |l + |F,
N Autocalve /60 °C /16 h. N N~ "CF(CFy),
(1) (2)
(60%) (15%)

Both (1) and (2) are colourless liquids (bp, 129 and 139 °C, respectively) and were
obtained directly from the crude reaction mixture by careful distillation at atmospheric
pressure. Physical and spectral data for (1) is available in the literature6. 47, 50, 52,
however, a particularly important feature in (1) is the rotation of the perfluoroisopropyl
group, which clearly affects the '°F NMR spectrum. (1) demonstrates very broad signals
for the 2,6- and 3,5-fluorine atoms in the ring, caused by rotation of the
perfluoroisopropyl group at room temperature, which is relatively ‘slow’ on the NMR

time-scale.

3) Reactions of (1) with Oxygen Nucleophiles.

3.1) Sodium Methoxide and -Phenoxide.

In principle, attack by a nucleophile in (1) could occur at either the 2-position, ortho- to
nitrogen, or at the 3-position, adjacent to the perfluoroalkyl group. In both of these
positions of attack, the carbanion intermediates in the transition-state have groups which
could stabilise a negative charge.

CF(CF3), CF(CF3), CF(CF,),
Nuc S - - - -
= Nuc AN Nuc 8 )
— - - | F = FJ o
) Q ® Z
N F N Nuc N F
Attack at 3-position Attack at 2-position

However, for the reactions of (1) with a series of alkoxide ions, substitution of fluorine
by alkoxide was consistently observed at the 2- and 6-positions to give mono- and di-
substituted products. However, no further substitution was observed at the 3- and 5-

positions.
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CF(CF3), CF(CF,), CF(CF3),

N NaOR X X
|lF | ——— | F + | F
~ ~
N’ RO” N RO” N TOR

(1)

Our approach was to react (1) with an excess of alkoxide in order to probe the further

reactivity of the system.
A reaction between (1) and an excess of sodium methoxide/phenoxide gave the

tri-substituted products (3) and (4) respectively.

CF(CF3), CF(CF3), CF(CF3;),
F B OPh i N i) MeO
P - | F|] ———— | P
PhO N~ "OPh N MeO N~ OMe
4) (1) (3)
(27%) (75%)

i) NaOPh /THF /70 °C /72 h.
i) NaOMe / MeOH /70 °C /72 h.

Introduction of a third alkoxy group is confirmed by '’F NMR spectroscopy and
demonstrates the relatively high activating effects of the ortho- perfluoroalkyl group and
the fluorine meta- to the site of attack, which dominate over the destabilising influence of
an alkoxy group para- to the site of attack.

The presence of a ring substituent adjacent to the perfluoroisopropyl group has a
considerable effect on the free rotation of this sterically demanding substituent. As
mentioned above, rotation of the perfluoroisopropyl group in (1) gives rise to broad
signals for the 2,6- and 3,5-fluorines. However, in (3) and (4), the introduction of a group
at the 3-position significantly hinders rotation of the perfluoroisopropyl group and
separate conformations are observed by '°’F NMR spectroscopy. Two, conformations can

be envisaged.
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(*Jer 94.0 Hz)

(d, -177.5 ppm)
FsC, ]
FoC . _F (s, -182.0 ppm) F
(S, -146.3 ppm)F SN OMe (d, 1497 ppm)F
® I
MeO N OMe MeO

(3) (3)
Conformation A Conformation B

(*Jer 98.5 Hz)
(d, -174.5 ppm)

F3C’—,_ F(s,-178.3 ppm) F r‘CFS
FaC ~CFs
(s, -136.2 ppm)F_A_-OPh (d, -138.7 ppm)F X O
B )
PhO” ~N”~OPh PhO” ~N” > OPh

4)

Conformation A Conformation B

Figures in parentheses denote multiplicity and chemical shift in the'®F NMR spectrum

Conformation A, in both (3) and (4) shows the tertiary fluorine of the perfluoroisopropyl
group to be distant from the 5-fluorine of the ring, and all of these fluorine atoms are
observed as singlets in the '’F NMR spectrum. In the '’F NMR spectrum of conformation
B, the 5-fluorine of the ring is shifted to lower frequency, whereas the tertiary fluorine of
the isopropyl group is shifted to higher frequency relative to the corresponding signals in
conformation A. Conformation B allows the tertiary fluorine of the perfluoroisopropyl
group and the 5-fluorine of the aromatic ring to be in a conformation that gives rise to a
large through-space coupling (~95 Hz) between these two atoms which is observed in
both (3) and (4). This coupling constant of is a similar magnitude to that proposed in by
Tiddy in similar compounds.50

3.2) Calculation of Activation Barriers to Rotation.

As each conformation of the same compound has a significantly different '’F NMR
spectrum it was possible to further investigate the nature of rotation of the
perfluoroisopropyl group. In the next section we describe how 'F NMR spin-saturation-
transfer experiments were used to calculate the activation energy of the barrier to rotation

of the perfluoroisopropyl group in (1), (3) and (4).
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Spin-saturation-transfer is a technique in which physical properties of a molecule can be
investigated by NMR spectroscopy. If a molecule contains an exchanging pair of atoms,
which give two different signals in the NMR spectrum, then the rate of exchange between
those atoms can be determined. For example, compound (3) has two possible
conformations, A and B, for the tertiary fluorine atom of the perfluoroisopropyl group,
and each corresponds to a different resonance in the F NMR spectrum. However,
because rotation of the perfluoroisopropyl group allows exchange between the two
conformations, the two signals are said to be in mutual exchange, that is they are an
exchangeable pair. In the case of (3) exchange is governed by rotation of the
perfluoroisopropyl group and one rotation results in exchange between the signal
corresponding to the tertiary fluorine in conformer A and the signal corresponding to the
tertiary fluorine in conformer B.

Spin-saturation-transfer is carried out by irradiating one of the two signals of an
exchangeable pair with a saturating radio frequency so as to eliminate the signal from the
NMR spectrum. However, because this signal was in mutual exchange with the partner
atom, some of the saturating radio frequency is transferred, and this signal is also
diminished. The extent to which it is diminished is dependent on the rate of exchange
between the mutual pair; in the case of (3) and (4) this is exactly proportional to the rate
of rotation of the perfluoroisopropyl group.

Spin-saturation transfer experiments were performed according to the literature>3
on compounds (1), (3) and (4). Irradiation of the signal corresponding to the tertiary
fluorine atom of the perfluoroisopropyl group of conformer A resulted in a partial loss of
intensity for the signal corresponding to conformer B. The experiment was repeated over
a temperature range (-50 to +22 °C) and the percentage loss of signal recorded in each
case. Rotation of the perfluoroisopropyl group was assumed to be first order and the
equation below was used to calculate the rate constant for rotation of the

perfluoroisopropyl group at each temperature.

k = rate constant s

T = temperature K
Mp, = intensity of signal before irradiation

M,, = intensity of signal after irradiation
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A plot of I,k vs. 1/T gave a straight-line graph of gradient -EA/R, where Ea is the

activation energy of the barrier to rotation of the perfluoroisopropyl group and R is the

gas constant. The results for compounds (1), (4) and (3) are detailed below.

1) Perfluoro-4-isopropylpyridine

Ex=35.7 kimol

Temp / K % lLoss on Saturation k/s! 1/T (x10'3) In k
236 65 1.95 4.24 0.67
233 52 1.31 4.29 0.27
228 39 0.78 4.39 -0.25
224 28 0.54 4.46 -0.62

Plot of In k vs. 1/T for Compound (1)
0.8 1
0.6 1
0.4 -
0.2 A X
~  0.00415 0.0042 0.00425 0.0043 0.00435 0.0044 0.00445 0.0045 0.00455
-0.2 A
0.4 A
y = -4390x + 19.114
0.6 1
08 4
1T
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(4) 3-fluore-2,5,6-triphenoxy-4-[1,2,2,2-tetrafluore-1-
(trifluoromethyl)ethyl]pyridine.

Ea_= 81.0 kJmol

Temp/K % Loss on Saturation k/s? 1/T (x107%) In k
295 99 31.2 3.39 344
267 59 0.98 3.74 -0.20
263 43 0.54 3.81 -0.62
257 38 0.47 3.89 -0.76

Plot of In k vs. 1/T for Compound (4)

4 -
35

3 4
2.5

2 o

= 15

1
0.5 4 y =-9737.3x + 36.442

O T T T T T il
O%OE 33 0.0034 0.0035 0.0036 0.0037 v\%S 0.0039

4

1T
(3) 3-fluoro-2,5,6-trimethoxy-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]pyridine.
E4 =100.6 kJmol’

Temp / K % Loss on Saturation k/s? 1T (x107) In k
267 52 0.55 3.75 -0.60
264 38 0.35 3.79 -1.04
261 23 0.19 3.84 -1.65

257 13 0.10 3.89 -2.29




Plot of In k vs. 1/T for Compound (3)
0 . — T r T : . )
0.00874  0.00376  0.00378  0.0038  0.00382 0.00384 000386  0.00388  0.0039
05 4
-1
o
£
15 4
-2 4
y = -12104x + 44.811
25 4
1T

Therefore, in each case the activation to the barrier to rotation of the perfluoroisopropyl
group was calculated using Arrhenius parameters, giving values of 35.7, 81.0 and 100.6
kJmol™ for compounds (1), (4) and (3) respectively.

Thus compound (1) has the lowest activation energy for the barrier to rotation of
the perfluoroisopropyl group, demonstrating the far lower steric requirement of a fluorine
atom than of either phenoxy or methoxy at the same position. The higher barrier to
rotation observed for (3) over (4) might be explained by considering the effects of
rotation about the carbon-oxygen bond in both compounds. Whereas in (3) a rotation of
the methyl group at the 5-position does not alter the steric requirement of this group, the
same rotation in compound (4) results in the phenyl group being in one of two
conformations. For conformation (4a) the phenyl group has a significant interaction with
the perfluoroisopropyl group, however, in conformation (4b) the phenyl group is
orthogonal to the pyridine ring and a low steric interaction can be envisaged, allowing the

“perfluoroisopropyl group to rotate more freely than in (4a).

F N (0]
P
PhO N OPh
4 (4)
Conformation 4a Conformation 4b
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In this section we have described the first synthesis of tri-alkoxy derivatives of (1)
demonstrating the further reactivity of (1) to nucleophilic substitution. These derivatives
have been used in the calculation of the activation energy for the barrier to rotation of the

perfluoroisopropyl group.

4) Reactions of (1) with Carbon-Centred Nucleophiles.

Pentafluoropyridine has been shown to react with a range of carbon-centred nucleophiles,
but, there are no such reported reactions involving (1) with carbon-centred nucleophiles.
Carbon-centred nucleophiles can have different hybridisation at nucleophilic carbon and
therefore, our approach was to investigate the reactions of (1) with a series of sp’, sp® and
sp-hybridised carbon-centred nucleophiles in turn. The work presented here concentrates

on lithium, sodium, magnesium and copper reagents.

4.1) sp’-Hybridised.
Reactions of (1) with a series of sp>-hybridised carbon-centred nucleophiles gave mono-
and di-substituted derivatives, the distribution of products being dependent on the

stoichometry of the reagents. The reactions and products are summarised in scheme 1.

CF(CF,),

~
| g/
(5)
(58%)
CF(CF,), CF(CF5),
0 AN 0 BN
EtO | r\Fl/ §
N
v) i)
EtO” Y0 CF(CF,), (6)
(%) \ L)ﬁ &
(s} I F/
— iv) N K CF(CFy),
S SN
| S/ | :/
8 (7)
(1(62/0) (41%)

Reagents and Conditions

i) BuLi 1eq. / Ether /-78 °C / 45 min. ii) BuLi 2 eq. / Ether / -78 °C / 45 min. iii)'BuMgCl / THF /-15°C /5 h.

iv) 'Buli / CuBr/ Ether / -40 °C / 6 h. V) Diethylmalonate / NaH / THF / 0 °C / 6h.
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In each case nucleophilic substitution occurs at the 2- and 6-positions only and this is
consistent with previous work involving oxygen nucleophiles. The 'F NMR spectrum of
pentafluoropyridine clearly shows large a difference in value for 3,5- and the 2,4,6-
fluorine sites, and the substituent induced chemical shifts arising from replacement of a
2- or 4-fluorine atom are usually small in comparison with the chemical shift differences
in pentafluoropyridine. Therefore, we are able to clearly distinguish between the 2,6- and
3,5-fluorine atoms in (1), and consequently, the replacement of the 2,6-fluorine atoms
rather than the 3,5-fluorine atoms is evident. Introduction of two nucleophiles into (1)
gives rise to a symmetrical product and one signal for the 3- and 5-fluorines is generally
observed in the '°F NMR spectrum. If substitution had occurred at the 3- or 5-positions
the molecule would of course no longer be symmetrical and a more complex pattern
would be observed, and this is clearly not the case here.

Reaction of (1) with one equivalent of butyllithium resulted in nucleophilic
substitution of fluorine by butyl anion giving compound (5) in good yield, but,
substitution of a second butyl group using butyllithium was less efficient, giving
compound (6) in low yield.

Attempts to introduce a tertiary-butyl group into (1) using tertiary-butyllithium
were unsuccessful, giving complex mixtures of products in all cases. Nevertheless,
introduction of one tertiary-butyl group was achieved using tertiary-butylmagnesium
chloride in THF, giving compound (7) in fair yield. A reaction of (1) with two
equivalents of tertiary-butylmagnesium chloride did not result in further substitution.
Introduction of two tertiary-butyl groups was eventually achieved using an alkyl copper
reagent generated from mixture of Cu(I)Br and tertiary-butyllithium at low temperature.54
Even so, this method only gave compound (8) in low yield and unfortunately all attempts
to improve the yield were unsuccessful.

The abstraction of a proton from diethylmalonate using sodium hydride to
produce an enolate anion was effective and reaction of this anion with (1) afforded
compound (9) in good yield. Further nucleophilic substitution was not attempted.

In this series we have examined the reactions of (1) with sp>-hybridised carbon-
centred nucleophiles using a variety of reagents. In all cases substitution was observed at
the 2- and 6-positions, further demonstrating the efficacy of (1) as a di-functional,

regioselective electrophile.
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4.2) sp*-Hybridised.
The reactions of (1) with a series of sp’-hybridised carbon-centred nucleophiles are

summarised in scheme 2.

CF(CF3),
el 4
F
N NF CH,
CF(CF ) (10)
( 3)2/ (69%)
~
| F_
GF(CF3), % N \)- CF(CFy),
™
N ~
| F/ | F/
e \
12 (11)
7 @1%)

Reagents and Conditions
i) 1-propenyimagnesium bromide / THF /65 °C /20 h. ii) Phenylmagnesium chloride / THF /65 °C /1 d.
iii) Phenylmagnesium bromide / THF /65 °C /20 h.

(Scheme 2)
Reaction of (1) with l-propenylmagnesium bromide gave compound (10) in good yield
and substitution occurred at the 6-position in a manner consistent with previous work in
this series.

The "H NMR spectrum of (10) shows the presence of both £ and Z isomers of the
alkene substituent. However, although there are two sets of signals corresponding to each
isomer in the '"H NMR spectrum, the coupling between them is complex and it is not
possible to assign the spectrum to each isomer.

Reaction of (1) with phenylmagnesium chloride afforded compound (11) in low
yield and was accompanied by significant amounts of biphenyl as a side product. The
biphenyl is most likely a result of a single electron transfer process, and has been

previously reported.>3

(F(CFa) CF(CF), .
X
| F ] + PhmgC | X N PhMgCl

N Nz

i CF(CFy),|

P -+
2 + MgCF + % @ + [PH] + MgCl o4
N




Attempts to introduce a second phenyl group using excess phenylmagnesium chloride
were unsuccessful, biphenyl being the major product. Therefore, a different Grignard
reagent was selected, and the reaction of phenylmagnesium bromide with (1) gives the di-
substituted compound (12) in fair yield with biphenyl being a minor component. It is not
certain why phenylmagnesium bromide should be a more effective reagent for

nucleophilic aromatic substitution of a phenyl group than is phenylmagnesium chloride.

4.3) sp-Hybridised.

1-Propynylmagnesium bromide was chosen as a suitable model compound for an sp-
hybridised carbon-centred nucleophile and a reaction of (1) an equivalent of
propynylmagnesium bromide afforded the mono- substituted derivative (13), scheme 3.
The introduction of a second propynyl group was achieved by reacting (1) with an excess
of 1-propynylmagnesium bromide affording compound (14). However, surprisingly,
substitution of the second propynyl group occurred at the 3-position, para- to the first
propynyl group at the 6-position, giving the unsymmetrical product (14). This was
confirmed by F NMR spectroscopy, which showed two resonances for the ring fluorine
atoms at —62.3 ppm attributed to the 2-fluorine and at —117.8 ppm assigned for the 5-
fluorine atom. If substitution had occurred at the 2- and 6-positions in a manner similar to
that observed in the sp® and sp’ series of carbon-centred nucleophiles, the product would
have been symmetrical and only one signal for the 3,5-fluorines would have been
observed, and that is not the case here. In contrast, a reaction of (13) with sodium
methoxide in methanol gave compound (15), which clearly shows substitution by
methoxide at the 2-position, thereby giving a 2,6-disubstituted product.

CF(CF3),
P

CF(CF3)2/ (1”3) x
|F\ (61%)

CFCF22 ) N7 i) CF(CFy),

MeO” "N” Xy

(15) (14)
(60%) (41%)

Reagents and Conditions
i) 1-propenylmagnesium bromide 1eq./ THF /65 °C /20 h. ii) 1-propenylmagnesium bromide 2.5 eq.
ili) 1-propenyimagnesium bromide 1eq. / THF /65 °C / 20 h. then NaOMe 1 eq. / MeOH /65 °C / 3h.

(Scheme 3)
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A similar substitution pattern is observed in the reactions of compound (2) with the
carbon-centred nucleophile (CF;),CF and results in substitution at the kinetically
favourable 3-position to give a 3,4,6-tri-substituted product (16), whereas reaction of (2)
with the oxygen-centred nucleophile methoxide results in substitution at the 2-position
giving (17), scheme 4.

CF(CF3), _ CF(CF,), CF(CF3),
(FaCFC (CF3),CF X NaOMe X
lF L = | F_ = JlF_
N CF(CFg), N~ "CF(CF3), MeO™ N CF(CF;),
(16) (2) (7
(Scheme 4)

The formation of (16) is the result of the highly activating influence of the two
perfluoroalkyl groups and a transition-state for the reaction resembles (16a). Similarly, a
propynyl group must also be strongly activating and carbanion stabilising and the
transition-state leading to (14) resembles (14a).

« CF(CF3), CF(CF3), CF(CF3),
i) —
F _ X A NaOMe Fs‘ 3
8 \N> 5 | F_ > /)
X N™ X MeO”~ "N~ ~X

(16a) X = (CF3),CF

(2) X = (CF,),CF
(14a) X = C=C-CH, 28

(17a) X = (CF,),CF
(13) X = CEC-CH,

(15a) X = C=C-CH,

CF(CF), CF(CFa),
X A X
LF. | F_
N7 X MeO” “N” X

(16) X = (CF3),CF
(14)X = C=C-CH,

(Scheme 5)

(17) X = (CF4),CF
(15) X = CZC-CH,
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However, we have to consider the observed substitution pattern by methoxide in
compounds (2) and (13), and there are two possible explanations: a) the reaction with
methoxide is reversible, however this has not been observed experimentally; b)
methoxide is a much harder nucleophile than the carbon-centred nucleophiles propynyl
and (CF;),CF and, therefore, initial-state inductive effects are dominant in the transition-
state.

Therefore, it is likely that attack by methoxide produces an early transition-state
(15a and 17a) in which attack is favoured at the most electron-deficient site, in this case
the carbon ortho- to the ring nitrogen atom. In the case of attack by softer, carbon-centred
nucleophiles, a later transition-state is produced in which charge-stabilisation is dominant
and the effect of carbanion stabilising substituents is more important. The situation is
summarised in scheme 5.

The reactions of (1) with sp-hybridised carbon-centred nucleophiles give different
orientations of substitution than was observed for sp’ and sp>hybridised nucleophiles.
Whereas substitution in (1) by sp> and sp>-hybridsied nucleophiles gave exclusively 2,6-
substituted derivatives, the position of further substitution in mono-substituted derivatives

of (1) in the sp-hydridised series was found to be dependant on the attacking nucleophile.

S) Reactions of (1) with Nitrogen-Centred Nucleophiles.

The reactivity of (1) toward nitrogen-centred nucleophiles was assessed using
diethylamine and benzylamine and both reagents were found to be sufficiently
nucleophilic to react with (1) directly to give the mono- and di-substituted compounds

shown in scheme 6.

CF(CF),
X
| F
NN
CF(CF i (18)
( 3)2/ (92%)
AN
| F_
CF(CFa), Ay N '\')A CF(CF3),
AN ) SN
LF. | F_
©/\H N ZONTONTONTS
(20) ) (19) I\
(74%) (40%)

Reagents and Conditions
i} Diethylamine / THF /65 °C /20 h. ii) Diethylamine/THF /65 °C/4d.
iii) Benzylamine / THF /65 °C / 30 min.

(Scheme 6) 27




In each case, an excess of the nucleophile was required.

Substitution is preferred at the 2- and 6-positions and this was confirmed by PF
NMR spectroscopy following the arguments described earlier.

The introduction of two nitrogen-centred nucleophiles into (1) was found to be
considerably more difficult than for the introduction of two oxygen or carbon-centred
nucleophiles and an excess of reagent and prolonged heating were required to afford
reasonable quantities of (19). This evidence suggests that a nitrogen substituent is more
deactivating to further nucleophilic attack in (1) than either than a carbon or oxygen

substituent at the same position.

6) Conclusions.
In this chapter we have conducted a systematic study of the chemistry of (1) with a range
of nucleophiles. In general (1) was found to readily undergo nucleophilic aromatic
substitution with a variety of different nucleophiles to give mono-, di-, and in two cases,
tri-substituted derivatives. The orientation of attack by nucleophiles was at the 2- and 6-
positions, with the exception of derivatives bearing a propynyl group, which was found to
direct substitution at the 3,5-positions in some cases.

The perfluoroisopropyl group in (1) and its derivatives undergoes rapid rotation at
room temperature, giving rise to two different conformational isomers. The activation
energy for the barrier to rotation of the perfluoroisopropyl group in some derivatives of

(1) was determined.
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Chapter III Highly Fluorinated Macrocyclic Compounds from
SnAr Reactions.

1) Macrocyclic Chemistry.
1.1) General Introduction.
In 1960 Pederson discovered the crown-ethers and observed, from a space-filling model
that a sodium ion can sit in the cavity of the crown-ether.56 It is held in position by
attractive electrostatic ion-dipole interactions between the alkali metal cation and the six
donor atoms of the polyether ring.

He recognised that the increased solubility of the macrocycle in hydroxylic
solvents in the presence of sodium ions was due to the crown-ether binding with sodium

ions and forming a supramolecular complex.

This was early work in what has now become a major area of chemistry, known as
molecular recognition involving the study of poly-molecular entities and assemblies. That
is, supramolecular complexes formed between two or more designed chemical species

which are held together by non-covalent forces.

Non-covalent synthessi

Host Guest Supramolecular Complex

e.g. crown-ether, e.g. sodium, potassium cations
macrocyclic compound

The most elegant examples of complementary molecular systems are biological in origin.
For example, an enzyme may catalyse a single reaction with total specificity, because the

active site of the enzyme is complementary with the substrate. There are numerous
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examples of macrocyclic compounds that form supramolecular complexes in nature.
Valinomycin, a naturally occurring macrocyclic antibiotic, is able to selectively transport
potassium cations through mitochondrial membranes by formation of a supramolecular
complex with a potassium cation.57

Chemists have produced an enormous range of synthetic macrocyclic molecules
with a wide range of co-ordinating and complexation properties, such as, crown-ethers,
calixarenes, cyclophanes (macrocycles containing aromatic subunits as part of the ring)
and cryptands (cage-like structures).37 The structural features of macrocyclic compounds
can be designed by the chemist in ways that impart specific binding and complexation

properties into a system.
R

> o»
b Zp O
A (S

R
A Calixarene A Cyciophane A Cryptand

N/

P4

The incorporation of heterocyclic units on the periphery of macrocyclic compounds can
impart unique chemical, physical and biological properties into the macrocyclic system.
Heterocyclic subunits can participate in complexation through donor atoms; for example,
macrocycle (21) can co-ordinate a proton through its nitrogen lone-pair orbitals.58 Also

increased stability and rigidity have been observed.

@)
TNz
o

+

(21)
The work presented in this chapter involves the synthesis of highly fluorinated
macrocyclic compounds containing 2,6-substituted pyridine subunits, bridged with
oxygen and/or nitrogen containing ‘backbones’. These highly fluorinated macrocycles are

made through a series of SyAr reactions in which fluoride is displaced. Before this work
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is described, it is appropriate to outline some other macrocyclic compounds that have
been made via similar SyAr type processes.

We begin by examining the synthesis of 2,6-distubstituted pyridine-bridged
macrocycles via SyAr reactions before moving on to describe some other systems,
looking at bromide, chloride and finally fluoride as leaving groups. This text is not a
comprehensive review but is intended to introduce the reader to the area and give

appropriate background and perspective to our study.

1.2) Macrocyclic Compounds via SyNAr Reactions.
Newkome and co-workers have reported the nucleophilic displacement of bromide by
oxygen-centred nucleophiles via an SNAr mechanism to give a variety of 2,6-pyridine-
bridged macrocyclic compounds.>9; 60

In order to ascertain the generality of these reactions, 2-bromopyridine was

treated with diethylene glycol dianion affording the expected ethereal product (22a).

~
|N/ 0
I i Oj

~

| N

=

(22a)

(35%)
Reagents

i) NaH / HOCH,CH,OCH,CH,OCH,CH,OH

Therefore, using a difunctional electrophile such as 2,6-dibromopyridine with diethylene
glycol dianion, the heteroaromatic ethers (22) and (23) were produced via intermediates

similar to (22a).

RV
| AN x (0] 0] (0] 7
0" N o (_n N
e L ] 0 2
Br N Br 0 N\ 0 0 0
| _ Q/O | N\ O\)
Z
(22) 23
0,
Reagents (7%) $20/Z)

i) NaH / HOCH,CH,OCH,CH,OCH,CH,0H
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Whereas previous methodology for the synthesis of oxygen-bridged macrocycles
produced compounds in which the oxygen atoms are isolated from the pyridine nucleus
by methylene groups?8, this reaction demonstrated that direct attachment of oxygen to the
ring was possible.

Expanding on this work, Newkome has produced both larger and smaller ring
systems using a series of SyAr reactions with 2,6-dibromopyridine and oxygen-centred
nucleophiles. Larger macrocyclic rings were obtained using a range of polyether alcohols
to give macrocycles (24), whereas a smaller macrocyclic compound was obtained using

ethylene glycol and sodium hydride.

I BN o
P
n=223,4,5
(24) (25)
(2% - 48%) (16%)

The nucleophilic displacement of bromide from pyridine units has also been investigated
in the synthesis of macrocyclic compounds based on bis(2-pyridyl) ketone compounds.®!
In this work two distinct types of macrocycle were made via SyAr reactions: a) those
containing one heterocyclic subunit (1:1 macrocycles), (26) and b) those containing two

heterocyclic subunits (2:2 macrocycles), (27).

o_ 0O
| X i X
=N NN~
o_ 0 o_ 0 o) o

| l N Polyether / NaH SN SN Polyether / NaH /E\ a\
- [ —_— 0]
_N No— | N N \Eg 9/”
O 0]
0 0 Br Br

. = =

O O

(26) (27)

n=0,1,223,4,5
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The introduction of a bipyridyl unit into the polyether chain of a macrocycle was found to
dominate the conformations of such compounds, which resulted in the synthesis of a
series macrocyclic materials with unusually rigid geometry. This work demonstrates the
large conformational and structural effects heteroaromatic units can impart into a
macrocyclic system.

Singh and co-workers have produced a series of macrocyclic compound via the
SnAr  displacement of chloride from 2,6-dichloropyridine, for example, 2,6-
dichloropyridine was reacted with both triethylene glycol and tetraethylene glycol which
afforded the 1:1 type macrocycles (28) and (29).62 Introduction of two pyridine units to
give 2:2 type macrocycles (30) and (31), in a similar fashion to previous work by

Newkome, was achieved using the appropriate stoichometry.

® ®
~ (@] N O

Q S U vl R S

e Lo

i/\o/\j [O O] [O O:I

OL/O © IN\ © [o' N o]
= | /\
(28) (29) (30) (31)

The complexation and binding properties of these macrocycles were subsequently studied
using a series of metal picrate extraction techniques. The ability to bind various metal
cations in solution varied greatly with the macrocycle in question, for example,
macrocycle (28) was found to bind poorly with metals such as Li, Na, K, Tl, whereas,
macrocycle (29), which differs from (28) by one CH,CH,O unit, was shown to bind with
Tl effectively and selectively. Although the workers carried out extensive metal
extraction and ion-transport studies on these macrocycles, there is no real explanation of
how the structure of the system effects its co-ordinating and binding ability.

Techniques used in establishing ligand co-ordination by a macrocyclic species
include: metal ion extraction, ion-transport studies, UV spectroscopy, NMR
spectroscopy, and electrospray mass spectrometry.%3

SnAr displacement of chloride has been utilised in non-heteroaromatic systems by

Mullen in the synthesis of tetrathia[1l.1.1]Jmetacyclophane compounds. In this case a
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sulfur substituent is used in the nucleophilic replacement of chlorine producing a
macrocycle which is linked together via phenyl subunits (32).64

R S ; S R
+ —_—
HS SH Cl Cl R
R R S | s R’

R =H, Bu, CgH13 (32)
R'= COPh

This work demonstrates that SyAr type reactions can be used to create macrocyclic
compounds from a variety of difunctional subunits.

In addition to pyridine and phenyl subunits, chlorinated triazine compounds have
been used in the synthesis of macrocyclic compounds via SyAr reactions. For example,
Montanari and co-workers have produced a series of over 30 macrocycles based on the
SnAr replacement of chlorine in trichloro-s-triazine, such as, the reaction of

trichlorotriazine with a diamine to give the macrocycle shown below .65

Triazine units have also been utilised by Lowe in the stepwise synthesis of triazine-based
macrocyclic scaffolds. The synthesis involves a series of nucleophilic aromatic
substitution reactions between partially protected piperazine units and a chlorinated

triazine derivative.66
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At each stage of the synthesis, the chain can be either elongated or cyclised to the
macrocycle of interest, and the use of two orthogonal protecting groups on either side of
the oligomers allows control of the triazine-piperazine chain. So far a variety of cyclic
trimers have been successfully synthesised.

Recently, a series of sequential SyAr reactions of partially protected amino groups
of peptides with chlorinated heterocyclic compounds have been used in the synthesis of
macrocyclic peptidomimetic materials.%7 These reactions could lead to especially useful
compounds because the cyclization of a peptide structure using rigid groups is well suited
for stabilising a bioactive conformation.

The synthesis is performed via a two-step procedure involving incorporation of
the aromatic system into the linear peptide chain and subsequent cyclization utilising
another SyAr reaction. Several chlorinated heteroaromatic compounds have been used as

subunits and the general procedure of the reaction is outlined in scheme 7.
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Solid Support Cl Cl

HN.
PG H i
N Solid Support

Remove PG HN,

Solid S rt i
olid Suppo Cl
NH HN
\®/ Z and X are amino acids or peptide units

General cyclization procedure for linear oligomers Z-X bearing two orthogonally
protected amino groups by SyAr reactions at chlorinated heteroaromatic systems

(Scheme 7)

Similar cyclisation reactions involving peptide chains have been employed in the
synthesis of glycopeptides and vancomycin derivatives using the nucleophilic aromatic
substitution of fluoride from 2-fluoro-nitrobenzene derivatives in the ring-forming step.
Roussi and co-workers have reported the intramolecular SyAr reaction of a linear
peptide precursor with a terminal ortho- fluoro-nitro group giving the 15-membered

macrocycle (33), which is a model for Kistamycin, an antibiotic compound.58

O
N N 0
N N
OH NO, 0 NO,

OCHj F OMe

(33)
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2) Synthesis of Highly Flucrinated Macrocyclic Compounds.

In our own work, we aim to synthesise a range of highly fluorinated macrocyclic
compounds from perfluoro-4-isopropylpyridine (1). Earlier work in these laboratories has
demonstrated that perfluoro-4-isopropylpyridine units can be joined together using a
difunctional nucleophile, such as ethylene glycol dianion, to produce a bispyridyl species
which could subsequently be cyclised with another difunctional nucleophile3!, section
2.1. We aim to expand on this early work and develop efficient methodology for the
synthesis of a range of macrocyclic compounds derived from (1). An investigation of the
complexation ability and structural features of some of these compounds will also be
described.

2.1) Macrocyclic Compounds from Perfluoro-4-isopropylpyridine.

2.1.1) Symmetrical Macrocycles.

Perﬂuoro-4-isoprdpylpyridine (1) reacts with a variety of oxygen-centred nucleophiles
and a nitrogen-centred nucleophile to produce a series of bispyridyl intermediates, which
were subsequently cyclised to the corresponding macrocyclic compounds in the manner
illustrated in scheme 8. '’F NMR spectroscopy confirmed that substitution in this series
had occurred at the 2- and 6-positions using the same arguments set out in chapter II.
Using this methodology, a series of symmetrically substituted macrocyclic compounds
have been synthesised, table 2.

CF(CF3), CF(CF,),
CF(CF3), AN AN
| F_ | F,
| S Step 1 N> x Step 2 X7 N7 x
F/ TN X:] g Ex N X]
N D HX  XH X
HX  XH | \ | F
o S
CF(CF3), CF(CF,),
X =NMe, O
(Scheme 8)
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Table 2.

Bispyridyl
Reagents for Step 1 Intermediate Reagents for Step 2 Macrocycle
CF(CF3), CF(CF,),
TMSO OTMS s TMSO OTMS
J | F | F\
N" o 2
@] N (0]
CsF CsF
|N\ o:| |:o AN o:I
F F
=y 15
CF(CF3), CF(CF,),
(34) (35)
(94%) (43%)
CF(CF3), CF(CF3),
X 2
TMSO O OTMS IF/ SO lF/
™ O OTMS
\ N 7 N Oj \ ” ; EO N Oj
Oj (0] 0]
CsF N\ (o) CsF (0] N\ O:I
F
£ £
CF(CF3;), CF(CF3),
(36) 37
(64%) (40%)
CF(CF;), CF(CF3),
X X
LF LF,
OTMS N 0 OTMS o N
OTMS OTMS
N\ (@) O N\ (0]
CsF | F CsF | £
= Pz
CF(CF5), CF(CF3),
(38) (39)
(90%) (33%)
CF(CF,), CF(CF3),
X 2
LA PEAN
N~ "N °N
H ] H 7]
N.__N M N.
MesnN-me N SN Me NN
H | F H | F
“ P
CF(CF;), CF(CF3),
(40) a1
(94%) (14%)

Conditions for step 1: Monoglyme / 85°C/ 1-5d

Conditions for step 2: Monoglyme 85°C/5d
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Sequential nucleophilic aromatic substitution reactions by oxygen and nitrogen-centred
nucleophiles have produced a series of 14-, 16- and 20-membered macrocyclic
compounds, depending on the size of the difunctional nucleophile employed at each step.
The nitrogen-centred nucleophiles are sufficiently nucleophilic to react directly with (1)
and its derivatives; however, the oxygen-centred nucleophiles are activated by producing
the dianion. The desilylation of alcohols by fluoride ion has been reported in these
laboratories to be a superior method for the activation of alcohols than is deprotonation
by sodium metal or sodium hydride and was therefore chosen as the preferred route in
this study. Catalytic quantities of CsF are used as a source of fluoride ion which promotes
the desilylation of the alcohol functionality and thus activating it as a nucleophile.
Nucleophilic substitution of fluorine using this anion proceeds very efficiently, the
fluoride ion displaced is then available to promote further desilayation of another TMS
group and thus the process is catalytic.

Whereas the oxygen substituted macrocycles (35), (37) and (39) are obtained in
good yields; the yield for the nitrogen substituted macrocycle (41) is relatively low. This
reflects the deactivating effect of a nitrogen substituent attached to the aromatic ring.

In general, the isolation of the macrocycles is difficult and they require extensive
purification by column chromatography and several recrystallisations in order to obtain

high purity samples.

2.1.1.1) X-Ray Crystal Structures.

The crystal structures of the oxygen macrocycles (35), (37) and (39) have been reported>!
(displayed overleaf) and each macrocycle shows a distinctly different structure in the
solid state, which will now be described. ’

Whereas the 14-membered macrocycle (35) shows a ‘chair-like’ structure with the
heteroaromatic ring subunits in a planar alignment, the 16- and 20-membered
macrocycles (37) and (39) respectively, both show ‘boat-like’ structures with m-facing
aromatic groups, possibly held in place by n-n aromatic interactions. Macrocycle (37) has
the two heteroaromatic ring subunits m-facing, in contrast to macrocycle (39), which has
the two phenyl groups in a m-facing arrangement. The structure of macrocycle (39) is
especially unusual; its ‘boat-like’ structure brings the two relatively bulky perfluoroalkyl
groups close together, when perhaps it would be expected for these groups to repel one-
another strongly. However, further analysis of the crystal packing of macrocycle (37)
shows there to be domains of fluorocarbon groups; the macrocycles align themselves so
as to place their perfluoroalkyl groups adjacent to those of a neighbouring molecule,

however, the reasons for this unusual packing structure are not clear.
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The crystal packing of macrocycles (35) and (39) is difficult to determine due
‘disorder in the perfluoroalkyl groups.

Examination of the interatomic distances in (37) shows the adjacent pyridine rings
at distance of approximately 4.95 A apart and based on the cavity size for this 20-
membered ‘crown-ether-like’ macrocycle, a high affinity for potassium ions (cation
diameter 2.66 A) is anticipated. Macrocycle (39) shows an interatomic distance between
the two facing phenyl groups of approximately 4.53 A, slightly closer together than the
heteroaromatic units in (37). It has a smaller cavity size than (37), but a potassium cation
might fit comfortably within this cavity. Macrocycle (35) is the smallest of the oxygen
series, showing a distance of 3.61 A between the ring nitrogen atoms, in comparison to
4.95 A and 4.79 A in (37) and (39) respectively. The cavity of (35) is a closer model for
15-crown-5 than 18-crown-6, and an affinity for sodium ions (cation radius 1.94 A)
might be predicted.

The x-ray structure of macrocycle (41) was not established because suitable

crystals could not be obtained.
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2.1.2) Unsymmetrical Macrocycles.

The step-wise methodology for the synthesis of macrocycles (35), (37), (39) and (41)
employed the same nucleophile in both steps 1 and 2, producing symmetrically
substituted compounds. In this series, different nucleophiles for each step have been used
to produce a range of macrocycles possessing different ‘backbones’ linking the
heteroaromatic subunits (scheme 8a); we will refer to these as unsymmetrical

macrocycles. The results are displayed in table 3.

CF(CF3), CF(CF3),
CF(CF3), AN AN
| F/ | F/
| F\ Step 1 N X:| Step 2 X SNy
z ¥ N X o |:x N Y:|
N HX  XH X HY YH N
L/ | \/ | F
CF(CF3), CF(CF,),
X = NMe, O
(Scheme 8a)
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Table 3.

Bispyridy!
Reagents for Step 1 Intermediate Reagents for Step 2 Macrocycle
CF(CF3)2 CF(CF3)2
AN TMSO OTMS
(L, u D
N N 0T NN
H
Mex /\/N- N N:| CsF |: :I
H l F I F |
= P
CF(CF3)2 CF(CF3)2
(40) (42)
(94%) (20%)
CF(CF3), CF(CF3),
X X
LF L LF L
’ N N:] TMSO O OTMS EO NN
Me\N/\/N.Me N\ T EO ]
H lE CsF 0Ny, N
F
CF(CF3), | —
(40) CF(CF3),
(94%) (43)
(20%)
CF(CF3), CF(CF3),
Step 1 AN AN
| F/ I F/
~_-OH N~ 0 TMSO OTMS 0" 'N” "0
HoN
2 N N] v/ [o N\ Nj
N I
Step 1a | F/ H CsF @H
NaH / (1 CF(CF3), CF(CF3),
aH/(1) (a5)
(44) (15%)
(52%)

Conditions for step 1: THF / 65 °C/ 1 Conditions for step 2: M

onoglyme 85°C/5d
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Macrocycles (42) and (43) are both derived from the same nitrogen substituted bispyridyl
intermediate (40) using an oxygen centred-nucleophile in each case to effect cyclisation.
Whereas macrocycle (42) possess an equal number of bonds between each
heteroaromatic subunit, the synthesis of (43) employed a larger polyether chain,
producing a novel macrocycle with one ‘backbone’ chain longer than the other. However,
in a reverse sequence for the synthesis of (43), a reaction of a diamine with the polyether
bispyridyl compound (36) did not produce a macrocyclic compound. Newkome and co-
workers have also observed similar effects in the synthesis of polyether heteroaromatic

macrocycles.0

CF(CF,), CF(CF3)2

S

B L F
— - /
EO N H EO N N

Me< N \/
[O + e N/\/N Me - [o

o N H O._N._N
X NN\

| F | F

P S
CF(CF3), CF(CF;),

(36) (43)

This series of macrocycles demonstrates the versatility of the stepwise methodology and
in principle any difunctional nucleophile of suitable size could be used to effect a
cyclisation reaction between subunits of (1) to give a highly fluorinated macrocyclic
compound.

The synthesis of the bispyridyl compound (44) is a two step process in which
ethanolamine reacts with (1) to give a nitrogen substituted derivative, before a reaction of
this with sodium hydride in the presence of (1) gives the desired intermediate.

The x-ray crystal structure of the 14-membered macrocycle (42) was recorded and

shows the same ‘chair-like’ configuration observed for the polyoxygen macrocycle (35).
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2.2) Reaction of (1) with BINAP

Crown-ethers bearing binapthalene (BINAP) substituents have been used in the
stereoselective recognition of chiral substrates®? and in principle it should be possible to
synthesise similar compounds containing highly fluorinated heteroaromatic subunits

using the methodology described above.

A reaction of (1) with the disodium salt of racemic BINAP gave the bispyridyl
intermediate (46) in excellent yield.

CF(CF3),
I e OO
Z
ONa ~ 0 N
+ || F £
ONa N/ o) N\
ee SERs
=
M CF(CF3),
(46)
(80%)

However, cyclisation of (46) to a macrocyclic compound could not be achieved using
another equivalent of BINAP and was also unsuccessful using diethylene glycol dianion.
In both cases no reaction was observed by F NMR spectroscopy and the starting

materials were recovered. It is not clear why compound (46) did not react further with the
oxygen-centred nucleophiles displayed.

OO ONa CFCF3)  _otMs
ONa X Eo CsF
| F_ I:
0] N OTMS No R )
0 N > o Reaction
A
SSav
~

CF(CF3),

No Reaction =

The x-ray crystal structure of (46) has been established and is displayed overleaf.
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2.3) Macrocycles with Long-Chain Perfluorocarbon Groups.

So far we have discussed the synthesis of macrocyclic compounds derived from (1) and
in all cases each macrocycle was soluble in perfluorocarbon liquids, such as
perfluoromethylcyclohexane (PP2), at elevated temperatures (60 °C), but not at room
temperature. It has been suggested that the relative size of a perfluoroalkyl group in a
molecule is the key factor in determining its solubility in fluorocarbon media and so, we
proposed to introduce a larger perfluoroalkyl group into a pyridine nucleus and synthesise
a macrocyclic compound that would be soluble in perfluorocarbon solvents at room
temperature.

Fluorous phase chemistry is an expanding area of interest and macrocyclic
compounds soluble in perfluorocarbon media might be useful phase-transfer catalysts and
be able to transport ligands (e.g. metal ions), which are otherwise insoluble, into such
solvents. Also because perfluorocarbon liquids do not form hydrogen bonds and have
very low intermolecular forces, studies in such solvents are similar to those carried out in
the gas phase.

Pentafluoropyridine reacts with a long chain perfluorocarbon alcohol to produce

the highly fluorinated heteroaromatic derivative (47).

R
Lo

| X,  RgCH,CH,OH / NaH | BN

F » F_

N7 N
(47)
(65%)

RF = CF30F20F20F2CF20F2

Using the step-wise methodology developed above, (47) reacts with a diamine to produce
the bispyridyl intermediate (48) before another reaction with the amine afforded the

macrocycle (49).
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The synthesis of (48) proceeds very efficiently and in good yield, in contrast to the
second stage where prolonged heating in a higher boiling solvent (180 °C) was required
to effect substitution of fluoride in (48) and give the macrocycle (49).

