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Abbreviations 

NMR 

IR 

THF 

HFP 

TFA 

TDAE 

TAS-F 

Nuclear Magnetic Resonance 

Infrared 

Tetrah yclrofuran 

I-lexafl uoropropene 

Trifluoroacetic acid 

Tetrakis( cli meth y I ami no )ethene 

Tris( di meth y I ami no )sui fur( tri meth y I si I y )di fluoride 

Note that fluorine in the centre of an aromatic ring denotes all of the hydrogen atoms 

have been replaced by fluorine. 
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Abstuct 

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

reactions with wide range of nucleophiles and was thus demonstrated to behave as a 

powerful regioselective electrophile in most cases. 

2 eq PhMgBr 

(1) 

This work has enabled a series of highly fluorinated macrocyclic compounds to be 

synthesised based on highly fluorinated pyridine derivatives. 

CF(CF3)2 

~ Step1 

N HX XH 

CF(CF3h 

eh N X] 
N X 
" 

Step 2 

HY YH 
LJ h LJ 

CF(CF3b 
X= NMe, 0 

Polyfluoroalkylation and nucleophilic substitution in tetrafluoropyrimidine and 

tetrafluorophthalonitrile give highly fluorinated products that react readily with 

n ucleophi les. 

Perfluoroalklyated pyrimidine derivative Perlluoroalklyated phthalonitrile derivative 
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Cltnaptell" li Jintll"I!Jldhrnctimn. 

1) General Introduction to Organotluorine 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. 1 Sources of fluorine 

include mineral deposits such as, fluorspar CaF2, cryolite NaAlF6 and phosphate rocks, 

e.g. fluorapatite CaFCa4(P04)3. 

The principle source of fluorine for fluorocarbon compounds in industry is 

anhydrous hydrogen fluoride2, 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 SbF5.4 

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·1)5 and enhanced 

thermal stability to organic compounds is often observed, for example, 

tetrafluoromethane only undergoes decomposition at temperatures in excess of 2000 

OC!6 

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; Cl, 1.75 A; H, 1.20 A),9, 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.!! 
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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 12 , and some examples are displayed in table 1. 

Table 1 

Application 

Refrigerants 

Inert fluids and heat transfer liquids 

Anaesthetics 

Polymers 

Fluorinated membranes 

Example 

CF3CHBrCl Fluothane™ 

CHClFCF20CHF2 Enf1urane ™ 

PTFE -(CF2CF,)"-

PVDF -(CH,CF2)" -
'Nation' 

~OH l-Fiuorocarbon 
Backbone 

'Fiemion' 

~ 
COOH COOH 

Introduction of fluorocarbon groups into drugs can impart enhanced biological activities 

on a range of systems and numerous commercial products are availablel3, several 

examples are shown. 

~CCF~(CH
3

)
2 

N02 

Futamide 
Treatment for prostate cancer 

H ocN·cH3 

F3C '7 I 
~ 

Prozac or Fluoxetine 
Anit-depressant 

NPr2 

o2NANo2 

y 
CF3 

Trifluralin 
Weed-control in maize 

0 

F~NH 
N~O 
H 

5-fluoro-uracil 
Treatment