Isolation of (49) from the diglyme reaction media used was achieved by
continuous extraction into a perfluorocarbon liquid (PP2), however, although (49) was
soluble in such liquids at elevated temperatures (60 °C), it was only sparingly soluble at
room temperature.

The x-ray crystal structure of the 14-memebred macrocycle (49) shows the same
‘chair-like’ configuration observed for the other 14-membered macrocycles (35) and
(42).

3) Characterisation of Macrocycles.

Confirmation that the macrocycles described so far have the 2:2 structure suggested was
determined by a combination of 'F NMR spectroscopy and electrospray mass
spectrometry.

In each case nucleophilic substitution in the heteroaromatic ring is determined by
'F NMR spectroscopy and the disappearance of a signal at around —90 ppm is consistent
with the replacement of a 2- or 6-fluorine atom by a nucleophile (chapter II). If for
example, substitution by the nucleophile in step 2 of a macrocyclic synthesis had
occurred on only one heteroaromatic unit, to give an acyclic compound, the '’F NMR
spectrum would clearly show the remaining 6-fluorine atom at around —90 ppm. This is
clearly not the case for the systems described above. However, if cyclisation had
occurred to include two bispyridyl subunits to give a 4:4 macrocycle, with twice the mass
of those described above, then the '’F NMR spectrum would not discriminate between
the two. Therefore, electrospray mass spectrometry was used to establish the correct
molecular mass of each macrocycle. For example, a pure sample of macrocycle (35) gave
an electrospray mass spectrum with a distinct molecular ion peak at 682 m/z and this is
equal to the molecular mass of the system proposed. Because the electrospray technique
is highly sensitive any larger macrocyclic species would be evident in the spectrum, and
none are observed. A similar set of experiments was used to verify the structures of all
the macrocycles presented here.

However in the synthesis of the macrocycles described an unknown mixture of
materials is recovered by column chromatography in addition to the pure 2:2 macrocycle.
Analysis of this material was inconclusive, but it is most likely a mixture of acyclic
oligmers or larger ring macrocycles that we have been unable to isolate. It is also

important to point out that the macrocyclic materials do not irreversibly bind with the
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silica gel used in the chromatography purification step, because all of the material is

recovered.

3.1) Conformational Studies.
Variable temperature 'H NMR spectroscopy has been used to examine the macrocycles
(35), (37), (39) and (42), and possible conformations are considered.

Each of the macrocyclic compounds was dissolved in d-tetrachloroethane and its
NMR spectrum was recorded at 20 and 90 °C at 400 MHz.

At room temperature the 14-membered macrocycles (35) and (42) both show very
broad signals for the methylene protons of the macrocycle ‘backbone’. Macrocycle (35)
displays a broad resonance between 5.0 and 6.5 ppm for the methylene protons, whereas
(42) shows a similarly broad signal between 3.0 and 5.0 ppm for both the CH,O and
CH,N protons. On heating to 90 °C both macrocycles display a sharpening of these
methylene signals; (35) shows a singlet at 4.70 ppm for the CH,O protons and (42) shows
singlets at 3.65 and 4.64 ppm the for the CH,N and CH,0O protons respectively, table 4.

Table 4.
20°C 90 °C
CF(CF3), CF(CF3),
(very broad singlet, )
X 5.0 - 6.5 ppm) RS (singlet, 4.70 ppm)
H L F_ H _— H | F_ H __—

(very broad singiet,

3.0-5.0 ppm) (singlet, 3.65 ppm)

(very broad singiet, CF(CF (singlet, 4.64 ppm) CF(CF
3.0- 5.0 ppm) (CF3)2 (42)( ak

Variable temperature NMR studies have been reported for similar 14-membered
macrocyclic systems. Newkome and co-workers have plotted the 'H NMR spectrum of
macrocycle (25) over a temperature range (shown below) and have observed a similar

sharpening of signals at higher temperatures as seen for macrocycles (35) and (42).60
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(25)

They proposed two possible conformations, which undergo inter-conversion in solution.

Therefore, a similar set of conformations might be in operation in (35) and (42).
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CF(CF3), Boat Chair
(35)

For compounds (35) and (42) at 20 °C the inter-conversion between the two
conformations is relatively slow with respect to the NMR time-scale and the result is a
very broad signal corresponding to the methylene protons of both conformations. On
heating, the rate of inter-conversion becomes relatively ‘fast’ on the NMR time-scale and
a sharpening of the methylene proton signals is observed because the two conformations
are indistinguishable. In principle, at lower temperatures, both conformations should
appear as separate signals in the '"H NMR spectrum, however, the macrocycles are not
sufficiently soluble below room temperature to allow this to be verified.

However, another effect in operation could also account for these observations.
Rotation of the perfluoroisopropyl group in (35) and (42) could result in a broadening of
the methylene proton signals in the '"H NMR spectrum and on heating, when rotation of

52



the perfluoroisopropyl group is more rapid, a sharp signal results. But, if this were the
effect in operation, then the same phenomenon would be expected in macrocycle (37),
however this has not been observed.

The 16- and 20-memebred macrocycles (37) and (39) respectively, do not display
any significant change in their '"H NMR spectrum over a temperature range of —22 to 90
°C. Therefore, either: a) no conformational changes are océurring in macrocycles (37)
and (39) or b) the conformational changes for (37) and (39) are very rapid on the NMR
time-scale, even at low temperature (-25 °C). And if we consider (a), were the
macrocycles (37) and (39) do not change conformation in solution, it could be envisaged
that one type of conformation is stabilised in solution over the other. The x-ray structure
of (37) and (39), shows a ‘boat-like’ conformation in which the heteroaromatic rings in
(37) and the aryl rings in (39) are both facing each other, and in principle an aromatic
interaction between such groups could stabilise this conformation in solution. In contrast,
for macrocycles (35) and (42), which both have the ‘chair-like’ conformation in the x-ray
structure, no stabilisation of one conformation is occurring and inter-conversion between
the two proposed conformations occurs readily. However, the evidence supporting these

arguments is limited and this interpretation is merely speculative.

3.2) Complexation and Binding Studies for (35), (37) and (39).

In principle the oxygen containing macrocycles synthesised so far should posses similar
co-ordination properties to other polyether heteroaromatic macrocycles, such as those
reported by Newkome. The complexation and binding characteristics of the macrocycles
(35), (37) and (39) have been investigated, and will now be described.

3.2.1) Electrospray Mass Spectrometry.

Electrospray mass spectrometry can be used to probe the ability of metal cations or other
species to co-ordinate with suitable ligands such as crown-ethers and other macrocyclic
compounds. It is a technique whereby a solution of the macrocycle, is mixed with a
solution of a ligand, e.g. alkali metal cations, and this mixture is then injected into the
mass spectrometer using an electrospray probe. Binding between the macrocycle and the
co-ordinating species is determined by the presence of a m/z peak for the mass of the co-
ordinating species + macrocycle. The technique is very sensitive and complexation is
easily determined by a comparison with a reference sample containing the macrocyclic
material only. Two experiments are described which have demonstrated the co-ordinating

nature of macrocycles (35), (37), (39) in comparison with 18-crown-6 as a reference.
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3.2.1.1) Binding with Alkali Metal Cations.

A solution containing sodium acetate (10 M), potassium acetate (10 M), and caesium
acetate (10* M) in methanol was carefully prepared. Separate 10* M solutions of
macrocycles (35), (37) and (39) in methanol were also prepared.

1 ml of the metal acetate mixture and 1 ml of macrocycle (35) solution were
mixed together in a sample vial before being injected into the mass spectrometer using
the electrospray technique. This process was repeated for macrocycles (37), (39) and 18-
crown-6 as a reference. The results are presented below in table 5, and show the RMM of
the macrocycle and the major peaks in the spectrum after mixing with the metal cation
solution. Comment refers to the species that is likely to be binding with the macrocycle
with that m/z value. MS mode refers to the operation of the mass spectrometer, which can
be in one of two configurations, the negative mode and positive mode, which observes
negative and positively charged species respectively. Note that in each case below only
one of the modes was successful, thus for (35) which demonstrates the binding of the
acetate counter-ion in the negative mode, no discernible signal was obtained in the

positive mode.

Table 5. Macrocycles (35), (37) and (39) in presence of metal acetates.

Macrocycle MS Mode RMM Major Peaks (m/z) Comment
35) -ve 682 717 chloride
729 acetate
757 unknown
37 +ve 770 793 sodium
809 potassium
903 caesium
(39) -ve 806 941 chloride
853 acetate
18-crw-6 +ve 264 287 sodium
303 potassium

Macrocycle (37) and 18-crown-6 show co-ordination to all three metal cations in the
positive mode, with sodium being the most favourable for (37), and potassium the most
favourable for 18-crown-6. Both show no co-ordination with the acetate counter-ion or to
any chloride impurities in the negative mode. In contrast, macrocycles (35) and (39) both

exhibit co-ordination to the acetate counter-ion and also to chloride (an impurity) in the
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negative mode and show no co-ordination to the metal cations in the positive mode. This
was a surprising result as anion binding by macrocyclic compounds is relatively rare and
is generally only observed in charged species or compounds with highly acidic hydrogen
atoms which co-ordinate to anions via hydrogen bonding. Therefore, we investigated the
anion binding ability of this series of macrocycles further using the same technique with a

solution of halide anions.

3.2.1.2) Binding with Halide Anions.

A similar experiment to that above was carried out using a solution of sodium halides
instead of metal acetates. 1 ml of macrocycle solution was mixed with 1 ml of a solution
containing equimolar amounts of sodium chloride, sodium bromide and sodium iodide in
methanol. The electrospray mass spectrometry results for (35), (37) and (39) are
presented below in table 6.

Table 6. Macrocycles (35), (37) and (39) in presence of sodium halides.

Macrocycle MS Mode RMM Major Peaks (m/7) Comment

(35) -ve 682 717 chloride
761 bromide

809 iodide

37 +ve 770 793 sodium
39) -ve 806 841 chloride
884 bromide

932 iodide

18-crw-6 +ve 264 287 sodium

Both macrocycles (35) and (39) show co-ordination to chloride, bromide and iodide and
show no co-ordination to the excess sodium present, whereas macrocycle (37) and 18-
crown-6 show co-ordination to sodium only.

In summary, both experiments show that, macrocycles (35) and (39) bind halide
and others anions such as acetate, whereas, (37) and 18-crown-6 both bind with cations
but not anions. The explanation of why (37) binds cations can be rationalised by
considering the donor ability of the oxygen atoms in the polyether ring in a similar
manner to the crown-ethers. However the reasons for anion binding in (35) and (39) is

not clear.
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As mentioned above, anion binding is comparatively rare to cation binding and as such is
less well studied. However, numerous macrocyclic compounds which co-ordinate
effectively to anions are known and it is an area of supramolecular chemistry which

continues to generate interest.

meso-Octamethylcalix{4]pyrrole

Tetrakisurea macrocycle

Compounds with highly acidic hydrogen atoms can bind anions via hydrogen bonds. For
example the pyrrolic protons of a calix[4]pyrrole37 can bind chloride and the acidic
protons in amide linkages have been shown to bind phosphate ions.”0

Co-ordination to anions has also been observed for charged species, the anion
being held in position by electrostatic interactions and also for compounds with dipolar
carbonyl bonds, but the binding constants are much weaker than those of hydrogen
bonding macrocycles or for charged species. Anion binding is also observed in
compounds that can act as Lewis acids, such as organoboron compounds.

However, the macrocycles (35) and (39) which both show co-ordination to anions
in the above experiment do not possess a charge and the protons in such compounds
would not expected to be particularly acidic. Therefore, we are unable to explain why

macrocycles (35) and (37) bind with the anions in this series.

3.2.2) "H NMR Spectroscopy.
In the above section we have demonstrated that macrocycles (35) and (39) bind with
anions in the gas phase mass spectrometry experiments and we have investigated this
phenomenon further.

One of the most powerful methods for the determination of anion binding in
solution is by 'H NMR spectroscopy. For example, Reinhoudt and co-workers have
examined the anion binding properties of multiple urea binding sites in several

macrocyclic and acyclic systems (above) and binding in such compounds is thought to
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occur through hydrogen bonding between the acidic protons of the amide linkages and
anions such as chloride and phosphate.
The addition of one equivalent of H,PO, resulted in a large upfield shift over 1 ppm,
towards lower frequency, in the 'H NMR spectrum for the aryl urea and benzylic urea
protons and this was attributed to the binding of a phosphate anion.

In our work we have conducted similar experiments with macrocycles (35) and
(39) in the presence of bromide anions. A sample of macrocycle was (39) added to an
equimolar amount of tetrabutylammonium bromide and the 'H NMR spectrum was
recorded. Examination of the aryl protons shows a significant downfield shift (0.16 ppm),
towards higher frequency, for the 2-proton of the aryl units, whilst all the remaining

protons remain unchanged.

Macrocycie (39) Only Macrocycle (39) + 1 eq. Tetrabutylammonium bromide
CF(CF3)2 CF(CF3);
(Multiplet 6.78 ppm) e (Multiplet 6.94 ppm)
| F | F
H H O N Q~H
—— (Singlet, 2.32 ppm) H3C—®7HH CH; (Singlet, 2.32 ppm)
H — (Multiplet, 6.83 ppm) H O N o H (Muitiplet, 6.83 ppm)
N
| F
/ P4
CF(CF3), CF(CFj),

This is a significant change in the 'H NMR spectrum and indicates that some degree of
binding is occurring, most probably to the tetrabutylammonium cation because the
chemical shift change is downfield, in the opposing direction to that observed by
Reinhoudt for anion binding. Also a positively charged species near a proton would be
expected to be electron withdrawing, deshielding the proton and thus a shift to a higher
frequency is observed in the '"H NMR spectrum.

This result demonstrates that, in solution, macrocycle (39) binds with the cations
and not anions as shown in the above mass spectrometry experiments.

The same experiment was use for compound (35) however; the broad peaks for

the methylene protons make examination of this macrocycle impossible by this method.

3.2.3) Metal Extraction Studies.
Metal extraction studies have been reported by many workers as a useful method in the

determination of the binding ability of macrocyclic compounds with metal cations in
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solution. In order to assess the metal-ion transport properties of the macrocycle, aqueous
solutions of sodium and potassium picrate were extracted into a dichloromethane solution
containing the macrocyclic compound under investigation. The metal picrates are
insoluble in the organic layer and can only be taken into the organic solution by the

formation of supramolecular complex with the macrocyclic compound.

v J\A* Agitation " Equilibration + M
H,O 4+ M Moo M
M _— L+ M +
C T M M+|_ L ML
DCM UL L L Mt L

L = Macrocycle
M* = Sodium or potassium picrate
ML*= Metal-Macrocycle supramolecular complex

The amount of supramolecular complex formed can be determined by UV spectroscopy.
A comparison of the absorbance of the metal picrate solution before and after extraction

with the organic macrocycle layer gives a value for the percentage of metal picrate
extracted.

% Extraction = (AbSgefore — ADSatter) / ADSgefore x 100%

Where Absg.fore 15 the absorbance of the metal picrate layer before agitation and Absager
is the absorbance of the metal picrate aqueous layer after equilibration. The absorbance is
measured at a wavelength of 275 nm. The results are displayed in table 7.

Table 7.
Sodium Picrate Potassium Picrate
Macrocycle  AbSpefore ~ AbSafer %0 Extraction  AbSpetore  AbSaner % Extraction
35) 0.0273 0.0124 54 0.0139 0.0832 40
37 0.0273 0.0250 9 0.0139 0.1010 28
39) 0.0273 0.0125 27 0.0139 0.0147 0
18-Crw-6 0.0273 0.0271 6 0.0139 0.0390 72
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18-Crown-6 shows an excellent affinity and selectively for the extraction of potassium
cations which is consistent with the known chemistry of crown-ethers. Macrocycle (37)
shows good affinity for potassium cations and poor affinity for sodium in contrast to (39)
that demonstrates good affinity for sodium and poor affinity for potassium. This indicates
that the cavity size in macrocycle (39) is not large enough to accommodate the larger
potassium cation whereas the 20-membered macrocycle (37) clearly can. Macrocycle
(35) shows greater affinity for both sodium and potassium cations than either (37) or
(39), although none of the macrocycles show an affinity similar to that of 18-crown-6 for
potassium.

These results are contradictory to those observed for (35) and (39) in mass
spectrometry experiments, in that they clearly show an affinity for some metal cations in

solution whereas this is not observed in the mass spectrometry experiments.

4) Conclusions.

In this chapter we have developed an efficient step-wise methodology for the synthesis of
both symmetrical and non-symmetrical macrocyclic compounds using perfluoro-4-
isopropypyridine (1). Also, a macrocycle possessing a long-chain fluorocarbon group was
synthesised in a similar manner.

Conformations for several of the macrocycles have been proposed and variable
temperature 'H NMR spectroscopy studies have enabled us to speculate on the nature of
conformational changes in some systems.

The complexation and binding properties of several macrocycles were

investigated by electrospray mass spectrometry and metal ion extraction.
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Chapter IV Polyfluoroalklyation and Nucleophilic Aromatic
Substitution in Tetrafluoropyrimidine.

1) Introduction.
In the previous chapter we presented the chemistry of a perfluoroalkylated pyridine
derivative and its use in the formation of highly fluorinated macrocyclic compounds via
nucleophilic aromatic substitution reactions. In this chapter we will explore the chemistry
of the tetrafluoropyrimidine system and will examine perfluoroalkylation reactions before
looking at nucleophilic aromatic substitution in several tetrafluoropyrimidine derivatives.
The aim was to develop a strategy for the synthesis of macrocyclic compounds that
contain perfluoroalkylated pyrimidine subunits in a similar manner to that shown for the
pyridine derivatives in chapter III.

Our approach was to investigate nucleophilic aromatic substitution of
tetrafluoropyrimidine to produce mono-substituted derivatives which could, in principle,
be used as heteroaromatic subunits in the synthesis of macrocyclic compounds bearing

pyrimidine subunits.

SN
| F | F
SN Step 1 N/)\X Step 2 X N/J\X

HX  XH e HX  XH T

Y Y

Y = OMe, O'Bu, (CF3),CF (Scheme 9)
X =NMe, O

Tetrafluoropyrimidine presents a different challenge to pentafluoropyridine in that the
presence of an additional ring nitrogen atom makes tetrafluoropyrimidine considerably
more reactive.

We begin by examining previous work involving tetrafluoropyrimidine, which
includes several nucleophilic substitution reactions and demonstrates that this work is, in

principle, achievable.
2) Tetrafluoropyrimidine.

Tetrafluoropyrimidine is obtained from a reaction of tetrachloropyrimidine using alkali

metal fluorides at high temperature in the absence of a solvent.”!

61



ICT/)N KF/480°C (sj\l

N Autoclave N/
(87%)

Tetrafluoropyrimidine is  approximately 1000 times more reactive than

pentafluoropyridine due to the highly activating influence of an additional ring nitrogen

atom and there are several reported reactions involving nucleophilic aromatic substitution

of tetrafluoropyrimidine.”!

Banks, for example, has reported nucleophilic aromatic substitutions reactions of
tetrafluoropyrimidine using a series of nucleophiles and in each case substitution occurs
firstly at the 4- and 6-positions, with a third nucleophile entering at the 2-position.”2 This
is consistent with the rules governing nucleophilic aromatic substitution in highly
fluorinated aromatic systems detailed in chapter I.

NHMe OMe

NN

| F | F )
MeHN” "N

(59%) \ ,\/\ / (52%)

OMe A/") \

B ﬁ)
MeO

(51%) (34%)
Reagents and Conditions
i} 1 eq. NaOMe / MeOH i) 2 eq. NaOMe / MeOH.
iii) 3 eq. NaOMe / MeOH iv) 2 eq. MeNH, / DMF

2.1) Perfluoroalkylation.

In our work, using the solvent-free perfluoroalkylation methodology described in chapter
II, a reaction of HFP with TDAE in the presence of tetrafluoropyrimidine afforded two
perfluoroalkylated products (50) and (51).73

CF(CF3), CF(CF3),
| XN  TDAE/HFP
F - | F + |IF
~
N Autoclave / 60 °C  (F,C),FC N/) N/)
(50) (51)
(60%) (10%)

Whereas a reaction of pentafluoropyridine with HFP occurs to give mainly the mono-

substituted derivative (1), and the bisperfluoroalklyated compound (2) as a minor
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component, the more reactive tetrafluoropyrimidine system above, gave (50) as the major
product, with the desired compound (51) being present in relatively small amounts.
Unfortunately, attempts to increase the yield of (5§1) using a deficiency of HFP were
unsuccessful, with (50) being the major product in all cases. This reflects the increased
reactivity of (51) over tetrafluoropyrimidine, highlighting the highly activating influence
of a perfluoroisopropyl group in this system and also the activating effects of two ring
nitrogen atoms. The perfluoroisopropyl group is a very powerfully electron withdrawing
substituent and renders the heteroaromatic ring in (51) more electron deficient than in
tetrafluoropyrimidine and consequently, (51) is more susceptible to nucleophilic attack.
The two ring nitrogen atoms are activating in both (51) and tetrafluoropyrimidine because

of their ability to stabilise the carbanion intermediate in the transition-state (chapter I).
F. Nuc
2
5

Charge stabilised by ortho- and para- nitrogen atoms

Although (51) was produced as a minor component and therefore, only small
quantities were available, we were able to investigate several nucleophilic aromatic

substitution reactions.

2.1.1) Reactions of (51).
Reactions of (51) with 1 and 2 equivalents of sodium methoxide gave the mono- and di-
substituted compounds (52) and (53) respectively.

CF(CF3), CF(CF,), CF(CF3),
| F\N ‘1 eq. NaOMe / THF ' NN 2 eq. NaOMe / THF | F\N
MeO N/) :/J 'MeO N//I\OMe
(52) (51) (53)
(58%) (20%)

Substitution in (51) by the first methoxide nucleophile occurred at the 6-position,
whereas a second substitution by methoxide occurs at the 2-position. This was confirmed
by ""F NMR spectroscopy which showed the disappearance of the higher frequency
signals at —70.7 ppm and —48.3 ppm, corresponding to the 2- and 6-fluorine substituents
in (51) respectively. The reduced yield of (5§3) compared to (52) suggests that a methoxy

derivative has a deactivating influence on the pyrimidine ring system.
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Therefore, in these model reactions we have demonstrated that (51) reacts as a
difunctional electrophile in a manner similar to perfluoro-4-isopropylpyridine (chapter II)
and consequently, the step-wise methodology for the synthesis of macrocycles (chapter
III) should, in principle, also be applicable to the perfluoro-4-isopropylpyrimidine (51)
system.

A reaction of (51) with ethylene glycol dianion afforded the bispyrimidyl species
(54) in low yield. '’F NMR spectroscopy confirmed that substitution had occurred at the

6-position in both heteroaromatic rings and was consistent with the substitution pattern in

the model compound (52).
CF(CF3),
CF(CF3), N
N | F_)
| F)N + TMSO OTMS CsF 07N
7 \_J - [

O.__N

Monoglyme / 85 °C /10 h. | F\j

(51) ~N
CF(CF3),

(54)
(20%)

A subsequent reaction of (54) with another equivalent of ethylene glycol dianion in the
manner illustrated in scheme 9, gave a complex mixture of products which could not be
identified.
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2.1.2) Reactions of (50).

We have also investigated the use of (50) as a possible precursor to macrocyclic
compounds which can be envisaged by two conceivable processes: a) by nucleophilic
displacement of one of the perfluoroalkyl groups, or b) by replacement of the 5-fluorine
atom by a difunctional nucleophile, scheme 10. However we must first consider
nucleophilic aromatic substitution in (50).

CF(CF3), | F\N
[oN__ Stept (F4C),FC N/)\X]
— -
(FsC),FC _N._ _X
(FsC).FC” N WX XH (e
/ =N
CF(CF;),
Step 2
HX  XH HX XH =
\_/ L/ - (CF3),CF
CF(CF3), A CF(CFy),
~N X ~N
LA LFA
EX N X:[ Y N Xj
X N\ X Y. N\ X
\f F | F Y
N~ X _N
CF(CF3), CF(CF,),
X =NMe, O
Y= (CFa)zCF

(Scheme 10)

65



The bisperfluoroalkylated compound (5C) reacts with a series of oxygen and nitrogen-

centred nucleophiles to give the mono-substituted derivatives shown in scheme 11.

CF(CF3),
B
F
~
(F5C),FC N)\OMe
(55)
(71%)
CF(CF3), CF(CF;),
| N i) | N
F/‘\ F
(F3C),FC N H Ph (F5C),FC N)\OC12H15

v) ii) (56)
. \ CF(CF,), / o

(85%) | >N
FJ ii)

CF(CF3), % (F5C),FC N \ CF(CFJ),

| A )N\ (50) SN
~
NN (FsC),FC” >N" 0

(FsC),FC_ _N._ _O
G ey

CF(CF3),

(FLC),FC

(57)
(70%)

Reagents and Conditions
i) NaOMe / THF ii) NaH / 1-dodecanol iii) TMSOCH,CH,OTMS / CsF / Diglyme
iv) Diethylamine / THF v) Benzylamine / THF

(Scheme 11)

In all cases substitution by the nucleophile occurs at the 2-position, ortho- to the two
activating nitrogen atoms. This was established by '°F NMR spectroscopy which showed
the disappearance of the high frequency signal at —48.3 ppm which corresponds to the 2-
fluorine atom. If substitution had occurred at the 5-position then this would have resulted
in the disappearance of this signal at much lower frequency (—152.6 ppm) and this is
clearly not the case here.

Only mono-substituted products could be obtained by reaction with either oxygen
or nitrogen-centred nucleophiles and indeed the replacement of the 5-fluorine atom by a
nucleophile could not be achieved even with an excess of regent at elevated temperatures

(200 °C). Two possible explanations for this are: a) the relatively bulky perfluoroalkyl
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groups prevent a nucleophile from entering at the S5-position and b) the oxygen or
nitrogen substituent at the 2-postion is destabilising to nucleophilic attack at the 5-
position. Consequently, the bispyrimidyl species (57) could not be used as a precursor to
a highly fluorinated macrocyclic compound as no further substitution could be achieved.
All of the compounds displayed in scheme 10 are highly soluble in

perfluorocarbon liquids at room temperature.

2.2 ) Nucleophilic Substitution in Tetrafluorepyrimidine.
Although compound (51) could be a precursor to macrocyclic compounds in an
analogous way to (1), its low yield from the perfluoroalkylation reaction makes this an
impractical starting material. Therefore, we investigated other mono-substituted
pyrimidine derivatives for use as macrocyclic subunits, starting with a reaction of
tetrafluoropyrimidine with sodium methoxide.

A carefully controlled reaction of sodium methoxide with tetrafluoropyrimidine at
low temperature (0 °C) was carried out. In order to maximise the amount of mono-
substituted product, a solution of sodium methoxide in methanol was added to an excess

of tetrafluoropyrimidine over 6 hours via a syringe pump.

OMe OMe
S NaOMe / MeOH /0 °C
(F\N = | F\N + | F\N + MeF
2 - J J
N Syringe Pump N HO N
(60) (61)
(56%) (20%)

The methoxy-pyrimidine derivative (60) was produced in good yield with the hydroxy
compound (61) as a side product, most likely formed from the fluoride ion induced

demethylation of the 6-methoxy group in (61a).
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This can be rationalised by considering the pyrimidyl group as an excellent leaving

group.

OMe OMe OMe OMe

/\‘

H (SN ver | Zar 2 NH NN

Hj\/w“,) FJ ——— | F 4——>|F/)
N HO” "N

jON Y o)
-

(61a)

A similar reaction has been reported by Olah in the trifluorotriazine system below, in
which carboxylic acids are transformed into acid fluorides by nucleophilic substitution of

trifluorotriazine followed by fluoride ion displacement of the nucleophile.”4

A reaction of (60) with diethylene glycol dianion resulted in further nucleophilic
substitution to give the bispyrimidyl species (62) in low yield along with numerous side
products which made isolation of (62) difficult.

OMe

l F

~

|F)N + TMSO OTMS CsF )
% J

N \(r\l
(60)

OMe

OMe

(62)
(14%)

Despite the low yield for this reaction enough product was obtained for a second
substitution reaction using diethylene glycol dianion, however this resulted in a complex
mixture of products which could not be identified.

It is conceivable that attack by fluoride ion at the methyl group and the methylene
site in the oxygen substituted derivative (62) is occurring due to the efficiency of the

pyrimidine unit as a leaving group, resulting in the complexes mixtures we have
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encountered so far in this series. Therefore, the low yields of the perfluoroalkylated
derivatives (53) and (54) might also be explained by this demethylation process.

It should be possible however to introduce a group into a pyrimidine system
where the above Sn2 process it less likely to occur, for example, a tertiary-butyl
substituent.

A reaction of tetrafluoropyrimidine with sodium-tertiary-butoxide gave the
disubstituted product (63) only, even at low temperatures.

| F\N 'BuONa/ THF | ~N
L F

~ ~

N 0 N)
(63)

(74%)

This approach appears to be successful in preventing the loss of the tertiary-butyl groups
through the fluoride ion induced process observed for the methoxy derivatives above,
however, only the di-substituted compound was obtained. This either reflects the
increased reactivity of (63) over tetrafluoropyrimidine, or that a mono- substituted
derivative is more soluble in the reaction media at the low temperatures used and thus it

is more likely to undergo further nucleophilic attack.

3) Conclusions

In this series we have demonstrated that the perfluoroalkylation of tetrafluoropyrimidine
occurs to give mainly bisperfluoroalkylated products, the desired mono-substituted
compounds could not be produced in significantly useful quantities.

Nucleophilic substitution reactions in the perfluoroalkylated pyrimidine systems
were investigated and demonstrated substitution at the 2- and 6- positions, no
replacement of the 5-fluorine could be achieved.

Reaction of tetrafluoropyrimidine with methoxide gave mono-substituted
derivatives, however, subsequent reactions of this compound resulted in complex
mixtures and it has been suggested that demethylation by fluoride ion prevents further
useful chemistry for this compound.

A reaction using a more sterically demanding system in order to prevent the

demethylation process resulted in di-substituted products only.
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In summary, tetrafluoropyrimidine is a highly reactive electrophile with gives mainly di-
substituted products on reactions with nucleophiles and as such its use as a precursor to

macrocyclic compounds in a similar manner to the pyridine system is limited.
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Chapter V Polyfluoroalklyation Reactions Involving
Trifluoromethyltrimethylsilane and Octafluorobut-2-ene.

1) Introduction.

In the previous chapters we have examined the chemistry of several heteroaromatic
systems containing the perfluoroisopropyl substituent which were derived from reaction
with HFP and fluoride ion. We demonstrated that the solvent free TDAE methodology
described in chapter II could be used for the introduction of a perfluoroisopropyl group
into both highly fluorinated pyridine and pyrimidine systems. In this chapter we present
the chemistry of systems bearing two different perfluoroalkyl substituents, the
trifluoromethyl group and the larger perfluoro-sec-butyl group. This work continues the
overall theme of perfluoroalkylation reactions. In this chapter we hope to demonstrate
that a variety of perfluoroalkyl groups can be introduced into highly fluorinated
heteroaromatic systems and these systems can be explored further using nucleophilic
substitution reactions.

Our approach was to first study the introduction of a CF; group into the
pentafluoropyridine system using a powerful trifluoromethyl anion source, before
examining the effect the introduction of this group has on subsequent nucleophilic
aromatic substitution reactions. Next we aimed to develop a methodology for the
introduction of a perfluoro-sec-butyl substituent using fluoride ion and octafluorobut-2-
ene in an analogous way to that used for the perfluoro-4-isopropyl systems. The
introduction of this group would result in the creation of a stereogenic centre within the
molecule and the aim was to explore the effects this has on the system by attempting to

synthesise and resolve diastereomers.

2) Perfluoroalkylation of Pentafluoropyridine.

2.1) Trifluoromethyltrimethylsilane.

Trifluoromethylated compounds have found a large number of industrial uses epecially as
pharmaceutical and agro-chemicals because of the influence of the trifluoromethyl group
in biologically active molecules and this is often associated with the increased
lipophilicity that this substituent imparts.

Various methods for the introduction of a trifluoromethyl group have been
established and have recently been reviewed.”> Perhaps the most useful
trifluoromethylating reagent is trifluoromethyltrimethylsilane, or Ruppert’s reagent. This
volatile liquid is the most widely used of a series of perfluoroalkylsilicon compounds the

chemistry of which has been reviewed by Prakash.76
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Ruppert’s reagent can be considered as a source of trifluoromethyl-anion that is
activated by a reaction with a suitable nucleophile (most commonly fluoride ion) which,

can then be trapped using a range of electrophilic species’”79, for example,

pentafluoropyridine.

F F FiC F CFs
/3 - Me,SiF N £ F Q
Me,-Si-CF;, —— > CF A

5" SiLCFs 3 F (-) — |l F_
F7ONTF N
(64)

Although this reaction has been reported by Russian workers, the overall yields were
relatively low (40%) and no further chemistry was described.80

We have conducted a series of reactions involving trifluoromethyltrimethylsilane
with pentafluoropyridine using a variety of fluoride ion sources as activating nucleophiles
for the generation of CF,” under different reaction conditions. The results are displayed in
table 8. Conversion refers to the percentage of pentafluoropyridine that is transformed
into (64) and was determined by a comparison of the appropriate integrals in the '°F
NMR spectrum.

General Procedure.

CF,

X (CH,)sSICF4 / F N

I F/ > | F
~

N Solvent N
(64)
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Table 8.

Nucleophile Solvent Temp /°C Duration/h. Conversion to (64) %
CsF DMF 55 56 132
KF DMF 80 4 50
KF DMF 80 20 40°
KF DMF 100 20 50
KF DMF 50 4 62
KF DMF 45 4 10
KF DMF 30 4 23
KF/CuBr DMF 80 20 18
KF/CuBr DMF 80 56 60°
CsF¢ None 45 4 0
CsF None 20 20 0
CsF None 50 20 0
CsF MeCN 65 4 10°
CsF MeCN 50 20 10°
CsF DMSO 50 20 50°
CsF DMSO 65 4 20°
CsF Sulfolane 45 4 0?
TAS-F THF 0 6 40°

a: numerous unknown side products produced; b: reaction carried out in autoclave; c: CsF coated in

sulfolane; d: using same conditions reported by Yagupol’skii

Firstly we investigated the effects of various solvents for the reaction and DMF was
clearly shown to be a superior medium, with all other systems except the THF reaction
giving complex mixtures of products for the above reaction.

The source of fluoride ion used was also an important factor, KF being a better
source than CsF. However, using KF as the fluoride ion source for this reaction has
limitations because its solubility in common organic solvents is low.

The reaction temperature and duration also had a significant effect on the
efficiency of the reaction and a temperature of around 50 °C was the most effective with
a duration of 4 hours. Longer reaction times either gave no additional increase in
conversion, or indeed lower conversions were observed as more complex mixtures are

produced.
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In conclusion, our study demonstrates that KF as a fluoride ion source in DMF at
50 °C over 4 hours were the most effective reaction conditions for the synthesis of (64)
using trifluoromethyltrimethylsilane. Unfortunately, the isolation of the products from the
DMF reaction media proved extremely difficult because extraction into common organic
solvents such as DCM was unsuccessful, as was extraction into perfluorocarbon liquids,
reflecting the limited solubility of (64) in perfluorocarbon media. Distillation directly
from the reaction medium did enable small amounts of (64) to be recovered, but the
isolated yield was only 10%, although enough material was obtained to enable a
nucleophilic substitution reaction to be investigated.

A reaction of (64) with sodium phenoxide gave the mono-substituted derivative
(65) in good yield.

CF, CF,

F\ NaOPh /THF /65 °C /6 h. AN

| F_ = | F
N N“ 0

(65)

(77%)

This reaction demonstrates that further nucleophilic substitution in (64) is possible and
therefore, the synthesis of multiply substituted derivatives containing the CF; moiety are,
in principle, achievable. Unfortunately, difficulties in the isolation of (64) from the

required reaction media make this an impractical starting material by this method.

2.2) Octafluorobut-2-ene.

The reaction of octafluorobut-2-ene with pentafluoropyridine has been previously
reported by Chambers and uses the fluoride ion induced negative Friedel Crafts chemistry
described in chapter I1.8! Octafluorobut-2-ene reacts with fluoride ion to produce a

fluorocarbanion which can subsequently be trapped using an electrophile, in this case

pentafluoropyridine.
R
F F F CF, AN F AN
NS _— F -+ F] =———=|F,
F F.C  CF, F.C F N N

Octafluorobut-2-ene

Rg = CF4CF ,(CF4)CF
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The use of octafluorobut-2-ene presents a new aspect to the chemistry of the
perfluoroalkyl groups we have seen so far, in that here a stereogenic centre is created

within the perfluoroalkyl chain.

F GFs F GFs
F3C CF2 FSC//,, CF2
X X
F (%
~
N N

The two enantiomers for compound (66)
In this reaction the source of fluoride ion for the generation of the carbanion is anhydrous
potassium fluoride and consequently dipolar aprotic solvents are required. In our work

excellent yields for compound (66) were obtained.

Re
| ] CF;CF=CFCF;/ KF / Tetraglyme | N
N" Autoclave /60 °C /3 d. NG

(66)
(71%)

Rg = CF3CF4(CF3)CF
Although the solvent free methodology described in chapters I and IV could have been
used, we chose the alkali metal fluoride method because the products could be recovered
from the aprotic media by extraction into perfluorocarbon solvents, in which the
perfluoroalkylated product (66) is highly soluble.
We attempted to resolve diastereomers of compound (66) using a homochiral
nucleophile and a reaction of (66) with ephedrine resulted in nucleophilic substitution by

nitrogen at the 2-position to give, we presume, a mixture of diastereomers.

Re Re
N Ph.__,OH THF /65 °C/20h. SN,
| F + :r » | F
P iy ~ "1,
N MeHN” “Me N "NT “Me
Me
Ephedrine
(67)
(65%)

R = CF4CF,(CF3)CF

75




However, both the '°F and '>C NMR spectra for (67) were highly complex and we were
unable to discriminate between the different diastereomers, also it was not possible to
resolve the diastereomers using chromatography. This is likely a result of the relative
distance between the two stereogenic centres within the molecule in that they are far

enough apart as to produce very little stereochemical interaction.

3) Tetraftuorophthalonitrile.

Tetrafluorophthalonitrile is a fluorinated aromatic compound that is activated to
nucleophilic attack at two adjacent sites by two para- nitrile substituents. It is therefore,
an ideal molecule for the introduction of a chiral perfluoroalkyl group, as a second
nucleophile would be anticipated to enter at the position adjacent to the first and the
proximity of the two groups should maximise any stereochemical interactions. Firstly,
before we consider this chemistry, a short discussion of some previous work with

tetrafluorophthalonitrile is appropriate.
3.1) Introduction.

Tetrafluorophthalonitrile is a white solid which is obtained from tetrachlorophthalonitrile

using KF in the absence of a solvent at high temperatures.2

CN KF / 250 °C @:CN
CN Autoclave CN

(72%)

It readily undergoes nucleophilic aromatic substitution reactions, for example, Haszeldine
has investigated reactions of tetrafluorophthalonitrile with simple nucleophiles to give

mono-substituted derivatives.82

Me,N CN
CioH70 @[CN- 1-Naphthol @ic"' NHMe, €2 \@ A
CN CN

CN

Perfluoroalkylation of tetrafluorophthalonitrile using HFP has been recently reported by
Gorun and showed the introduction of two perfluoroisopropyl groups adjacent to one

another at the 4- and 5-positions.83

@:CN CsF / HFP / CH,CN Re \@[CN RF]@CN
+
CN CN Re CN

-78 °C /45 min.

Rg = (CF;3),CF (43%) (43%) 76




Perfluoroalkylation using the highly reactive fluorinated alkene, perfluoroisobutene has
been demonstrated by Russian workers, but, the regiochemistry of the products is not

clear.84

Re
@[CN CsF / (CF3),C=CF, @[CN
CN 50 °C /30 h. CN

Re = (CF3)C

There is a great deal of interest in the chemistry of phthalonitriles because they are
known precursors to phthalocyanines, an important class of molecules with a wide range
of applications, from catalysts to solid state materials and dyes. Indeed the use of highly
fluorinated phthalocyanines have been investigated for the treatment of tumours in
mice.83

Our approach was to investigate the nucleophilic perfluoroalkylation of

tetrafluorophthalonitrile using octafluorobut-2-ene, which will now be described.

3.2) Perfluoroalkylation using Octafluorobut-2-ene.
A reaction of octafluorobut-2-ene with tetrafluorophthalonitrile gave a mixture of mono-
and di-substituted products.

@:CN CsF / CF3CF=CFCF, RF\@[CN Re j@[CN
» +
CN CN Re CN

Tetraglyme /60°C /3 d.

(68)
(14%) (g‘fﬁ,{ )

R = CF4CF,(CF3)CF

As with the tetrafluoropyrimidine system in chapter IV, the desired mono-substituted
product was difficult to obtain without a significant proportion of the
bisperfluoroalklyated compound (69) being produced. This reflects the increased
reactivity of (68) over tetrafluorophthalonitrile because of the highly activating influence

of a perfluoroalkyl group (see chapter IV).
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The perfluoroalkylated compounds (68) and (69) are both highly soluble in
perfluorocarbon solvents, and their isolation from the tetraglyme reaction mixture was
made simple by extraction into perfluoromethylcyclohexane.

Confirmation of the regiochemistry in (68) comes from the '’F NMR spectrum.
The two trifluoromethyl groups are clearly assigned to the peaks at —72.1 and —80.3 ppm,
whereas the two complex patterns at and —80.5 and —85.5 ppm correspond to the 3- and
5-fluorine atoms respectively. In both cases the peaks are complex and broadened due to
the rapid rotation of the perfluoroalkyl group. Assignments for the fluorine atoms of the
CF, group of the perfluoroalkyl substituent is very difficult and a series of complex
overlapping signals are observed which also contain the signal for the 6-fluorine atom.
Thus we have established from the '’F NMR spectrum that the introduction of the
perfluoro-sec-butyl group in tetrafluorophthalonitrile enters at the 4-position giving
compound (68). This is consistent with previous work in the area of
tetrafluorophthalonitrile chemistry and also with the expected orientation of substitution
by minimising the number of para- fluorine atoms (chapter I).

For (69), evidence that the second perfluoroalkyl group enters adjacent to the first
at the 5-position also comes from the '’F NMR spectrum. Again the two different CF;
groups of the perfluoroalkyl substituents are observed at —73.5 and -80.6 ppm
respectively. The fluorine atoms at the 3- and 6-positions give rise to a resonance at —84.9
and —88.5 ppm and show the correct integration for two fluorine atoms. Two signals are
observed due to rapid rotation about each perfluoroalkyl group in a similar manner to that
observed for the perfluoroisopropyl group outlined in chapter II. Also, two distinct
signals for each rotamer for the tertiary fluorine of the pérﬂuoro-sec-butyl group are also
observed confirming this explanation. It is unlikely that the presence of two signals for
the same fluorine atoms are due to the different diastercomers because the same effect is
observed in compound (68), which is present as a pair enantiomers.

Since the desired compound (68) was present in only small amounts it was
impractical to begin studies on the separation of diastereomers of (68) using a homochiral
nucleophile, instead we chose to investigate nucleophilic aromatic substitution in (69)
and attempted to replace all of the remaining fluorine atoms.

A reaction of (69) with both 1 and 2 equivalents of sodium phenoxide produced

the mono- and di-substituted derivatives (70) and (71) respectively.
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OPh OPh

Re CN 4 eq. NaOPh / THF RFJ@[CN 2 eq. NaOPh / THF F CN
R, CN 75°C/ 20h.  R: CN 75°C/ 20h. R CN
F OPh
(70) (71)
(47%) @B7%)

Re = CF3CF,(CF3)CF

This reaction demonstrates that highly substituted aromatic compounds can be derived
from highly fluorinated starting materials using nucleophiles.

Finally in this series a reaction of tetrafluorophthalonitrile with two different
perfluoroalkylating agents was carried out with the aim to produce highly fluorinated
precursors to phthalocyanines that would be soluble in perfluorocarbon liquids.

Tetrafluorophthalonitrile was reacted with trifluoromethyltrimethylsilane using
the procedure developed above (section 2.1). Again, the isolation of the products from the
DMF solvent required was difficult and therefore, a second perfluoroalkyl group was
introduced into the molecule using a reaction with HFP and fluoride ion (chapter II). This
rendered some of the products from the reaction soluble in fluorocarbon liquids and
isolation of the product mixture was possible by extraction into
perfluoromethylcyclohexane. However, the reaction mixture was highly complex and
purification of the major product (72) was difficult, although, column chromatography
did enable a very small amount of the highly substituted compound (72) to be recovered,

which was subsequently identified from its x-ray crystal structure.

CFs
@CN 1) Me;SiCF, / DMF /50 °C / 4 h. F CN
cN  2) HFP / CsF / DMF / Autoclave F4C CF(CF,),
CF,
(72)

In this reaction several of the ring fluorine atoms have been replaced in addition to one of
the nitriles groups which is likely to have been replaced by a CF; substituent.

F
F:,C: : :CN CF; F,C CF, (CF3)26F FsC CF,4
FsC CN -CN FsC: : :CN -F FiC CN
CF(CF,),
(72)
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4) Conclusions

The introduction of a trifluoromethyl group into the pentafluoropyridine system proceeds
with reasonable conversion using DMF as the reaction medium in the presence of KF.
Unfortunately, the isolation of the product mixture from this system is very difficult
making this an impractical method for the synthesis of perfluoro-4-methylpyridine as a
starting material.

The introduction of a perfluoro-sec-butyl group into the pentafluoropyridine
system 1s possible by a fluoride ion induced polyfluoroalkylation using octafluorobut-2-
ene, and unlike the solvent free methodology described in chapter II and IV this reaction
uses an alkali metal fluoride in an aprotic solvent to induce reaction. The perfluoro-sec-
butyl group has a stereogenic centre, but we were unable to resolve diastereomers of this
compound using a homochiral nucleophile.

The tetrafluorophthalonitrile system was used for the introduction of a perfluoro-
sec-butyl group in a similar manner to the pyridine system to give mono- and di-
substituted products. However further studies regarding the stereochemistry of such
compounds were not carried out because of the difficulty in producing only mono-
substituted derivatives, although some nucleophilic substitution reactions were

investigated.
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Chapter VI Experimental.
1) Instrumentation.

Reagents and Solvents

All chemicals were supplied by Aldrich or Fluorochem unless otherwise stated,
tetrafluorophthalonitrile was kindly provided by Dr. Wang Shu-Zhong. All solvents were
dried according to literature methods. Potassium fluoride was flame dried and stored
under vacuum at high temperature, Caesium fluoride was dried under vacuum at 250 °C.

Column chromatography was performed using silica gel supplied by Fluorochem.

Gas Liquid Chromatography

Chromatographic analyses were performed on a Hewlett Packard 5890 Series II gas
liquid chromatograph equipped with a 25 m cross-linked methyl silicone capillary
column with a flame ionisation detector.

Elemental Analysis
Carbon, hydrogen and nitrogen analysis were obtained using an Exeter Analytical CE-
440 Elemental Analyser.

NMR Spectroscopy

'H and spectra were obtained from a Varian VXR400 Spectrometer (400 MHz). '°F
spectra were recorded on the Varian Spectrometer (376 MHz) and >C at (100 MHz). All
spectra were obtained using TMS and/or CFCl; as an internal reference. J values are

given in Hertz.

Mass Spectroscopy

Mass spectra were obtained from a VG Trio 1000 Mass spectrometer (electronic
lonisation) coupled to a GLC as above. Accurate mass determinations were performed on
a Micromass Autospec Mass Spectrometer. Macrocycle binding studies were performed

on a Micromass LCT spectrometer.

IR Spectra
Infrared spectra were recorded on a Perkin-Elmer 1600 FT-IR using KBr discs or thin
film liquid between KBr plates.
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2) Experimental to Chapter II.

Synthesis of Perfluoro-4-isopropylpyridine (1).

A stainless steel autoclave (1000 ml) was charged with pentafluoropyridine (200 g, 1.2
mol) and tetrakis(dimethylamino)ethene (TDAE) (0.45 g, 2.0 mmol), under an
atmosphere of dry nitrogen. Hexafluoropropene was transferred to the autoclave under
vacuum before the autoclave was sealed and heated to 60 °C over 20 h. The autoclave
contents were then cooled and opened under vacuum, no gases were recovered. The
contents were transferred to a round bottomed flask and distillation atmospheric pressure,
gave perfluoro-4-isopropylpyridine (1) as a colourless liquid (230 g, 60%); bp 129°C;
(Found C, 29.8; N, 4.2. CgF, N requires C, 30.1; N, 4.4%).

Synthesis of 3-fluoro-2,5,6-trimethoxy-4-[1,2,2,2-tetrafluoroc-1-
(trifluoromethyl)ethyl]pyridine (3).

A mixture containing, sodium methoxide (4.1 g, 70 mmol), perfluoro-4-isopropylpyridine
(1) (2.0 g, 6.3 mmol) and methanol (15 ml) was heated to reflux over 72 h before being
cooled to room temperature and water (15 ml) added. Extraction into DCM (2 x 30 ml),
enabled recovery of products. The organic phase was dried (MgSQO,) and the solvent was
removed on a rotary evaporator. Column chromatography (hexane/DCM, 6:1) gave 3-
fluoro-2,5,6-trimethoxy-4-[1,2,2, 2-tetrafluoro-1-(trifluoromethyl)ethyl] pyridine (3) as a
colourless solid (1.7 g, 75%); Rf, 0.20; mp 47-48 °C; (Found C, 37.4; N, 3.72; H, 2.71.
C, HgFgNO; requires C, 37.2; N, 3.90; H, 2.50%).

Synthesis of 3-fluoro-2,5,6-triphenoxy-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]pyridine (4).

Sodium metal (1.7 g, 60 mmol) was added to a solution of phenol (6.6 g, 60 mmol) in
THF (20 ml) and stirred over 1 h at room temperature, perfluoro-4-isopropylpyridine (1)
(3g, 10 mmol) was then added dropwise. The mixture was heated to reflux over 72 h
before being cooled to room temperature and water (15 ml) added. Extraction into DCM
(2 x 30 ml), enabled recovery of products. The organic phase was dried (MgSO,) and the
solvent was removed on a rotary evaporator. Column chromatography (hexane/DCM,
6:1) gave 3-fluoro-2,5,6-triphenoxy-4-[1,2,2, 2-tetrafluoro-1-
(trifluoromethyl)ethyl] pyridine (4) as a white solid (0.91 g, 27 %); Rf, 0.25; mp 47-48 °C;
(Found C, 57.4; N, 2.6; H, 2.8. C,sH,sFsNO, requires C, 57.6; N, 2.6; H, 2.8%).
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Synthesis of 2-butyl-3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]pyridine (5).

Butyllithium (6.3 mmol) was added dropwise via syringe over 1 h to a solution of
perfluoro-4-isopropylpyridine (1) (2.0 g, 6.3 mmol) in diethyl ether (15 ml) at -78°C
under an atmosphere of dry nitrogen. After being stirred at -78 °C for 45 minutes, ethanol
(5 ml) was added followed by water (15 ml). Extraction into DCM (2 x 30 ml), enabled
recovery of products. The organic phase was dried (MgSO,) and the solvent was removed
on a rotary evaporator. Column chromatography (hexane/DCM, 6:1) afforded 2-butyl-
3,5,6-trifluoro-4-[1,2,2, 2-tetrafluoro- 1-(trifluoromethyl)ethyl] pyridine (5) as a colourless
liquid (1.3 g, 58%); Rf, 0.35; bp 177 °C; (Found C, 41.1; N, 2.7; H, 3.9. C,,;H,F,\N
requires C, 40.5; N, 2.7; H, 3.9%).

Synthesis of 2,6-dibutyl-3,5,-difluoro-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]pyridine (6).

Butyllithium (12.0 mmol) was added dropwise via syringe over 1 h to a solution of
perfluoro-4-isopropylpyridine (1) (2.0 g, 6.3 mmol) in diethyl ether (15 ml) at -78°C
under an atmosphere of dry nitrogen. After being stirred at -78°C for 45 minutes, ethanol
(10 ml) was added followed by water (15 ml). Extraction into DCM (2 x 30 ml), enabled
recovery of products. The organic phase was dried (MgSO,) and the solvent was removed
on a rotary evaporator. Column chromatography (hexane) gave 2,6-dibutyl-3,5,-difluoro-
4-[1,2,2, 2-tetrafluoro- 1-(trifluoromethyl)ethyl] pyridine (6) as a colourless liquid (0.5 g,
20%); Rf, 0.25; bp 232 °C; (Found C, 48.5; N, 3.50; H, 4.84. C,sH:FsN, requires C, 48.6;
N, 3.54; H, 4.56%).

Synthesis of 6-(tert-butyl)-2,3,5-trifluoro-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]pyridine (7).

Tertiary-butylmagnesium chloride (6.3 mmol) was added slowly to a solution of
perfluoro-4-isopropylpyridine (1) (2.0 g, 6.3 mmol) in THF (15 ml) under an atmosphere
of dry nitrogen. The mixture was stirred slowly for 5 hours at -15 °C before ethanol (5
ml) and dilute HCI1 (15 ml) were added. Extraction in DCM (2 x 15 ml) enabled recovery
of organic products. The organic phase was dried (MgSQO,) and the solvent was removed
on a rotary evaporator. Column chromatography (eluent hexane, Ry 0.28) gave 6-(tert-
butyl)-2,3,5-trifluoro-4-[1,2,2, 2-tetrafluoro- 1-(trifluoromethyl)ethyl[pyridine (7) as a
colourless liquid; (0.28 g, 41%); Rf, 0.28; bp 178 °C; (Found C, 40.6; H, 2.54; N, 3.84,
C,H,F (N, requires C, 40.3; H, 2.54; N, 3.84%).
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Synthesis of 2,6-bis(tert-butyl)-3,5-trifluoro-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]pyridine (8).

Tertiary-butyllithium (50 mmol) was added to a suspension of Cu®Br (3.6 g, 25 mmol) in
diethyl ether (20 ml) at -41 °C under an atmosphere of dry nitrogen. The mixture was
stirred at -41 °C for 30 min before perfluoro-4-isopropylpyridine (1) (6.0 g, 20 mmol)
was added slowly via syringe. The mixture was stirred over 6 h before dilute HCI (5 ml)
was added. The mixture was filtered through a No. 3 sinter and water (20 ml) added.
Extraction of the filtrate into DCM (2 x 20 ml) enabled recovery of organic products. The
organic phase was dried (MgSO,) and the solvent was removed on a rotary evaporator.
Column chromatography on silica gel (hexane) gave 2,6-bis(tert-butyl)-3,5-trifluoro-4-
[1,2,2,2-tetrafluoro- I-(trifluoromethyl)ethyl] pyridine (8) as a yellow oil (1.1 g, 16%); Rf,

0.30. Compound decomposition prevented analysis.

Synthesis of 4-{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-2-
pyridyltheptane-3,5-dione (9).

Sodium hydride (0.52 g, 13 mmol) was washed with hexane before diethylmalonate (2.1
g, 13 mmol) was added slowly, the mixture was then stirred for 1 hour at 0 °C under an
atmosphere of dry nitrogen. Perfluoro-4-isopropylpyridine (1) (4 g, 13 mmol) in THF (20
ml) was added slowly using a dropping funnel and the mixture was then stirred over S h,
before water (5 ml) was added Extraction in DCM (2 x 15 ml) enabled recovery of
organic products. The organic phase was dried (MgSQ,) and the solvent was removed on
a rotary evaporator. Column chromatography (DCM/Hexane 1:1) gave diethyl 4-{3,5,6-
trifluoro-4-[1,2,2, 2-tetrafluoro-1-(trifluoromethyl)ethyl] - 2-pyridyl}heptane-3, 5dione  (9)
as a clear liquid (2.9 g, 49%); Rf, 0.41; bp 274 °C; (Found C, 38.9; H, 2.20; N, 3.07.
C;H, F\(NO, requires C, 39.2; H, 2.40; N, 3.05%).

Synthesis of 6-(prop-1-enyl)-2,3,5-trifluoro-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]pyridine (10).

1-Propenylmagnesium bromide (9.4 mmol) was added via syringe to a stirred solution of
perfluoro-4-isopropylpyridine (1) (3.0 g, 9.4 mmol) in THF (20 ml) under an atmosphere
of dry nitrogen. The solution was then heated under reflux over 20 h before dilute HCI
(15 ml) was added. Extraction in DCM (2 x 15 ml) enabled recovery of organic products.
The organic phase was dried (MgSO,) and the solvent was removed on a rotary
evaporator. Column chromatography (hexane) gave 6-(prop-1-enyl)-2,3,5-trifluoro-4-
[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl] pyridine (10) as colourless oil (2.2 g, 69%);
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Rf, 0.40; bp 186 °C; (Found C, 38.5; H, 1.38; N, 4.04. C, H;F(N requires C, 38.7; H,
1.47; N, 4.11%).

Synthesis of 2,3,5-trifluoro-6-phenyl-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]pyridine (11).

Phenylmagnesium chloride (12.5 mmol) was added to a solution of perfluoro-4-
isopropylpyridine (1) (2.0 g, 6.3 mmol) in THF (20 ml) under an atmosphere of dry
nitrogen. The solution was heated under reflux over 24 h before being cooled to room
temperature and dilute HCI (15 ml) added. Extraction in DCM (2 x 15 ml) enabled
recovery of organic products. The organic phase was dried (MgSQ,) and the solvent was
removed on a rotary evaporator. Column chromatography (hexane) gave a mixture of
2,3,5-trifluoro-6-phenyl-4-[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl Jpyridine and
biphenyl. This mixture was dissolved into acetone and extraction using
perfluoromethylcyclohexane followed by removal of the solvent on a rotary evaporator
gave 2,3,5-trifluoro-6-phenyl-4-[1,2,2, 2-tetrafluoro-1-(trifluoromethyl)ethyl] pyridine
(11) as a white solid (0.5 g, 21%); Rf, 0.38; mp 43-45 °C; (Found C, 44.2; H, 1.40; N,
3.71. C HsF (N requires C, 44.6; H, 1.33; N, 3.71%).

Synthesis of 3,5-difluoro-2,6-diphenyl-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]pyridine (12).

Phenylmagnesium bromide (30 mmol) was added via syringe to a solution of perfluoro-4-
isopropylpyridine (1) (3.0 g, 9.4 mmol) in THF (15 ml) under an atmosphere of dry
nitrogen. The solution was heated under reflux over 20 h before being cooled to room
temperature and dilute HCI (15 ml) added. Extraction in DCM (2 x 15 ml) enabled
recovery of organic products. The organic phase was dried (MgSQ,) and the solvent was
removed on a rotary evaporator. Column chromatography (hexane) gave 3,5-difluoro-2,6-
diphenyl-4-[1,2,2, 2-tetrafluoro- 1 -(trifluoromethyl)ethyl] pyridine (12) as a white solid
(1.9 g, 47%); Rf, 0.24; mp 56-57 °C; (Found C, 55.2; H, 2.24; N, 3.16. C,H,F;N
requires C, 55.2; H, 2.30; N, 3.22%).

Synthesis of 2,3,5-trifluoro-6-prop-1-ynyl-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]pyridine (13).

1-Propynylmagnesium bromide in THF (9.4 mmol) was added via syringe to a stirred
solution of perfluoro-4-isopropylpyridine (1) (3.0 g, 9.4 mmol) in THF (20 ml) under an
atmosphere of dry nitrogen. The solution was then heated under reflux over 20 h before
dilute HCI1 (15 ml) was added. Extraction in DCM (2 x 15 ml) enabled recovery of
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organic products. The organic phase was dried (MgSQO,) and the solvent was removed on
a rotary evaporator. Column chromatography (hexane) followed by sublimation under
vacuum gave 2,3,5-trifluoro-6-prop-1-ynyl-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]pyridine (13) as a white solid (1.9 g, 61%); Rf, 0.44; mp 61-62 °C;
(Found C, 38.6; H, 0.87; N, 4.10. C,,H;F (N requires C, 38.9; H, 0.88; N, 4.1%)).

Synthesis of 2,5-difluoro-3,6-diprop-1-ynyl-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]pyridine (14).

1-Propynylmagnesium bromide (30 mmol) was added via syringe to a stirred solution of
perfluoro-4-isopropylpyridine (1) (3.0 g, 9.4 mmol) in THF (20 ml) under an atmosphere
of dry nitrogen. The solution was then heated under reflux for 20 h before dilute HCI (25
ml) was added. Extraction in DCM (2 x 15 ml) enabled recovery of organic products. The
organic phase was dried (MgSQO,) and the solvent was removed on a rotary evaporator.
Column chromatography (hexane) followed by sublimation under vacuum gave 2,5-
difluoro-3,6-diprop-1-ynyl-4-[1,2,2, 2-tetrafluoro-1-(trifluoromethyl)ethyl] pyridine (14) a
white solid (1.4 g, 41%); Rf, 0.35; mp 103-104 °C; (Found C, 46.5; H, 1.71; N, 3.87.
Ci HsF (N requires C, 46.8; H, 1.47; N, 3.90%).

Synthesis of 3,5-difluoro-2-methoxy-6-prop-1-ynyl-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]pyridine (15).
2,3,5-Trifluoro-6-prop-1-ynyl-4-[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl Jpyridine

(13) (1.1 g, 3.2 mmol) was added to a solution of sodium methoxide (0.22 g, 4.0 mmol)
in methanol (20 ml). The mixture was then heated to reflux over 3 h before being cooled
to room temperature and water (15 ml) added. Extraction in DCM (2 x 15 ml) enabled
recovery of organic products. The organic phase was dried (MgSO,) and the solvent was
removed on a rotary evaporator. Column chromatography (hexane) gave 3,5-difluoro-2-
methoxy-6-prop-1-ynyl-4-[1,2, 2, 2-tetrafluoro-1-(trifluoromethyl)ethyl] pyridine (15) as a
white solid (1.1 g, 60%); Rf, 0.40; mp 67-68 °C; (Found C, 41.3; H, 2.0; N, 3.8. C;;HsF;N
requires C, 41.0; H, 1.7; N, 3.9%)).

Synthesis of diethyl{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl](2-
pyridyl)}amine (18).

Diethylamine (0.9 g, 12.6 mmol) was dropwise to a solution of perfluoro-4-
isopropylpyridine (1) (2.0 g, 6.3 mmol) in THF (10 ml). The mixture was then heated to
reflux for 20 h before being cooled to room temperature and dilute HCI added (15 ml).

Extraction into DCM (2 x 15 ml) enabled recovery of organic products. Extraction in
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DCM (2 x 15 ml) enabled recovery of organic products. The organic phase was dried
(MgSQO,) and the solvent was removed on a rotary evaporator. Column chromatography
(hexane) gave diethyl{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl] (2-
pyridyl)}Jamine (18) as a colourless liquid (2.1 g, 92 %); Rf, 0.28; bp 212-214 °C; (Found
C, 38.7; H, 2.55; N, 7.50. C,H,(F (N, requires C, 38.7; H, 2.69; N, 7.53%).

Synthesis of {6-(diethylamino)-3,5-difluoro-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl](2-pyridyl)}diethylamine (19).

Diethylamine (2.8 g, 40 mmol) was dropwise to a solution of perfluoro-4-
isopropylpyridine (1) (2.0 g, 6.3 mmol) in THF (10 ml). The mixture was then heated to
reflux over 4 d before being cooled to room temperature and dilute HCI added (25 ml).
Extraction into DCM (2 x 15 ml) enabled recovery of organic products. Extraction into
DCM (2 x 15 ml) enabled recovery of organic products. The organic phase was dried
(MgSO,) and the solvent was removed on a rotary evaporator. Column chromatography
(hexane), gave {6-(diethylamino)-3,5-difluoro-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl] (2-pyridyl) }diethylamine (19) as a colourless liquid (0.94 g, 40%);
Ry, 0.28; bp 262-263 °C; (Found C, 44.7; H, 4.6; N, 9.8. C¢H,FsN; requires C, 45.1; H,
4.7, N, 9.8%).

Synthesis of benzyl{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-trifluoromethyl)ethyl](2-
pyridyl)}amine (20).

Benzylamine (2.0 g, 12.6 mmol) was dropwise to a solution of perfluoro-4-
isopropylpyridine (1) (2.0 g, 6.3 mmol) in THF (10 ml). The mixture was then heated to
reflux over 30 min before being cooled to room temperature and dilute HCI added (15
ml). Extraction into DCM (2 x 15 ml) enabled recovery of organic products. Extraction in
DCM (2 x 15 ml) enabled recovery of organic products. The organic phase was dried
(MgSO,) and the solvent was removed on a rotary evaporator. Column chromatography
(hexane) gave benzyl{3,5,06-trifluoro-4-[1,2,2,2-tetrafluoro- 1-trifluoromethyl)ethyl] (2-
pyridyl)}Jamine (20) as a colourless liquid (1.8 g, 74 %); Rf, 0.35; bp 243-244 °C, (Found
C,44.4;H, 1.89; N, 5.95. C,sHgF (N, requires C, 44.3; H, 1.97; N, 5.90%).
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3) Experimental to Chapter III.

Synthesis of 3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-2-(2-
{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl](2-
pyridyloxy)pyridine (34).

A mixture of 1,1-dimethyl-1-silacthoxy-1,1-dimethyl-1-silacthane (3 g, 14 mmol), dried
CsF (2.0 g, 13 mmol) and perfluoro-4-isopropylpyridine (1) (10 g, 30 mmol), in
anhydrous monoglyme (75 ml) was heated to 85 °C under an atmosphere of dry nitrogen.
The mixture was heated over 5 d before being allowed to cool to room temperature and
water (20 ml) added. Extraction into DCM (2 x 30 ml) enabled recovery of organic
components. The combined organic phases were dried (MgSO,) and the solvent removed
on a rotary evaporator. Reduced pressure distillation gave 3,5,6-trifluoro-4-[1,2,2,2-
tetrafluoro-1-(trifluoromethyl)ethyl]-2-(2-{3,5,6-trifluoro-4-[ 1,2, 2,2-tetrafluoro-1-
(trifluoromethyl)ethyl] (2-pyridyloxy)pyridine (34) (11 g, 94%); bp 120 °C (5 mbar).

Synthesis of 19,20-diaza-8,17-bis[1,2,2,2-tetrafluoromethyl)ethyl]-7,9,16,18-
tetrafluoro-2,5,11,14-tetraoxatricyclo[13.3.1.1<6,10>]icosa-1(19),6,8,10(20),15,17-
hexaene (35).

A mixture of 1,1-dimethyl-1-silaethoxy-1,1-dimethyl-1-silaethane (0.35 g, 1.7 mmol),
dried CsF (0.5 g, 3.2 mmol) and 3,5,6-trifluoro-4-[1,2,2,2-tetrafluoromethyl)ethyl]-2-(2-
{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl](2-

pyridyloxy)} ethoxy)pyridine (34) (2.5 g, 3.8 mmol), in anhydrous monoglyme (150 ml)
was heated to 85 °C under an atmosphere of dry nitrogen. The mixture was heated over 5
d before being allowed to cool to room temperature and water (20 ml) added. Extraction
into DCM (2-x 30 ml) enabled recovery of organic components. The combined organic
phases were dried (MgSO,) and the solvent removed on a rotary evaporator. Column
chromatography (hexane/ethyl acetate 4:1) gave a white solid which after
recrystallisation from toluene three times gave 19 20-diaza-8,17-bis{1,2,2,2-
tetrafluoromethyl)ethyl]-7,9,16, 18-tetrafluoro-2,5,11,14-
tetraoxatricyclo[13.3.1.1<6,10>]icosa-1(19),6,8,10(20),15,17-hexaene (35) (43%, 0.5
g); mp 191-194 °C; (Found C, 35.4; H, 1.20; N,4.11; C,HFsN, requires, C, 35.2; H,
1.18; N, 4.11%).

89




Synthesis of 2,3,5-trifluoro-4-[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-6-[2-(2-
{3,5,6-triflnoro-4-[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl] (2-
pyridyloxy)}ethoxy]pyridine(36).

A mixture containing 2-(1,1-dimethyl-1-silaethoxy)-1-[2-(1,1-dimethyl-1-
silaethoxy)ethoxy]ethane (4.3 g, 15 mmol), dried CsF (0.6 g, 3.9 mmol) and perfluoro-4-
isopropylpyridine (1) (15 g, 40 mmol), in anhydrous monoglyme (150 ml) was heated to
85 °C under an atmosphere of dry nitrogen. The mixture was heated over 1 d before
being allowed to cool to room temperature and water (20 ml) added. Extraction into
DCM (2 x 30 ml) enabled recovery of organic components. The combined organic phases
were dried (MgSO,) and the solvent removed on a rotary evaporator. Column
chromatgrpghy (hexane/diethyl ether 5:1) gave 2,3,5-trifluoro-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]-6-[2-(2-{3,5,6-trifluoro-4-[1,2,2, 2-tetrafluoro-1- ‘
(trifluoromethyl)ethyl] (2-pyridyloxy)}ethoxy]pyridine (36) as a colourless liquid (18 g,
64%) bp >300 °C.

Synthesis of  25,26-diaza-11,23-bis[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-
10,12,22,24-tetrafluoro-2,5,8,14,17,20-hexaoxatricyclo[19.3.1.1,9,13.]hexacosa-
1(25),9,11,13(26),21,23-hexaene (37).

A mixture of 2-(1,1-dimethyl-1-silacthoxy)-1-[2-(1,1-dimethyl-1-
silaecthoxy)ethoxyjethane (0.6 g, 2.0 mmol), dried CsF (0.6 g, 3.9 mmol) and 2,3,5-
trifluoro-4-[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-6-[ 2-(2-{3,5,6-trifluoro-4-
[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl](2-pyridyloxy)} ethoxy]pyridine (36) (3 g,
4.3 mmol), in anhydrous monoglyme (600 ml) was heated to 85 °C under an atmosphere
of dry nitrogen. The mixture was heated over 5 d before being allowed to cool to room
temperature and water (20 ml) added. Extraction into DCM (2-x 30 ml) enabled recovery
of organic components. The combined organic phases were dried (MgSQO,) and the
solvent removed on a rotary evaporator. Column chromatography (hexane/ethyl acetate
5:1) gave a yellow solid, which after recrystallisation from toluene three times gave
25,26-diaza-11,23-bis[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-10,12,22,24-
tetrafluoro-2,5,8,14,17,20-hexaoxatricyclof19.3.1.1,9,13. ] hexacosa-
1(25),9,11,13(26),21,23-hexaene (37) (0.62 g, 40%); mp; 201-204 °C; (Found C, 37.5; H,
2.00; N, 3.64; C,,H (FsN,O4 requires C, 37.4; H, 2.09; N, 3.64%)).
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Synthesis of 2,3,5-trifluoro-6-(5-methyl-3-{3,5,6-trifluore-4-[1,2,2,2-tetrafluoro-1-
(trifiuoromethyl)ethyl](2-pyridyloxy)} phenoxy)-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]pyridine (38).

A mixture of 1,1-dimethyl-1-silaethoxy-1,1-dimethyl-1-silacthane (7.6 g, 28 mmol),
dried CsF (3.0 g, 20 mmol) and perfluoro-4-isopropylpyridine (1) (20 g, 60 mmol), in
anhydrous monoglyme (150 ml) was heated to 85 °C under an atmosphere of dry
nitrogen. The mixture was heated over 5 d before being allowed to cool to room
temperature and water (20 ml) added which precipitated the crude product. The crude
product was recovered by filtration and recrystallisation from toluene gave 2,3,5-
trifluoro-6-(5-methyl-3-{3,5,6-trifluoro-4-[ 1,2, 2, 2-tetrafluoro-1-

(trifluoromethyl)ethyl] (2-pyridyloxy) Jphenoxy)-4-[1,2, 2, 2-tetrafluoro-1-
(trifluoromethyl)ethyl]pyridine (38) as a white solid (19 g, 90%); mp 160-162 °C; (Found
C, 38.3; H, 0.83; N, 3.88 C;H4F,,N,O, requires C, 38.2; H, 0.83; N, 3.88%)).

Synthesis of  26,28-diaza-5,17-bis[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-
4,6,16,18-tetrafluoro-11,23-dimethyl-2,8,14,20-
tetraoxapentacyclo[19.3.1.1<3,7>.1<9,13>.1<15,19>]octacosa-
1(24),3,5,7(26),9,(27),10,12,15,17,19(28),21(25),22-dodecaene (39).

A mixture of 1-[5-(1,1,-dimethyl-1-silacoxy)-3-methylphenoxy]-1,1-dimethyl-1-
silacthane (1.1 g, 3.8 mmol), dried CsF (1.3 g, 8.5 mmol) and 2,3,5-trifluoro-6-(5-methyl-
3-{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl](2-
pyridyloxy)}phenoxy)-4-[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl Jpyridine (38) (3 g,
5.8 mmol), in anhydrous monoglyme (150 ml) was heated to 85 °C under an atmosphere
of dry nitrogen. The mixture was heated over 5 d before being allowed to cool to room
temperature and water (20 ml) added. Extraction into DCM (2-x 30 ml) enabled recovery
of organic components. The combined organic phases were dried (MgSO,) and the
solvent removed on a rotary evaporator. Column chromatography (hexane/ethyl acetate
5:1) gave a yellow solid, which after recrystallisation from toluene three times gave
26,28-diaza-5,17-bis[1,2,2, 2-tetrafluoro-1-(trifluoromethyl)ethyl]-4,6,16, 1 8-tetrafluoro-
11,23-dimethyl-2,8,14,20-
tetraoxapentacyclo[19.3.1.1<3,7>.1<9,13>.1<15,19>]octacosa-
1(24),3,5,7(26),9,(27),10,12,15,17,19(28),21(25),22-dodecaene (39) (1.0 g, 33%); mp;
201-204 °C; (Found C, 44.6; H, 1.71; N, 3.47; C;H,FsN,O, requires C, 44.7; H, 1.50; N,
3.47%).
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Synthesis of methyl[2-methyl{3,5,6-trifluoroe-4-[1,2,2,2-tetraflucro-1-
(trifluoromethyl)ethyl](2-pyridyl)}amino)ethyi]{3,5,6-trifluore-4-[1,2,2,2-
tetrafluoro-1-(trifiuoromethyl)ethyl]2-pyridyl)} amine (40).

A mixture containing N,N’dimethylethylenediamine (1.4 g, 17 mmol) and perfluoro-4-
isopropylpyridine (1) (10 g, 30 mmol), in anhydrous THF (75 ml) was heated to 75 °C
under an atmosphere of dry nitrogen. The mixture was heated over 1 d before being
allowed to cool to room temperature and sodium hydrogen carbonate solution (20 ml)
added. Extraction into DCM (2-x 30 ml) enabled recovery of organic components. The
combined organic phases were dried (MgSO,) and the solvent removed on a rotary
evaporator. Reduced pressure distillation gave methyl[2-methyl{3,5,6-trifluoro-4-
[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl] (2-pyridyl) Jamino)ethyl] { 3,5, 6-trifluoro-4-
[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl] 2-pyridyl) Jamine (40) (11 g, 94%); bp 140
°C (5 mbar).

Synthesis of 2,5,11,14,19,20-hexaaza-8,17-bis[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]-7,9,16,18-tetrafluorec-2,5,11,14-
tetramethyltricyclo[13.3.1.1<6,10>]icosa-1(19),6,8,10,(20),15,17-hexaene (41).

A mixture of N,N’dimethylethylenediamine (0.2 g, 2.3 mmol), dried CsF (0.5 g, 3.2
mmol) and methyl[2-methyl {3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl](2-pyridyl) } amino)ethyl]{3,5,6-trifluoro-4-[ 1,2,2, 2-tetrafluoro-1-
(trifluoromethyl)ethyl]2-pyridyl)} amine (40) (3.0 g, 4.3 mmol), in anhydrous monoglyme
(150 ml) was heated to 85 °C under an atmosphere of dry nitrogen. The mixture was
heated over 5 d before being allowed to cool to room temperature and sodium hydrogen
carbonate solution (20 ml) added. Extraction into DCM (2-x 30 ml) enabled recovery of
organic components. The combined organic phases were dried (MgSO,) and the solvent
removed on a rotary evaporator. Column chromatography (hexane/ethyl acetate 4:1) gave
a white solid, which after recrystallisation from toluene four times gave 2,5,11,14,19,20-
hexaaza-8,17-bis[1,2,2, 2-tetrafluoro-1-(trifluoromethyl)ethyl]-7,9, 16, 1 8-tetrafluoro-
2,5,11,14-tetramethyltricyclof13.3.1.1<6,10>]icosa-1(19),6,8,10,(20),15,17-hexaene
(41) (0.23 g, 14%); mp. 200-202 °C; (Found C, 39.1; H, 2.73; N, 1.46; C,HyF 5N
requires C, 39.3; H, 2.75; N, 11.4%)).
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Synthesis of 11,14,19,20-tetraaza-8-17-bis[1,2,2,2-tetrafluoro-1-
(triflucromethyl)ethyl]-7,9,16,18-tetraflucro-11,14-dimethyl-2,5-dioxatricyclo-
[13.3.1.1,6,10.]icosa-1(19),6,8,10,(20), 15, 17-hexaene (42).

A mixture of 1,1-dimethyl-1-silaethoxy-1,1-dimethyl-1-silacthane (0.4 g, 1.9 mmol),
dried CsF (0.5 g, 3.2 mmol) and methyl[2-(methyl{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-
1-trifluoromethyl)ethyl](2-pyridyl) } amino)ethyl] {3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl](2-pyridyl)}amine (40) (3 g, 4.4 mmol), in anhydrous monoglyme
(150 ml) was heated to 85 °C under an atmosphere of dry nitrogen. The mixture was
heated over 5 d before being allowed to cool to room temperature and water (20 ml)
added. Extraction into DCM (2-x 30 ml) enabled recovery of organic components. The
combined organic phases were dried (MgSO,) and the solvent removed on a rotary
evaporator. Column chromatography (hexane/ethyl acetate 5:1) gave a yellow solid,
which after recrystallisation from toluene three times gave 11,14,19,20-tetraaza-8-17-
bis[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-7,9,16, 18-tetrafluoro-11, 14-dimethyl-
2,5-dioxatricyclo-{13.3.1.1,6,10.]icosa-1(19),6,8,10,(20), 15, 17-hexaene (42) (0.27 g,
20%) as a white solid; mp 208-209 °C; (Found C, 37.1; H, 1.95; N, 7.78; C,,H,,FsN,O,
requires C, 37.3; H, 1.99; N, 7.91%).

Synthesis of 2,5,22,23-tetraaza-8,20-bis[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyi}-
7,9,19,21-tetrafluoro-2,5-dimethyl-11,14,17-trioxatricyclo[16.3.1.1<6,10>]-tricosa-
1(22),6,8,10(23),18,20-hexaene (43).

A mixture of 2-(1,1dimethyl-1-silaethoxy)-1-[2-(1,1-dimethyl-1-
silacthoxy)ethoxy]ethane (0.7 g, 4.4 mmol), dried CsF (0.6 g, 3.9 mmol) and methyl[2-
(methyl{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-trifluoromethyl)ethyl](2-
pyridyl)}amino)ethyl] {3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl](2-
pyridyl)}amine (40) (3 g, 4.4 mmol), in anhydrous monoglyme (150 ml) was heated to 85
°C under an atmosphere of dry nitrogen. The mixture was heated over 5 d before being
allowed to cool to room temperature and water (20 ml) added. Extraction into DCM (2-x
30 ml) enabled recovery of organic components. The combined organic phases were
dried (MgSO,) and the solvent removed on a rotary evaporator. Column chromatography
(hexane/ethyl acetate 5:1) gave a yellow solid, which after recrystallisation from toluene
three times gave 2,5,22,23-tetraaza-8,20-bis[ 1,2, 2, 2-tetrafluoro-1-
(trifluoromethyl)ethyl]-7,9,19,21-tetrafluoro-2,5-dimethyl-11,14,17-
trioxatricyclof16.3.1.1<6,10>]-tricosa-1(22),6,8,10(23),18,20-hexaene (43) (0.42 g,
20%); mp 207-210 °C; (Found C, 38.8; H, 2.53; N, 7.61; C,HsFsN,O; requires C, 38.3;
H, 2.41; N, 7.45%).
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Synthesis of 2-({5,6-difluoro-3-methyi-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]-2-pyridyl}amino)ethan-1-ol (44a).

A mixture containing ethanolamine (2.9 g, 33.0 mmol) and perfluoro-4-isopropylpyridine
(1) (15 g, 50 mmol) in THF (30 ml) was heated to 70 °C over 16 hours before being
cooled and a saturated solution of aqueous sodium hydrogen carbonate (30 ml) added.
Extraction into DCM (2-x 50 ml) enabled recovery of organic components. The
combined organic phases were dried (MgSO,) before the solvent was removed on a
rotary evaporator. Distillation under reduced pressure gave 2-({5,6-difluoro-3-methyl-4-
[1,2,2, 2-tetrafluoro-1-(trifluoromethyl)ethyl] - 2-pyridyl}amino)ethan-1-ol (44a) (10 g,
87%); bp 50 °C (5§ mbar); (Found, C, 33.1; H, 1.67; N, 7.80; C,HsF;N,O requires C,
33.4; H, 1.68; N, 7.80%).

Synthesis  of  {3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl](2-
pyridyl)}(2-{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl] (2-
pyridyloxy)}ethyl)amine (44).

A mixture containing sodium hydride (1.4 g, 58 mmol), perfluoro-4-isopropylpyridine
(15 g 47 mmol) and  2-({5,6-difluoro-3-methyl-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]-2-pyridyl} amino)ethan-1-ol (44a) (10 g, 29 mmol) in THF (30
ml) was heated to 70 °C over 16 h under an atmosphere of dry nitrogen before being
cooled and water (30 ml) added. Extraction into DCM (2-x 50 ml) enabled recovery of
organic components. The combined organic phases were dried (MgSO,) before the
solvent was removed on a rotary evaporator. Distillation under reduced pressure gave
{3.5,6-trifluoro-4-{1,2,2, 2-tetrafluoro-1-(trifluoromethyl)ethyl] (2-pyridyl) }(2-{3, 5, 6-
trifluoro-4-[1,2, 2, 2-tetrafluoro-1-(trifluoromethyl)ethyl] (2-pyridyloxy) Jethyl)amine  (44)
(16 g, 52%); bp 140 °C (0.1 mbar); (Found, C, 32.4; H, 0.74; N, 6.40; C;sH;F,,N,O
requires C, 33.8; H, 0.76; N, 6.37%).

Synthesis of 14,19,20-triaza-8,17-bis[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-
7,9,16,18-tetrafluoro-2,5,11-trioxatricycio[13.3.1.1<6,10>]icosa-
1(19),6,8,10(20),15,17-hexaene (45).

A mixture of 1,1-dimethyl-1-silacthoxy-1,1-dimethyl-1-silacthane (0.6 g, 2.9 mmol),
dried CsF (0.7 g 46 mmol) and {3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl}(2-pyridyl)} (2-{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl](2-pyridyloxy)}ethyl)amine (44) (3 g, 8 mmol), in anhydrous
monoglyme (150 ml) was heated to 85 °C under an atmosphere of dry nitrogen. The
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mixture was heated over 5 d before being allowed to cool to room temperature and water
(20 ml) added. Extraction into DCM (2-x 30 ml) enabled recovery of organic
components. The combined organic phases were dried (MgSO,) and the solvent removed
on a rotary evaporator. Column chromatography (hexane/ethyl acetate 5:1) gave a yellow
solid, which after recrystallisation from methanol three times gave /4,19,20-triaza-8,17-
bis[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-7,9,16, 18-tetrafluoro-2,5,11-
trioxatricyclof13.3.1.1<6,10>]icosa-1(19),6,8,10(20),15,17-hexaene (45) (0.27 g, 15%,)
as a white solid, mp 155 — 159 °C; (Found C, 35.5; H, 1.26; N, 6.20; C,HoF:N;O,
requires C, 35.3; H, 1.37; N, 6.17%).

Synthesis of 3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-(trifluoromethylethyl]-2-[1-(2-
{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl}(2-
pyridyloxy)}naphthyl)(2-naphthyloxy)pyridine (46).

A mixture containing sodium hydride (0.76 g, 20 mmol), BINAP (2.5 g, 9.0 mmol),
perfluoro-4-isopropylpyridine (1) (6 g, 19 mmol) in monoglyme (60 ml) was heated
under reflux under an atmosphere of dry nitrogen over 10 h. After cooling, water (10 ml)
was added dropwise. Extraction into DCM (3 x 30 ml) enabled recovery of products. The
organic phase was dried (MgSO,) and the solvent removed on a rotary evaporator.
Column chromatography (hexane/ether, 4:1) followed by recrystallisation twice from
methanol gave 3,5,6-trifluoro-4-[1,2,2, 2-tetrafluoro- 1-(trifluoromethylethyl]-2-[ 1-(2-
{3,5,6-trifluoro-4-[1,2,2, 2-tetrafluoro-1-(trifluoromethyl)ethyl] (2-

pyridyloxy) jnaphthyl)(2-naphthyloxy)pyridine as a white solid (46) (6.4 g, 80%); mp
>250 °C; (Found C, 48.8; H, 1.31; N, 3.20 C;H,F,N,0, requires C, 48.9; H, 1.37; N,
3.17%).

Synthesis of 3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluoro-1-(2,3,5,6-tetrafluoro(4-
pyridyloxy))octane (47).

A mixture containing sodium hydride (2.0 g, 54 mmol) and 1H,1H,2H,2H-
perfluorooctan-1-ol (20 g, 54 mmol) in THF (30 ml) was stirred at room temperature over
30 minutes before being transferred dropwise to a solution of pentafluoropyridine (10 g,
60 mmol) in THF (20 ml) at -40 ° under an atmosphere of dry nitrogen. The mixture was
stirred over 4 hours before warming to room temperature and water (10 ml) added.
Extraction into DCM (2 x 30 ml) enabled recovery of organic components. The combined
organic phases were dried (MgSO,) and the solvent was removed on a rotary evaporator.
Distillation under reduced pressure gave 3,3,4,4,5,5,6,6,7,7,8,8 8-tridecafluoro-1-
(2,3,5,6-tetrafluoro(4-pyridyloxy))octane as a colourless liquid (47) (41%, 11 g); bp 80
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°C at 0.1 mbar; (Found C, 30.6; H, 0.80; N, 2.70; C,;H,F,;;NO requires C, 30.4; H, 0.79;
N, 2.73%).

Synthesis of methyl(2-{methyl[3,5,6-trifluoro-4-(3,3,4,4,5,5,6,6,7,7,8,8,8-
tridecafluorooctyloxy)(2-pyridyl]amino}ethyl)[3,5,6-trifluoro-4-
(3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluorooctyloxy)(2-pyridyl)|Jamine (48).

A mixture containing N,N'-dimethyl-1,2-diaminoethane (0.5 g, 7.5 mmol) and
3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluoro-1-(2,3,5,6-tetrafluoro(4-pyridyloxy))octane (47) (6
g, 12 mmol) in THF (30 ml) was heated to 70 °C over 2 days before being cooled and a
saturated solution of aqueous sodium hydrogen carbonate (30 ml) added. Extraction into
perfluoromethylcyclohexane (2-x 50 ml) enabled recovery of products. The combined
organic phases were dried (MgSO,) before the solvent was removed on a rotary
evaporator. Recrystallisation from petroleum ether 40-60, gave methyl(2-{methyl[3,5,6-
trifluoro-4-(3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluorooctyloxy)(2-pyridyl] amino fethyl)[ 3,5, 6-
trifluoro-4-(3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluorooctyloxy)(2-pyridyl) Jamine (48) as a
white solid (48) (5.9 g, 76%), mp 54-57°C; (Found, C, 33.4; H, 1.62; N, 5.15;
CoH sF3,N,O, requires C, 33.5; H, 1.68; N, 5.20%).

Synthesis of 3,3,4,4.5,5,6,6,7,7,8,8,8-tridecafluoro-1-[2,3,8,10,13,18-hexaaza-
6,7,15,17-tetrafluoro-2,3,10,13-tetramethyl-5-(3,3,4,4,5,5,6,6,7,7,8,8,8-
tridecafluorooctyloxy)tricyclo[12.3.1.0<4,9>]octadeca-1(18),4(9),5,7,14,16-hexaen-
16yloxyJoctane (49).

A mixture containing N,N'-dimethyl-1,2-diaminoethane (0.13 g, 1.5 mmol) and
methyl(2-{methyl[3,5,6-trifluoro-4-(3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluorooctyloxy)(2-
pyridyl]amino } ethyl)[3,5,6-trifluoro-4-(3,3,4,4,5,5,6,6,7,7,8,8,8-
tridecafluorooctyloxy)(2-pyridyl)Jamine (48) (4 g, 3.7 mmol) in THF (30 ml) was heated
to 170 °C over 7 days before being cooled and a saturated solution of aqueous sodium
hydrogen carbonate (30 ml) added. Continuous extraction over 10 hours, into
perfluoromethylcyclohexane enabled recovery of products. The solvent was removed on
a rotary evaporator. Recrystallisation from petroleum ether 40-60 and acetone (10:1) gave
3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluoro-1-[2,3,8,10,13,18-hexaaza-6,7,15,17-tetrafluoro-
2,3,10,13-tetramethyl-5-(3,3,4,4,5,5,6,6,7,7,8,8,8-
tridecafluorooctyloxy)tricyclof12.3.1.0<4,9>]octadeca-1(18),4(9),5,7,14,16-hexaen-
16yloxy]octane (49) as colourless needles (0.4 g, 26%); mp 160-162 °C; (Found C, 36.1;
H, 2.57; N, 7.46; C;,H5F3NO, requires C, 36.4; H, 2.51; N, 7.49%).
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Metal Picrate Extraction Studies.

Aqueous solutions containing picric acid (5.0 mM) and the alkali metal fluoride (50.0
mM) were prepared. Into a capped vial was placed 1.0 ml of the metal picrate solution
and 1.0 ml of the macrocycle (5.0 mM) in DCM. The resulting two-phase system was
then mixed together for 30 minutes using a mechanical shaker. The samples were then
allowed to stand for 1 hour before a sample (10 pl) of the aqueous phase was then
removed and made up to a 5.0 ml sample using acetonitrile. The absorption spectrum of
the solution was then measured, in a 1.0 cm silica-cell, using a UV2 UV/VIS
spectrometer at 275 nm. This was referenced to a blank solution containing DCM and the
metal picrate under investigation to account for any slight solubility of the metal picrate
in DCM.

4) Experimental to Chapter IV.

Synthesis of 2,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]pyrimidine (51) and 4,6-bis[1,2,2,2-tetrafluoro-1-
(triflucromethyl)ethyl]-2,5-difluoropyrimidine (50).

Under an atmosphere of dry nitrogen an autoclave (250 ml) was charged with TDAE (0.5
g, 2.5 mmol) and tetrafluoropyrimidine (30 g, 200 mmol). The autoclave was sealed and
hexafluoropropene (60 g, 400 mmol) was transferred into the autoclave under vacuum.
The autoclave was then heated to 60 °C over 20 hours before being cooled and opened to
vacuum; no gases were recovered. The autoclave contents were transferred to a RB flask
and transferred under vacuum to separate the products from the unwanted non-volatile
components. Distillation at atmospheric pressure gave 2,5,6-trifluoro-4-[1,2,2,2-
tetrafluoro-1-(trifluoromethyl)ethyl] pyrimidine (51) as a colourless liquid (8 g, 10%); bp
118 °C; (Found C, 27.8; N, 9.3; C;F (N, requires C, 27.7; N, 9.3%) and 4,6-bis/1,2,2,2-
tetrafluoro-1-(trifluoromethyl)ethyl] -2, 5-difluoropyrimidine (50) as a colourless liquid
(45 g, 60%); bp 148-149 °C; (Found M" 451.979989; C,.F N, requires M* 451.979989).

Synthesis of 2,5-difluoro-4-methoxy-6-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]pyrimidine (52).

A mixture containing perfluoro-4-isopropylpyrimidine (51) (2.0 g, 6.6 mmol), sodium
methoxide (0.4 g, 7.0 mmol) and THF (20 ml) was heated under reflux over 20 hours
before being cooled and water (10 ml) added. Extraction using DCM (2 x 15 ml) enabled
recovery of products. The organic phase was dried (MgSO,) before the solvent was

removed on a rotary evaporator. Column chromatography (hexane/ethyl acetate 10:1)
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gave 2, 5-difluoro-4-methoxy-6-[1,2,2, 2-tetrafluoro- 1-(trifluoromethyl)ethyl] pyrimidine
(52) as a colourless liquid (1.1 g, 58%); bp 179-180 °C.

Synthesis of 5-fluoro-2,6-dimethoxy-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]pyrimidine (53).

A mixture containing perfluoro-4-isopropylpyrimidine (51) (3.0 g, 9.8 mmol) and sodium
methoxide (1.1 g, 30 mmol) in THF (20 ml) was heated under reflux over 20 hours before
being cooled and water (10 ml) added. Extraction using DCM (2-x 15 ml) enabled
recovery of organic components. The combined organic layers were dried (MgSO,)
before the solvent was removed on a rotary evaporator. Column chromatography on silica
gel (hexane/ethyl acetate 10:1) gave S-fluoro-2,6-dimethoxy-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl] pyrimidine (53) as a colourless liquid(0.86 g, 20%); bp 210 — 212
°C.

Synthesis of 6-(2-{2,5-difluoro-1-(trifluoromethyl)ethyl]pyrimidin-4-yloxy}ethoxy)-
2,5-difluore-4-[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]pyrimidine (54).

A mixture containing perfluoro-4-isopropylpyrimidine (51) (5.0 g, 17 mmol), CsF (1.3 g,
8.5 mmol) in monoglyme (60 ml) were stirred in a round bottom flask under an
atmosphere of dry nitrogen. 1-[2-(1,1-dimethyl-1-silacthoxy]-1,1-dimethyl-1-silacthane
(1.4 g, 6.8 mmol) was added to the solution slowly using a syringe and the mixture
heated under reflux over 10 hours before being cooled and water (10 ml) added.
Extraction into DCM (2 x 30 ml) enabled recovery of organic components. The combined
organic phases were dried (MgSO,) before the solvent was removed on a rotary
evaporator. Column chromatography (hexane/ethyl acetate 1:1) gave 6-(2-{2,5-difluoro-
1-(trifluoromethyl)ethyl] pyrimidin-4-yloxy}ethoxy-2, 5-difluoro-4-[ 1,2, 2, 2-tetrafluoro- 1-
(trifluoromethyl)ethyl] pyrimidine (54) as a colourless liquid (1.1 g, 20%); bp 277-279 °C;
Rf, 0.60; (Found, C, 30.6; H, 0.80; N, 8.95; C,;H,FsN,O, requires, C, 30.7; H, 0.64; N,
8.95%).

Synthesis of  4,6-bis[1,2,2,2-tetrafluoro-1-(trifluoro-1-(trifluoromethyl)ethyl]-5-
fluoro-2-methoxypyrimidine (55).

A mixture containing 4,6-bisperfluoroisopropylpyrimidine (50) (3.0 g, 9.8 mmol) and
sodium methoxide (1.4 g, 20 mmol) in diglyme (20 ml) was heated to 180 °C over 20
hours before being cooled and water (10 ml) added. Continuous extraction into
perfluoromethylcyclohexane enabled recovery of products. The solvent was removed on

a rotary evaporator giving the crude product as a white solid. Recrystallisation from
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hexane twice gave 4,6-bis[1,2 2, 2-tetrafluoro-1-(trifluoro-1-(trifluoromethyl)ethyl]-5-
fluoro-2-methoxypyrimidine (55) as a white solid (2.2 g, 71 %); mp 68 — 71 °C; (Found,
C, 28.3; H, 0.38; N, 6.05%; C, H;F;5N,O requires, C, 28.5; H, 0.65; N, 6.04%).

Synthesis of 4,6-bis[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-2-dodecyloxy-5-
fluoropyrimidine (56).

4,6-bisperfluoroisopropylpyrimidine (50) (3 g, 6.6 mmol) was added dropwise to a
mixture of sodium hydride (0.2 g, 8 mmol) and dodecanol (1.3 g, 6.6 mmol) and the
mixture was heated under reflux over 3 days before being cooled and water (20 ml)
added slowly. Extraction into perfluoromethylcyclohexane (2 x 40 ml) enabled recovery
of crude products. Column chromatography (hexane) gave 4,6-bis[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]-2-dodecyloxy-5-fluoropyrimidine (56) as a white solid (2.4 g,
59%); mp 88-90 °C; (Found, C, 42.7; H, 4.08; N,4.53; C,H,sFsN,O requires, C, 42.7; H,
4.03; N, 4.58%).

Synthesis of 4,6-bis[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-2-({4,6-bis[1,2,2,2-
tetrafluoro-1-(trifluoromethyl)ethyl]-5-fluoropyrimidin-2-yl}ethoxy)-5-
fluoropyrimidine (57).

A mixture containing 4,6-bisisopropylpyrimidine (50) (4.0 g, 8.8 mmol), 1-[2-(1,1-
dimethyl-1-silaethoxy]-1,1-dimethyl-1-silacthane (0.7 g, 3.4 mmol), CsF (0.5 g, 3.3
mmol) in diglyme (25 ml) was heated to 85 °C over 6 hours before being cooled and
water (10 ml) added. Continuos extraction into perfluoromethylcyclohexane enabled
recovery of products. The solvent was removed on a rotary evaporator. Recrystallisation
from  hexane gave  4,6-bis[1,2, 2, 2-tetrafluoro-1-(trifluoromethyl)ethyl] -2-({4,6-
bis[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-5-fluoropyrimidin-2-yl}ethoxy)-5-
fluoropyrimidine (57) as a white solid (2.1 g, 70 %); mp 81-83 °C; (Found, C, 28.2; H,
0.39; N, 6.00; C,,H,F;)N,O, requires, C, 28.5; H, 0.44; N, 6.04%).

Synthesis of {4,6-bis[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-5-fluoropyrimidin-
2-yl}diethylamine (58).

A mixture containing 4,6-bisperfluoroisopropylpyrimidine (50) (2.0 g, 6.6 mmol) and
diethylamine (1.3 g, 18 mmol) in THF (20 ml) was heated to 70 °C over 20 hours before
being cooled and water (10 ml) added. Extraction using DCM (2-x 20 ml) enabled
recovery of organic products. The combined organic layers were dried (MgSO,) before
the solvent was removed on a rotary evaporator. Column chromatography (hexane) gave
{4,6-bis[1,2,2, 2-tetrafluoro- 1 -(trifluoromethyl)ethyl] -5-fluoropyrimidin-2-
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yl}diethylamine (58) as a white solid (1.2 g, 55%); mp 45-48 °C; Rf, 0.32; (Found, C,
33.0; H, 1.94; N, 8.35; C,,H,oF\sN; requires, C, 33.3; H, 8.32; H, 1.99%).

Synthesis of {4,6-bis[1,2,2,2-tetrafluoro-1-(triflucromethyl)ethyl]-5-flucropyrimidin-
2-yl}benzylamine (59).

A mixture containing 4,6-bisperfluoroisopropylpyrimidine (50) (3.0 g, 9.8 mmol) and
benzylamine (2.8 g, 26 mmol) in THF (20 ml) was heated to 70 °C over 20 hours before
being cooled and water (10 ml) added. Extraction using DCM (2-x 20 ml) enabled
recovery of organic products. The combined organic layers were dried (MgSO,) before
the solvent was removed on a rotary evaporator. Column chromatography (hexane) gave
{4,6-bis[1,2,2, 2-tetrafluoro- 1-(trifluoromethyl)ethyl] -5-fluoropyrimidin-2-yl} benzylamine
(59) as a white solid (3.0 g, 85%); Rf, 0.29; mp, 50-53 °C; (Found, C, 37.9; H, 1.51; N,
7.77, C;HsFsN; requires; C, 37.9; H, 1.50; N, 7.79%).

Synthesis of 2,5,6-trifluoro-4-methoxypyrimidine (60).

A solution of sodium methoxide (2.8 g, 50 mmol) in methanol (50 ml) was added to a
solution of tetrafluoropyrimidine (10 g, 65 mmol) in methanol (10 ml) via a syringe
pump over 6 hours at 0 °C. The mixture was allowed to reach room temperature before
water (10 ml) was added. Extraction using DCM (2 x 30 ml) enabled recovery of organic
products. The combined organic phases were dried (MgSO,) and the solvent was
removed on a rotary evaporator. Reduced pressure distillation of the crude product
mixture gave 2,5,6-trifluoro-4-methoxypyrimidine (60) (6.0 g, 56%) as a colourless
liquid; bp 65 °C at 40 mbar; Found (C, 36.5; H, 1.91; N, 17.0; C;H,F;N,O, requires, C,
36.6, H; 1.84, N; 17.1%).

Synthesis of 6-[2-(2,5-difluoro-6-methoxypyrimidin-4-yloxy)ethoxy}-2,5-difluoro-4-
methoxypyrimidine (62).

1-[2-(1,1-dimethyl-1-silaethoxy]-1,1-dimethyl-1-silacthane (2.5 g, 12 mmol) was added
slowly to a solution of 2,5,6-trifluoro-4-methoxypyrimidine (60) (5 g, 30 mmol) and CsF
(2.7 g, 17 mmol) in monoglyme (60 ml) under an atmosphere of dry nitrogen. The
mixture was heated to 75 °C over 20 hours before being cooled and the reaction solvent
was removed on a rotary evaporator and water (10 ml) added. Extraction using DCM (2 x
20ml) enabled recovary of organic products. The combined organic phases were dried
(MgSO0,) before the solvent was removed on a rotary evaporator. Recrystallisation 3

times from acetone gave 6-/2-(2,5-difluoro-6-methoxypyrimidin-4-yloxy)ethoxy]-2,5-
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difluoro-4-methoxypyrimidine (62) as a white solid (0.6 g, 14%); mp 150 — 152 °C;
(Found, C, 41.1; H, 2.87; N, 15.8; C,H(F.N,O,, requires, C, 41.2; H, 2.88; N, 16.0%).

Synthesis of 4,6-bis(tert-butoxy)-2,5-difluoropyrimidine (63).

A solution of potassium tertiary butoxide (7.5 g, 66 mmol) in THF (60 ml) was added to
a solution of tetrafluoropyrimidine (10 g, 66 mmol) over 6 hours under an atmosphere of
dry nitrogen. The reaction vessel was kept in an ice bath at 0 °C and after 6 hours was
allowed to warm to room temperature and the solvent was removed on a rotary
evaporator. The crude material was washed through a filter with hot acetone and DCM (4
x 25 ml) and the solvents removed on a rotary evaporator. The crude solid was
recrystallised 3 times from hexane 10, acetone 1 solution to give 4,6-bis(tert-butoxy)-2,5-
difluoropyrimidine (63) as a white solid (10.1 g, 74%); mp 89-91 °C; (Found, C, 55.4; H,
7.07; N, 10.7; C,,HsF,N,0; requires C, 55.4; H, 7.07; N, 10.8%).

5) Experimental to Chapter V.

Reaction of Pentafluoropyridine with Trifluoromethyltrimethylsilane — General
Procedure.

A mixture of pentafluoropyridine (2 g, 12 mmol), anhydrous fluoride ion source (0.12
mmol) in the required solvent (50 ml) was heated to the required temperature under an
atmosphere of dry nitrogen. Trifluoromethyltrimethylsilane was added via syringe (2.3 g,
15 mmol) and the solution stirred for the required time. '°’F NMR spectroscopy was used
to determine the rate of conversion to the trifluoromethylated products (64).

Reaction in DMF at 50 °C gave 62% conversion to 2,3,5,6-tetrafluoro-4-
trifluoromethylpyridine (64) which was obtained by direct distillation from the solvent as
a colourless liquid (0.2 g, 10%); bp 85 °C; (Found C, 32.7; N, 6.40; C¢F;N, requires C,
32.9; N, 4.60%).

Synthesis of 2,3,5-trifluoro-6-phenoxy-4-(trifluoromethyl)pyridine (65)

To a stirred solution of phenol (0.07 g, 0.9 mmol) in THF (20 ml) was added sodium
metal (0.02 g, 0.9 mmol) and the solution was heated under reflux over 1 hour to enable
hydrogen evolution before 2,3,5,6-tetrafluoro-4-trifluoromethylpyridine (64) (0.2 g, 0.9
mmol) was added dropwise. The mixture was than heated to 75 °C over 6 hours before
being cooled and water (10 ml) was added dropwise slowly, before extraction into DCM
(2 x 30 ml) enabled recovery of organic products. Column chromatography on silica gel
(hexane) gave 2,3,5-trifluoro-6-phenoxy-4-(trifluoromethyl)pyridine (65) as a white solid
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(0.2 g, 77%); mp 51-52 °C; Rf 0.32; (Found C, 49.0; H, 1.63; N, 4.69; C,H,;F.NO
requires C, 49.1; H, 1.70; N, 4.70%).

Synthesis of 2,3,5,6-tetrafluoro-4-[1,2,2,3,3,3-hexafluoro-1-
(trifluoromethyl)propyl]pyridine (66).

A stainless steel autoclave was charged with pentafluoropyridine (20 g, 120 mmol), dried
CsF (1.0 g 6.6 mmol) and anhydrous tetraglyme (25 ml) under an atmosphere of dry
nitrogen. The autoclave was sealed and octafluorobut-2-ene (20 g, 100 mmol) was
transferred into the autoclave under vacuum. The autoclave was heated to 60 °C over 3
days before being cooled and opened to vacuum; no gases were recovered. The autoclave
was opened and water (20 ml) was added. Extraction into perfluoromethylcyclohexane (3
x 30 ml) followed removal of solvent on a rotary evaporator enabled recovery of
products. Distillation under reduced pressure (10 mbar, bp 60 °C) gave 2,3,5,6-
tetrafluoro-4-[1,2,2,3, 3, 3-hexafluoro- 1 -(trifluoromethyl)propyl] pyridine  (66) as a
colourless liquid (25 g, 71%); bp 143 °C ; (Found M" 368.982178; C,F;;N, requires M"
368.982178).

Synthesis of (1R,2S)-2-methyl{3,5,6-trifluoro-4-[1,2,2,3,3,3-hexafluoroc-1-
(trifluoromethy!)propyl](2-pyridyl}amino)-1-phenylpropan-1-ol (67).

A mixture containing (1R,2S)-ephedrine, (0.94 g, 5.7 mmol) and 2,3,5,6-tetrafluoro-4-
[1,2,2,3,3,3-hexafluoro-1-(trifluoromethyl)propylpyridine (66) (2.0 g, 5.7 mmol) in THF
(20 ml) was heated to 75 °C over 20 hours before the solvent was removed on a rotary
evaporator and water (10 ml) was added. Extraction into DCM (2 x 30 ml), enabled
recovery of products. The organic phase was dried (MgSO,) and the solvent was removed
on a rotary evaporator. Column chromatography (hexane/ethyl acetate 10:1) gave
(1R, 28)-2-methyl{3,5,6-trifluoro-4-[1,2,2,3,3,3-hexafluoro- 1-(trifluoromethyl)propyl] (2-
pyridyl}amino)-1-phenylpropan-1-ol (67) as a white solid (1.8 g, 65%); mp 61-62 °C, Rf
0.45; (Found C, 44.1; H, 2.73; N, 5.29; C,H,,F,N,O requires C, 44.3; H, 2.74; N,
5.45%).

Synthesis of 3,5,6-trifluoro-4-[1,2,2,3,3,3-hexafluoro-1-
(trifluoromethyl)propyl]benzene-1,2-dicarbonitrile (68) and 4,6-bis[1,2,2,3,3,3-
hexafluoro-1-(trifluoromethyl)propyl]-3,5-difluorobenzene-1,2-dicarbonitrile (69)

A stainless steel autoclave (160 ml) was charged with tetrafluorophthalonitrile (35 g, 0.18
mol), dried CsF (3 g, 0.02 mol) and anhydrous tetraglyme (50 ml) under an atmosphere
of dry nitrogen. The autoclave was then sealed and octafluorobut-2-ene (30 g, 0.15 mol)

was transferred into the autoclave under vacuum. The autoclave was then heated to 60 °C
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over 3 days before being cooled and opened to vacuum; no gases were recovered. The
contents of the autoclave were transferred to a separating funnel and water (10 ml) was
added. Extraction using perflnoromethylcyclohexane followed by removal of the solvent
on a rotary evaporator enabled recovery of crude products. Distillation under reduced
pressure (0.1 mbar, bp. 80 °C) gave 3,5,6-trifluoro-4-[1,2,2,3,3,3-hexafluoro-1-
(trifluoromethyl)propyl] benzene-1,2-dicarbonitrile (68) as a colourless liquid (8.4 g,
14%); bp 231 °C; (Found M* 399.986830 C,,F,;N, requires M" 399.986830) and (0.1
mbar, bp. 87 °C) 4,6-bis[l, 22 3,3, 3-hexafluoro-1-(trifluoromethyl)propyl]-3,5-
difluorobenzene-1,2-dicarbonitrile (69) as a colourless liquid (48 g, 53%); bp 245 °C.
(Found, C, 31.7; N, 4.40; CsFxN, requires C, 32.0; N, 4.7).

Synthesis of 4,5-bis[1,2,2,3,3,3-hexafluoro-1-trifilusromethyl)propyl]-6-flucro-3-
phenoxybenzene-1,2-dicarbonitrile (70)

A mixture containing phenol (0.3 g, 3.3 mmol) and sodium metal (0.8 g, 3.3 mmol) in
THF (25 ml) was heated to reflux over one hour before 4,6-bis[1,2,2,3,3,3-hexafluoro-1-
(trifluoromethyl)propyl]-3,5-difluorobenzene-1,2-dicarbonitrile (69) (2 g, 3.3 mmol) was
added dropwise. The mixture was heated at 75 °C over 20 hours before being cooled and
the solvent removed on a rotary evaporator. The crude product was then transferred to a
separating funnel and water (10 ml) added. Extraction in DCM (2 x 15 ml) enabled
recovery of organic products. The organic phase was dried (MgSO,) and the solvent was
removed on a rotary evaporator. Column chromatography (hexane) gave 4,5-
bis[1,2,2,3,3,3-hexafluoro-1-trifluoromethyl)propyl] -6-fluoro-3-phenoxybenzene-1,2-
dicarbonitrile (70) (1.04 g, 47%) as a white solid; mp 63-63 °C; Rf 0.39; (Found, C,
39.1; H, 0.68; N, 4.10; C,,HsF sN,O requires C, 39.2; H, 0.75; N, 4.12%).

Synthesis of 4,5-bis[1,2,2,3,3,3-hexafluoro-1-trifluoromethyl)propyl]-3,6-
diphenoxybenzene-1,2-dicarbonitrile (71).

A mixture containing phenol (0.8 g, 8.2 mmol) and sodium metal (0.2 g, 8.2 mmol) in
THF (25 ml) was heated to reflux over one hour before 4,6-bis[1,2,2,3,3,3-hexafluoro-1-
(trifluoromethyl)propyl]-3,5-difluorobenzene-1,2-dicarbonitrile (69) (2 g, 3.3 mmol) was
added dropwise. The mixture was heated at 75 °C over 20 hours before being cooled and
the solvent removed on a rotary evaporator. The crude product was then transferred to a
separating funnel and water (10 ml) added. Extraction in DCM (2 x 15 ml) enabled
recovery of organic products. The organic phase was dried (MgSO,) and the solvent was
removed on a rotary evaporator. Column chromatography (hexane) gave 4,5-
bis[1,2,2,3,3,3-hexafluoro-1-trifluoromethyl)propyl] -3,6-diphenoxybenzene-1,2-
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dicarbonitrile (T1) (0.82 g, 37%) as a white solid; mp 67-68 °C (Found, M" 748.045732;
C,sH,oF sN,0, requires M* 748.045732).

Synthesis of 3-fluore-6-[1,2,2,2-tetrafluoro-1-(trifiluoromethyl)ethyl)-2,4,5-
tris(trifluoromethyl)benzenecarbonitrile (72).

A mixture containing tetrafluorophthalonitrile (5.0 g, 25 mmol) and dried potassium
fluoride (2.2 g, 100 mmol) in anhydrous DMF (25 ml) under an atmosphere of dry
nitrogen was heated to 50 °C with a cold-finger condenser attached, containing
acteone/CO,. Trifluoromethyltrimethylsilane (14 g, 100 mmol) in anhydrous DMF (5 ml)
was added slowly to the reaction vessel via syringe. The mixture was then stirred at 50 °C
over 6 hours. The deep red solution was then transferred to an autoclave (160 ml) under
an atmosphere of dry nitrogen. Hexafluoropropene (15 g, 90 mmol) was transferred into
the autoclave under vacuum. The autoclave was sealed and heated to 85 °C over 48 hours
before being opened to vacuum and hexafluoropropene (7.0 g 41 mmol) was recovered.
Continuos extraction into perfluoromethylcyclohexane followed by evaporation of the
solvent on a rotary evaporator gave the crude product mixture. Column chromatography
(hexane) of this mixture gave a very small quantity of 3-fluoro-6-/1,2,2, 2-tetrafluoro-1-
(trifluoromethyl)ethyl]-2,4,5-tris(trifluoromethyl)benzenecarbonitrile (72) as a white
solid mp 78-79°C; (Found C, 31.6; N, 2.8; C,F 7N, requires C, 31.4; N, 2.8%).
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Appendix A NMR Spectroscopy.

Chapter 11

1) 3-fluoro-2,5,6-trimethoxy-4-[1,2,2,2-tetrafluoro-1- (3)
(trifluoromethyl)ethyl]pyridine

2) 3-fluoro-2,5,6-triphenoxy-4-[1,2,2,2-tetrafluoro-1- (4)
(trifluoromethyl)ethyl]pyridine

3) 2-butyl-3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1- (5
(trifluoromethyl)ethyl]pyridine

4) 2,6-dibutyl-3,5-difluoro-4-[1,2,2,2-tetrafluoro-1- (6)
(trifluoromethyl)ethyl]pyridine

5) 6-(tert-butyl)-2,3,5-trifluoro-4-[1,2,2,2-tetrafluoro-1- (7
(trifluoromethyl)ethyl]pyridine

6) 2,6-bis(tert-butyl)-3,5-trifluoro-4-[1,2,2,2-tetrafluoro-1- ' 8)
(trifluoromethyl)ethyl]pyridine

7)  4-{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro- 1 -(trifluoromethyl)ethyl]-2- 9)
pyridyl}heptane-3,5-dione

8) 6-(prop-1—enyl);2,3,5-triﬂuoro-4-[1,2,2,2-tetraﬂuoro—1- 10
(trifluoromethyl)ethyl]pyridine

9) 2,3,5-trifluoro-6-phenyl-4-[1,2,2,2-tetrafluoro-1- . an
trifluoromethyl)ethyl]pyridine

10) 3,5-difluoro-2,6-diphenyl-4-[1,2,2,2-tetrafluoro-1- 12
trifluoromethyl)ethyl]pyridine

11) 2,3,5-trifluoro-6-prop-1-ynyl-4-{1,2,2,2-tetrafluoro-1- 13
(trifluoromethyl)ethyl]pyridine

12) 2,5-difluoro-3,6-diprop-1-ynyl-4-[1,2,2,2-tetrafluoro-1- 14)
(trifluoromethyl)ethyl]pyridine '

13) 3,5-difluoro-2-methoxy-6-prop-1-ynyl-4-[1,2,2,2-tetrafluoro-1- (15)
(trifluoromethyl)ethyl]pyridine

14) diethyl{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-trifluoromethyl)ethy](2- 18)
pyridyl) }amine

15) {6-(diethylamino)-3,5-difluoro-4-[1,2,2,2-tetrafluoro-1- 19)
trifluoromethyl)ethyl](2-pyridyl) }diethylamine

16) benzyl{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro- 1-trifluoromethyl)ethyl](2- (20)

pyridyl) }amine




Chapter III

17)

18)

19)

20)

24)

25)

26)

27)

19,20-diaza-8,17-bis[1,2,2,2-tetrafluoromethyl)ethyl]-7,9,16,18-tetrafluoro-

2,5,11,14-tetraoxatricyclo[13.3.1.1<6,10>]icosa-1(19),6,8,10(20),15,17-
hexaene

25,26-diaza-11,23-bis[1,2,2,2-tetrafluoro- 1-(trifluoromethyl)ethyl]-
10,12,22,24-tetrafluoro-2,5,8,14,17,20-
hexaoxatricyclo[19.3.1.1,9,13.]hexacosa-1(25),9,11,13(26),21,23-hexaene
26,28-diaza-5,17-bis[1,2,2,2-tetrafluoro- 1 -(trifluoromethyl)ethyl]-
4,6,16,18-tetrafluoro-11,23-dimethyl-2,8,14,20-
tetraoxapentacyclo{19.3.1.1<3,7>.1<9,13>.1<15,19>]octacosa-
1(24),3,5,7(26).9,(27),10,12,15,17,1 9(28),21(25),22-dodecaene
11,14,19,20-tetraaza-8-17-bis[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-
7,9,16,18-tetrafluoro-11,14-dimethyl-2,5-dioxatricyclo-
(13.3.1.1,6,10.]icosa-1(19),6,8,10,(20),15,17-hexaene
2,5,22,23-tetraaza-8,20-bis[1,2,2,2-tetrafluoro- 1 -(trifluoromethyl)ethyl]-
7,9,19,21-tetrafluoro-2,5-dimethyl-11,14,17-
trioxatricyclo[16.3.1.1<6,10>]-tricosa-1(22),6,8,10(23),18,20-hexaene
2-({5,6-difluoro-3-methyl-4-[1,2,2,2-tetrafluoro- 1-(trifluoromethyl)ethyl]-
2-pyridyl }amino)ethan-1-ol
(3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-(trifluoromethylethyl](2-
pyridyl) }(2-{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro- 1-
(trifluoromethyl)ethyl](2-pyridyloxy) }ethyl)amine
14,19,20-triaza-8,17-bis[1,2,2,2-tetrafluoro- 1 -(trifluoromethyi)ethyl]-
7.9,16,18-tetrafluoro-2,5,11-trioxatricyclo{13.3.1.1<6,10>]icosa-
1(19),6,8,10(20),15,17-hexaene

3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro- 1 -(trifluoromethylethyl]-2-[ 1 -(2-
{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-I-(trifluoromethyl)ethyl](2-
pyridyloxy) }naphthyl)(2-naphthyloxy)pyridine
3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluoro-1-(2,3,5,6-tetrafluoro(4-
pyridyloxy))octane
methyl(2-{methyl[3,5,6-trifluoro-4-(3,3,4,4,5,5,6,6,7,7,8,8,8-
tridecafluorooctyloxy)(2-pyridyl]lamino }ethyl)[3,5,6-trifluoro-4-
(3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluorooctyloxy)(2-pyridyl)]amine

(35)

(37)

(39)

(42)

(43)

(44a)

(44)

(45)

(46)

(47)

(48)



28)

3,34,4,5,5,6,6,7,7,8,8,8-tridecafluoro-1-[2,3,8,10,13,18-hexaaza-6,7,15,17-
tetrafluoro-2,3,10, 1 3-tetramethyl-5-(3,3,4,4,5,5,6,6,7,7,8 8 8-
tridecafluorooctyloxy)tricyclo[12.3.1.0<4,9>]octadeca-
1(18),4(9),5,7,14,16-hexaen-16-yloxy]Joctane

Chapter IV

29)
30)
31)
32)
33)
34)

35)

36)

37)
38)
39)
40)

41)

42)

4,6-bis[1,2,2,2-tetrafluoro- 1-(trifluoromethyl)ethyl]-2,5-difluoropyrimidine
2,5,6-trifluoro-4-{1,2,2,2-tetrafluoro- 1 -(trifluoromethyl)ethyl]pyrimidine
2,5-difluoro-4-methoxy-6-[1,2,2,2-tetrafluoro-1-
(trifluoromethyi)ethyl]pyrimidine
5-fluoro-2,6-dimethoxy-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]pyrimidine
6-(2-{2,5-difluoro-1-(trifluoromethyl)ethyl]pyrimidin-4-yloxy }ethoxy)-2,5-
difluoro-4-[1,2,2,2-tetrafluoro- 1-(trifluoromethyl)ethyl]pyrimidine
4,6-bis[1,2,2,2-tetrafluoro- 1-(trifluoro-1-(trifluoromethyl)ethyl}-5-fluoro-2-
methoxypyrimidine
4,6-bis[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-2-dodecyloxy-5-
fluoropyrimidine

4,6-bis[1,2,2,2-tetrafluoro- 1 -(trifluoromethylethyl]-2-({4,6-bis[1,2,2,2-
tetrafluoro-1-(trifluoromethyl)ethyl]-5-fluoropyrimidin-2-yl }ethoxy)-5-
fluoropyrimidine
{4,6-bis[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-5-fluoropyrimidin-2-
yl}diethylamine

{4,6-bis[1,2,2,2-tetrafluoro- 1-(trifluoromethyl)ethyl]-5-fluoropyrimidin-2-

yl}benzylamine

2,5,6-trifluoro-4-methoxypyrimidine -
2,5-difluoro-6-hydroxy-4-methoxypyrimidine
6-[2-(2,5-difluoro-6-methoxypyrimidin-4-yloxy)ethoxy]-2,5-difluoro-4-
methoxypyrimidine

4,6-bis(tert-butoxy)-2,5-difluoropyrimidine

Chapter V

43)
44)
45)

2,3,5,6-tetrafluoro-4-trifluoromethylpyridine
3,5,6-trifluoro-2-phenoxy-4-trifluoromethylpyridine
2,3,5,6-tetrafluoro-4-[1,2,2,3,3,3-hexafluoro-1-
(trifluoromethyl)propyl]pyridine

(49)

(33)
(54)
(55)

(56)

(7

(58)
(39)
(60)
(61)
(62)
(63)
(64)

(65)
(66)

A3



46)

47)

48)

49)

50)

51)

(1R,2S)-2-methyl{3,5,6-trifluoro-4-[1,2,2,3,3,3-hexafluoro-1-
(trifluoromethyl)propyl](2-pyridyl }amino)-1-phenylpropan-1-ol
3,5,6-trifluoro-4-{1,2,2,3,3,3-hexafluoro-1-
(trifluoromethyl)propyl]benzene-1,2-dicarbonitrile
4,6-bis[1,2,2,3,3,3-hexafluoro-1-(trifluoromethyl)propyl]-3,5-
difluorobenzene-1,2-dicarbonitrile
4,5-bis[1,2,2,3,3,3-hexafluoro- 1 -trifluoromethyl)propyl]-6-fluoro-3-
phenoxybenzene-1,2-dicarbonitrile
4,5-bis[1,2,2,3,3,3-hexafluoro- 1 -trifluoromethyl)propyl]-3,6-
diphenoxybenzene-1,2-dicarbonitrile :
3-fluoro-6-[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-2,4,5-

tris(trifluoromethyl)benzenecarbonitrile

(67)

(68)

(69)

(70)

(71)

(72)

Ad



1) 3-fluoro-2,5,6-trimethoxy-4-[1,2,2,2-tetrafluoro- 1 -(trifluoromethyl)ethyl}pyridine (3)

a
F
b F;C CFsc G, . . cF,

( d o _ FyC= = CF,
F OMe) i OMe F OMe
Bl ﬁ »

- MeG N OMe MeO N OMe
IMeQ”9 N™ h'OMek

A B8
Chemical Shift  Intensity Multiplicity Coupling (Hz) Assignment
'H
3.76 3 S )
3.90 6 S Lk
l‘)F
-74.9 3 m b,cof B
-75.1 3 m b,cof A
-146.3 0.5 brs fof A
-149.7 0.5 d T 94.0 fof B
-177.5 0.5 d ‘Jee 94.0 aof B
-182.0 0.5 S aof A
IJC
53.9 S 1.k
60.5 S jof A
61.6 s jcofB
92.2 dsept Je 218 d
374
119.0 m e
120.3 qd Jer 280 b, c
U 27.7
1333 brs i
135.4 Jer 264 fof A

146.8

r
d 4

139.1 S fof B
. .

150.0 S




2) 3-fluoro-2,5,6-triphenoxy-4-[1,2,2 2-tetrafluoro- 1-(trifluoromethyl)ethyl]pyridine (4)

a
b FyC T CF,c
e 5
gF | X OPh r3 - OPP ng/[(])Ph
| |
{ PhO N/ OPhe PO N 0Ph PhO” NT “oPh
A B
Chemical Shift  Intensity Multiplicity Coupling (Hz) Assignment
'H
6.4-74 m d,e, f
I9F
-71.5 3 m b,cof A
-72.0 3 m b,cof B
-136.2 0.5 s gof A
-138.7 0.5 d ‘I 98.5 gof B
'174.5 05 d ‘JFF 98.5 aOfB
-178.3 0.5 S aof A

A6



3) 2-butyl-3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro- 1-(trifluoromethyl)ethyl]pyridine (5)

Chemical Shift  Intensity  Multiplicity  Coupling (Hz) Assignment

'H

0.87 3 t Jun 7.6 k
1.30 2 sex i 7.6 j
1.60 2 quin T 7.6 |
2.72 2 t T 7.6 h
I9F

-71.2 6 m b, c
-82.4 1 S f

-117.7 1 S d

-133.7 1 S e

-175.8 1 brs a
IJC
14.0 s k
22.5 s J
304 s i
31.6 s h
923 dsept Jer214.5 ]

Je35.3

119.2 m m

119.6 qd Jee 287 b, c
T 273
144 - 149 br e,d, f, g
overlapping
m

Al



4) 2,6-dibutyl-3,5-difluoro-4-[ 1,22 2-tetrafluoro- 1 -(trifluoromethyl)ethyl]pyridine (6)

bF,C

k
N'g h l
Chemical Shift  Intensity  Multiplicity Coupling (Hz) Assignment

'H

0.87 6 t T 7.6 k

1.30 4 sex 3w 7.6 j

1.60 4 quin Ty 7.6 i

2.72 4 t T 7.6 h
19F

-71.2 6 m b

-117.7 2 m S

-175.8 1 m a
IJC

13.7 S k

233 , S J

- 305 s h

92.3 dsept Jee 215 c

Je 353
119.2 m d

144-149 br m f, g




5) 6-(tert-butyl)-2,3,5-trifluoro-4-[1,2,2,2-tetrafluoro- 1 -(trifluoromethyl)ethylpyridine
(7) )

Chemical Shift  Intensity  Multiplicity Coupling (Hz) Assignment
'H
1.38 S ]
19F
-75.3 6 m b
-86.4 1 brs g
-115.0 1 brs €
-137.3 1 brs f
-179.5 1 m a
13C
283 $
37.6 S
923 dsept Jer 216 c
Je 353 :
119.2 m : d
119.6 qd Jer 287 b
' 273

143-148 brm h,e, g f



(8)

6) 2,6-bis(tert-butyl)-3,5-trifluoro-4-[1,2,2,2-tetrafluoro- 1 -(trifluoromethyl)ethyllpyridine

Chemical Shift  Intensity  Multiplicity Coupling (Hz) Assignment
'H
1.41 s h
]9F
721 6 s b
-112.0 1 brs e
-115.2 1 m e
-175.8 1 m a
13C
28.6 s h
38.2 S g
92.4 dsept Jee 211 c
T 353
112.1 m d
120.4 qd Jer 287 b
e 273
147-156 br m e, f




7) 4-{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro- I -(trifluoromethyl)ethyl}-2-pyridyl }heptane-

3,5-dione (9)

bF,C | CFy
F
F
O“h i
Chemical Shift  Intensity  Multiplicity  Coupling (Hz) Assignment
lH .
1.23 6 t Jan 7.2 ]
430 4 q Jom 7.2 i
4.98 1 S g
19F
major rotamer
-74.6 6 m b
-85.4 1 brs k
-119.0 0.5 brs e
-132.3 0.5 brs |
-180.3 1 brs a
minor rotamer
-74.6 6 m b
-854 1 brs k
-120.4 0.5 br s e
-129.2 0.5 brs 1
-180.3 1 brs a
I3C
13.6 S j
54.7 S i
62.6 s : g
91.6 dsept Jee 214 v
e 35.7
1158 m d
119.8 qd e 287 b
}Js26.9
144'154 br m ev fr ll k
164.9 S h

All



8) 6-(prop- -enyl)-2,3,5-trifluoro-4-[1,2,2,2-tetrafluoro- I -(triflucromethyl)ethyl]pyridine

(10)

Chemical Shift

Intensity  Multiplicity  Coupling (Hz)

Assignment

'H
1.91 3 d Tun 6.8 i
2.09 3 d T, 8.4 1
6.17 1 m h
6.42 1 d T 12.0 g
6.96 1 m g
19F
major rotamer
-75.1 6 m b
-85.6 0.5 brs j
-120.4 0.5 brs e
-136.4 0.5 brs k
-179.9 1 brs a
minor rotamer
-75.1 6 m b
-86.6 0.5 brs j
-127.6 0.5 brs e
133.3 0.5 brs k
-179.9 1 brs a
13C
15.4 s i
18.7 s i
117.9 m d
120.0 qd Jer 231 b
Je29.0
128.9 m h
137.2 t Je 3.8 g
138.1 t Ve 2.2 g
144-148 brm e .k, f

Al2



9) 2,3,5-trifluoro-6-phenyi-4-(1,2,2,2-tetrafluoro- I -trifluoromethyl)ethylpyridine (11)

Chemical Shift  Intensity Multiplicity Coupling (Hz) Assignment
'H
7.41-7.90 m h, 1,
19F
major rotamer
-75.2 6 m b
-84.8 0.5 brs k
-120.0 0.5 brs €
-134.7 0.5 d Jer 81.2 ]
-179.5 0.5 d Jer 81.2 a
minor rotamer
-75.2 6 m b
-86.0 0.5 brs k
-122.1 0.5 brs e
-131.7 0.5 brs 1
-180.3 0.5 brs a
l3C
91.9 dsept Jee214 C
e 37.2
119.5 m d
119.9 qd Jer 294 b
e 272
128.9 S h
129.2 s 1or]
129.9 s 10r ]
130.1 S g
143-155 br m e, f, Lk

Al3



10) 3,5-difluoro-2,6-diphenyl-4-[1,2,2 2-tetrafluoro- I -trifluoromethyl)ethyllpyridine (12)

Chemical Shift  Intensity Multiplicity  Coupling (Hz) Assignment
IH .
7.41-7.90 m h,iand;j
19F
major rotamer
-75.2 3 m b
-117.7 1 brs e
-179.2 ] m a
minor rotamer
-75.2 3 m b
-120.6 1 m e
-179.2 1 m a
13C
92.4 dsept Jee 213 c
353
113.2 dt e 21.6 d
U 12.9
120.4 qd Jer 287 b
» e 27.3
128.9 S i
129.2 s jork
129.9 s jork
130.1 S h
143-155 br m €, g

Al4



11) 2,3,5-trifluoro-6-prop-1-ynyl-4-[1,2,2,2-tetrafluoro- I -(trifluoromethyl)ethyl]pyridine

(13)

Chemical Shift  Intensity  Multiplicity Coupling (Hz) Assignment
'H
2.10 S i
19F
major rotamer
-13.7 6 m b
-83.0 0.5 brs ]
-113.3 0.5 brs e
-131.1 0.5 brs k
-178.7 1 brs a
minor rotamer
-73.7 6 m b
-83.9 0.5 brs j
-115.5 0.5 brs e
-128.1 0.5 brs k
-178.7 1 brs a
13C
4.64 s i
71.2 S h
92.0 dsept Jer 216 c
J 352
97.0 s g
116.1 m d
119.8 qd Jee 287 b
Jx 27.0
133.0 m f
147.9 dm Jer 219 eorkorj
148.0 dm Jee250 eorkorj
154.0 dm Jee 275 eorkorj

AlS5



12) 2,5-difluoro-3,6-diprop-1-ynyl-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]pyridine (14)

Chemical Shift  Intensity  Multiplicity  Coupling (Hz) Assignment
'H
2.10 S LN
19F
-62.3 1 S J
-713.0 6 S b
-117.8 ] S e
-174.3 1 S a
13C
5.07 S i, n
68.8 S m
72.2 s h
92.5 dsept Jer 214 c
Jee 27.0
98.2 S g
102.3 s 1
116.1 m d
119.8 qd e 260 b
J27.0
127.3 m korf
128.6 m korf
154.0 d 'Jer 260 ‘ € or j
159.0 d Jer 275 €orj

Al6



13) 3,5-difluoro-2-methoxy-6-prop-1-ynyl-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyllpyridine (15)

Chemical Shift  Intensity Multiplicity Coupling (Hz) Assignment
'H
2.1 3 S i
3.97 3 s . k
l‘)F
major rotamer
-715.5 6 m b
-124.2 0.5 brs e
-131.4 0.5 brs 1
-180.0 1 ' br m a
minor rotamer 1
-75.5 6 m b
-126.5 0.5 brs e
-128.2 0.5 brs ]
-180.0 1 br m a
13C
4.65 s i
54.7 S k
72.3 s h
91.8 dsept Jee 214 Cc
Je 27.0
94.8 dm 6.8 g
[13.5 m L d
120.0 qd Jer 281 b
254
150-152 br m e, f, 1

Al7



14) diethyl{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro- 1 - tr1ﬂuoxomethyl)ethyl](2-

pyridyl) }Jamine (18)

b F,C | CF3
F e F

-~
F7UNT N h

Chemical Shift  Intensity Multiplicity Coupling (Hz) Assignment
'H
1.30 6 t Jun 6.8 h
3.39 4 q Jun 6.8 g
l9F
major rotamer
-75.6 3 m b
-86.5 0.5 brs i
-129.0 0.5 brs e
-154.1 0.5 d I+ 89.9 )
-176.4 0.5 d Jer 89.9 a
minor rotamer
-72.5 3 m b
-87.6 0.5 brs i
-131.3 0.5 d ‘I 88.4 e
-150.5 0.5 S J
-177.3 0.5 d ‘I 88.4 a
lJC
13.4 S h
44 6 S _ g
92.4 dsept A Jer212 c
- 383
115.8 m d
120.2 qd Jee 287 b
Jee 27.0
132-146 br m e.f.i]

Al



15) {6-(diethylamino)-3,5-difluoro-4-(1,2,2,2-tetrafluoro- I -trifluoromethyl)ethyl](2-
pyridyl) }diethylamine (19)

a
b F,C d CF,
d [
NS\
| 9
sARG
Chemical Shift  Intensity Multiplicity  Coupling (Hz) Assignment

IH .
1.71 12 t Jun 6.8 h
3.39 8 q Jun 6.8 g

l9F

-15.4 6 S b
-143.5 2 brs €
-146.9 2 d ‘Je 99.8 e
-179.1 1 d Jer 99.8 a

13C

13.7 s

44.2 : S

93.0 dsept Je 210

Jer 353
115.8 m
120.1 qd e 287
Jee27.0

132-146 br m

Al9



16) benzyl{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro- I -trifluoromethyhethyl](2-
pyridyl) }amine (20)

F

h oo
1
H |
g

Chemical Shift  Intensity  Multiplicity Coupling (Hz) Assignment
: H
4.62 2 d w56 h
5.12 1 br s g
7.32-7.39 5 m i, ], k
19F
major rotamer
-70.8 6 m b
-87.2 0.5 brs m
-1339 0.5 brs e
-150.1 0.5 brs n
-175.6 1 brs a
minor rotamer
-70.8 6 m b
86.1 0.5 brs m
-136.6 0.5 brs e
-153.3 0.5 brs n
-175.6 1 brs a
13C
45.3 S h
92.0 dsept Uer 212 c
Jee 355
114.6 dddd 2Je 11.0, 11.0, d
10.6
T 3.0
120.2 qd Jee 287 b
e 27.3 '
128.1 S ]
128.2 S jork
129.1 s jork
137.9 s i
142.0-147.1 br m e, f,m,n

A20



17) 19,20-diaza-8,17-bis[1,2,2,2-tetrafluoromethyl)ethyl]-7,9,16,18-tetrafluoro-2,5,11,14-

tetraoxatricyclo[13.3.1.1<6,10>)icosa-1(19),6,8,10(20),15,17-hexaene (35)

FyC CF4
Chemical Shift  Intensity  Multiplicity  Coupling (Hz) Assignment
'H
20 °C
5.2-6.8 brs f
90 °C
4.70 S f
l9F
-77.0 12 s a
-145.1 2 brs d
-147.9 2 brs d
-181.7 2 m b
IJC
65.1 brs f
933 dm Jep 212 b
117.1 m C
121.5 qd Jer 288 a
e 26.6
127.8 d Jer 154 d
130.4 d . 84.0 e




18) 25,26-diaza-11,23-bis[1,2,2,2-tetrafluoro- 1-(trifluoromethyl)ethyl}-10,12,22,24-
tetrafluoro-2,5,8,14,17,20-hexaoxatricyclo[19.3.1.1,9,13.]Jhexacosa-
1(25),9,11,13(26),21,23-hexaene (37).

F,C T CF,
Chemical Shift  Intensity Multiplicity Coupling (Hz) Assignment
1
H
3.88 8 m f
4.65 8 m
19F
-76.4 12 m a
-147.1 2 brs d
-150.0 2 brs d
-180.7 2 m b
lJC
66.9 S ' forg
69.9 s forg
92.9 dsept Je21l b
e 353 .
114.5 m c
121.5 qd Jer 286 a
e 27.0

147.2 brs €

\—_ - A22



19) 26,28-diaza-5,17-bis[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-4,6,16,18-
tetrafluoro-11,23-dimethyl-2,8,14,20-
tetraoxapentacyclo[19.3.1.1<3,7>.1<9,13>.1<15,19>]octacosa-
1(24),3,5,7(26),9,(27),10,12,15,17,19(28),21(25),22-dodecaene (39).

FyC I CF;
Chemical Shift  Intensity Multiplicity  Coupling (Hz) Assignment
1
H
2.33 6 j
6.58 2 S g
6.81 4 h
l9F
-75.5 12 m a
-141.3 2 brs d
-144.1 2 brs d
-180.3 2 m b
IJC
21.1 s j
112.3 s i
119.6 s h
140.9 s g
152.4 S f

A23



20) 11,14,19,20-tetraaza-8-17-bis[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-7,9,16,18-
tetrafluoro-11,14-dimethyl-2,5-dioxatricyclo-{13.3.1.1,6,10.]icosa-
1(19),6,8,10,(20),15,17-hexaene (42).

aF
FiCJ _CF;
Fo el f
| : d n
f—0"e N"g N 1
EO | N\ N\:|
FNFF
F,C™ | "CF;
Chemical Shift  Intensity  Multiplicity  Coupling (Hz) Assignment
'H
20 °C
3.25 m h
3.40-5.40 brs f,i
90 °C
3.29 6 m h
3.75 4 brs 1
4.73 4 brs f
19F
-74.8 12 m a
-139.5 2 m d
-150.6 2 m d
-178.6 2 m b
13C
38.5 s h
49.0 S i
62.4 s f
1153 m C
120.7 qd Jee 288 a
J28.0
133.5 m eorg
136.1 m eorg

144.5 dm Jee 272 d




21) 2,5,22,23-tetraaza-8,20-bis[1,2,2,2-tetrafluoro- 1 -(trifluoromethyl)ethyl}-7,9,19,2 1 -

tetrafluoro-2,5-dimethyl-11,14,17-trioxatricyclo[16.3.1.1<6,10>]-tricosa-
1(22),6,8,10(23),18,20-hexaene (43)

F,c T CF,
Chemical Shift  Intensity Multiplicity Coupling (Hz) Assignment
1
H
2.74 6. m e
2.95-3.05 8 m f.g
3.34 4 m h
19F
-74.3 12 m a
-133.3 4 brs d
-182.9 2 m b
13C
373 s e
43.5 S f
46.6 s gorh
47.6 s gorh
121.1 qd Jer 286 b
Jr 28.1

ADS



22) 2-({5,6-difluoro-3-methyl-4-[1,2,2,2-tetrafluoro- 1 -(trifluoromethyl)ethyl}-2-

pyridyl}amino)etha'n'-l-ol (44a).

a F
FiC CF4
F S ° F
9| Y4 i k
FNTe N~
H o
Chemical Shift  Intensity Multiplicity Coupling (Hz) Assignment
'H
2.69 1 brs k
3.63 2 m 10r]j
3.81 2 m ior]
5.40 1 brs h
19F
-75.8 6 m a
-92.2 | m f
-139.9 1 m d
-155.3 1 m g
-180.5 1 m b
l]C
435 s 1
61.4 $ ]
92.0 dsept 'Jer 210 b
Jee 344
114.5 m c
119.8 qd 'Jer 286 a
J27.0
132.1 dm Jer 262 dorg
143.1 m : e
147.0 dd Jer 234 f
e 15.5

A26



23) {3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro- 1-(trifluoromethylethyl](2-pyridyl) }(2-(3,5,6-
trifluoro-4-[1,2,2,2-tetrafluoro- I -(trifluoromethyl)ethyl](2-pyridyloxy) }ethyl)amine (44).

a
F F
F4C|_CFs FsCCFs
b
C
Fd N ‘F Fe o F
| h |

Chemical Shift  Intensity Multiplicity Coupling {Hz) Assignment
'H
3.83-3.94 2 m i
4.48-4.62 2 m ]
5.00-5.25 1 m ~h
I9F
-75.9 12 m a
-85.5 2 m €
-160.0 2 m d
-163.1 2 m f
-180.2 2 brs b
13C
40.6 s i
67.2 s j
92.5 dsept Jer 213 b
e 38.7
120.3 qd Jee 287 a
U 27.0
115.1-117.5 m C

A27



24) 14,19,20-triaza-8,17-bis[1,2,2,2-tetrafluoro- 1 -(trifluoromethyl)ethy!}-7,9,16,18-
tetrafluoro-2,5,1 1 -trioxatricyclo{13.3.1.1<6,10>]icosa-1(19),6,8,10(20),15,17-hexaene

(45)
aF
F,C CF,
F S ° F
B¢
f EO N- e O:] h
g—o0 N N— i
D
F = F
FsC I CF,
Chemical Shift  Intensity = Multiplicity Coupling (Hz) Assignment
lH i
3.78 2 i
4.53-4.84 7 f,g. hj
l9F
-75.0 12 m a
-144.7 2 m d
-147.9 2 m d
-179.2 2 m b
13C
395 s i
62.1 S forgorh
62.8 S forgorh
64.2 s forgorh
92.1 dsept Jee 210 b
- U375
120.6 qd - e 286 a
T 27.1
113.8-115.7 m c




25) 3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro- 1 -(trifluoromethylethyl]-2-[1-(2-{3,5,6-trifluoro-
4-[1,2,2,2-tetrafluoro- I -(trifluoromethyl)ethyl](2-pyridyloxy) } naphthyl)(2-
naphthyloxy)pyridine (46).

F3C~CF3
b
FC F
LEE
O \N e F
0] N._F
Ogl I
FNPF
FsC £ CF,
Chemical Shift  Intensity  Multiplicity  Coupling (Hz) Assignment
1
H
7.17-8.17 m BINAP
19F
-76.3 12 m a
-92.8 2 m e
-135.5 2 m c
-156.7 2 m d
-180.9 2 m b
13C |
121.8-133.7 m BINAP




26) 3,3,4,4,5,5,6,6,7,7,8,8 8-tridecafluoro-1-(2,3,5,6-tetrafluoro(4-pyridyloxy))octane

7).

f e d ¢ b a
g CF,CF,CF,CF,CF,CF,
L

O.

i
NPEN jF

L.
F" N kF

Chemical Shift  Intensity  Multiplicity  Coupling (Hz) Assignment
'H
2.69 2 tt 3 6.4 g
e 18
4.79 3w 6.4 h
19F
-81.6 3 S a
-90.6 2 S k
-114.1 2 S btof
-122.5 2 S btof
-123.6 2 S btof
-124.2 2 S btof
-126.9 2 S btof
-159.5 2 s ]
lJC
31.8 t Je21.6 g
61.4 S h
105-122 m btof
135.3 dm 'Jer 275 j
144 4 dm 241 k
146.5 m i

A30



27) methyl(2-{methyl[3,5,6-trifluoro-4-(3,3,4,4,5,5,6,6,7,7,8,8,8-
tridecafluorooctyloxy)(2-pyridyl]amino }ethyl)[3,5,6-trifluoro-4-
(3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluorooctyloxy)(2-pyridyl)]amine (48).

f e d ¢ b a

F3CF,CF,CF,CF,CF,C CF,CF,CF,CFyCRyCFy

j 9[
h
0 o
|
Fa o F AR
ILpo I )
S | °l
F7ONTON

P/
N7 NTKF
|
n
Chemical Shift  Intensity Multiplicity Coupling (Hz) Assignment
'H
2.61 4 m g
3.04 6 s 0
3.62 4 S n
4.58 4 t i 6.4 h
19F
-81.3 6 S a
-90.6 2. m ]
-113.8 4 S btof
-122.3 4 S btof
-123.6 4 S btof
-124.0 4 S btof
-126.6 4 S btof
-154.2 2 S m
-170.8 2 S ]
IJC
31.8 t g
38.2 S noro
49.6 S noro
65.9 S h
105-122 m atof
129.5 dd Jor 249 m
J33.0

A1



136.9

144.6

141.8
144.6

dd

dd

3 3

o 249
e 5.3
e 229
1y 13.3

lori
lori

A32



28) 3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluoro-1-[2,3,8,10,13,18-hexaaza-6,7,15,17-
tetrafluoro-2,3,10,13-tetramethyl-5-(3,3,4,4,5,5,6,6,7,7,8,8,8-

‘ridecafluorooctyloxy)tricyclo[12.3.1.0<4,9>]octadeca-1(18),4(9),5,7,14,16-hexaen-16-

yloxyloctane (49)

f e d ¢ b a

g [CFZCFZCFQCFQCFZCFa
h o
i
| Fa NS F
\N | N/ N/
m
Cvnond
/T | \
X
D
F3CF,CF,CF,CF,CF,C
Chemical Shift  Intensity Multiplicity Coupling (Hz) Assignment
1
H
2.66 4 m g
3.16 12 S 1
3.61 8 brs - m
4.46 4 t T 6.8 h
19F
-81.2 6 S a
-113.7 4 S btof
-122.3 4 s btof
-1233 4 S btof
-123.9 4 s btof
-126.5 4 S btof
163.5 4 S ]
13C
31.6 S g
37.7 S m
48.2 s |
65.6 s h

A3



29) 4,6-bis[1,2,2,2-tetrafluoro- 1 -(trifluoromethyl)ethyl]-2,5-difluoropyrimidine (50).

Chemical Shift  Intensity  Multiplicity Coupling (Hz) Assignment
19F
-48.3 1 m e
-15.2 12 m a
-134.5 1 brs d
-186.5 1 m b
l]C
91.4 dseptd Jee2ll b
e 33.3
Jer 3.8
119.8 qd Jer 287 a
Jee 26.6 A
148.4 m c
155.3 dd Jer 282 d
Jer 6.8

155.7 dm 1223 e




30) 2,5,6-trifluoro-4-[1,2,2 2-tetrafluoro- I -(trifluoromethyl)ethyl]pyrimidine (51)

Chemical Shift  Intensity  Multiplicity Coupling (Hz) Assignment
I9F
-48.3 1 d “Jer 20 d
-70.7 ] S e
-715.7 6 m a
-152.6 1 s f
-187.0 1 m b
IJC
91.2 dseptm 'Je¢ 209 b
e 33.4
120.5 qd 'Jer 286 a
e 26.1
144.3 m c
144.3 ddd Jee 275 e
e 9.7
o 8.4
154.6 Jer 223 f
e 17.5
162.4 dm 'J 260 d

A35



31) 2,5-difluoro-4-methoxy-6-[1,2,2,2-tetrafluoro- I -(trifluoromethyl)ethyl]pyrimidine

(52).

Chemical Shift  Intensity Multiplicity Coupling (Hz) Assignment
'H
4.17 S f
19F
-46.2 1 m d
-74.6 6 m a
-151.4 | m g
-186.0 1 m b
IJC
56.4 S . f
119.8 qd 'Jee 286 a
e 27.3
144.7 dd Jer 275 g
Jer 7.6
155.0 dm Jer223 d
163.7 m e

A4



32) 5-fluoro-2,6-dimethoxy-4-[1,2,2,2-tetrafluoro- I -(trifluoromethyljethyljpyrimidine

(33)

Chemical Shift  Intensity  Multiplicity Coupling (Hz) Assignment
1
H
3.96 3 S eorg
4.10 3 S eorg
19F
-74.7 6 m a
-159.2 1 m h-
-186.2 | 'm b
UC
55.6 s eorg
56.0 S eorg
91.1 dseptd Jer 241 b
Jr 28.8
J3.8
120.1 qd Jer 286 a
e 26.2
138.8 m c
142.6 d Jee 270 h
158.8 m ford
162.5 m ford

A7



33) 6-(2-{2,5-difluoro-t-(trifluoromethyl)ethyl]pyrimidin-4-yloxy Jethoxy)-2,5-difluoro-
4-[1,2,2,2-tetrafluoro- I-(trifluoromethyl)ethyl]pyrimidine (54)

ey

NeOO N

Chemical Shift  Intensity  Multiplicity  Coupling (Hz) Assignment
'H
4.79 S : f
19F
-46.3 2 m d
-74.7 12 m a
-150.7 2 m g
-186.1 2 m b
IJC
66.4 f
91.0 dseptd Jee 213 b
Je334
e 3.4
121.2 qd Jee 287 a
Jer 28.6
141.2 m m C
144 .4 dd Jee275 g
e 1.9
154.7 dm : Jer 223
162.9 m : 5

A38



34) 4,6-bis[1,2,2,2-

methoxypyrimidine (55)

tetrafluoro-1-(trifluoro- 1 -(trifluoromethyl)ethyl]

-5-fluoro-2-

Chemical Shift  Intensity Multiplicity  Coupling (Hz) Assignment
'H
3.97 S
19F
-75.3 12 m
-163.1 l tm Jee 55.3
-185.5 2 dm Je 55.3
IJC
58.3
91.3 dseptd e 208
323
Jee34
120.3 qd Jer 286
Jer 26.9
144 .8 d 'Jer 260
144.9 dd Jep 22.5
Jee 223
163.7 m

A39



35) 4,6-bis[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-2-dodecyloxy-5-
fluoropyrimidine (56)

Chemical Shift  Intensity  Multiplicity Coupling (Hz) Assignment
1
H
0.88 3 m q
1.27 18 br m h,i,j,k.,I,m,n,0,p
1.84 2 m g
4.38 2 t Jun 6.8 f
19F
-74.4 12 -m a
-141.9 1 m , d
-185.5 2 m b
IJC
14.1 S q
70.6 s f
014 dseptd Jer212 b
e 33.0
T 3.4
120.0 qd Jer 280 a
Jes26.6
147.3 m c
151.0 d ‘ ‘J:280 d
159.1 S ' e

A40



36) 4,6-bis[1,2,2,2-tetrafluoro- | -(trifluoromethyl)ethyl]-2-({4,6-bis[ 1,2,2,2-tetrafluoro- | -

(trifltuoromethyl)ethyl]-5-fluoropyrimidin-2-yl}ethoxy)-5-fluoropyrimidine (57)

Chemical Shift

Intensity  Multiplicity  Coupling (Hz) Assignment
'H
4.79 g
l9F
-14.4 24 m a
-139.9 2 m f
-185.6 4 m b
IJC
91.2 dseptd Jer 212 b
Jee33.4
119.5 qd Jee 287 a
e 26.6
147.6 dd J:8.6 c,e
e 10.6
151.5 d Jer 281 f
158.3 m d

Adl



37) {4,6-bis[1,2,2,2-tetrafluoro- 1 -(

yl}diethylamine (58)

trifluoromethyl)ethy!]-5-fluoropyrimidin-2-

Chemical Shift  Intensity  Multiplicity ~ Coupling (Hz) Assignment
1
H
1.17 3 t i 7.2 f
3.63 2 q Jn 7.2 e
19F
-75.3 12 S a
-156.5 1 m h
-186.3 2 m b
IJC
125 q Jen 126 e
44.0 tm Uy 123 f
- 913 dseptm Jee 214 b
Jee34.5
120.9 qd Jer 286 a
148.1 d Jer 269 h
145.7 m c, g
155.8 m d

A42



38) ({4,6-bis[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-5-fluoropyrimidin-2-

yl}benzylamine (59).

Chemical Shift _ Intensity Multiplicity Coupling (Hz)

Assignment

'H
4,55 2 d 3 6.0 g
5.84 i brs f

7.25-7.39 5 m ik

I9F
-74.3 12 m a
-149.2 1 m e
-185.4 2 m b

l]C
46.4 g
91.3 dseptm Jee 214 b

Je34.5

120.3 qd Jer 286 a
128.1 S i
128.2 S k
129.0 S ]
137.4 s h
144.8 d Jer 270 e
156.2 m d

A43



39) 2,5,6-trifluoro-4-methoxypyrimidine (60)

a

OMe
oy
¢l
F g N/)C\F
Chemical Shift _ Intensity  Multiplicity ~ Coupling (Hz) Assignment
1
H
4.14 a
19F
-49.7 1 S c
-85.3 1 S d
-178.5 1 S e
IJC
56.8 S a
130.4 dm Jer 255 d
153.4 dm Jee 217 e
158.3 dm Jee 246 c
163.5 m b

Add



40) 2,5-difluoro-6-hydroxy-4-methoxypyrimidine (61)

a

OMe
F \bN
el
HO 4 N//IC\F
Chemical Shift  Intensity Multiplicity  Coupling (Hz) Assignment
IH :
3.87 3 S ' a
13.3 1 brs d
l9F
-91.8 1 s c
-183.7 1 S e
IJC
55.9 S a
128.0 dm e 237 e
153.1 m d
155.2 dm Jer 243 c
157.6 m b

A4d5



41) 6-[2—(2,5-difluoro—6—methoxypyrimidin-4-yloxy)ethoxy]'-2,5—diﬂuoro-4-
methoxypyrimidine (62).

a

OMe OMe
F R LAY
NS ] )N\
FJ\N/ 0 0”7TNTSF
l_]f
Chemical Shift  Intensity  Multiplicity  Coupling (Hz) Assignment
'H
3.34 $ a
3.97 S f
19F
-48.9 2 S e
-178.2 2 S C
UC
55.6 s a
66.2 _ s f
130.9 dm e 248 c
153.2 dm Jee 212 e
159.4 m ' bord
160.5 m bord

Ad6



42) 4,6-bis(tert-butoxy)-2,5-difluoropyrimidine (63).

F
o\j\ro a
gL
Y
F
Chemical Shift _ Intensity Multiplicity  Coupling (Hz) Assignment
1
H
1.61 s a
19F
-49.0 I S d
-174.8 1 s e
IJC
28.6 s a
84.4° S b
132.3 dm Jer 249 e
152.5 dm Jer 211 d
159.2 ' m ‘ c

A47



43) 2,3,5,6-tetrafluoro-4-triffuoromethylpyridine (64)

CF,
b
F A
D6
F7ONTSF
Chemical Shift  Intensity Multiplicity  Coupling (Hz) Assignment
19
F
-66.8 3 m a
-95.4 2 S d
-149.0 2 c
13C
119.7 qm Jer 220 a
121.8 m b
139.4 dm Jer 217 c
144.4 dm ‘Jer 198 d

AdR



44) 3,5,6-trifluoro-2-phenoxy-4-trifluoromethylpyridine (65)

Cl;a
F F j
f | e /@ ,‘
z [
F7e N"d O™ g h
Chemical Shift  Intensity Multiplicity Coupling (Hz) Assignment
'H
6.96 - 7.38 h, 1,
19F
-58.3 3 t e 203 a
-88.5 l m e
-138.8 1 m f
-147.7 1 m C
DC
120.0 qm Uer 274 a
126.0 S J
129.9 S 1
136.3 dd Jer 266.3 €
318
140.8 dd Jer 273 c
6.4
144.4 ddd e 241 f
200
Jee 3.8
152.2 s g

AA9



45) 2,3,5,6-tetrafluoro-4-{1,2,2,3,3,3-hexafluoro- 1 -(trifluoromethyl)propyl]pyridine (66).

d
a CF,
Fie S F
Fob F
F AR
)
Fg N/ F
Chemical Shift  Intensity Multiplicity  Coupling (Hz) Assignment
19F
-13.7 3 S a
-81.3 3 S d
-87.4 2 m g
-88.9 2 m g
-119.4 and AB Jas293 c
-122.4
-134.5 2 m f
-139.2 2 dm Jer 97.4 f
-183.3 1 dm T 95.5 b
IJC
939 dsexm Jep 212 b
e 27.6
117.9 'Jer 286 d
e 33.8
118.3 e
120.3 Jer 287 a
e 27.6
110.8 Jer 268 c
Jer 38.7
Jor37.8

AS0




46) (1R,25)-2-methyl{3,5,6-trifluoro-4-[1 ,2,2,3,3,3—héxaﬂuoro-l-
(trifluoromethyl)propyl](2-pyridyl }amino)- I-phenylpropan-1-ol (67)

d
a CF3
FyC cl-F
Fo T |
] l b ko0
F™h N/g N nﬁh
j OH
n
Chemical Shift  Intensity  Multiplicity  Coupling (Hz) Assignment
'H
1.42 3 d 3,4 7.0 |
3.04 3 d T 4.0 ]
4.43 ] m k
4.67 1 m m
4.85 1 brs n
7.17-7.37 5 m 0
19F
-80.6 3 m a
-87.9 3 m d
-97.0 1 m h
-12591t0-129.6 2 m Cc
-134.3 i m f
-155.5 0.5 m 1, minor
-162.6 0.5 m 1, major
-189.5 0.5 m b, minor
-190.3 0.5 m b, major

AS1



47) 3,5,6-trifluoro-4-[1,2,2,3,3,3-hexafluoro-1-(trifluoromethyl)propylibenzene-1,2-

dicarbonitrile (68).

a

F
F,CLF
NERT
drcc N
F'h g CN
F
Chemical Shift  Intensity  Multiplicity  Coupling (Hz) Assignment
19F
-72.0--73.2 3 m d
-80.1 3 m a
-84.2 0.5 m f, major
-88.1 0.5 m f, minor
-96.1 0.5 m h, major
-09.8 0.5 m h, minor
-124.1 0.5 m g, major
-125.8 0.5 m g, minor
-116.5--122.3 2 m b
-181.3 1 m c
lJC
94.3 dm Jer 212
117.9 qt Jer 287
Je33.8
120.2 qd Jer 290 d
J26.5




48) 4,6-bis[1,2,2,3,3,3-hexafluoro-1-(trifluoromethy!)propyl]-3,5-difluorobenzene-1,2-
dicarbonitrile (69).

a
F:,C; F e
e
dF3C c CN
Re CN
I Rg = CF4CF,CF(CF,)
Chemical Shift  Intensity Multiplicity  Coupling (Hz) Assignment
19
F
-73.5 6 m d
-80.6 6 m a
-84.9 1 m e, major
-88.5 1 m e, minor
-116.5--122.5 4 m b
-172.5 1 m ¢, major
-182.0 1 m ¢, minor
13C
93.9 dpm Jer 213 c
s 38.8
117.9 : qt Jer 288 a
. Jer 34.1
120.2 qd Jer 288 d
J£27.6

AS53



49) 4,5-bis[1,2,2,3,3,3-hexafluoro- I -trifluoromethyl)propyl}-6-fluoro-3-phenoxybenzene-

1,2-dicarbonitrile (70)

FiC
F Fe
d,c7c CN
Ar Son CN R = CF4CF,CF(CFs)
Chemical Shift  Intensity  Multiplicity  Coupling (Hz) Assignment
19
F
-70.9 3 m d, minor
-73.3 3 m d, major
-80.2 6 m a
-80.3 0.5 m €, minor
-86.3 0.5 m e, major
-116.4 --120.3 4 m b
-172.9 1 m c, major
-182.2 1 m ¢, minor

A54



50) 4,5-bis[1,2,2,3,3,3-hexafluoro- 1 -trifluoromethyl)propyl]-3,6-diphenoxybenzene-1,2-
dicarbonitrile (71).

FYb OPh
de.cc CN
R CN
F Son Re = CF,CF,CF(CF,)
Chemical Shift  Intensity Multiplicity Coupling (Hz) Assignment
19
F
-70.4 - -79.7 6 m d
-79.8 - -80.7 6 m a
-112.2--119.5 4 m b
-160.6 2 m c
-179.4 2 m c

ASS



51) 3-fluoro-6-[1,2,2,2-tetrafluoro- 1-(trifluoromethyljethyl]-2,4,5-

tris(trifluoromethyl)benzenecarbonitrile (72).

a
b CF,
F CN
a4
dCF3 (;F:;
Chemical Shift  Intensity Multiplicity Coupling (Hz) Assignment
19
F
-56.5 6 m a, d
-57.2 3 d I 28.0 C
-69.2 6 s e
-100.6 1 sept Jg26.0 b
-163.5 1 q Jer 54.0 f

A56



Appendix B Mass Spectrometry.

Chapter II

D

3)
4)
5)
6)
7)
8)
9)
10)
1
12)
13)
14)
15)

16)

3-fluoro-2,5,6-trimethoxy-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]pyridine
3-fluoro-2,5,6-triphenoxy-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]pyridine
2-butyl-3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro- 1-
(trifluoromethyl)ethyl]pyridine
2,6-dibutyl-3,5-difluoro-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]pyridine
6-(tert-butyl)-2,3,5-trifluoro-4-[1,2,2,2-tetrafluoro- 1 -
(trifluoromethyl)ethyl}pyridine
2,6-bis(tert-butyl)-3,5-trifluoro-4-{1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]pyridine .
4-{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro- 1 -(trifluoromethyl)ethyl]-
2-pyridy! }heptane-3,5-dione
6-(prop-1-enyl)-2,3,5-trifluoro-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]pyridine
2,3,5-trifluoro-6-phenyl-4-[1,2,2 2-tetrafluoro-1-
triflucromethyl)ethyl]pyridine
3,5-difluoro-2,6-diphenyl-4-[1,2,2,2-tetrafluoro-1-
trifluoromethyl)ethyl]pyridine

2,3,5-trifluoro-6-prop- 1-ynyl-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]pyridine
2,5-difluoro-3,6-diprop-1-ynyl-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]pyridine
3,5-difluoro-2-methoxy-6-prop--ynyl-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]pyridine
diethyl({3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-
trifluoromethyl)ethyl}(2-pyridyl) }amine
{6-(diethylamino)-3,5-difluoro-4-[1,2,2,2-tetrafluoro-1-
trifluoromethyl)ethyl](2-pyridyl) }diethylamine
benzyl{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-
trifluoromethyl)ethyl](2-pyridyl) }amine

RMM
355
RMM
541
RMM
357
RMM
395
RMM
357
RMM
395
RMM
459
RMM
341
RMM
377
RMM
435
RMM
339
RMM
359
RMM
351
RMM
372
RMM
425
RMM
406

)

4)

(5)

(6)

©)

8

9

(10)

(11)

(12)

(13)

(14)

(15)

(18)

(19)

(20)



Chapter II1

17)

18)

19)

22)

23)

24)

25)

26)

19,20-diaza-8,17-bis[1,2,2,2-tetrafluoromethyl)ethyl]-7,9,16,18-
tetrafluoro-2,5,11,14-tetraoxatricyclo[13.3.1.1<6,10>]}icosa-
1(19),6,8,10(20),15,17-hexaene
25,26-diaza-11,23-bis[1,2,2,2-tetrafluoro- 1-(trifluoromethyl)ethyl]-
10,12,22,24-tetrafluoro-2,5,8,14,17,20-
hexaoxatricyclo[19.3.1.1,9,13.Thexacosa-1(25),9,11,13(26),21,23-
hexaene
26,28-diaza-5,17-bis[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-
4,6,16,18-tetrafluoro-11,23-dimethyl-2,8,14,20-
tetraoxapentacyclo[19.3.1.1<3,7>.1<9,13>.1<15,19>]octacosa-
1(24),3,5,7(26),9,(27),10,12,15,17,19(28),21(25),22-dodecaene
11,14,19,20-tetraaza-8-17-bis[1,2.2,2-tetrafluoro- |-
(trifluoromethyl)ethyl]-7,9,16,18-tetrafluoro-11, 14-dimethyl!-2,5-
dioxatricyclo-[13.3.1.1,6,10.]icosa-1(19),6,8,10,(20),15,17-hexaene
2,5,22,23-tetraaza-8,20-bis[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]-7,9,19,21-tetrafluoro-2,5-dimethyl-
11,14,17-trioxatricyclo[16.3.1.1<6,10>]-tricosa-
1(22),6,8,10(23),18,20-hexaene
2-((5,6-difluoro-3-methyl-4-(1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl}-2-pyridyl }amino)ethan-1-ol
{3.,5,6-trifluoro-4-{1,2,2,2-tetrafluoro- 1 -(trifluoromethyl)ethyl](2-
pyridyl) }(2-{3,5,6-trifluoro-4-{1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl](2-pyridyloxy) }ethyl)amine
14,19,20-triaza-8,17-bis[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl}-7,9,16,18-tetrafluoro-2,5,11-
trioxatricyclo[13.3.1.1<6,10>]icosa-1(19),6,8,10(20),15,17-
hexaene

3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro- 1 -(trifluoromethylethyl]-2-[ 1 -
(2-{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl](2-pyridyloxy) }naphthyl)(2-
naphthyloxy)pyridine |
3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluoro-1-(2,3,5,6-tetrafluoro(4-
pyridyloxy))octane

RMM
682

RMM
770

RMM
806

RMM
708

RMM
752

RMM
360
RMM
659

RMM

681

RMM
884

RMM
513

(35)

37)

(39)

(42)

(43)

(44a)

(44)

(45)

(46)

(47)



27)

28)

methyl(2-{methyl[3,5,6-trifluoro-4-(3,3,4,4,5,5,6,6,7,7,8,8,8-
tridecafluorooctyloxy)(2-pyridyljJamino }ethyl)(3,5,6-trifluoro-4-
(3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluorooctyloxy)(2-pyridyl)]amine
3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluoro-1-[2,3,8,10,13,18-hexaaza-
6,7,15,17-tetrafluoro-2,3,10,13-tetramethyl-5-
(3,3,4,4,5,5,6,6,7,7,8,8,8-
tridecafluorooctyloxy)tricyclo[12.3.1.0<4,9>]octadeca-
1(18),4(9),5,7,14,16-hexaen-16-yloxyJoctane

Chapter IV

29)

30)

31)

32)

33)

34)

35)

36)

37)

38)

39)

40)

4,6-bis[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-2,5-
difluoropyrimidine

2,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]pyrimidine
2,5-difluoro-4-methoxy-6-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]pyrimidine
5-fluoro-2,6-dimethoxy-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]pyrimidine

6-(2-{2,5-difluoro- 1-(trifluoromethyl)ethyl]pyrimidin-4-

yloxy }ethoxy)-2,5-difluoro-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]pyrimidine
4,6-bis[1,2,2,2-tetrafluoro-1-(trifluoro- 1 -(trifluoromethyl)ethyl]-5-
fluoro-2-methoxypyrimidine
4,6-bis(1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-2-dodecyloxy-
5-fluoropyrimidine
4,6-bis[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-2-({4,6-
bis{1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-5-fluoropyrimidin-
2-yl}ethoxy)-5-fluoropyrimidine
{4,6-bis[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-5-
fluoropyrimidin-2-yl}diethylamine
{4,6-bis[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl}-5-
fluoropyrimidin-2-yl}benzylamine
2,5,6-trifluoro-4-methoxypyrimidine

2,5-difluoro-6-hydroxy-4-methoxypyrimidine

RMM
1074

RMM
432
RMM
302
RMM
314
RMM
326
RMM
654

RMM
464
RMM
618
RMM
926

RMM
505
RMM
539
RMM
164
RMM
162

(48)

(49)

(50)

(51)

(52)

(53)

(54)

(53)

(56)

(37)

(58)

(59)

(60)

(61)

B3



41) 6-[2-(2,5-difluoro-6-methoxypyrnmidin-4-yloxy)ethoxy]-2,5-
difluoro-4-methoxypyrimidine

42) 4,6-bis(tert-butoxy)-2,5-difluoropyrimidine

Chapter V

43) 2,3,5,6-tetrafluoro-4-trifluoromethylpyridine

44) 3,5,6-trifluoro-2-phenoxy-4-trifluoromethylpyridine

45) 2,3,5,6-tetrafluoro-4-{1,2,2,3,3,3-hexafluoro-1-
(trifluoromethyl)propyl]pyridine

46) (1R,2S)-2-methyl{3,5,6-trifluoro-4-[1,2,2,3,3,3-hexafluoro-1-
(trifluoromethyl)propyl](2-pyridyl}amino)- 1 -phenylpropan-1-ol

47) 3,5,6-trifluoro-4-[1,2,2,3,3,3-hexafluoro-1-
(trifluoromethyl)propyl]benzene-1,2-dicarbonitrile

48) 4,6-bis[1,2,2,3,3,3-hexafluoro-1-(trifluoromethyl)propyl]-3,5-
difluorobenzene-1,2-dicarbonitrile

49) 4,5-bis(1,2,2,3,3,3-hexafluoro-1-trifluoromethyl)propyl]-6-fluoro-
3-phenoxybenzene-1,2-dicarbonitrile

50) 4,5-bis[1,2,2,3,3,3-hexafluoro-1-trifluoromethyl)propyl]-3,6-
diphenoxybenzene-1,2-dicarbonitrile '

51) 3-fluoro-6-[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-2 4,5-

tris(trifluoromethyl)benzenecarbonitrile

RMM
350
RMM
260

RMM
219
RMM
293
RMM
369
RMM
514
RMM
400
RMM
600
RMM
674
RMM
748
RMM
493

(62)

(63)

(64)

(65)

(66)

(67)

(68)

(69)

(70)

(71)

(72)



1) 3-fluoro-2,5,6-trimethoxy-4-[1,2,2,2-tetrafluoro-1-

. RMM (3) .
(trifluoromethyl)ethyl]pyridine

355

PREBE 35 (1.584) ims

188 290 3448648
63
xFS
3j9
199 162 281 258 -
ol 31 93y 117 A L e pze
n/2 S8 1909 158 e 258 390 358 499 458 588 550 609
Mass fel Inc | Mass R21 Int | mass Ral Inc | Mass R21 Int

2Q 0.13 100 2.23 164 0.14 216 Q.17
23 2.94 101 Q.09 189 Q.31 24) .61
1N 1.79 104 0.1! 173 0.07 248 Q.08
32 1.37 108 1.81 174 0.58 249 0.11
40 0.12 106 Q.14 179 0.588 250 2.96
44 0.07 107 0.10 180 Q.45 251 Q.25
44 0.31 110 0.21 181 3.24 255 Q.13
47 Q.05 111 0.05 132 0.132 261 9.19
50 2.48 112 Q.75 183 Q.07 262 1.07
S1 0.12 114 Q.25 186 0.54 263 0.17
S5 0.78 118 Q.09 1838 Q.08 257 0.09
61 0.08 116 .30 192 0.22 274 0.1]
82 0.46 117 6.61 193 2.84 280 0.18
a7 g.08 118 0.7 194 0.24 291 3.719 .
69 1060.00 119 0.45 138 Q.18 282 Q.34
70 0.93 124 4.09 199 0.19 293 0.97
73 Q.13 129 Q.22 200 3.29 Q0 0.3l
74 1.42 129 .58 201 0.25 1z Q.7%
73 0.13 131 1.5} 204 Q.05 138} Q.09
78 0.7 132 0.10 208 Q.71 319 0.35
79 0.05 116 0.39 206 0.05 BB DY 0.23
79 9.50 138 0.125 207 Q.08 132 Q.04
ao 0.08 L4t a.23 211 0.18 349 Q.82
3 Q.71 143 Q.34 12 1.49 3150 11.83
82 0.086 148 1.02 213 Q.30 151 0.99
a4 0.20 149 0.08 218 0.04 382 0.11
85 0.10 150 Q.21 217 Q.75 jgt 0.14
8§ 1.22 155 1.61 219 Q.10 A09 1.59
38 Q.18 158 0.09 223 0.12 101 0.18
92 Q.34 160 0.909 224 2.66 450 Q.50
33 5.37 161 0.29 228 Q.23 451 Q.05
34 0.20 162 2.64 229 0.09 a63 0.17
97 0.08 161] 0.19 230 0.28
98 1.Q7 188 Q.14 231 a.1]
99 0.17 167 1.28 232 Q.63




2)  3-fluoro-2,5,6-triphenoxy-4-[1,2,2,2-tetrafluoro-1- RMM (4)
(trifluoromethyl)ethyl}pyridine - 541

PRE12 1375 7(722.918) 2080808
100
’
XFS
S4ai
S]‘ 79 - ‘Tz 3)7 436
nt ) 189 158 7ee 268 - 3ee | J%@  ada __ _asp  58@  Ssa_ gea

270

23 3173 1) 418 .19
271 78 125 15 379 43 419 .02
272 19 328 34 180 L6 444 .06
273 55 327 16 131 04 445 12
274 72 328 11 182 05 416 34
275 18 129 33 383 01 447 ol
27§ 17 3310 28 jaa 04 148 .99
277 12 131 29 333 01 449 .as
278 43 332 .19 336 13 450 .08
279 51 311 .45 187 LH 451 .ol
290 34 334 12 lag 53 452 K
231 1 335 .05 3a9 1l 453 .10
282 48 136 NH 390 a8 454 CH
284 12 118 .15 392 51 450 .01 .
235 11 119 .19 193 17 482 Q1 ;
296 17 340 .42 394 Q7 481 .a7 i
287 10 l4t .99 195 03 484 .97 i
288 03 342 .64 198 12 463 .21 :
299 90 143 .40 397 03 166 .34 i
290 43 144 .27 198 74 187 .ol ;
291 19 145 47 399 16 470 .ol 1

.16 400
.23 401
.13 402
.8) 401
.38 404
L3l 405
.20 406
L2 407
.6 408

o
-

0 0 Q 3
Q [*] a Q
) Q Q a
a o Q ]
Q a Q 0
0 Q 0 9
Q 0 a ]
¢ 8 [+) 0
[} 1 Q a
Q [} Q Q
[ 0 Q Q
0 1 9 0
Q Q 9 7
Q¢ ¢ Q0 1
Q 9 9 o
Y] [¢] 0 Q
Q 0 9 Q
Q o Q 9
a ] o Q
9 Q Q 1
Q Q Q 1
a 0 Q a
] Q Q a
Q [l [+] Q
Q D] Q Q
Q Q Q Q
2] Q Q g
283} 0.19 117 g.os 391 0.04 455 0.02
Q Q Q 0
Qo ¢ 0 Q
0 Q Q [}
0 2 Q Q
a Q 0 Q
1 Q a9 a
Q Q Q Q
Q 2 q 0
Q Q Q ]
0 q Q g
Q 0 Q Q
Q 1 Q Q
) ] 0 Q
Q 0 0 Q
Q Q Q ")
Q Q 0 Q
0 Q Q 0
Q Q 9 D]
Q Q 0 )
[} 0 0 Q
Q Q 0 Q
Q aQ Q 9
Q Q a9 Q
] Q [} 1
[} a 1 a
Q a Q [



3) 2-butyl-3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro- | - RMM
(trifluoromethyl)ethyl]pyridine 357

(5)

PRETS B (§.881) ‘ PRAT9 488 (6.681)

100 3is 100 6180822097152
xFs 356 ,oq

AFS
n/g 350 368

a1 195 e 314
69 N 2?9 J‘T 2?5 338
ol { fad "X
n/z Se 190 150 409 258 308 ase 409 458 S0

tdass Rel Inc | Mass Rel Inc [ mass R21 Inc
244 0.98 272 0.393 301 Q.19
248 3.7 27 1.04 104 0.04
246 24.81 274 0.386 106 0.9}
247 1.2 275 0.12 o7 9.192
248 0.20 278 0.484 308 .10
219 Q.28 277 Q.31 309 0.23
250 0.4 278 0.10 10 2.54
251 0.12) 2719 Q.92 1y 0.23
252 Q.63 231 0 04 L2 0.02
25) 0.31L 232 Q.07 34 11.37
254 0.21 28) Q.23 i 100.90
253 0.41 284 0.35 116 7.03
258 Q.1] 285 0.27 17 9.8
157 0.48 236 0.08 118 g.09
253 Q.61 287 9.4 120 0.Q2
259 14.65 233 0.18 j21 q.0s
260 1.59 285 0.08 322 0.1}
281 Q.11 290 Q.42 3] 0.0s5
262 0.10 291 0.07 126 Q.27
26} Q.09 232 0.02 iz7 0.5
284 l.a2 294 0.21 128 9.81
265 Q.30 195 0.18 3129 2.28
2566 0.19 298 3.79 3340 Q.18
287 0.10 297 Q.99 134 9.03
268 Q.31 298 q.14 316 0.07
269 0.394 3009 Q.04 38 1.132
270 1.76 Jot ¢.53 339 Q.10
271 1.94 102 ¢.33 pEY] Q.34




4) 2,6-dibutyl-3,5-difluoro-4-[1,2,2 2-tetrafluoro-1- RMM (6)
(trifluoromethyl)ethyl]pyridine 395

180 3ge 684832
353
XFS
311
al 1 3769 207 255 295 1 5 83_58\ 374 395
sz 58 oo = e L : ) )3 | 2.4
9 209 25a Jes 358 188 458
Mass el Inc | ™Mass Rel Inc | wass Rel Inc | mMasg el Inc

250 0.4} 28} 2.39 37 0.29 iso 19.13
251 Q.20 284 1.34 AR Y] Q.43 151 .39
232 0.99 285 Q.29 119 Q.27 152 2.05
25) 1.15 238 0.23 j20 0.1313 1353 88.682
254 2.7) 287 0.97 RE2Y 0.22 IS4 12.87
255 7.82 288 0.la 122 1.51 3ss 0.38
258 1.17 239 0.5 323 1.13 1sS¢ 0.18
257 Q.24 290 Q.47 324 .36 153 0.21
353 g.30 291 q.41 3125 1.99 133 .1
253 Q.84 292 1.30 328 Q.78 180 0.33
150 Q.63 293 G.7Q 3127 Q.17 16t .23
161 114 294 0.32 323 0.1 3162 0.50
252 1.02 9% 7.3% 329 Q.65 181 q.29
253 0.1% 296 5.9% 3l a.10 164 13.12
264 Q.25 297 2.03 3L 0.13 183 3.24
263 0.68 293 0.54 332 0.34 1580 1.82
268 1.37 299 0.17 33} Q.20 187 0.13
a7 .11 joo 0.1l 114 0.43 3174 0.23
253 1.74 302 2.0} 135§ ¢.10 375 G.23
269 2.04 103 0.0% 3la 2.40 175 .61
270 Q0.%0 104 Q.29 1317 5.91 177 1.90%
27 0.22 105 Q.15 318 7.07 373 J.11
272 9.33 Jos 0.34 119 127 373 3.33
273 0.18 307 0.3 pRY 1.137 180 100.90
274 Q.53 a8 .13 J4l 0.21 RE:3Y 15.02
275 Q.48 109 0.92 342 Y] 132 1.16
278 1.71 10 2.99 34] G.11 138) 0.1l
277 Q.87 RS S 3.31 Jad 0.33 392 9.13
273 1.04 j12 1,47 14§ 0.19 393 Q.24
279 0.98 Y] Q.1% 348 g.a% 3N 16.02
280 Q.78 ERRY 4.03 347 Q.17 135 17.21
281 .84 315 0.12 343 0.52 19§ 2.92
232 Q.79 118 Q.78 349 Q.27 397 0.27




5) 6-(tert-butyl)-2,3,5-trifluoro-4-[1,2,2,2-tetrafluoro-1- RMM (7)
(trifluoromethyl)ethyl]pyridine 357 :

PRB28 438 (7.167) 342 1867776
108
344
XFS
' 89 169 316 343
38. S7 T‘BB‘TS a 273 /357
nl A L3 g8 2{5 7] i
n3 sa 189 159 2080 258 300 kLT 489
tMass Pel Inc | Mass Rzl Inc¢ | Mass Rel Inc | Mass R2! Inc

20 0.02 39 2.30 153 1.04 214 2.a3
27 2.39 100 1,37 159 Q.43 243 0.8
28 1.56 101 Q.74 151 1.25 216 Q.21
29 LUREY 102 0.25 152 2.73 217 Q.20
3L 9.9 10) 0.17 161 1.59 2:3 0.43
12 Q.47 104 0.08 164 1.32 219 1.90
iB! 0.26 195 1.27 155 0.13g 220 S.15
37 8.22 105 0.39 166 0.13 22 2,25
19 13.18 197 0.s0 157 0.49 222 0.8}
il 26.10 103 0.2§ 189 23.07 22) 5.7%
43 20.18 109 Q.19 170 1.95 224 0.7
14 0.3s 110 Q.37 171 L.86 225 Q.85
45 Q.36 |58 0.58 172 1.04 226 5.37
15 0.95 L1z 0.37 173 1.3s 227 L.06
17 Q.45 i1l Q.32 174 1.07 228 0.27
18 0.04 114 Q.49 178 1,43 229 0.08
50 1.91 L1s Q.12 176 8.94 230 0. 14
51 4.61 117 2.4) 177 1.30 231 9.39
52 1.07 13 0.28 178 0.31 212 0.3§
53 2.1y 113 0.93 179 0.17 23) 1.07
35 2.62 120 Q.32 L3o Q.50 234 0.50
57 17.54 121 0.16 181 3.51 235 0.08
58 0.69 123 Q.89 132 1.03 238 0.08
] 0.54 124 1.52 1493 2.10 217 0.59
[ 1.27 123 1.4l 134 2.30 233 Q.36
62 Q.63 125 Q.85 185 0.59 219 0.15%
63 1.15 127 0.3) 136 0.7¢ 210 0.12
54 0.60 123 Q.25 1a7 L.l 241 0.3
55 Q.84 131 L.14 138 7.24 242 2.0
68 0.12 132 1.10 189 1.89 24) 2.20
69 1s.53 132 0.%0 190 0.3a 244 0.95
7Q . 133 0.29 191 0.25 245 8.94
71 Q.24 134 6.25 132 Q.20 246 2.13
72 Q.12 11§ 1.74 193 Q.75 247 1.12
75 1.30 138 Q.95 194 a.s9 243 0.17
78 Q.70 138 Q.4at 195 15.79 249 0.29
77 0.63 139 Q.24 196 2.66 250 Q.50
78 g.22 140 Q.12 197 Q.45 251 Q.30
75 0.27 13l Q.24 198 0.28 252 1.36
a1 2.15 143 1.17 199 1.12 253 1.10
82 0.89 14 1.59 200 2.19 254 2.54
a3 Q.51 145 2.41 201 0.87 253 Q.64
33 0.2¢ L33 1.12 202 4.81 256 0.25
as 0.80 146 0.58 20) 2.0 257 1.45
87 Q.45 147 0.0 204 Q.42 253 0.18
a8 Q.72 148 Q.24 205 2.00 259 1.32
89 0.21 150 1.55 206 6.09 260 9.21
90 0.15 151 1.15 207 2.17 262 Q.11
91 0.10 152 1.6} 208 2.12 264 1.57
91 2.74 153 1.38 209 2.2 265 Q.17
94 0.12 154 1.75 210 0.22 268 0.t
95 0.78 155 L.36 211 0.20 257 c.o9
96 0.42 158 1.29 212 0.96 268 Q.10
97 0.19 157 2.10 212 0.50 249 g.30

2as Q.14 304 Q.42 1ls 0.92 159 Q.07

B10




6) 2,6-bis(tert-buty!)-3,5-trifluoro-4-[1,2,2,2-tetrafluoro-1- RMM (8)
(trifluoromethyl)ethyl}pyridine : 395

PREAA 636 (18.5817 )
190 3ige 681032
353
xFS
> 11 358 |3ga | 395
a 4t 7’88 L 297 .2?5 2?5 ‘BFGT j T . I
n/ S8 196 158 298 258 388 358 400 450

37 0.2% 150 10.13
ERY:} 0 43 151 2.19
ERY) 0.27 352 2.03
320 0.131 35} 83.52
i 0.22 353 12.37
312 1.51 3535 Q.33
i) 1.18 158 Q.13
124 6.36 1s3 0.21
325 1.99 159 Q.20
18 Q.75 360 0.33
37 0.17 lslL L.23
’ 313 [UNERY Ja2 0.359
3129 0.0% 153 0.29
1310 9.30 384 13.12
131 0.18 163 9 23
132 Q.34 Ise 1.82
313 g.20 R Q.13
3134 Q.44 374 0.25
138 0.30 313 0.2]
ila 2.40 l7s 5.61
337 5.91 317 1.95
38 7.97 3179 1,11
139 2.7 373 1.83
340 1.3 330 100.00
Jay 0.21 jal 16.02
g. 1.15
Q. ¢.11
Q. 0. 11
Q. d.24
0. 5.02

Q. 7

Q. 2

Q.2 9




7) 4—{3,5,6—triﬂuoro—4—[l,2,2,2-te[raﬂuoro-l-(triﬂuoromethyl)ethyl]- RMM 9)
2-pyridyl}heptane-3,5-dione 459

PRB23 B57 (14.284)
100 PRB23 BS7 (14.284) 34t
180 58855
434
¥Fs L4|5
XFS 29 o [ asa
] n/z 40@ A28 440 PrY 342
244 314
[ 82 a 34 4 AL |
n/z 5@ 10@ 158 200 258 360 358
Mass Rel Ing | mass Rzl Iac | Mass Rel Inc | mMass Rel Inc
20 Q.02 34 0.1] 164 0.48 232 0.Q7
28 Q.26 9s 0.08 185 0.05 233 4.20
27 334 36 0.01 187 Q.31 234 0 32
23 1 g0 38 0.08 168 0.53 238 0.909
29 38 .49 935 0.65 169 0.22 237 0.312
30 1.13 100 0.19 170 0 08 238 0.07
31 1.17 101 0.06 172 Q.15 240 Q.13
32 Q.79 102 Q.02 173 Q.03 241 0.12
36 0.03 103 0.02 174 Q.34 242 0.43
38 Q0.03 103 Q.08 175 3.2% 4] Q.46
139 0.04 10% 9.19 178 0.58 244 13}.26
40 0.08 108 0.50 177 Q.09 245 184
4l 0.16 107 0.0S 179 Q.29 246 0.1}
42 0.23 108 0.02 180 Q.38 247 0.04
43 1.50 111 Q.12 181 Q.46 248 Q0
44 1.01 112 0.12 182 Q.45 249 Q.08
45 2. 64 113 0.24 181 2.10 250 Q.10
46 0.27 114 0.17 134 0.14 252 0.07
17 0.33 118 0.04 136 c.19 28] 0.53
50 0.11 117 0.58 187 0.23 253 Q.11
s1 0.20 118 0.14 188 0.16 255 0.0%
52 0.02 119 Q.03 191 Q.05 256 Q.06
53 0.12 120 Q.05 19) Q.87 257 0.04
55 0.05 124 0.60 194 $.358 259 0.29
. 58 0.13 125 Q.18 19% 1.41 260 0.02
57 0.09 126 Q.12 196 Q.22 261 1.11
59 Q.06 127 0.03 198 Q.21 262 Q.27
' &0 0.05 130 0.34 199 1.587 261 2.03
81 0.158 111 0.24 200 Q.40 264 0.61
&2 0.02 132 0.34 201 0.19 265 Q.07
3] 0.03 133 0.50 202 0.13 267 0.08
§4 0.02 134 Q.04 201 0.04 283 0.11
67 0.03 138 0.1% 205 Q.83 289 0.02
! 59 6.17 137 0.25% 206 1.98 270 0.09
\ 70 0.32 138 0.07 207 0.29 271 0.21
N 71 0.08 14l 0.03 208 0.04 272 0.83
' 73 0.59 143 0.30 209 0.08 27 0.29
; 74 0.13 144 1.35 210 0.09 274 0.19
75 0.55 145 0.71 211 Q.27 278 0.08
. 0. Q Q.
Q. ) [
0. 0 Q.
Q. 0 0.
0. 2 0.
Q. Q 9.
Q. [} aQ
Q. 0 a
0. 2 Q.
Q. 0 Q.
0. 3 0.
0 1 a.
Q 0 0.
0. Q .
1 0 2.

Mass Rel Inc i Mass Rel Iat | Mass Ral Inc | mass Rel Inc
235 a 27 i 37 Q.07 342 20.38 131 Q.06
2985 0.13 i 19 0.02 34} 2.29 1398 1.87
2197 Q.01 ' 320 0.0s 344 Q.17 197 8.25
160 0.30 322 0.60 338 0.01 las 0.3%6
Jor Q.06 I 323 Q.19 Jaé 0.01 189 Q.05
302 Q.78 ) 324 Q.03 3154 Q.04 413 0.1
103 Q.37 H e 0.23 356 0.04 414 2.31
304 Q.04 1 27 Q.30 158 1.06 415 1.27
110 0.31 33 144 159 .17 41a 0.190
LB DY Q.35 310 19.64 Jasg G.s50 140 Q.10

Q 57 G 0.
2 7] 0.
Q Q Q.
7 1
Q 0




8) ©6-(prop-1-enyl)-2,3,5-tnfluoro-4-{1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]pyridine

rit@aa 467 (7:.784)

100 69 1ais8a8
341
AFS 2oe 348
3¢ 39 2 3x2
l 182 I 2 221‘ 15,
; a 290
o LSt /9me azs 252700 _‘i“j A .1
Nz Se 188 158 209 258 ETY) 3sn 400
Mass Rel Inc | Mass Rel Inc | Mass Rel Inc | mMass Rel Int

20 2.12 a1 2.92 136 1.30 190 0.
24 1.01 83 2.47 137 2.19 191 Q.
25 1.43 83 0.76 138 1.22 192 0.3
26 §.43 s 1.8 139 Q.42 193 1.
27 13,71 96 134 140 0.1 194 2.
23 3.98 87 2.14 141 0.28 195 2.
19 Q.74 88 1.33 142 1.09 198 1.5
31 20.77 89 0.41 14 3.20 197 0.
3z 1.31 90 G.25 144 4.46 139 0.
13 0.95 91 0.39 145 5.39 139 1.
3s 0.13 92 1.89 146 1.16 200 2
38 ¢.37 93 5.32 147 G.29 202 23,
37 2.47 94 1.58 148 0.5 203 5.
33 }.8s 95 1.92 149 1.39 204 1.
39 27.02 98 0.59 150 3.04 208 2.2
10 1.99 97 0.50 151 3.78 206 2.
41 s.87 98 2.09 152 9.17 207 1.
42 0.52 99 5.44 153 5.54 208 0.
43 0.50 100 1.45 154 1.44 212 2.
44 0.91 101 1,81 155 3.50 213 1
15 0.61 102 0.91 156 3.91 214 1.
4é 3.07 103 0.39 157 2.72 213 0.1
17 0.34 104 1.22 158 1.03 217 0.
48 0.42 105 3.40 153 0.11 220 40.
43 0.35 106 2.42 160 0.18 221 a.
50 8.27 La7 1L.6% 161 1.79 228 1.
51 7.46 108 Q.60 162 1.50 226 2.
52 1.38 109 Q.26 183 2.57 226 9.
51 1.03 110 0.50 164 2.17 227 1.
4 0.18 111 1.23 IEH 0.38 230 0.3
3 0.83 112 1.36 185 0.24 232 6.96
55 1.30 113 1.352 157 0.87 234 2.67
57 5.04 114 0.80 153 1.86 237 0.4
57 2.12 115 Q.21 169 3.88 218 1.4l
59 1.0) 116 1.33 170 6.38 242 0.11
EE Q.44 117 3.83 171 5.57 243 0.30
51 1.17 118 1.37 172 4.96 244 0.63 ;
a3 1.94 119 212 173 1.08 245 0.72 :
53 2.72 120 0.68 174 2.4 238 5.22 !
§) 1.08 121 0.50 175 1.85 249 0.12 .
54 1.29 122 0.71 176 3.73 is0 0.54 :
53 Q.77 23 2.19 177 0.72 251 1.27 ;
és 1.02 124 4.01 178 6.18 © 282 16.13 :
$7 0.22 125 §.07 179 0.42 23) 9.17 .
59 100.00 128 1.65 130 1.37 256 0.23
71 0.72 127 0.86 181 3.68 257 1.74
72 0.12 128 0.18 132 £.30 261 0.06
74 1.93 129 0.52 1393 3.97 262 9.32
73 5.38 130 1.61 134 1.03 263 0.1
35 5.18 131 222 185 0.81 184 Q.43
75 184 112 27 136 [ 263 0.11
77 Q.53 132 1.54 137 2,75 270 7.96
74 G.47 134 0.72 188 3.20 271 19.44
79 0.71 118 Q.47 189 0.89 272 12.20

RMM
341

(10)



9)

2.3,5-trnifluoro-6-phenyl-4-[1,2,2 2-tetraftuoro- 1 -

trifluoromethylethyl]pyridine

25 701 (13.8.8)
1800 377 155648@
238
239
XFS
189
&2 188 2?‘125 ~Ts 378
51 2 ~gg 288 308
B 1 " Loata 1289 ? I 318
n/3 1.1 189 152 288 258 Jae 359 a8 458

b

v

L30 9.31
151 9 39
152 9.112
i3] 0.10
134 Q.43
155 4.28
138 Q.84
L1s7 0.5}
1538 1.34
159 Q.23
180 0.25
lal L.358
162 2.9}
18} 1.7}
184 2.31
185 .19
184 Q.16
187 L.15
163 2.30
183 .35
170 1.20
171 Q.21
172 0.10
173 Q.36
174 1.00
175 1.40
178 0.81
177 a.:1
178 ¢.03
179 Q.41
1340 1.32
131 2.45
132 1.25
13] Q.32
194 a.12
135 Q.39
146 1.92
137 .24
%1} §.91
199 3g.12
130 4.139
131 Q.79
192 1.7
193 5.5
194 2.01
1935 2.10
19¢ 0.083
197 .08
198 0.137
199 1.05
200 .19
201 9.7Q
202 Q.10
203} 0.4]

Q.

q.

Q.

9.

2.

9.

1

Q.
jL2 0.0)
BRE:] 9.12
39 0.05
Jj20 0.12
328 0.05
J2s Q.19
iz27 Q.18

~
-
s

U O G b U e D 4 U e e D

~
-
@
w e
O P INOC O DO rCOCOOrOONEO - OO I WO OGWOI-D WG
o w o .
-

~
w
@
~

9.

1

9

0.

0.

9.

3.2

L
1589 q.11
175 Q.35
3717 100.00
379 12.4)
379 Q.38
130 2.03

RMM
377

(11)

B4



10)

3,5-diﬂuoro-2,6—diphenyl-4-[ 1,22 2-tetrafluoro-1 -

trifluoromethyl)ethyl]pyridine

PRBST 1256 (20,9357

129 )5 186 1960
xXFS
69 77 o 297
st ) 1“5?:14‘3?8 |93>' I aag s 298 345 13
0 | P s | Ul s {3 s s
N/ -~ g A
S8 198 159 <09 sa 300 25a 480 58 o9
| mass Rel Inc
204 a 30
257 0.84
203 0.55
209 0.15
110 0.20
EPSY 129
212 11
1) 15 33
14 L 97
213 0.3z
2.5 0.0
217 12,3y
213 1.3
119 1.57
210 .44
221 1.73
222 0.30
223 1.00
124 1 37
225 1.6
225 2.39
227 3.15
229 1.05
by 223 0.41
;3 230 q.12
5 2311 11
54 232 1.07
32 112 21 9.1]
39 : 12) 234 0.20
53 L '23 igf 130 33 238 0.23
Dy s3s 23 131 39 233 Q.34
T .G 113 131 53 7 Q.91
I 03 17 13} 7 2 .
T4 43 123 1335 4; 2%: ;;3
75 .15 129 136 1) 240 0.535
78 23 130 137 12 241 0.17
i 2179 L 138 .55 242 1.35
0 0 112 189 L] 24) 1.3
: .03 131 130 .25 244 1.4)
ED) 42 134 191 ] 255 §. 23
8L 233 1315 192 53 243 11.04
32 1§ 113 19} 12.21 247 10.13
) .48 137 194 4 243 1.32
34 1L 133 195 15 249 .54
85 .18 139 196 33 250 [
35 .30 140 197 17 51 1.5
37 19 ¥ 193 14 152 9,33
93 .10 142 139 35 251 0.2L
39 .06 13 200 10 254 0.21
30 .22 134 201 93 253 0.1)
3 .04 143 202 47 156 L s
3 3 t:g 101 30 187 1.0y
3 39 204 7 253 1.97
143 205 77 253 0 13
Mass Ral lag | Mass kel [ac | Mass Rel Inc | mass Rel [nc
360 Q.21 291 a0.08 325, Q.7 334 Lodd
251 Q.55 292 g9.19 316 1.96 153 9.82
262 1.10 293 9.70 27 1.54 386 12.02
183 1.02 294 2.15 129 0.43 167 2.48
283 2.86 193 AT 129 0.07 183 e.10
163 3.03 296 12.12 110 0.02 170 0.04
6§ 22.40 297 27.49 131 a.07 375 0.15
157 4.57 298 5.50 132 Q.12 177 0.04
263 0.97 299 0.52 133 0.04 173 0.03
2493 5.80 100 0.44 134 0.04 134 Q.13
170 1.75 101 0.40 116 0.05 185 9.a7
7L 0.46 102 0.1 337 0.09 194 0.2
111 Q.14 304 0.05 138 0.17 195 0.0§
273 0.42 105 Q.41 319 Q.42 19§ .48
17 1.00 108 2.68 140 0.15 397 014
275 117 107 0.94 332 0.04 194 0.07
176 15.18 J08 0.69 343 0.09 403 0.18
277 9.31 109 0.13 344 0.50 409 Q.94
278 1.05 1L 0.08 348 1.28 ald .13
179 0.54 2 0.21 148 5.10 415 0.55
130 0.40 13 Q.91 147 4.95 418 10.00
291 0.62 1t 1.83 143 9.92 i 1.4
192 q.39 113 5.02 349 0.11 (3% ] Q.23
19) 0.17 116 5.19 150 9.07 A4 3.17
134 0. 14 ne 0.94 151 0.10 433 12000
238 0.1) 13 0.25 156 0.09 438 17.50
236 0.25 1 1.11 157 0.1 437 L.33
287’ 0.70 120 0.42 153 0.1) ARL] 9. 1s
293 2.9 E3Y Q.09 1599 0.07
239 1.63 12) 9.07 182 0.04
190 Q.38 124 0.13 14} Q.27

q

RMM
435

(12)

B15



L)

2,3.5-trifluoro-6-prop- 1 -ynyl-4-(1,2,2,2-tetrafluoro- | -

(trifluoromethylethyl]pyridine

PRB4B 517 (B.617)
1ee a3 2146304
339
IFS 2790
639
185 2 179 201 A7 -
ol 2° ‘ A e T 7t 251 P
n/x 58 tog 158 4989 359 309
Rel [nc Mass Rel I[ac
20 .04 90 9 04 151 2.09 7 [T
15 0.01] 312 0.91 152 Q.20 i3 0.745
26 v.13 33 444 134 1.19 219 5.25
27 Q.24 34 2.57 153 5.15 220 109.00
23 Q.34 33 0.26 1358 1.62 221 10.02
29 0.01 95 0.13 157 0.26 222 .50
31 3.32 37 0.0} 1538 Q.11 123 L2
32 0.13 93 1.22 180 0.1} 124 0.39
1) 0.11 29 3.1 151 0.32 225 .33
s Q.07 11q 248 162 1.61 225 0.07
» Q.95 [§1 3 0.44 18] 0.53 210 2.7
13 1.4 102 0.08 164 Q.13 )1 0.50
39 5.82 19) Q.54 183 0.04 232 2.1
410 Q.24 104 1.72 137 0.87 211} 0.2)
il 0.04 195 .15 168 1.42 235 0.01
a2 0.02 104 1.7} 159 3.1 238 Q.07
1) Q.03 107 Q.21 17Q 16 .41 237 Q.17
44 Q.13 108 9.1l 171 1.42 238 Q.17
i3 0.17 119 1.01 172 0.19 239 0.10
1§ Q.47 111 1.00 173 Q.95 241 0.3
43 0.9) 1Lz 1.4d 174 4.48 242 9.L
49 0.10 113 0. 34 175 2.08 243 9.40
50 2.848 14 Q.21 175 0.19 244 Q.25
i .17 L7 7.7% 177 Q.02 245 Q.32
52 0.20 119 0.94 179 0.43 243 Q.25
33 0.89 113 1.1s8 t3o 2.21 250 3. 96
55 Q.89 120 0.53 181 .38 51 3.01
57 0.381 121 Q.08 132 2.42 252 0.32
53 Q.06 123 3. 10 131) Q.21 25) Q.04
38 0.35 124 3.33 138 Q.39 255 Q.54
82 0.7} 123 1.93 138 Q.75 156 0.24
53 Q.80 128§ g.137? 187 Q.55 157 Q.05
64 Q.79 127 0.09 188 1.2) 81 0.07
65 Q.18 129 0.33 189 Q.48 1812 Q.08
84& Q.02 130 2.768 1390 0.04 263} 9.02
59 3).97 131 1.67 192 1.139 2638 Q.73
10 0.58 132 1.1§ 193 2.00 170 43.23
ERY 0.03 13] 0.1] 194 1.21 271 444
71 9.02 114 0.08 195 0.11 272 Q.25
74 2.0%8 113 0.89 199 2.78 273 0.40§
75 21.40 138 1,44 200 3.01 274 3.2%
78 0.88 137 0.9 201 11.28 75 .08
7 Q.18 133 g.24 202 1.28 278 0.02
73 9.03 119 Q.1% Q1 Q.21 80 Q.43
79 0.6a 141 0.382 204 g.24 291 9.11
ELH] 1.71 142 Q.70 205 2.55 82 ¢.a7
a .23 1) §.13 208 Q.99 237 Q.09
82 Q.49 144 1.33% 107 g.11 238 9.1§
4} 9.05 145 0.14 208 0.04 289 Q.04
as 1.01 148 0.21 2.0 Q.10 91 9.2
36 1.61 147 0.18 211 0.12 294 oL
97 1.03 s 1.13 212 1.38 Jjo00 1.47
38 Q.48 149 0.93 1) Q.15 oy 9.17
39 9.11 150 §.06 213 Q.04 g2 Q.04

RMM
339

(13)



(trifluoromethylethyl]pyridine

12)  2,5-difluoro-3,6-diprop-1-ynyl-4-[1,2,2,2-tetrafluoro- 1 -

PR847 820 (13.718)

(00 231 182272
220
aFS )
359
89 93, 193 oo
a1 g 11t L2832 248 3ss
a \ / 168 475 | 278 298 "
223950 |, {0 (133 1 'Srs VU A 7
N/ 58 186 158 208 258 350

28 0.13
27 J.50
23 §.39
29 0.11
3L 1.89%
12 2.1%
3] Q.10
M3 0.13
37 0.48
38 1.28
39 5.89%
40 0.49%
4l Q.08
a4 Q.78
45 0.4
44 0.39
47 0.19
49 0.30
59 3.53
51 5.90
52 Q.79
53 0.13
35 0.130
54 1.8)
57 1.48
58 0.1
53 Q.21
61 2.19%
N 2.84
63 5.06
64 1.39
83 1.41
&6 0.57
a8 2.19
83 24,48
19 1.49
T Q.83
72 0.57
73 Q.45
74 8.43
75 11.24
78 3. 18
17 1.97
78 Q.5§
19 1.02
ag §.03
3L 12.18
82 1.02
a3 Q.61
as 2.21
86 1.79
7 §5.34
98 .18
89 Q.31

91 073
91 Q.13
92 2.33
9] 5 73
94 320
95 .31
kL L.q2
97 1.00
37 3 3)
98 4.39
29 12.38
100 S.i)
101 2.4
102 Q.71
13} 9.30
104 2.42
105 §.04
104 1.4}
107 1L.00
108 0.21
110 l.al
11l 7.30
112 2.3
il 1.3
114 0.48
1135 a.22
Lis 1.44
17 31.37
i3 1.87
119 1.44
120 5.5%
121 1.04
122 2.53
121 §.78
124 1.85
125 4.95
126 1.20
127 Q.29
123 0.53
129 1.80
110 1.70
131 1.15
132 Q.97
113 .19
134 0.43
115 2.87
116 1.47
117 1.40
133 a.39
139 0.44
140 Q.59
14l 1.12
142 1.46
143 5.3

144 3.83
143 1.52
148 0.50
137 1.186
148 1.40
149 2.33
150 4.04
151 1.79
152 9.97
15) n.ao
LS54 1.12
155 1.5}
155 .91
157 9.3}
1s3 Q.54
159 0.125
150 0.58
151 1.75
152 l.l
161 1.5
184 1.20
133 Q.42
lah Q.25
137 1.33
183 1.13
183 $.30
170 7.37
171 3.a9
172 g.75
17} 4.49
174 6.31
175 9.55
178 4.00
177 2.35)
178 0.21
179 1.3
180 2.29
131 1.1
132 1.3l
183 0.97
144 Q.38
185 1.22
188 1.61
137 }.37
188 1.38
139 §.79
130 7.08
131 .24
192 .24
19] 20.79
194 12.64
195 2.98
198 g.41
197 Q.19

220
221
122
223
224
215
216
227
223
229

-
- 0w
o O

-
O r OO O N HINBOR O OO M hikO OO

B N R N R Y L R A TRV S

257 1.13
153 9.13
250 9.15
251 0.17
262 Q.41
28) Q.70
264 1.57
265 a.21

Q.

Q.

2.
270 10.25
17 §$.20
272 Q.53
274 9.19
27§ Q.75
278 Q.43
280 0.18
282 0.16

0.

2.

8.
390 11.94
131 1L.69
292 0.15
294 0.22
30Q Q.12
107 a.21
jog 0.15
J1a 0.2)

RMM
359

(14)
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13) 3,5-difluoro-2-methoxy-6-prop-1-ynyl-4-[1,2,2,2-tetrafluoro- 1 - RMM (135)
(trifluoromethyl)ethyl]pyridine 351

PRO63 715 (11.918)

188 &9 794624

XFS . asi

39
PYRPL IR PE ANCEY 125 V43 170 189 239 L 308 317 352
A | lk ; 163~ | 188 ~I: . T-:s: 7 322
a Wl i i b R LTy Ml . [ {32
sz 58 128 158 308 25a 308 3589

20 0. 3 13 13 116 148 152 1.57
5 1. 32 1.15 137 37 133 531
27 3. 33 0.3} 119 2.12 134 5.05
23 1l E 0 94 139 5. 12 135 3 35
29 9. 33 1.00 149 0.59 195 7 41
30 2. 38 7,22 141 0.3) 157 9.29
3t 17. : i § 23 143 2116 193 L 2s
32 2 ! 33 4.22 144 3.12 139 1.93
1 2. [ 39 1.00 145 L 38 200 17
3s @ 1 30 0.42 146 1.t 103 5.1%
Ja g 91 0.30 147 0.33 202 1) 7

37 3. 92 5.53 148 1,10 203 1.5a
33 5 51 2L.26 149 ).22 104 HIETS
i9 15. 34 5.12 150 7.41 109 5.22
40 0. 25 0.97 151 312 206 L 32
41 )} 98 1.23 152 1.37 07 3 76
42 1. 97 8.13 151 134 108 5.99
1 L. 93 243 154 1.92 209 Q.64
44 1. %9 13.5% 155 1.93 N0 Q13
LH] 1. 120 8.51 156 5.51 211 9.33
46 2. 10t 4,70 157 1,35 212 3 38
47 2. 102 1.1% 158 1.0 213 457
48 a. 103 L.3a 159 0.23 214 i 58
49 1. l 104 3.4l 161 2.387 215 2.80
S0 10. 195 13,79 162 7.54 218 0.72
51 12. | 1as 6.29 16) 11.08 217 1.5:
52 1. Y 1.57 164 1.15 213 0.3+
33 L. Y X 0.a) 183 1.37 19 2.43
54 L. {109 0.3§ 1486 1.30 120 7.30
55 L RSN 9.90 187 1.0 221 L.06
3¢ 3. [ X 2.61 153 3.62 222 0.11
57 6. 82 7.13 159 4.64 223 1.18
53 0. l 133 5.09 170 2974 224 L.59
53 0. 1ls Q.99 171 .83 213 537
o L. o1 0.64 112 0.19 228 0.17
61 ). .1 0.95 173 0.5s 221 0.19
82 1. 1L? 3.13 174 1.13 229 0.4
&3 6. RS 2.01 175 5.3 229 Q.11
a3 3. 113 3.48 174 1.52 230 .18
53 1. | 120 2.02 177 0.47 31 1.5a
64 2. o112 0.44 173 0.29 232 .12
57 L. o 12.24 179 n.51 231 L.13
§9 100. 1or24 12 50 130 1.32 233 1.30
?0 5. 128 17.14 131 $ 08 215 1.10
n 2.2 | 128 2.85 132 5.23 236 037
72 ¢ 37 b 0.38 133 s.TQ 237 0 33
71 0.33 | 123 o 19 194 1.30 233 154
74 17.01 129 0.56 135 2.37 233 20.23
75 3.7 [ 130 4.03 136 L34 240 222
78 6.33 11 1.03 137 133 pEDY 9 20
77 1.93 ‘ 132 1.1) 193 11,71 42 0 41
78 036 4 133 0.98 139 5 52 143 .38
13 2 30 134 0.33 130 1.5 244 3 35
30 1.7 [ 115 1.30 191 g 2T 143 IR

Mass Azl 4
248 Q.15 1 159 0.19 291 3 17 1) 32
247 9 13 i 0.52 292 9.7 | 113 L 23
43 184 H ITt 0.4l 193 .47 | 319 0.15%
249 roy |22 0.11 294 0 5% I 120 0 49
250 104 i 113 .12 295 g 99 1 4.32
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14) diethyl{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1- _ RMM (18)
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16) benzyl{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1- RMM (20)
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|7) 19,20—diaza—8.l7-bis[l,2,2,2~(etraﬂuoromcthyl)é[hyl]-7,9,16,18-
tetrafluoro-2,5,11,14-tetraoxatiicyclof{13.3.1.1<6,10>}icosa-
1(19),6,3,10(20),15,17-hexaene
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I18) 25,26-diaza-11,23-bis[1,2,2,2-tetrafluoro- 1 -(trifluoromethyl)ethyl]- RMM (37
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20) 11,14,19,20-tetraaza-8-17-bis(!,2,2,2-tetrafluoro-1- RMM (42)
(trifluoromethyl)ethyl]-7,9,16,18-tetrafluoro- 11, 14-dimethyl-2,5- 708
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21)  2,5,22,23-tetraaza-8,20-bis(1,2,2,2-tetrafluoro- | - RMM (43)
(trifluoromethyl)ethyl]-7,9,19,21 -tetrafluoro-2,5-dimethyl- 752
L1, 14, 17-trioxatricyclo[16.3.1.1<6,10>]-tricosa-
1(22),6,8,10(23),18,20-hexaene
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22)  2-({5,6-difluoro-3-methyl-4-[1,2,2,2-tetrafluoro-1- RMM  (44a)
(trifluoromethyl)ethyl]-2-pyridy!l}amino)ethan-1-ol 360
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23)  {3,5.6-trifluoro-4-[1,2,2 2-tetrafluoro-1-(trifluoromethyljethyl](2- RMM (44)
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25)  3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro- 1 -(trifluoromethylethyl]-2-[ | - RMM (46)
(2-{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1- 8384
(trifluoromethyl)ethyl](2-pyridyloxy) } naphthyl)(Z-
naphthyloxy)pyridine

PR294 12 (0.533) Cm (7 18-64:72) 2: TOF M8 ES-
100 729 48 . 1.32e4
478 35
'/‘ B3N 730.34
22407 1
286 18
- 5128 4749847320
!
378.96 731.20 57
VATl 2252 ere A e J_ b m';“" e‘so . mw w
) 1 ’ 704 06 - 385 92 RS 1209.73
0+ cermeeemtadaadl s o b L _h__ B 1
100 200 300 400 500 800 700 . aoa s0G 1000 | 1100 1200
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26) 3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluoro-1-(2,3,5,6-tetrafluoro(4- RMM 47
pyridyloxy))octane 513

PP . . s AN [y = ey
PR247 631 (18.851) '
108 167 1474568
%FS
18@
69 1[9 131 T/
77 198 " 1se 181 S13
2 5 Al' L? 11 7 198 244 -
n/z S0 198 150 299 258 398 358 499 ase 588
Mass Azl (ac ! Mass | Mass Rel Inc | Mass inz
a7 1.70 EX) Loz 120 1.17 153 5.63
51 §.32 2) 1.33 127 1.23 189 L33
57 1.01 93 2.12 131 .2t 130 23.1)
59 1.42 100 5.17 112 1.0% 13t 2.43
35 4.31 105 L5l 113 & 31 198 2.24
53 19.44 104 1.2 133 1.27 244 2.73
74 1.t 103 1,34 143 1.1e 513 1.53
75 1,37 1) L.35 150 9.31
77 1.73 115 t.4a 152 1.02
73 1.33 119 13.39 157 100.00
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27 methyl(’l—[me(hyl[3,5,6-[riﬂuoro-4—(3,3,4,4,5,5_,6,6,7,7,8,8,8~

tridecafluorooctyloxy)(2-pyridyllamino}ethy!)(3,5,6-trifluoro-4-
(3,3,4,4,5,5,6,6,7,7.8,8 8-tridecafluorooctyloxy(2-pyridyl)Jamine

T oo wox e s cuny
PR2E62 917 (15.284)
N
120 $37 14254@8
191
AFS
o3 538
174 E
7?7 - a -ss@a
42 637 149 ({ -2us s24 s
? i | 118 { u lA 2ag 1
n/z Sa 198 _15@ a88a 253 394 358 88 59 san ssa 5§8@

23 1.51 129 117
39 1.45 130 143
42 9.12 131 2.89
4] 1.587 112 1.36
51 2.35 11 1.0l
$7 L.00 )4 1.39
83 1.54 144 1.9
59 9.53 145 P24
15 1.08 147 3.9
77 4.890 143 1.39%
84 1.4 149 9.41
£ 1.13 130 2.9%
95 1.17 15§ 1.13
100 1.3¢ 151 1.1
102 1.71 142 6.75
113 1.83 18] $.39
119 3.12 154 1.3

Y YR

Y

.71
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13
.39
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13

4.30

44
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LAl
.20
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1074

(48)
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28) 3,3,_4,4,5,5,6,6,7,7,8,8,8-[ridecaﬂuoro-l—[2,3,8,10,13,18-hexaaza- RMM (49)
6,7,15,17-tetrafluoro-2,3,10, 1 3-tetramethy!-5- A 1122
(3,3.4,4,5,5,6,6,7,7,8,8,8-
tridecafluorooctyloxy)tricyclo{12.3.1.0<4,9>]octadeca-
1(18),4(9),5,7,14,16-hexaen-16-yloxy]Joctane
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29) 4,6-bis[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-2,3- RMM (50)
difluoropyrimidine - 4572

[FiTe:dR_T53_ACT Tdenc {7 53-T_IT ¥ia [UNPPH Acg: J-rEB-T000 I 1507 3773 TAT: PR _T59_ACT

|Aucospec EZI+ Magnet BpM:d3)} 3pI:351733 TIC:399552 Flags:AcC

Fila Texz:2aul Richmond
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604 | B3 7E4
554 E).4E4
504 182.984908 b1, 1Ed
454 b 2.9€4
10 ] £2.584
15 L2.2E4
304 E1.9€4¢
251 3161.9874493 E1.5e4
204 L1, 2Eq
15 294.392948 £9.3EJ
L 261994422 82.374238 poie
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310 0.05
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117 0.03
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320 U.03
321 0.07
322 0.03
323 0.01
324 0.02
126 0.03
327 ¢.01
328 0.06
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330 0 01

in 0.01
333 5.14
334 0.49
335 0.05
336 0.01
338 0.03
139 0.02
330 0.0%
3 0.03
342 0.01
345 0.04
346 0.01
347 0.10
348 Q.02
349 0.05
350 0.01
352 0.16
353 0.18
354 0.03
57 G6.13
358 0.03
359 0.10
360 0.05
3161 0.01
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3¢ 0.36

a7 0.05
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38l 0.00
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3gs Q.37
lee 0.05
3g? 0.01
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1%0 0.38
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395 0.09
%6 0.062
197 0.10
398 0.01
3998 0.01
402 0.07
403 0.04
404 0.0}
407 0.0%
408 0.02
409 0.02
410 0.02
411 0.01
414 0.05
415 0.01
416 ¢.03
417 0.08
418 0.02
421 g.20
422 0.03
426 0.04
128 0.05

429 0.07
411 0.01
435 1.0)
136 0 14
437 0.01
140 0 03
441 0.01
445 0.03
447 0.03
448 0.02
149 0.01
452 0.04
453 0.00
458 0.0
466 ¢.05
167 0.03
471 ¢.02
478 0.02
78 0.01
485 0.02
497 0.0%
498 0.03
499 0.01
516 0.28
517 0.08
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S36 0.00
547 0.03
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S68 6.01
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20 1.60
21 0.0%
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39 0.87
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31)  2,5-difluoro-4-methoxy-6-[1,2,2 2-tetrafluoro- 1 - RMM

[ Bl End (52)
(trifluoromethylyethy!]pyrimidine 514

PR189 334 (5.990)
(0@ 69 113843986
xFS 314

50 19@ 195 295 2084273

AEEN 167 5

s s ( o= |

@ : ; n al il i

/T S8 199 \Sa 288 259 360 ) 388 Ria]-] 459 S09 9 -]

Q Q. Q. a.
9. 1. Q. 0.
2. 3. Q. 3.
9. L. 1. 0.
a. 2.5 3. 1.
a. 3. L. aq.
1. L. 1. 3.
10 Q.30 3s 1.08 148 G.74 21L L.
13 4.1 a7 2.138 147 6.83 12 9.
32 Q.13 33 11.9% 143 0.52 213 3.
33 G.19 13 4.0) 149 1.25 24 E
b 0.2} 90 1.5t 130 4.10 2.7 2.
3& Q.28 Il 3.3 151 2.50 213 9.
37 Q.39 92 3.10 152 2.42 220 [
bY] 0.42 93 13.75 133 Q.52 221 3.
13 0.13 94 1.4l 154 0.29 222 Q.
40 Q.1) 35 2.53 153 Q.23 223 3.
[} Q.10 96 1.30 15§ 0.10 23 2.
a2 9.20 97 a.34 157 1.00 2125 T,
43 .78 93 1.92 138 9.42 127 1.
a4 g.42 Loa 3L.18 159 0.31 223 0.
45 1.43 19L 2.81 181 3.3 229 q.L
16 L.0L 192 .39 162 L.09 230 0.
47 0.37 103 Q.52 161 Q.34 231 3.
48 Q.03 105 1.37 1§35 .79 233 1.
50 2.42 127 5.07 167 22.35 238 L.
1 Q.33 108 2.42 183 1.59 238 a.
52 Q.38 109 1.08 169 5.23 21§ G.
31 0.44 }S Y 31.93 170 7.43 238 1.
54 Q0.58 112 1.29 171 ¢.30 239 1.
53 Q.61 114 3.30 172 Q.21 40 Q.
S8 Q.51 113 T.43 174 Q.43 X B8 Q.
57 2.2 116 3.33 176 2.99 243 Q.
58 0.5) 117 1.3 177 5.3a 245 10.
39 1.17 119 4.28 178 0.55 248 L.
§0 21.3§ 120 4.1 179 0.3§ 247 Q.
il 0.3% 121 1.54 180 Q.81 243 9.
32 1.4 122 9.67 141 L.a§ 250 a.
§3 Q.52 124 1.77 181 7.33 232 Q.
4 .7 124 1.3) 134 Q.38 28] Q.
§5 0.57 128 3.42 -185 Q.15 254 Q.
(19 Q.38 128 5.17 136 g.11 253 q.
87 1.54 127 g.s1] 188 4.30 254 Q.
LT] 15.34 123 Q.47 139 Q.42 157 9.5
§9 100.00 129 Q.77 190 Q.12 258 q.
7Q 15.1) 130 2.08 191 Q.08 259 Q.
71 2.38 IS 31 3.06 191 3.92 250 Q.
72 §.15 132 2.1 195 25.72 2§ Q.
73 7.4) 11 ).as 196 §.07 232 Q.
74 4.19 L34 1.39 137 1.94 264 Q.
7 1.42 115 0.35 138 0.53 284 L.
15 7.28 136 0.53 199 0.31 263 .
77 0.39 137 2.1 200 1.83 254 0.
79 1.09 133 1.30 201 Q.48 257 Q.

263 0.04 3l a.45 155 a.02 199 0.03
269 0.0t I 3.33 157 a.02 400 9.02
271 0.11 114 50.15 159 0.05 132 0.17
272 2.07 115 17.12 150 0.01 103 0.01
173 0.04 14 2.90 151 0.124 1a? 0.40
274 0.04 17 Q.28 162 0.06 408 3.0%
275 0.2 121 6.02 153 Q.01 109 9.09
176 0.87 122 0.03 364 0.02 114 0.35
177 2 0.29 324 9.45 165 0.02 als 0.0%
178 0.04 125 0.07 166 9.02 19 0.02
290 9.18 125 0.08 169 0.02 122 3.01
131 0.03 127 9.04 17 g.03 429 0.05
284 14.06 329 1.77 112 0.02 412 0.01
2385 24.28 130 Q.13 173 e.02 433 9.01
284§ 1.68 131 0.04 174 0.04 433 9.02
237 0.99 113 0.0§ 177 0.02 440 9.12
189 Q.02 14 0.03 179 0.32 a4l 0.04
191 ¢.02 336 ¢.02 180 0.01 147 Q.03
293 9.30 139 a.02 181 0.02 432 9.01
295 40.53 340 6.04 183 1.2§ 4587 0.3
293 2.90 141 0.0) 184 0.18 453 2.02
297 Q.12 142 ¢.02 1as 0.01 159 0.02
194 0.04 145 154 388 0.01 464 0.3
199 0.96 346 9.17 189 0.9} 502 3.04
100 0.10 347 0.46 190 0.14 597 9.3
L 0.0 Ty 0.96 391 0.01 509 3.02
1012 0.97 143 0.0} 192 0.02 339 2.25
304 0.5 152 0.q4 195 0.05 it a.2)
397 0.95 353 0.97 196 0.9l

199 9.91 354 9.33 397 9.92
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32) 5-fluoro-2,6-dimethoxy-4-{1,2,2 2-tetrafluoro-1- RMM (33)
(triﬂuoromethyl)e[hyl]pyrimidine_ 326

FR189 514 (B.367) = T

188 &9 SE81152

20 9.08 al 324 142 10.22 201 9.7
21 Q.93 a2 1.53 141 7.30 202 Q.32
26 0.49 a3 19.17 144 1.02 203 9.30
27 0.33 34 3.31 145 1.98 204 L7

23 2.33 13 17.32 144 0.82 20% 0.25
29 3.79 E 5.20 147 9.35 207 1¢.39
30 147 LE:] 7.75 143 4.37 208 3.0t
3t 3.92 a3 1.29 143 1.32 209 1.83
32 3.25 90 Q0.53 150 2.13 210 3.7
13 9.2) 92 1934 131 2.02 2L 6.34
is Q.47 93 12.34 132 140 212 .13
36 0.59 94 143 153 1.77 213 0.354
37 9.13 93 138 L34 2.92 214 L.23
K| 0.72 37 13.39 133 9.7% 215 3.42
33 0.17 38 1.0t L34 0.32 L7 1.38
40 0.3a 99 20.10 157 2.37 218 0.12
41 Q.72 100Q 5.7 154 1.74 219 9.27
42 1.42 1ol 1.33 133 1.3) 229 Q9.339
41 2.40 102 3.2 140 2.75 221 9.35
44 1.08 103 1.3% 13t 8.49 222 2.13
45 L.13 10§ 4.3 132 1.39 223 9. 2%
48 L4 1a7 5.33 151 Q.5: 228 3.7
47 2.43 104 1.33 154 1.38 227 34.49
43 0.38 109 L.40 143 2.92 223 1.32
30 2.33 1Ll 1i.3Y 154 .91 229 0.39
st 1.2+ 112 2.3 157 t.17 230 0.27
52 L.20 1) .41} 139 2.13 231 0.1ts
53 1.07 L4 2.33 170 7.97 23] 9.73
54 1.93 1S 1.97 171 1.3a 238 1. 24
S5 1.34 113 1,12 172 1.02 218 Q.35
3a 4.85% 17 1.2 17 0.33 237 1.9)
57 4.33 119 .13 174 Q.48 238 0.79
53 7.48 120 3.34 178 5.34 219 t.79
$9 2.33 121 1.17 177 2.37 240 0.59
50 4.79 122 0.93 174 1.1 241 0.13
31 8.132 111 Q.74 173 2.37 242 0 3§
62 g.3L 124 .17 180 1.15§ 24) 0 34
63 0.44 125 1.61 JET 1.87 245 i.79
64 .91 12§ EEPRL] 131 10.38 247 0.32
55 Q.33 127 7.38 134 1.20 2448 3. 24
56 1.17 128 .43 135 1.19 243 0.22
87 1.08 123 1.40 1835 Q.53 259 2.18
83 100.00 1310 1.10 138 2.34 251 0.12
70 25.53 1t 3.2 139 Q.33 252 6.1

71 .52 132 .12 130 Q.40 25) 0.2t
72 23.13 1) 2.24 132 3.a3 254 0.53
73 6.30 134 1.39% 131 4.1 1535 2.3)
74 .24 13§ 1.70 134 Q.34 158 9.37
?s 3.0 138 G.48 195 2.55 257 1.47
75 §.02 137 1.53 198 1.75 153 0.12
77 1.81 118 4.5l 137 2.50 253 0.08
78 1.37 L19 1.23 138 .41 st 2.32
77 [ B 140 0.91 199 .11 262 3.10
40 L.88 14t i.11 200 -2.84 263 9.53

164 0.12 281 18.4) 238 1.13 327 Ll
2865 Q.79 282 1.30 239 Q.37 328 1.q)
264 6.11 29) 1.30 Jjgo Q0.08% 129 9.2
187 1.79 234 9.24 a1 0.0} 1338 0.0)
153 .38 237 Q.18 108 Q.33 341 0.41
259 0.13 238 0.135 102 23.10 1i2 .04
270 Q.1) 283 .94 303 2.92 157 2.12
271 2.02 2391 0.17 109 0.32 17 3.9
73 9.08 292 Q.7 Ly 14.78 198 0.17
275 9.08 293 9.07 12 1.40 198 0.03
176 Q.17 194 Q.45 PR} g.1] 413 9.06
277 1.13 298 3.51 pRE] 0.0% 572 0.01
1 Q.78 296 a7.135 128 31.13

279 0.17 297 15.42 128 60.5%3
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33)  6-(2-{2,5-difluoro-1-(trifluoromethyl)ethyl]pyrimidin-3- RMM (54)
yloxy}ethoxy)-2,53-difluoro-4-1,2,2,2-tetrafluoro-1- - 654 v

(trifluoromethyl)ethyl]pyrimidine

FUT3 PR_I9T T Tdenc:1J0-106 ¥er Def 1,75 Acq: J9-MAR-IUUT T3T{7757 +3:04 Cal: ¥FK_JYMARIGUY
AutoSpec ZI- Magnec 3pM:434 Bpl:122160 TIC:7023S85 Flags:NGARM
File Texc:Paul Richmond
100% Q4 _1.2ES
35 ! £1.285
Y
30 EL.1ES
85 £1.0ES
80 ] L9.9e4
153 Eo.3Eq
70 td.6E4
55 E3 04
60] 464 b7 . 4E4
55] L6.8E4
501 t.56.2E1
451 £5-6EL |
403 E1.984
153 F1.)Ed |
30 ST
254 295 SWLT
20] 265 F2.584
15 E1.9E¢
10 335 1288
236 345
5.1 150 - l §.2E)
, 542
o dudttldid il lLl o ul bl ... 690 0.0E0
: et X r -
200 100 4o 300 500 780 ado 300 Lovg 1100 m/z
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34)  4,6-bis[1,2,2,2-tetrafluoro- 1-(trifluoro- 1 -(trifluoromethyl)ethyl]-3- RMM (33)

fluoro-2-methoxypyrimidine 464
PR139E° 496 (8.267) REFINE
190 89 25344 )
aFS
281
NEY 93199 181 T v 431 4se
n/z S 190 150 Q0@ N 309 35 404 459

28 0.52 31 Y 138 1.37 223 2.28
23 1.87 i3 1.1 14) 1.2% 243 .4t
b §.19 84 2.19 130 2.1 251 1,33
12 0.42 92 5.95 154 1.79 231 24.43
43 1.5 21 §.94 151 5.13 242 1.4s
1S 1.29 100 3.23 162 2.97 315 Loal
48 1.63 105 1.03 165 2.24 131 1.33
47 3.27 137 1.33 159 1.43 153 3.5
50 2.4 104 .54 188 L. 45 Jat L33
57 1.38 115 1.32 132 1.77 43 3.3
59 100.90 17 0.32 13) 2.57 432 L2l
70 3.99 119 2.04 200 1.82 430 3,71
74 1.64 124 2.92 21l 1.38 451 1,34
7§ 2.27 13l 2.4 212 1.2]




35) 4,6-bis(1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-2-dodecyloxy-  RMM

5-tluoropyrimidine 618

PRZ32Z 1859 ( 17.651) s
128 59 1982464
%FS 83 97
] |Il !
. Al 135 281 e
n/z 1008 159 ane 2538 308 358 ana ase

25 3.51 33 13,43 L 10.35 112 2.7
27 9.39 34 19.31 32 3.56 1] 1.23
28 4.04 55 31.47 83 31.36 L2s 2.2
29 1).34 34 23.7% 33 10.07 125 .74
bRS 1.351 37 72.71) as 19.42 L33 1.0%
33 1.13 33 3.0 38 . ta 18t 1.1
Ja .82 35 P ] RS 4.43 153 1.0}
37 1.94 85 1.71 92 1.07 1339 1.38
38 31.93 37 24.33 33 3.4l 187 1.5%
39 25.41% 543 7.02 35 5.79 153 1.4
4l 745.38 43 100.1%Q 93 2.20 la 4. 44
42 19.42 72 2.7} 97 43.19 AL} Lo
43 30.91 RS 34,30 93 .42 111 11.37
44 4.49 12 1.0 33 1.31% 432 1.23
47 2.3 74 1.158 100 1.72 43] 1.39
30 1.93 7 1.37 109 2.13 451 3312
3% 4.493 77 2.52 129 1.13 452 s.7
52 P L 73 S.08 11 21.7¢

RN



36) 4,6—bis[l,2,2,2-tetraﬂuor_o-l-(triﬂuoromethyl)ethyl]-2-({4,6—
bis{1,2,2,2-tetrafluoro- 1 -(trifluoromethyl)ethyl]-5-fluoropyrimidin-

2-yl}ethoxy)-3-tluoropyrimidine

Te PA_TYT_E ent:338-126 Mer Jet J 15 Acg: JU-MAR-IUUT Y5 47557 »UTTT7 Ta PRy IomauInon )
AutoSpec EI- Magnec 8pM:477 Bpl:336350 TIC:4645839 Flags:HORM -
Fiie Texc:Paui Richmond
100\: 477 _9.4E5
954 £.3.955
904 9. 4ES
85 . E3.0€Es
304 e 7.385
754 £.7.0ES
70 4 L5 . 6ES
65 t6.1ES
604 107 ts.SES
S5 4 £35.2ES
50 E4.7E5
454 Ea.2E5
40} £3.78S
15 3. 1Es
304 st F2.8E5
251 2. )ES
20 EL.9ES
15 281 Ll 4ES
o 253 407 328 t9.1E4
5 §p 211 E4.7E4
) u-nf'*L i A i 0.0E0
200 100 b0 500 ) 730 3do 380 1000 1100 m/z

(L) a8 ALy ang [y s [y
nE(GHT YT AgiGHT RASS nELSeT neiGHT
LT 1943004 a7 [T (91}
L1 e.n Py a1y
9.1 (1) 943 [N
918 9461 057 e
2.2y a.n Y t
8.4 408 a1 P
0.4 R [N a1
9.5 9.4 n a.as
1.5 9.1y e [81]
¢.a2 an e a8
. 9.14 234 9l
4.1 [T IRt 12
(13 817 a.ut 9.t
R LT IR 14
1y 3.1 2.4 1
a5 4.10 T (81
(5 a.4 a5 gy
IS b ooue . a4
149 9900 [z a3 2.4 a8
0. L a.as 9.4t o n
4.0 1ae 913 b1
a4 a 0.30 930
v i 0l IR
a3t 3,40 1,57 o
148 1638 4 40 .20
R 1.1 a1 3ot
3.7 [ N1 a4 L
] ey 0.2) 981
-1 4.59 1.3% 1
Lo [ 9.8 24
4o 3. e 7 e
2,48 PR [ o
d4.49 a4 s 109 o
an 9 41 9.3 1344
a.s0 an a s 1.9t
LT} 9.54 1.4 a e
'R 0.8 0w i
[T R 11 R
1.9 a0 194,435} a.41
AT 110,201 .1 1909 2a01) 0.

RMM
926
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37)  {4,6-bis[1,2,2,2-tetrafluoro- 1-(triflucromethyl)ethyl]-3- RVIM (38)

fluoropyrimidin-2-yl}diethylamine - 505

PR282 554 (9.234)

160 89 I 1S

29
3FS

at 1 )
nsz | se 120 152 299 258 ETY) 359 BT

Mass el Inc |

ac
0 Q.11 73 Q 0.37
2% .04 30 Q 0 a7
24 Q.15 ERS 0 0.3
- 24 3.75 32 bl 3.07
27 23.14 3] Q 3.13
23 22.214 34 0 9.9
2 83 .43 3s Q 7.%4
ig 1.00 as Q 0.23
3t 3.48Q a7 Q 09.05%
12 Q.29 33 Q Q.23
13 Q.51 33 Q 9.47
35 0.q8 31 [+] q.LL
18 0.14 k23 a Q.27
17 0.20 92 [ 0.4
ija 9.77 32 Q 9.04
33 1.08 94 Q Q.13
40 1.19 93 1 0.33
41 2.5% 95 0 0.134
42 §.17 87 Q 3.10
43 1.22 33 [} Q.11
44 2.24 39 9 0.18
43 0.%35 100 4] q.13
43 0.351 101 Q 0.03
17 9.4 102 Q 9.97
a3 0.0§ 133 Q a.12
30 4.75 PR 159 9.1t 217 Q.13
31 L.33 125 140 0.14 1132 Q.11
32 9.89 Las 181 0.0§ A% 9.437
31 1.30 107 162 0.214 20 9.1
34 2.39 133 1523 .08 221 q.12
33 2.34 109 154 0.08 222 0.13
35 5.01 lie 133 Q.22 223 0.0
57 1.51 1L l4a Q.4as 224 Q.12
3 9.32 112 157 Q.15 127 0.10
59 Q.30 1] 154 Q.12 228 0.03
60 Q.14 L14 1§83 Q.42 130 a4
3l 2.0 119 - 170 0.30 PREY Q.18
52 9.51 116 171 Q.09 212 Q.10
§) 0.34 17 172 Q9.05 23] 0.28
LY Q.31 113 17 g.14 215 0.12
a3 90.52 119 174 Q.15 133 Q.23
a4 ¢.50 120 133 0.09% 239 0.13
a7 Q.34 121 17a 0.37 210 Q.93
38 17.33 122 177 9.31L 241 0.L0
L] 100. 439 123 173 3.0 242 0.1l
70 1.31 124 179 g.07 241 Q.10
n a.73 12§ 180 0.0% 245 Q.12
72 0.37 118 131 Q.17 213 0.19
73 g.39 127 132 a.a9 147 qg.1a
T4 1.17 128 13) Q.09 243 Q.19
78 Q.37 119 134 0.1Q 243 0.909%
15 Q.72 110 139 ¢.08 150 0.1§
7 Q.30 131 l13s 0.07 152 Q.12
73 9.37 132 187 G.0S 53 Q.98




258 187
285 G54
Zov Q.73
261 Q.34
262 0.13%
el 0.12
Zed 0.18
28k 1.34
266 0.21
767 0.10
2cé 0 05
70 1.67
2723 0.21
27¢ 0.42
273 0.30
274 0.35
27 0.0&
276 0.16
271 1.72
PRl 0.78
279 6.9%3
280 0.6t
281 0.45
262 0.16
283 0.22
284 .17
288 0.57
286 0.1%
267 0.04
268 0.22
b9 0.13
250 0.26
251 0.35
292 0.53
293 0.11
155 1.05
256 0.20
7 1.37
258 0.17
11 0.11
360 0.55
3u) 0 24
302 0.08
K"k ] 0.37
304 0.45
109 0.39
113 0.05
307 0.26
306 0.14
309 0.20
310 0.58
3 0.52
312 Q.56
313 0.12

314 6.10
115 0.22
316 0.22
7 0.09
318 0.02
315 0.08
320 0.03
321 0.07
322 0.17
323 0.17
323 0.44
325 0.07
326 0.12
327 0.40
328 0.31
129 u.18
3130 0.36
33 0.68
3132 0.16
333 a.14
334 0.17
335 0.1
336 0.0%
338 0.03
339 0.06
330 0.29
341 0.3
342 0.16
343 0.40
344 0.03
345 1.85
346 2.25
347 0.47
ETY) 0.08
3e9 0.05
350 0.26
351 0.07
352 0.07
353 0.27
3s4 0.11
355 0.15
356 0.01
357 o 02
356 0.08
359 0.12
350 0.54
361 0.31
362 0.58
363 0.13
364 0.23
365 0.20
166 0.44
367 G.08
368 0.05

w
w
~
CODODERPOOCOODOOODODDEOODDODOOO0CCDOO0O0OOCDOON~O0O0BEO0O0BO0DO
hadadiadadiedadioih i i NS R bbb L L BB D imin. A

| mass Rel Inc
431 0.3
432 0.09
433 2.92
L[R2 0.53
438 0.32
438 0.04
140 0.02
431 Q.05
412 0.21
443 0.08
44 0.02
445 0. .43
446 8 01
47 9.03
448 0.26
349 0.18
150 15.78
451 324
as2 0.33
453 0.0s5
14 0.02
455 0.01
460 0.5%1
a6l 0.14
462 2.69
461 0.3%
164 0.04
467 0.06
i68 0.35
469 1.21
470 11.18
471 2.21
472 0.22
473 0.02
478 0.02
479 0.01
480 .21
481 0.06
482 0.02
498 0.03
499 0.03
500 0.70
501 ¢.17
s02 G.03
511 0.06
512 0.03
518 0.11
S19 3.5%
520 5.7
521 1.17
22 0.14
523 0.02
524 0.01
536 0.08

Mass Rel Inc
20 0.14¢
24 0.02
25 0.04
26 ¢.38
27 1.52
28 5.78
29 0.6¢
30 0.22
31 1.1%
3z 0.20
33 0.06
36 0.03
37 0.20
38 0.52
39 7.16
40 0.87
11 1.50
42 0.23
43 0.13
41 0.14
4% a.11
6 0.15
37 0.03
50 1.24
£l 6.88
2 1.73
S3 1.05
EXY 0.40
55 0.58
56 6.08
57 0.35
58 0.23
5% 0.0%
60 0.03
61 0.15
62 1.39
[¥] 6.37
64 1.42
65 25.10
[13 1.48
&7 0.16
69 46.27
70 1.135
n 0.35%
72 0.06
73 0.1%
74 1.48
15 1.6¢
76 3.1
17 17.85
78 8.73
79 7.84
80 0.7?
81 0.37

| mass Re)l Inc
et

83 1.38
84 1.14
85 0.314
86 0.23
a7 0.42
L] 12.086
91 100.00
82 21.18
93 3.92
94 0.23
85 0.30
96 0.43
97 0.26
98 0.10
100 5.20
101 G.63
102 1.05
103 7.25
104 27.45
105 .55
1086 25.10
107 3.43
108 1.38
109 2.38
110 0.96
112 0.686
111 Q.26
114 Q.61
115 1.56
118 2.23
117 137
118 0.15
118 2.35
120 0.81
121 0.36
122 0.21
124 1.81
125 0.59
126 0.70
127 1.07
128 0.41
129 3.8)
131 6.57
132 0.86
1133 1.18
13z 0.58
138 0.22
136 0.22
137 0.16
138 1.81
133 0.39
140 0.58
143 0.51
11) 5.32

134 0.34
145 1.50
146 1.12
147 0.39
148 0.27
150 1.58
151 0.93
152 1.18
153 ¢.B1
154 ¢.08
155 1.83
156 0.58
157 0.682
158 1.45
159 0.38
160 2.862
lel 0.32
162 0.81
163 0.20
164 0.4&
165 1.83
166 1.15
167 0.61
169 2.18
170 1.58)
171 .68
172 0.44
173 0.60
174 0.77
175 0.7%
176 1.72
177 1.05
178 Q.34
179 0.08
180 1.91
182 1.24
183 1.3
184 0.23%
185 0.38
186 0.51
187 0.258
188 0.7%
1838 0.55
150 0.83
191 0.91
192 0.11
193 1.32
194 0.15
195 1.99
156 1 04
197 0.3
198 0.19
200 2.16
201 0.87

| mass Rel Int

e
202 0.33
203 0. 55
204 0.56
205 1.0&
206 0.1%
207 2.03
208 1.07
203 1.8%
210 2.15
211 0.30
23172 0.53
213 .25
214 0.31
215 Q.55
216 ¢.25
217 0.27
218 G.D3
213 0.31
220 Q.40
221 0 338
222 6 .57
223 0,28
224 0.50
228 0.18
226 0.80
227 PR
228 0.55%
229 0.33
230 0.38
231 0.92
232 6.49
233 0.3B
234 0.22
235 1.08
238 0.20
237 C.06
238 0.72
23% G.61
240 0.31
241 0.22
242 0.42
243 0.54
244 0.03
245 143
236 .27
237 0.43
248 0.12
250 0.77
251 0.14
252 0.32
283 G.37
294 0.82
255 0.38
27 2.13
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39)  2,5,6-trifluoro-4-methoxypyrimidine RMM (60)
164

PHRUZE 1248 (28.581)
188 161 815184
"m PR228 1228 (28.581)
23743
a
109 aas
AFS 194 i
« o e,
6 2 267 281
! 88 ae 11}3 137 144 62 ) Haall o213 22917 3305
ali it 3 T nex cew 252 3048
n/T sa tye 198 294 ;sa 1.1

o ' B44



40) 2,5-difluoro-6-hydroxy-4-methoxypyrimidine RMM (61)
162

ila:e TCTA ent:>1 Mer Uef 7.7% Acg: 3-0CT-I000 (0:75:[5 +17J9 Cal: oF¥_ ISESI0UU
AucoSpec E.» Magnet BEM:152 3pl:5396430 TIC:32479754 Flags:HaLL
File Taxc:Paul s aes
100% 152 )
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7SJ fa.0E6
mi E1.8e5
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N E2. 766
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AL ot PIB e 0.0£0
5o 100 150 280 350 380 350 a0 430 3490 330 &80 330 740 340 #d0 350 389 Wz

LTy ang LY} Ang ALl v ass gL v
KEIGHT nass nELGHT nasg nEIGHT wnis AEIGHT
1.1 NI o34 a0 [SLITIY] 1.ée
11 .1 g d ke 150, 1300 o n
1] 17,308 n 0.4 19190 9.6
1 . [N} [T 1600134 19,20
N .04 a4 163,329 199,20
[ [T 137 1630191 i

i 1.1 9.1 i64.1130 a. .
i 937 [T 71448 @
t 1y 1.6 1771202 a
3. [N . 17ellide N
I $.d 1,43 1790148 IS
1 ot [T 199 5134 L.
3. [R5 b.4) 9.
IN (oY [ N
. @.id a.ay a.
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[N il 9.4 9.
] it a4 0.
0. £33 Jot] L.
1. an [T L.
" 0.1 te.0s 1
(B Aot [T} a.
a: a1 il a.
a. 854 9. i
L e 3 a.
a. 33 2. a.
3. 9,54 1. '
1. L1 q. i.
3. (B ] a.
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IS 1 [N L]
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41) 6-[2-(2,5-difluoro-6-methoxypyrimidin-4-yloxy)ethoxy]-2,5- RMM (62)
difluoro-4-methoxypyrimidine : 350

FTTa:Pa_220 1denct: 33 _34-1_7 ¥ec Oat ¥.2% Acq: [{-JUN-J000 13:30:77 »1: 14 J31: 2FR_TUUWIO00
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42)

4,6—bis((ert-butoxy)—2,S-diﬂuoropyrimidine
PRZ04 772 (12.868) = - - - — e
100 39 4! 1327104
56
XFS . $5
]}e 30 N 87
s29 37N 48 g,

all “ tasillth, 1 T, IS“ 8873 as 20 148

n/z a9 50 190 >3 130

Masa Rel Inc
15 1.09
18 a.30
27 35.493
23 221.22
29 16.20
BB 3.33
n 1.83
33 1.41
3a 2.4t
37 7.18
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43)  2,3,5,6-tetrafluoro-4-trifluoromethylpyridine

PRAI1 186 (1.767)
689

2@agveal
190 aa8
1908
31 169 239
%FS 200 .
93 195 -
8s |/
\
] L 25 11t I l l‘?‘ L
~/x Sa 199 . 198 299 2589 380 358 a0@8

RMM
219
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44) 3,5,6—triﬂuoro-2—phenoxy-4-triﬂuoromethy!pyridine RVMM (63)
293

PR13J8 682 (11.3:68) ~ 2o
tea g 3538944
aFS St 293
39 274
8s 196 < 294
® L ) T 208 T 27 274 b
nsz ca 1ag 150 2o FrrS T 3 —a

20 120 LIRS
25 221 2.1
18 224 13,75
17 225 : 33
3 ‘228 9 73
29 227 9 19
3L 223 2.07
[T E 129 9 12
1 130 0.32
s 232 3.07
37 234 0.04
i 213 2.01
33 t 218 0.01
10 213 0.20
4L 219 0.08
42 241 0.02
44 142 a.m
a4 243 3.93
a3 234 9.1a
Y 245 3.33
7 46 L7
50 L 247 2.33
3L H 11a 9.1
32 150 5.4
33 151 g.qQ2
54 252 2.03
53 254 3 13
58 153 9.35
57 233 o.08
53 260 9.03
39 162 9.01
§9 284 1.7
8L 253 7.2}
§2 265 0.22
§1 257 0.23
54 272 2.11
53 L 173 4.4
85 274 3.2
57 275 0.32
39 L 274 Q.07

278 0.02

131 0.02

29) $0.00

294 5.73

195 0.4t

296 0.493

124 0.3}

12§ 0.0}

143 3.02

170 201

17§ Q.01

443 J.90




435) 2,3,3,6-tetrafluoro-4-[1,2,2,3,3,3-hexafluoro-1- RMM (66)
(-triﬂuoromethyl)propyl]pyridine : 369

PRI159 148 (2.467)
100 69 856064

299
XFS
a1 108 |19 162 191 23 ZTB/..Gz ags
al 8! . : .
n/z sa 198 158 208 258 388 358 <28 458
................... e e e i,

Mass Rel [nc | “ass Rel Inc | Mass Rel Iac | Mass el In
20 Q.28 83 10¢.00 PR Y 1.07 201 212
24 9.013 70 Q.38 112 g.148 202 .97
25 0.02 74 1.32 1386 1.2) 205 Q.45
18 Q.22 75 Q.:3 137 0.086 206 0.7}
27 Q.13 14 0.18 138 0.13 22 .23
23 1.26 73 3.02 141 0.03 2] Q.23
29 0.11 73 0.82 141 0.29 217 0.3
11 7.78 3l i.1a 144 .06 213 0.93
12 0.27 32 g.21 142 0.71 224 Q.43
b 0.07 83 0.1% 159 2.91 an 10..7
18 0.12 EL 1.7¢ 151 .13 11 0.92
37 0.09 a7 Q.13 155 1.23 2l& Q.23
i3 Q.i2 a8 Q.14 158 ¢.Q8 243 Q.05
13 9.0} 31 4.99 182 5.82 250 11.38
40 0.06 94 Q.1 163 ¢.J1 251 0.7}
il 0.3) . 95 9.01 167 0.50 15§ Q.35
42 0.407 93 0.75 159 0.3l 282 9.37
i3 Q.19 Lag 3.01 170 0.05 253} Q.31
14 ¢.10 101 Q.30 174 Q.10 184 0.42
43 Q.07 108 2.15 178 0.0s8 181 3.34
47 .54 108 a.11 179 Q.08 282 0.22
443 ¢.03 107 0.925 141 10.05 jao 0.34
5Q 2.89 110 Q.36 182 3.31 312 Q.09
Si Q.29 112 1.17 a3 ¢.0) 13 0.19
$3 Q.35 113 Q.13& 188 1.11 150 1.37
S& Q.08 1i4 Q.18 137 Q.08 s 0.13
37 0.08 147 7.42 13} 1.58 189 19.14
82 Q.38 1.3 12.08 194 Q.10 404 Q.4
53 Q.08 120 0.19 187 4.1 433 Q.73
(1] 0.27 124 2.01 198 9.0Q3 188 0.92

87 Q.11 129 .14 200 59.31
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(67)

RMM

,3,3,3-hexafluoro-1-

2

]

(1R,2S)-2-methy!{3,5,6-trifluoro-4-{1,2

(trifluoromethyl)propyl)(2-pyridyl}

46)

)-l-phenylpropan-1-ol

amino

BS

e e e et e e e b e ama e b e e et aa e s
€0°0 €S €Lt 96t [T ¢ cLr
zo'o (347 L 0z S6Y ea e SN
f0°0 1zs 18 e s6t (4881 ret

zo'o §09 800 915 Lot ({1 LARE] tee

z0'0 009 tvo s1s oz’ o E1 zo'o e

S0 0 665 to'0 1343 A ] st 900 a9t

€00 L85 tto €15 zo'g o0&t €00 Lot

Yoo 98§ too zis 80" 0 (114 €to sas

[ 8:1 586 200 tts oo z8y te o ror

£€0°0 €S zo'o ots o 13:13 okt g

tg' 0 zLs *0°0 505 oL ? ogy o 73t

: 1mto s 900 669 5371 5Ly LA/ Lae

60°0 €95 A 134 et LTRS 50 n na

e SN0 (133 1 3K4 LEY syt Ly Ltz 0 Ll

tee oz 6L°1 L8t 9L 1 (14 €291 aL [ A 8N: (134 tz'g o+ L] 413 9t (134

A A O A L St se | oo ooy | stt me | e fer

S LI%4 t3 0 (334 8tz [: 12 st 9 MM €20 55% st'g 66€ oz o vee et nez

S50 Lez Ze o €81 PR ¢ 621 s§2°0 ” e LS oto (113 ts°0 [431 59°¢ 587

LXAN 1 9€T Lt Z8t 98° 0 Bzl 0c 0 w soo (31 80°0 214 €0 f4X [A 341 LLE4

99°0 (154 90t 8t Lo (241 880 oL ot o (434 €00 96€ |14+ T €5°0 424

Mwﬂm MMM wm.a 08t €50 9zt LLte 69 o 1534 Z0'0 S6€ [4N] ove Lo’z 987

0 6LT €50 szt v 0z o oSy FA S ] rEE s$° 0 (113 €t o SR

vyt zez 060 8Lt 5T T (331 ma.w ww v 0 (34 96°0 £6€ 90" 1 144 5t 0 vaz

89" 1 [444 +9°0 Lt SL'0 £zt tey sy €00 ate £6°0 z6t 9z 0 X35 30 €az

Z5°0 o€z 06°0 9Lt 6§°0 zzt o1 b9 90°0 Lry 62°¢€ T6E sT°0 k143 Lt o 14.14

MNMM NMM ¥6'0 5Lt {1 [T41 60°9 €9 *G0 9se Lo'o 06¢ [ASR:] (11 150 [£24

Lt t vt £3°0 0zt . ot'n - 144 Lot 68¢€ (4] g 55°0 18z

26°0 (X4 59°0 €Lt [ 1 61T MW.M mw Yoo 133 Lzt 88 ¢ €Un 144 90"t (324

mwuo L144 te'o zet sz 6 9Tt 060 09 s0°0 (£33 gt X213 t6°0 443 v 0 LI

T+ B A I S M L S oo e | oo gec | wes o | see s

Leo 244 6271 591 € : AN A 8s 60°0 orw 200 11:14 830 MMH ﬂm.o wpf

9"t 2z 611 891 st s 5Le Ls sto (14 00 314 9t o ot I ->m

80" ¢ 13 0t L9t A o o 38 Lo LI4d Lto'o 4:14 080 tet a0 it

LA 0ze gt o a9t NNAN M”” Mw.wa MM ve'o LEY 670 14:14 L] WMM Nm.m MMM

150 612 gt o 591 Lt o Tt Svg e o L1434 t0 08¢ veo 143 1S 20 ¢ 424

080 gtz a0 (21 €T o otr 8¢ s sto SE® z8'0 6LE 680 (344 Loz TR

85°¢ (AT Lot £91 390 §01T ve'9 zs A8} rEy 6% 0 8LE 9z 0 €2t e cayz

9¢°0 stz 61 791 LAY aot YUoze s s0-0 € 980 Lt §1°0 zze [ 20 saz

o ts'n 512 4] 1$:29 19 Lat PERE B4 0s oo 1434 e 0 9Lt sz'0 e 3t 214

sl as°0 [2%4 30 09t g8 ot 20T £5°0 5 80°0 e 9yt SLE 001 0zt 0zt Laz

S S B VLR O S R o0 wev | sto i | seo sk | e ia

e cue L5 Mwﬂ MN.m rat D1 L : z €0 €LE 86°0 BlE £5°0 *97

o : PEE ] £or t9°g 7% 00 Lzt »0 0 zee [ADN ¢ [AL3 or-1 14

o mm.w mwm hm.o 951 izt o1 950 b e sz¢ ot o e 620 ItE 891 -1

- a 55T sst 560 10t BE 1 o Leo (144 (A oLt tzo STE 0t 1 19

) w«i 9L'0 802 90 (244 ze s 00t 56 b 1S 50°0 (34 86°0 (313 teo (314 zT ot 09z

ww x:J g Mm.m wmm NMHN MMM 8o 66 T8 Y NN“N nmw nu”a 93¢ SL°0 e ze 1 (314

'z - 19 e oL 250 Zst 030 86 0z » TS : 44 €50 311 5e0 zte w80 952

= R anMu oc ! S0z w 5 (o L6 90 ¢ or Lo o 1§42 91’0 99¢ oL'o e L o0 Lz

N E i sL°0 0st 0" T EL] 39°7t 6€ v0'0 oze (2884 $9¢ L8t otg &t 0 a5¢

o o 7 oLt €0z Lro (334 £5°0 S§ £ES° ¥ 13 810 (344 A0 t9¢ vE'Q 60€ €zt 14

c . T MMA” Mmm WM W gre ac o v6 09°¢ it €50 are oo £9¢€ [ASE) 80~ 99" ¢ 557

— u|||||||1JMnA : . et [ 138+ [ 4 (X3¢ 5¢ st ¢ Lt 82°0 z9¢ st'o Lot L €52

- zlmﬁ N”.” MMM 20t 9eL e z6 Wt st 8t ¢ 9ty 56" 1 g tto 90¢ 0%t (184

@ - p o . set z5°0 SBT 25 0¢ % £S°0 £t 20°0 L34 588 k14 (AN sog teP 0 154

= 5 4 Iy : 5271 (X1 6L 68 0s0 € €9°0 (444 9t 0 L1713 t 0 ro€ ov't tez

e - " ] MM.N MMM ww.w mvm Ly o ] 9L S te 00 zZty (A 9] 213 T 1.1 ELAR ns2

z 6§60 .8 9e° ¥ 80 0 e £0° 1 95¢€ [ 9)) zot 80 ¥ ary

0t 561 £€9°0 (24 €30 99 E1a8 ] MM o ote 050 SSE 150 L1.14 6172 [ X4

60 ¥6t gy o ory S5°0 s8 LEREN az 90 60% st o ¢St at'o (134 09 1 (R34

6271 €61 9t 0 (13 g2°0 v9 85"zt ez o571 got ts°o €S€ ot 882 stz arz

£ 0 761 v o (144 S0t €8 (348 3z 00 00t Loy 8t 0 zst LI A ¢ (134 vt (134

520 61 90 [A4¢ 20t ze 6L°0 114 [A N2 9ny v 0 15€ 65°0 (A 14 01 rr2

ot t 08 s 6 E134 et ] S+'0 124 L1 sov e o 0S¢ rZ°0 962 9t (4 24

Zut 1:14 50 SET 85" 1 08 €10 tz 90°0 (2404 35 0 3231 Lt 562 €t (334

s2°¢ 98¢t t3°0 vET 79702 6L 26" ¢ 0z s9°0 £or £E0 243 tz'o 114 60 U 1z
S SR S S SS SES S A SE e e s T e .

up 2y ssew | uy [ax ssew | Iy (3w ssew | Juy [ ssw U fay geew | LIS E2- ssow | Iy (2w ssPw | iy 1Ay |SPH

B e e e b e e e e A e e e d e eam e e




47) 3.5,6-trifluoro-4-[ 1

(trifluoromethy!)propyl]benzene-1,2-dicarbonitrile
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48) 4,6-bis[1,2,2,3,3,3-hexafluoro-1-(trifluoromethy)propyl}-3,3-

difluorobenzene-1,2-dicarbonitrile
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50) 4,

3-bis[1,2,2,3,3,3-hexafluoro- | -trifluoromethyl)propyl]-3,6-

diphenoxybenzene-1,2-dicarbonitrile
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tris(trifluoromethyl)benzenecarbonitrile

3-fluoro-6-[1,2,2,2-tetrafluoro- | -(trifluoromethyl)ethyl]-2,4,3-
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Appendix C IR Spectroscopy.

Chapter I1

Y

3)

4)
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7)
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11)

12)

6-(tert-butyl)-2,3,5-trifluoro-4-[1,2,2 2-tetrafluoro-1-
(trifluoromethyl)ethyl]pyridine
2,6-bis(tert-butyl)-3,5-trifluoro-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]pyridine
4-{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro- | -(trifluoromethyl)ethyl]-2-
pyridyl }heptane-3,5-dione
6-(prop-1-enyl)-2,3,5-trifluoro-4-[1,2,2,2-tetratluoro-1-
(trifluoromethyl)ethyl]pyridine
2,3,5-trifluoro-6-phenyl-4-{1,2,2,2-tetrafluoro-1-
trifluoromethyl)ethyl]pyridine
3,5-difluoro-2,6-diphenyl-4-[1,2,2,2-tetrafluoro-1-
trifluoromethyl)ethyl]pyridine
2,3,5-trifluoro-6-prop-1-ynyl-4-{1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]pyridine
2,5-difluoro-3,6-diprop-1-ynyl-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]pyridine
3,5-difluoro-2-methoxy-6-prop-1-ynyl-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]pyridine
diethyl{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-trifluoromethyl)ethyl](2-
pyridyl)}amine ‘
{6-(diethylamino)-3,5-difluoro-4-[1,2,2,2-tetrafluoro- 1 -
trifluoromethyl)ethyl}(2-pyridyl) }diethylamine
benzyl{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro- 1-trifluoromethyl)ethyl](2-
pyridyl) }amine
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Chapter I

13) 19,20-diaza-8,17-bis[1,2,2,2-tetrafluoromethyl)ethyl]-7,9,16,1 8-tetrat1uqro—

14)

15)

16)

17)

18)

19)

20)

21)

2,5,11,14-tetraoxatricyclo[13.3.1.1<6,10>]icosa-1(19),6,8,10(20),15,17-
hexaene _
25,26-diaza-11,23-bis[1,2,2,2-tetrafluoro- I -(trifluoromethyl)ethyl]-
10,12,22,24-tetrafluoro-2,5,8,14,17,20-
hexaoxatricyclo[19.3.1.1,9,13.]Jhexacosa-1(25),9,11,13(26),21,23-hexaene
26,28-diaza-5,17-bis[1,2,2,2-tetrafluoro- 1—(triﬂuoromethyl)ethyl]—
4,6,16,18-tetrafluoro-11,23-dimethyl-2,8,14,20-
tetraoxapentacyclo[19.3.1.1<3,7>.1<9,13>.1<15,19>]octacosa-
1(24),3,5,7(26),9,(27),10,12,15,17,19(28),21(25),22-dodecaene
11,14,19,20-tetraaza-8-17-bis[ 1,2,2,2-tetrafluoro-1-(trifluoromethyt)ethyl]-
7,9,16,18-tetrafluoro-11,14-dimethyl-2,5-dioxatricyclo-
[13.3.1.1,6,10.)icosa-~1(19),6,8,10,(20),15,17-hexaene
2,5,22,23-tetraaza-8,20-bis[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-
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1(19),6,8,10(20),15,17-hexaene

3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro- 1-(trifluoromethylethyl]-2-[1-(2-
{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro- 1-(trifluoromethyl)ethyl](2-
pyridyloxy) }naphthyl)(2-naphthyloxy)pyridine
33,44,5,5,6,6,7,7,8,8,8-tridecafluoro-1-(2,3,5,6-tetrafluoro(4-
pyridyloxy))octane '
methyl(2-{methyl[3,5,6-trifluoro-4-(3,3,4,4,5,5,6,6,7,7,8,8,8-
tridecafluorooctyloxy)(2-pyridyllamino }ethyl)[3,5,6-trifluoro-4-
(3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluorooctyloxy)(2-pyridyl)]Jamine

(35)

(337

(39)

(42)

(43)

(45)

(46)

(47)

(48)



22)

3,3.4,4,5,5,6,6,7,7,8,8,8-tridecafluoro-1-[2,3,8,10,13,18-hexaaza-6,7,15,17-
tetrafluoro-2,3,10,13-tetramethyl-5-(3,3,4,4,5,5,6,6,7,7,8,8,8-
tridecafluorooctyloxy)tricyclo[12.3.1.0<4,9>Joctadeca-
1(18),4(9),5,7,14,16-hexaen-16-yloxy]octane |

Chapter 1V

23)
24)

27)

28)

29)

30)
31)
32)

33)
34)

4,6-bis[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl}-2,5-difluoropyrimidine
2,5-difluoro-4-methoxy-6-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]pyrimidine ;
5-fluoro-2,6-dimethoxy-4-[1,2,2,2-tetratluoro-1-
(trifluoromethyl)ethyl]pyrimidine
6-(2-{2,5-difluoro-1-(trifluoromethyl)ethyl]pyrimidin-4-yloxy }ethoxy)-2,5-
difluoro-4-[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl}pyrimidine
4,6-bis[1,2,2,2-tetrafluoro- 1 -(trifluoro- 1-(trifluoromethyl)ethyl)-5-fluoro-2-

methoxypyrimidine

fluoropyrimidine
4,6-bis[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-2-({4,6-bis[1,2,2,2-
tetrafluoro-1-(trifluoromethyl)ethyl]-5-fluoropyrimidin-2-yl ) ethoxy)-5-
fluoropyrimidine

{4,6-bis[1,2,2,2-tetrafluoro- 1 -(trifluoromethyl)ethyl]-5-fluoropyrimidin-2-
yl}diethylamine v

{4,6-bis[1,2,2,2-tetrafluoro- I-(trifluoromethyl)ethyl]-5-fluoropyrimidin-2-
yl}benzylamine

2,5,6-trifluoro-4-methoxypyrimidine
2,5-difluoro-6-hydroxy-4-methoxypyrimidine
6-[2-(2,5-difluoro-6-methoxypyrimidin-4-yloxy)ethoxy]-2,5-difluoro-4-

methoxypyrimidine

Chapter V

35)
36)

37)

3,5,6-trifluoro-2-phenoxy-4-trifluoromethylpyridine
2.,3,5,6-tetrafluoro-4-[1,2,2,3,3,3-hexafluoro-1-
(trifluoromethyl)propyl]pyridine
(1R,28)-2-methyl{3,5,6-trifluoro-4-[1,2,2,3,3,3-hexafluoro- | -
(trifluoromethyl)propyl](2-pyridy! }amino)-1-phenylpropan-1i-ol

(49)

(50)
(32)

(33)

(34)

(35)

(56)

(7)

(58)
(59)
(60)

(61)
(62)

(65)
(66)

(67)

C3



38) 4,6-bis[1,2,2,3,3,3-hexafluoro-1-(trifluoromethyl)propyl]-3,5-
difluorobenzene-1,2-dicarbonitrile

39) 4,5-bis[1,2,2,3,3,3-hexafluoro- 1 -trifluoromethyl)propyl]-6-fluoro-3-
phenoxybenzene-1,2-dicarbonitrile

40) 4,5-bis[1,2,2,3,3,3-hexafluoro- 1<triﬂuoromethyl)propyl]—b’ ,6-

diphenoxybenzene-1,2-dicarbonitrile

(69)

(70)

(71)
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Appendix D X-Ray Crystal Structure Data.

Chapter III

1) 3,5,6-trifluoro-4-[1,2,2 2-tetrafluoro-1-(trifluoromethylethyl]-2-[ 1-(2-
{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro- 1 -(trifluoromethyl)ethyl](2-
pyridyloxy) }naphthyl)(2-naphthyloxy)pyridine

2) 3,3,44,5,5,6,6,7,7,8,8,8-tridecafluoro-1-[2,3,8,10,13,18-hexaaza-6,7,15,17-
tetrafluoro-2,3,10,13-tetramethyl-5-(3,3,4,4,5,5,6,6,7,7,8,8,8-
tridecafluorooctyloxy)tricyclo[12.3.1.0<4,9>]octadeca-
1(18),4(9),5,7,14,16-hexaen-16-yloxyJoctane

Chapter V
3) 3-fluoro-6-[1,2,2,2-tetrafluoro- 1 -(trifluoromethyl)ethyl]-2,4,5-

tris(trifluoromethyl)benzenecarbonitrile

(d46)

(49)

(72) -

D1



b

3,3,6-trifluoro-4-{1,2,2,2-tetrafluoro- | - (trifluoromethylethyl}-2-

(3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro- 1 -(trifluoromethyl)ethy!j(

pyridyloxy)}naphthyl)(2-naphthyloxy)pyridine

F9

Table |. Crystal data and saructure refinciient for 01srv017.”

Idenutication code
Empirical fonnula
Fornula weight
Temperature
\V:»:clcnglh
Crysaal system
Space group

Unit cell dimensions

Valuine

Z

Densiy (calculaied)
Absorpoon coefficient

F(000)

Crystal size

Thew range for data callecnion
index ranges

Reflections collccted
tndependent reflccnions
Complereness 1o thewa = 27.50°
Absorption correchion

Max. and min. transiission
Reflincment method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices (1>2sigma(l))
R indices (alt daa)

Largest diff. peak and hole

0.26 x 0.26 x 0.1) mmn®
1.56 10 27.50°.

[1-(2- (46)
2.

& @Pro
Fi4

slls

Ci Hi: Fio Ny Oy

384.48

100.0(2) K

0.71073 A

Manoclinic

C e

a3 28.710(2) A a=90°

b= 10.400i(6) A

c= 12.579(7) A ¥ =90°,
©3414.900) A?

4

1.720 Mg/’

0.182 mm*!

1152

-37<=h<=}6, -13<=k<=]]), -16<=1<=16

1771

3932 (R(int) = 0.0976)

100.0 % :
Senii-empirical fram equivalents
0.9767 and 09542
Full-matrix leasi-squares on F?
3932/3/327

1.082

Rl = 0.0668, wR2 = 0.1665
RI =0.0959, wR2 =0.1818
0.678 and -0.396 ¢.A"!

B= 114.605(2)°.

D2



£d

Table 3. Bond lengths [A] and angles [°] for 015rv017. Table 2. Atumic coordinates ( x 10%) and cquivalent isowopic displacenient parameters (Ax 10%) for 01srv017

W(eq) is defincd as onc third of the trace of the orlhogu'naliud UY tensor.

O(1)-C(t1) 1.356(3)  F(8)-C(18) 1.339(6)  C(6)-C(7) 1.414(5)
o(1)-C2) 1.412(3)  F(9)-C(18) 1.350(5)  C(7)-C(8) 1.373(4) Atom * Y * Uiew
N(1)-C(15) 1.308(4)  F(10)-C(18) 1.314(5)  C(8)-C(9) 1.418(4) o) 447(H 3891(2) 2088(2) 2(m
N(1) 1140(1) 2503(2) 2906(2) 21(1)
N(1)-C(H) 1.319(4)  C(1)-C(2) 1.369(a)  C(9)-C(10) 1.428(4) 1) 75104) 5262(2) 2017(2) 35(1)
F(1)-C12) 1.34403)  C(1)-C(9) 1.440(4) C(11)-C(12) 1.395(4) F(2) 2175(1) 2432) 5744(2) 40(1}
F(3) 1813(1) 1169(2) 3701(2) 371
F(2)-C(14) 1.3333)  C1)-C(1)#1 1.496(5)  C(12)-C(13) 1.392(4) £i4) 1201(1) 5740(3) 6180(2) 49§,,
F(3)-C(15) 1.330(3) C(2)-C(3) 1.901(4) C(13)-C(14) 1.386(5) F(aA) 2347(5) 4067(12) 6080(i 1) 9(3)
F(5 1691(1 6629(2 S165(2 47(1
F(4)-C(16) 1.389(4)  C(3)-C(4) 1.368(4)  C(13)-C(16) 1.544(4) FE(,; zmofn) 5433((2; 590922; 4o§|;
F(5)-C(17) 1.329(4)  C(4)-C(10) 1.413(3)  C(14)-C(15) 1.392(4) F(7) 20(1) 6562(3) 7040(2) 541
Fo):C(17) 13725) C5)-CU6) L355(5)  CO16)-C01T) 1.495(6) el e s oo o)
F(7)-Ci7) 1.314(4)  C(5)-C(10) 1.423(4)  C(16)-C(18) 1.563(6) F(1A) 23072(11) 6200(30) 7140(20) 70(10)
F(8) 1699(1) 2792(2) 7231(2) SU(1)
F(9) 2405(1) 3868(2) 7614(2) 49(1)
C(11)-01)-C(2) 116.8(2)  C(14)-C(13)-C(16) 125.5(3) F(10) 18S6(1) 4622(4) 8144(3) s6(1)
COI5)-N(H-C(11) 17.7(2)  C(12)-C(13)-C(16) 118.4(3) F(9A) 1140(5) 4062(12) 6715(t1) 110)
C(2)-C(1)-C(9) 117.6Q2)  FQ)-C(14}-CO3) 120.7(3) F(10A) 1690(8) 4480(20) 80506(20) 2H5)
C(2)-C(1)-C(1)# 120.8(2)  F(2)-C(14)-C(15) 119.1(3) (1 -63(1) 1980(2) 1860(2) 17(1)
C(9)-C(1)-C1)at 121.6(2)  C(13)-C(14)-C(15) 119.2(3) c@) 120(1) 2915(3) 1380(2) 19(1)
C(1)-C(2)-C(3) 123.2(2)  N(1-C(15)-F(3) 116.9(2) €03) -12(4) 3035(3) 178(2) 25(1)
C(1)-C(2)-0(1) 120.5(2)  N(1)}-C(15)-C(14) 124.2(3) C(a) -358(H) 2189(3) SST3) 2%(1)
C(3)-C(2)-0(1) 115.72)  FQ)}C(15)-C(14) 118.903) C() -934(1) 297(3) -906(3) 36(1)
C(4)-C(3)-C(2) 118.9(3) F(4)-C(16)-C(17) 105.0(3) C(6) -1125(2) -666(4) -481(3) 43(1)
C(3)-C(4)-C(10) 121.3(3)  F(4)-C(16)-C(13) 109.5(3) () -961(1) -813(3) 739(3) 38(1)
C(6)-C(5)-C(10) 1210.6(3)  C(17)-C(16)-C(13) 111.8(3) C(8) -616(1) 353) 1500(3) 28(1)
C(5)-C(6)-C(7) 120.1(3)  F(4)-C(16)-C(18) 102.9(3) Cc9) ~409(1) 1051(3) 1080(2) 20(1)
C(8)-C(7)-C(6) 1203(3)  C(17)-C(16)-C(18) 112.203) C(10) -567(1) 1182(3) -152(2) 26(1)
C(7)-C(8)-C(9) 120.8(3)  C(13)-C(16)-C(18) 114.6(3) C(11y 879(1) 3500(3) 3005(2) 19(1)
C(8)-C(9)-C(10) 118.9(3)  F(7)-C(17)-F(5) 109.3(3) (12} 103%(1) 4240(3) 4024(2) 24(1)
C(8)-C(9)-C(1) 121.5(2)  F(7}C(17)-F(6) 107.2(3) C(13) 1477(1) 3899(3) 5003(3) 27(1)
C(10)-C(9)-C(!) 119.5(2)  F(S-C{17)-F(6) 104.0(3) C(i4) 1744(1) 2842(3) 4876(2) 25(1)
C(3)-CO10)-C(5) 1228(3)  F(7FC(17)-C(i6) 113.23) C(15) 1358(1) 2190(3) 3813(3) 25(1)
C(4)-C10)-C9) 118.9(3)  F(S}-C(17)-C(46) 112.2(3) C(16) 1636(1) 4732(4) 6115(3) 32
C(5)-C10)-C(9) 118.3(3)  F(6)-C(17)-C(16) 110.3(3) C(164) 1848(10) 4290(30) 6260(20) 12(5)
N(1}-CQ1)-0(4) 120.5(2)  F(10)-C(18)-F(8) 109.8(4) c(17) 1945(1) 5874(3) 6076(3) 45(1)
N(1)-C(11)-C(12) 122.5Q2)  F(10)-C(i8)-F(9) 104.0(4) C(18) 1895(2) 3972(5) T288(3) 46(1)
O(1)-C(11)-C(12) 116.9(2)  F(8)}-C(18)-F(9) 108.7(3) C(18A) 1610(11} 3810020) 7060(20) 12(5)
F(1)-C(12)-C(13) 122.3(2)  F(10)-C(18)-C(16) 110.1(4) : :
F(1)-C(12)-C(11) 117.5(2)  F(8)-C(18)-C(16) 112.5(3)
C(13)-CU-CLI 1) 1202(3)  F(9)-C(18)-C(16) 110.9(4)
C(14)-C(13)C(12) 116.1(3)

Symniery ransformations used 10 gencrate equivalent atoms: #l -x,y,-z+ 172
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Table 6. Torsion angles [°] for 01sn017.

C(9)-C(1}-C(2)-C(3)
CLHI-CO)-C(2)-C(3)
C(9)-C(1)-C(2)-0(1)
C(ha-C(1)-C(2)-0O( 1)
C1)-O(1)-C(2)-C(1y
C)-O(1)-C(2)-C(3)
C(1)-C(2)-C(3)-C(4)
O(1)-C(2)-C(3)-C(4)
C(2)-C(3)-C(4)-C(10)
C(10)-C(5)-C(6)-C(7)
C(5)-C(6)-C(7)-C(8)
C(6)-C(7)-C(8)-C(9)
C(7)-C(8)-C(9)-C(10)
C(7)-C(8)-C(9)-C(1)
C(2)-C(1)-C(9)-C8)
CHR-C1)-C(9)-C(8)
C(2)-C(1)-C(9)-C(10)
C(1)#1-C(1)-C(9)-C(10)
C(3)-C(4)-C(10)-C(5)
C(3)-C(4)-C(10}-C(9)
C(6)-C(5)-C(10)-C(4)
C(6)-C(5)-C(10)-C(9)
C(8)-C(9)-C(10)-C(4) -
C(1)-C(9)-C(10)-C(4)
C(8)-C(9)-C(10)-C(5)
C(1)-C(9)-C(10)-C(5)
C(15)-N(1)-C(11)-0(1)
C(15)-N(1)-C(11)-C(12)
C(2)-0(1)-C(11)-N(1)
C(2)-0(1)-C(11)-C(12)
N(1)-C(41)-C(12)-F(1)
O(1)-C(11)-C(12)-F(1)
N(1)-C(1 1)-C(12)-C(13)
O1)-C(11)-C12)-C(13)
F(1)-C(12)-C(13)-C(14)
C(11)-C(12)-C(13)-C(14)

2.2(4)
-173.3(3)
177.002)
0.5(4)
56.6(3)
-128.03)
0.7(4)
-174.403)
-1.3(5)
0.0(6)
1.4(6)
-1.5(5)
0.(5)
177.4(3)
178.8(3)
-4.7(4)
-4.1(4)
172.403)
179.0(3)
-0.3(5)
179.5(3)

-1.2(5)

-179.6(3)
31.2(49)
1.1(4)
-176.1(3)
178.8(2)
1.0(4)
37.6(3)
-144.5(2)
178.3(2)
0.3(4)
-2.4(4)
179.6(3)
-178.4(3)
2.)(4)

F(1)-C(12)-C(13)-C(16)
C(11)-C(12)-C(13)-C(16)
C(12)-C(13)-C(14)-F(2)
C(16)-C(13)-C(14)-F(2)
C(12)-C(13)-C(14)-C(15)
C(16)-C(13)-C(14)-C(15)
C(11)-N(1)-C(15)-F(3)
C(t1)-N(1)-C(15)-C(14)
F(2)-C(14)-C(15)-N(1)
C(13)-C(14)-C(15)-N(1)
F(2)-C(14)-C(15)-F(3)
C(13)-C(14)-C(15)-F(3)
C(14)-C(13)-C(16)-F(4)
C(12)-C(13)-C(16)-F(4)
C(14)-C(13)-C(16)-C(+ T}
C(12)-C(13)-C(16)-C(17)
C(14)-C(13)-C(16)-C(18)
C(12)-C(13)-C(16)-C(18)
F(4)-C(16)-C(17)-F(7)
C(13)-C(16)-C(17)-F(7)
C(18)-C(16)-C(17)-F(7)
F(4)-C(16)-C(17)-F(5)
C(13)-C(16)-C(17)-F(5)
C(18)-C(16)-C(17)-F(5)
F(4)-C(16)-C(17)-F(6)
C(13)-C(16)-C(17)-F(6)
C(18)-C(16)-C(17)-F(6)
F(4)-C(16)-C(18)-F(10)
C(17)-C(16)-C(18)-F(10)
C(13)-C(16)-C(18)-F(10)
F(4)-C(16)-C(18)-F(8)
C(17)-C(16)-C(18)-F(8)
C(13)-C{16)-C(18)-F(8)
F(4)-C(16)-C(18)-F(9)
C(17)-C(16)-C(18)-F(9)
C(13)-C(16)-C(18)-F(9)

©0.1(4)
-179.4(3)
178.6(3)
0.4(5)
0.9(3)
-179.1(3)
179.4(2)
0.5(4)
180.0(3)
-0.5(5)
1.1(4)
-179.4(3)
-150.4(3)
31.4(4)
93.6(4)
-84.5(4)
-35.4(5)
146.4(3)
65.1(4)
-176.3(3)
-46.0(4)
-59.3(4)
59.3(4)
-170.3(3)
-174.8(3)
-56.2(4)
74.2(4)
-39.%(5)
72.%(5)
-158.5(4)
83.5(4)
-164.2(3)
-35.3(5)
-154.33)
~1.9(4)
86.9(4)

Symunctry uansfonnations uscd 10 generaic cquivalent atoms: #1 -x,y,-z+1/2

Table 4. Anisovopic displacement parameters (A2x 10%) for 01sv017. The anisotropic displacement facior

exponent akes the form: 2 h7a*?UM + L+ 2 hka® bt U]

Afom UH UZ! U)) UI) UI! UII

o) 20(1) 20(1) 23(1) 1(n 8(1) -3(1)
N(1) 21(1) 25(1) 20(1) -3(1) L) -2(1)
F(1) 37(1) 32(1) 36(1) -12(1) 16(t) 3(1)
F(2) 27(1) S7(1) 26(1) a(i) 2{1) 8(1)
F(3) 30(1) a1(1) a0(1) 22(1) 14(1) 1a(1)
F(4) 33(1) 7%2) 3i(1) -19(1) 9(1) 23(1)
F(S) 48(1) 28(1) a9(1) -6(1) (1) 6(1)
F(6) 34(1) IN1) 57(2) -10(1) 1) 1(1)

F(7) 47(2) 49(2) 45(2) -33(4) 22(1) o))

F(¥) S9(1) 62(2) 34(1) 8(1) 24(1) 5(1)

F(9) a0(1) 58(2) 33(1) -8(1) -2(1) 20(1)
F(10) 48(2) 95(3) 21()) -15(1) 1(2) 17(2)
C(1) 18(1) 18(1) 16(1) 1) 801) 21)
C(2) 17() 19(1) 19(1) -2(1) ) o)
C(3) 25(1) 32y 21¢1) 4(1) 13(1) -4(1)
C(4) 29(2) 42(2) 16(1) K1) V(1) -6(1)
C(5) 39(2) 48(2) 25(2) -12(1) 18(1) -14(2)
C(6) 53(2) 48(2) 35(2) -2U2) 29(2) -28(2)
(7 53(2) 33(2) 42(2) -13(2) 32(2) -20(2)
C(8) 3IN2) 24(2) 28(2) -6(1) 20(1) -7(1)
Cc(9) 26(1) 19(1) 22(1) -3(1) 16(1) o1)
Cc(10) 28(1) 34(2) 19(1) 22(1) 13(1) -5(1)
c(1) 19(1) 22(1) 21(1) 1) 12(1) “4(1)
C(12) 1) 25(1) 24(1) -6(1) 15(1) -4(1)
C(13) 112) 30(2) 24 (1) 12(4) -8(1)
C(14) 21(1) 43(2) 20(1) S(1) 501) (1)
C(15) 21() 2%(1) 28(2) -1(Y) 14(1) ()
C(16) 28(2) 38(2) 25(2) -8(2) B(1) 11(2)
C(17) 44(2) 33(2) 39(2) -18(2) 23(2) 13(2)
C(18) 51¢3) 63(3) 22(2) -7(2) 12(2) 19(2)

Table 5. Hydrogen coordinates ( x $0') and isotropic displacement parameters (Alx 10 ?) for 015017,

Alom x y z U(eq)
H() 157(13) 3720(30) -20(30) 28(9)
H(4) -445(16) 2280(40) -1390(40) 57(12)
H(5) -1031(14) 420(40) -1770(30) 41(10)
H(6) -1349(14) -1280(40) -960(30) 38(10)
H(?) -1052(16) - 1490(40) 1080(30) 50(11)
H(8) -518(14) 0(30) 2310(30) 33(9)




2

2) 3,3,4.4,5,5,6.6,7,7,8,8,8-[ridecaﬂuoro-l-[‘2,3,8,lO,13,18—heXaaza—6,7,15,17-
tetrafluoro-2,3,10,1 3-tetramethyl-5-(3,3,4,4,5,5,6,6,7,7,8.8.8-
tridecafluorooctyloxy)tricyclo(12.3.1.0<4,9>Joctadeca-

1(18),4(9),5,7, 14,16<hexaen-l6—yloxy]octane

(49)

Table |. Crystal data and structure refinement for 01srv003.

(denuification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorprion coefficient

F(000)

Crystal size

Theta range for data collection
(ndex ranyges

Reflections collected
independent retlections
Campleteness to theta = 30.40°
Absorption correction

Mux. and mun. transmission
Refinement method

Data / restrainis / parameters
Goodness-of-fit on F?

Final R indices ({>2sigma(l)}
R indices (all data)

Largest ditT. peak and hole

s003

Cija Hy Fyg Ny Oy

1122.62

100.0(2} K

0.71073 A

Trclinic

P-l

a=6.4855() A a=T75.396(2)°.
b =9.8445(6) A = 81.238(3).
¢ =16.504(1) A y = $7.719(3)°.
1008.74(1 1) A

|

1.848 Mg/m?

0.2+2 mm!

360

0.50 x 0.18 x 0.08 mm’

2.14 10 30.40°.

-§<mh<=9, .| Jc=k<at), (2)<<=1]}

11678

5497 {R(int) = 0.0376)

902 %

None

0.983) and 0.9013

Full-matmix least-squares on F?

5497707/ 381

1.038

RI = 0.0443, wR2 = 0.097)

Rl =007, wR2 = 0.1100

0.421 and -0.286 . A

D5
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Table 3. Bond lengths {A} and angles [°] for 0)srv003.

O(1)-C(3) 1.378(2) C(3)-C(3) 1.389(2)  C(i3)-F(8) 1.332Q2) Table 2. Atomic coordinates { x 10%) and equivalent isotropic displacement parumerers (A28 10%) 1or 01300}
3 -F, 2
g::;gt;‘))) :;:ig; g::;?(?) :ig:g; (C:: ::;::((7')5) :;;gﬁ;; U(eq) is defined as one third of the trace of the onhogonulized U* tensor
N(D-C(1) 1.346(2) C(6)-C(8)#1 1.534(3)  C(15)-F(9) 1.343(2) * _ |
N(2)-C(1) 1.37%2) C(10)-C(11) 1.51(2)  CL15)-F(10) 1.344(2) Adom A y z Uley)
N(2)-C(9) 1.461(2) CON)-C(12) 1.518(2)  C(15)-C(16) 1.555(3) — _
N(2)-C(8) 1.464(2)  CUI2)-F(3) 13602)  CUI6)-F(11) 1.333(2) SEP ng) ;Sg;t;) 608 [(:) 22(})
N(3)-C(3) 1.379(2) C(12)-F(3) 1.363(2)  C(16)-F(12) 1.345(2) N(2; -7555(;; %7»(2» 23_;:(.) io(,)
N(3)-C(7) 1.462(2) CO12)-C13) 1.547(2)  C(16)-C(17) 1.544(3) NG :;wq;) s'so;‘v) ]; .5( ) ) ;o( | )
N(3)-C(6) 1.467(2) C(13)-F(6) 1.345(2)  CUN-F(I5) 1.318(3) i ssets) 87151;) 60;i(l) ; (1)
C(1)-C(2) 1.405(2) C(13)-F(3) 1.356(2)  C(17)-F(14) 1.322(3) C(’) e IR ;) 950) oth)
C(2)-F(1) 1.3641(19)  CUI3-CO4) 1.558(2)  C(+7)-F(13) 1.335(2) ¢ 5 '10 (3) 092(2) 0}»“) I8¢1)
C(2)-C(3) 1.382(3) (3) 504(3) 6896(2) s816(1) 171
Cis) -24(3) 7151(2) 5008(1) IRINS
C(5) <1511(3) §190(2) A758¢1) 16(1)
C(3)-0(1)-C(106) 11383(13)  C(11)-C(12)-C(13) 112.23(14) C(6) -3543(3) 9736(2) 3752(1) le(1)
C(5)-N(H-C(i) 123.07(15)  F(6)-C(13)-F(5) 108.23(15) o J1295(3) 2562(2) 3289(1) (1)
C(1)-N{2)-C(9) 122.77(15)  F(6)»-C(13)-C(12) 108.34(14) C(8) 4195(3) 107152) 6204(1) L8(1)
C(13-N(2)-C(8) 119.22(14)  F(3)-C(13)-C(12) 107.47(13) C9) -3015(3) 9223(1) 7503(1) 23(1)
C(9)-N(2)-C(8) 116.55(15)  F(6)-C(13)-C(i4) 109.03(14) ) C{10) 4015(3) 6300(2) $968(1) 2001)
C(5)-N(3)-C(7) 122.99(15)  F(3)-C(13)-C(14) 107.03(14) “ cany 5253(3) $131(2) 6365(1) 18¢1)
C(5)-N(3)-C(6} 119.75(15)  C(12)-C(13)-C(14) 116.47(15) C(t2) 4763(3) 4929(2) 7470} 17(1)
C(7)-N(3)-C(6) 115.65(14)  F(8)-C(14)-F(7) 108.57(16) C(13) 6361(3) 3933(2) 7890(1) 17(1) .
N(1)-C(1)-N(2) 116.61(t5)  F(8)-C(14)-C(13) 109.74(15) C(14) 5819(3) 34872) 8871(1) 21(1)
N(H)-C(H-Ci2) 119.00(16)  F(N-CU3)»-C(13) 108.43(15) C(15) 7746(3) 2933(2) 9319(1) 23(1)
N{2)-C(1)-C(2) 124.28(15)  F(8)-C(14)-C(15) 108.64(15) C(16) T178(3) 2054(2) 10246(1) 25(1)
F(1)-C(2)-C(3) 117.83(15)  F(7)-C{14)-C(15) 108.10(15) ci 8963(4) 1886(3) 10785(}) 34(1)
F(1)-C(2)-C(1) 122.35(16)  C(13)-C(14)-C(15) 113.25(15) (1) 264(2) 7475(1) 7127 2400
C(3)-C(2)-C(}) 119.67(15)  F(9)-C(135)-F(10) 108.55(17) F(2) 989(2) 6380(1) 4486(1) 23(1)
O(1)-C(3)-C(2) 12031(85)  F(9)-C(15)-C(16) 108.15(16) F(3) 2838(2) 1368(1) 7735(1) 2501)
O(1)-C(3)-C(3) 120.14(16)  F(10)-C(15)-C(16) 108.00(15) Fd) 4787(2) 6186(1) 2622(1) 2901)
C(2)-C(3)-C(3) 119.54(15)  F(9)-C{15)-C(14) 109.37(15) F(5) 6533(2) 2776(1) 7601(1) 25(1)
F(2)-C(4)-C(3) 117.00(13)  F(10)-C15)-C(14) 108.55(16) E(6) 8223(2) 604(1) 7686(1) 31(1)
F(2)-C(4)-C(5) 123.36(15)  C{16)-C(15)-C(14) 112.09(16) ) 3301(2) 2442(1) 906%(1) 3a(1)
C(3)-C(4)-C(5) 119.62(16)  F(11)-C(16)-F(12) 108.21(17) F(8) 4986(2) 4359(1) 9168(1) 1001
N{1)-C(3)-N(3} N62213)  F(11)-CO16)-C(17) 107.62(17) F(9) £926(2) 2131(2) 8879(1) 36(1)
N(1)-C(5)-C(4) TONIB9IS)  F(12)-C(16)-C(1T) 108.02(17) F(10) 8888(2) 4037(1) 9330(1) 43(1)
N(3)-C(5)-C(a) 123.81(36)  F(11)-C(16)-C(15) 108.69(16) F{I1) 6608(2) 26404) 10233(1) 36(1)
N(3)-C(6)-C(8 )1 110.59(15)  F(12)-C16)-C(15) 109.38(16) F(12) 5548(2) 2652(2) 10635(1) 2001
N(2)-C(8)-C(6)#} 113.54(15)  CUMN-CL6}-C15) 114.74(17) F(13) 8311(2) 921(2) 11506(1) 50
O(1)-C(10)-C1 1) 108.06(13)  F(15)-C(I7)-F(14) 110.0(2) F(14) 10691(2) 1454(2) 10387(1) 50(1)
C(10)-C(1 1)-C(12) 113.93(15)  F(15)-C(17)-F(13) 107.96(18) F(15) 9311(3) 307(2) 10877(1) 50(1)
F(3)-C(12)-F(4) 106.76(14)  F(14)-C(17)-F(13) 105.04(19)
F(3)-C(12)-C(11) 112.22(14)  F(15)-C(17)-C(16) 111.19(19)
F(4)-C(12)-C()1) 110.28(14)  F(18)-C(17)-C(16) 110.80(1 8)
F(3)-C(12)-C(13) 107.43(14)  F(13)-C(1-C(16) 108.75(18) [
F(4)-C(12)-C(13) 107.66(14)

Symmetry wansformations used to gencraic cquivalent atoms: #1 -x-1,-y+2,-z+1



Table 3. lydrogen coordinases ( » 10*) and isotropic displacement parameters (A2x 10 %) for 015003 Tablc 4. Anisotropic displacement paramerers (A2 10?) for 01srv003. The anisoiropic displucement facior

exponeni takes the form: -2nf{ h?3*2U' + .+ 2hkat be U2

Alom

U(eq)

Aton Ull Un UU U]) Utl UII
H(61) -3520(30) 10350(20) 136(12) 14(3) o) 13(1) 14(1) 3D o) -8(1} 21
N1 14(1) 16(1) 17(1) -3¢ -2(1) 1
Hie2) -299000) 10270(20) 3139(13) 1765 N(2) 2001} 21y 130) -501) -6(1} 50
H(TH 100(30) 8250(20) 3059(13) 27(6) N(3) 19(1) 221 19(1) Ay -1 (1)
C(h) 12(H) 18(1) 1801) 21 -h -Hn
H(72) -1220(40) 6870(30) 3456(14) 28(6) o 1501) 1901) 1501) T 6011 o)
W(73) -2160(40) 8150(20) 2849(1S) 29(6) C(3) LI(1) 13(1) 25(1) 1¢)} S5(1) Ot}
C(a) 13(1) 17(1) 21(1) -5(1) o) KN
Hest) +355030) 11080(20) 5620(13) 18(3) c(s) 1201) 171) 18(1) 2(1) K1) o
H(82) -4110(30) 11470(20) 6511(13) 19(5) C(6) 17¢1) 15(1) 17(1) S3(1) S50h 3
[«4)) 231 23(1) 19(1) -8¢1) -2(1) S0
H(S1) -3180(40) 8260(30) 7734(16) 40(7) C(8) 18(1) 15(1) 18(1) -5(1) -4(1) 21)
H(92) -4180(50) 9650(30) 7725(18) 52(8) (9 27(1) 25(1) 18(1) -5(1) -6(1) 3
C(10) 13(1) 21(h) 23() 1) A1) 1)
H(93) -1760(50) 9560(30) 7668(17) 50(8) can 1aQ1) 19(1) 19) 21 30 31}
R0l 46 5 . C(12) 15¢1) (1) 20(1) -5(1) -3(1) 3
(101} 00(30) 6510(20) 5363(14) 23(6) & o) o o) o Bl o
H(102) 4050(40} 7150(30) 6144(14) 28(6) c14) 21(1) 2(1) 19(1) -501) (1) A1)
H 5 C(15) 23(1) 25(1) 19¢1) -3(1) -6(1) 20)
(1)) 6680(40) 5330(20) 6305(13) 20(5) e o o ) o s o
H(112) 5040(40) 4220(20) 6328(14) 29(6) & 35(1) a0) 20 20) D e
E(1) 25(1) 26(1) 21(1) -2(1) 12(4) A1)
F(2) 22(4) 22(1) 27(1) 9(1) -3(1) 8(1)
F(3) 13(1) I5(H) 22(1) B BT o)
F(4) 4a(1) 18(1) 311 -10(1) <1201 1)
F(5) 42(1) 24(1) 23(1) NITEY) -12(1) 14(1)
F(6) 12(1) 43(1) 27(1) nn -1y -8(1)
F(7) 25(1) 4201) 28()) it -6(1) L3¢
F(8) 59(1) a0(1) 23(4) -1500) 9(1) 26(1)
F(9) 30(1) 52(1) 21(1) -6(1) -5(1) 19(1)
F(10) 50(1) 41(1) 3501) ) 223(1) -24(1)
F(11) 48(1) 26(1) 34(1) 2(1) -15¢1) S
F(12) a0(1) 54(1) . 20(1} -5(1) o) 15(1)
F(13) 42(1) 60(1) 23(1) 1i(1) -EH1) 31
F(14) 26(1) 82(1) 33(1) 6(1) -8(1) 5(1)
F(15) 91(1) 56(1) 421) -B(1) -38(1) -18(1)
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Table 6. Torsion angles {°] for 01sv003.

CO5)-N(-C1)-N2)
C(5)-N(1)-C(1)-C(2)
C(9)-N)-C(1)-N(D)
C(8)-N(2)-C(1)-N(1)
C(9)-N(2)-C(1)-C(2)
C(8)-N(2)-C(1)-C(2)
N(1)-C(1)-C(2)-F( 1)
N(2)-C(1)-C(2)-F(1)
N(-C)-C-C(3)
N(2)-C(1)-C(2)-C03)
C(10)-0(1)-C(3)-C(2)
C(10)-0(4)-C(3)-C3)
F(1)-((2)-C(3)-00))
C(1)-C(2)-C31-001)
F(1)-C(2)-C(3)-C(4)
C(1)-C(2)-C13)-C(3)
O(1)-C(3)-C(4)-FQ2)
C(2)-C(3)-C(4)-F(2)
O(1)-C(3)-C()-C(5)
C(2)-C(3)-C(4)-CL3)
C(1)-N(1)-C(5)-N(3)
C(1)-N(1)-C(5)-C(4)
C(7)-N(3)-C(3)-N(1)
C(6)-N(3)-C(3)-N(1)
C(7-N(3)-C(5)-C(3)
C(6)-N(3)-C(3)-C(4)
F(2)-C(4)-C(5)-N(1)
C(3y-C4)-C(5)-N() )
F(2)-C(4)-C(5)-N(3)
C(3)-C(4)-C(5)-N(3)
C(3)-N(3)-C(6)-C(8)# ]
C(7)-N(3)-C(6)-C (B 1
C1)-NQ)-C(8)-C(ow1
C(9)-MN(2)-C(8)-C(6)m 1
C(3)-0(1)-C(10)-C(1 1}
O(1)-CL10)-C1 1)-C(12)
C10)-CO 1)-CL12)-F(3)
C(10)-C(11)-C(12)-F(4)
C(10)-C(1 )-C(12)-C(13)
F(3)-C(12)-C(13)-F(6)
F(4)-C(12)-C(13)-F(6)
C(11)-C(12)-C(13)-F(6)

177.06(16)
-2.0(3)
159.38(17)
-6.3(2)
<21.5(3)
172.80(16)
177.46(15)
-1.6(3)
-0.2(3)
-17935(17)
-86.6(2)
94.68(19)
5.6(2)
-176.39(135)
175701 5)
2.14(3)
-4.5(2)

176 85(15)
176.96(15)
-1 72(3)
-179.84(16)
2.5(3)
175.63(17)
10.2(2)
-6.8(3)
-171.73017)
-178.99(13)
-0.5(3)
3.503)
-177.97007)
-106.02(18)
88.02(i9)
86.6(2)
-80.0(2)
166.79(15)
-72.0(2)
71.6(2)
-47.9(2)
-167.94(15)
-170.13(14)
-55.38(18)
66.05(19)

F(3)-C(12)-C(13)-F(5)
F{4)-C(12)-C(13)-F(3)
C1)-C12)-C(13)-F(5)
F{3)-C(12)-C(13)-C14)
F(43-C(12)-C(13)-C14)
Ct11)-Ci2)-C(13)-C14)
F(6)-C(13)-C(id)-FL8)
F(3)-C(13)-C(14)-F(8)
Ci2)-C(13)-C(14)-F(8)
F(6)-C(13)-Cild)-F(7)
F(3)-C(13)-C(13)-F(T7)
CUI2)-C{13)-Cl4)-FD)
F(6)-C(13)-C(i4)-C(13)
F(5)-C(13)-C(14)-C(1 5)
C(12)-C(13)-C(14)-C15)
F(8)-C(14)-C(13)-F(9)
F(7)-C(14)-C(15)-F(9)
C(13)-C(14)-C(13)-F(9)
F(8)-C(14)-C(15)-F(10)
F(7)-C(14)-C(15)-F(10)
C(13)-C(14)-C(15)-F(10)
F(B)-C(14)-C(15)-C(16)
F(7)-C(14)-C(15)-C(16)
C(13)-C(14)-C(15)-C(16)
F(9)-C(15)-C(t6)-F(11)
F(L0)-C(15)-C(16)-F(11)
C(14)-C15)-CL16)-F(11)
F(9)-C(15)-C{16)-F(12)
F(10)-C(15)-C(16)-F(12)
C(14)-C(15)-C(16)-F(12)
F(9)-C(15)-C(16)-C(17)
FU0)-C(15)-C(16)-C(17)
C(14)-C(15)-C(ta)-CU1 )
F(11)-C(16)-C(17)-F(13)
F(12)-C(16)-C(17)-F(15)
C(15)-C(16)-C(17)-F(15)
F(11)-C(16)-CC1T)-F(t4)
F(12)-C(16)-C(17)-F(14)
C(15)-C(16)-C(17)-F(14)
F(11)-C(16)-C(17)-F(13)
F(12)-C(16)-C(17)-F(13)
C(15)-C(16)-C{17)-F(13)

73.03017)
1722204
-50 69(19)
-46 8(2)
67.80(19)
<170.67(15)
82.97(19)
~160.18(13)
-0 02}
S13859¢13)
41 73019y
75 49(19)
-3%6(2)
78.23(18)
-161.54(13)
-16341(13)
78.95(19)
-41.2(2)
-45.1(2)
-162.79°15)
77 1(2)
75.3(2)
-42.3(2)
-162.47(16)
—34.4(2)
-161.67(16)
77.6(2)
-162.32(16)
80.4(2)

-0 4(2)
76.1(2)
~1.2(2)
<16 1.93(18)
-166 69( 18}
-50.1(2)
72.2(2)
70.6(2)
-172.73(17)
-50.5(3)
=8.0(2)
68.7(2)
-169.06(18)

Symmelry iransformations used to generate equivalent wtoms: Bl -x-1,-y+2 -2+|



Table 1. Crysial data and siructure sefinement Jor 00srvy53.

ldeanfication code
Empuical tormula
Formula weight
Temperaivre
Wavelength
Crystul system
Space proup

Unit cell dinwensions

Volumne

z

Densuy (valculaied)
Absorplion coelficient
F(000)

Crystal size

8 range for data collection
Index ranges

Reticcuons collecied
hdependent tetlecuons
Refleciions with 1> 2a(l)
Cunpleicness 1o 0 = 27.5°
Absurpiion correction

Max. and nun. iransmission
Refinement method

Daia / resiraints / parameters
Largest tinal shift/e.s.d. ratio
Goodness-of-ti on F?

Final R indices {122 o(1))

R indices (all data)

Largesi dift. peak and hole

6d

'

Ci3F N

493.14

100(2) K

0.71073 A

Monoclinic

P2,/n (No. 14)

a = 9.542(1) A u= 90°

b=9419(5 A B= 103.96(1)°

c = 17.456(3) A y = %°
1525.8(9) A?

4

2.147 glem?

0.274 mm?

952

0.55 x 0.08 x 0.02 mm?
2210 27.5%

12Sh 12,128k 512, 2 <00
10721

3503 {Riim) = 0 106)

1974

9.8 %

None

0.9945 and 0.8640
Full-mairix least-squares on F?
3503 /0 7 280

0.000

1.025

R, =0.0575, wR, = 0.1089

Ry =0.1279, wRs = 0.1353
0.339 and -0.351 ¢. A"

9[L11U0QJeoauazuaq([AYIawoIon]jLI)sIn

T 1]-9-omony-¢ (¢

<

-[1Ay1a(1Agi1swoionyjin)- | -oJonjenal-

CP'C

(TL)
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Tabie 3. Bond lengths {A) and angles {°) for 00srv033.

FO)-C(y - 1.338(4) F(17)-C(13) 1.331(5) Table 2. Atomic coordinates ( X 10*) and equivalent isouropic displacement parameters (A* x 10
F(2)-C() 1.324(3) N-C(8) 1.149(5) for 00srv0S53. U(eq) is delined as one third of the trace of the orthogonalized Uy tensor.
FO)RC 1.328(4) C1)-C) 1.386(5)
Fa)-con 1.339¢4) C()-C(6) 1.389(3) * y z Uteg)
F(5)-C(9) 1.379¢4) C()-C3) 1.405(3)
F(6)-C(10) 1.326¢5) C(2)-C(n 1.523(5) F(1) 5(2) 2198(2) 402(1) 295(5)
F7)-C(10) 1.332(5) Ci3)-C(h 1.410(5) F(2) -1395(3) . 1289(3) 644(2) 4337)
F(8)-C(10) 1.326(4) C3)-C(8) 1.445(5) F(3) -544(2) 4634(2) 1879(1) 330(6)
F9-Cih 1.318(4) C(4)-C(5) 1.407(5) F(4) 287(3) 6210(2) 1033(2) 37%6)
F(10)-C(1 1) 1.343(3) C(4)-C(9) 1.542(5) ’ F(3) 6278(2) 3431(2) 1445(1) 237(3)
Fan-con 1.328(3) C(5)-C(6) 1.402(5) Fi6) 4826(3) 6219(2) 256(1) 343(6)
F(12)-C(12) 1.337(3) C(5)-C1Y) 1.545(5) F(T) 6437(2) 7132(2) 1398(2) 363(6)
F(13)-C(12) 1.343(4) C(6)-C(13) 1.533(5) F(8) 4183(2) 7475(2) 1340(1) 314(6)
F(13)-CO1D 1.334(4) C(9-CO10) ’ 1.561(5) F(9) 7056(2) 4894(2) 2861¢1) 3320
F(15)-C(13) 1.340(5) C(9)-C(14) 1.581(5) F(10) 5644(3) 6689(2) 2814(1) 352(6)
F(16)-Cu13) 1.339(4) FO 1 4884(2) 4594(2) 2988(1) 297(5)
F(12) 5879(2) 2270(2) 21281 230(5)
F()-CeH-C(2) 119.2(3) C(5)-C(6)-C(13) 124.0(3) F(13) 4727(2) 556(2) 1473(1) 270(5)
F(1)-C(1)-C(6) 118.3(3) F(2)-C(7)-F(3) 107.9(3) F(i4) 6071(2) 1886(2) 931(1) 266(5)
C(2)-C1)-C(6) 122.4(3) F(2)-C(7)-F(4) 106.0(3) F(15) 3691(3) 630(2) 16(1) 348(6)
C(N-C(-C3) 117.6(3) m).cm-‘m) 107.403) F(16) 2104(3) -262(2) 596(2) 380(6)
Ch)-C)-C(n 122.1(3) F(2)-C(7)-C(2) 113.0(3) FUm) 1453(3) 1025(2) -449(1) 354(6)
Caycar-cm 120.3(3) F(3)-C(1)-C(2) 111.5(3) N 2327(4) 6948(3) 2402(2) 303(8)
C(2)-C3y-Ca) 120.3(3) F(4)-C()-C(2) 110.6(3) o)) 1224(4) 2883(4) 732(2) 201(8)
C(2)-C3)-C(8) 117.6(3) N-C(8)-C(3) 174.4(4) @) 1146(4) 3155(4) 1118(2) )
C(3)-C(3)-C(8) 120.6(3) F(5)-C(9)-C(4) 109.0(3) C(3) 2450(4) 3827(3) 1475(2) 162(8)
C(5)-C(4)-C(3) 118.7(3) F(5)-C(9)-C(10} 99.5(3) C4) 3789(4) 4234(3) 1440(2) 15H7)
Co)-CE-Co 120.93) C(4)-C(9)-C(10) 113.33) C(s) 3818(4) 2856(4) 1133(2) 169(8)
C(3)-C(4)-C(9) 120.3(3) F(5)-C(9)-C1 1)y 106.6(3) C(6) 2527(4) 2237(3) 719(2) £72(8)
C(6)-C(5)-C(4) 119.2(3) C(8)-CH-Ct 1y 113.%(3) [o(%)) -287(3) 4813(4) 1170(2) 223(8)
C(6)-C(5)-C(12) 118.7(3) C(10)-C(9)-CO1 1) 113.4(3) C(8) 2380(4) 6051(4) 196-(2) 209(8)
C@)-C(5)-C(12) 120.6(3) F(8)-C(10)-F(6) 107.9(3) 9 5182(4) 5116(4) 1689(2) 191(8)
C(1)-C(6)-C(5) 119.5(3) F(8)-C(10)-F(T) 108.2(3) o) S138(4) 6530(4) 1218(2) 267(9)
C(1)-C(6)-C(13) 116.5(3) F(6)-C(10)-F(7) 108.1(3) can 5710(4) 3318(4) 2611(2) 238(9)
cu2) S157(4) 1899(4) 1405(2) 214(8)
c(13) 2446(5) 883(4) 222(2) 276(9)
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Table 4. Anisotropic displacement parameiers (A x 10%) for 0srv055. The anisoiropic

displacement factor exponent takes the form: -2n’{ A a*2U,, + ...

+2hka*b* Uy

Uy, Un Uy Uy Uy Ui
F() 2301 mn 36(1) =) "n -6(1}
F(2) 21 66(2) 46(2) -24¢1) (1) 8(1)
F(3) 35(1) 3Ny 3 21 2¢1) 8(1)
F(4) 34(1) 25¢1) 60(2) 16(1) 20(1) 15(1)
F(5) 20(1) 20(1) 38(1) -4 (1) o(1)
F(6) 57(2) 22(1) 21 4(1) 16(1) -4(1)
F(T) 35 21(1) 55(2) 4) 15(1) -1
F(8) 39(1) Ha(l) 45(1) A 17(1) (0
F(9) 25(1) 32N 39(1) 1N -i(h -2(1)
F(10) 48(2) 2X1) 35(1) 1ty a(1) o
F(11) 311 36(1) 23(1) 101) 6(1) -10(1)
F(12) 24(1) 18(1) 26(1) -l 3 2N
F(13) I 91 40(1) 1y 51 20
F(14) 26(1) 23(1) 35(1) -31) 14(1) 8(1)
F(i5) 40(1) 21 36(1) -13(1) i 9(1)
F(16) 4N2) 13(1) 49(2) o) i -4(1)
FON 43(2) 26(1) I [RYED] -6(1) 5(1)
N 35(2) 23(2) 34(2) -5(2) 12(2) 6(2)
(«{})] 24(2) 17(2) 18(2) A 22) -5(2)
C(2) 19(2) 19(2) 15(2) 4(2) 8(2) 2(2)
c3) 24(2) 1002) 17(2) K1) %A 3
Cd) 23(2) 9(2) 14(2) i 5(2) ol
(s 20(2) 15(2) 19(2) 142) 10(2) 12)
C(6) 23(2) 102 19(2) bS] 5(2) 3(2)
cm 19(2) 24(2) 25(2) Ted} B(2) 3(2)
(8 19(2) 18(2) 272) 1(2) 9(2) 5(2)
(9 17(2) 16(2) 27(2) 12) 1(2) 3(2)
C(10) 29(2) 19(2) 3S(2) 164} 13(2) -6(2)
can 19(2) 18(2) 32 A o2) -3(2)
C(12) 23(2) 142) 22) -1(2) 6(2) 2(2)
c13) 322 17(2) 32 4(2) k10)} 32)

F(8)-C(10)-C(9)
F(6)-C(10)-C(%9)
F(7)-COM-C(9)
F(9)-C(1D-F(1 1)
F(9)-C(11)-F(10)
F(LH-CAD-FUO
F(9)-C(11)-C(9)
FUND-C1DH-C(9
FOUO-CiN-C(9
F(I)-C1D)-F(12)
FOI4)-C(12)-F(13)

115.003)
108.2(N
109.2(3)
109.0¢3}
107.8(3)
107.13)
110.9(3}
111.0(3)
110.9(3)
108.6(3)
107.7(3)

F(12)-C(12)-F(13)
F(14)-Ct12)-C(5)
F(12)-Cr12)-C(%
F(13)-C(12)-C(5
F(17)-C(13)-F(16)
FON-COI3)-F(15)
F(16)-C(13)-F(1 %)
FOI7»-CUH-Cté)
F16)-C(13)-Ctt»
F(15)-C(13)-C(6)

105.2(3)
15.33)
110.2(3)
109.2(3)
107.8(3}
106.0(3)
108 61
10.2(N
1230
L
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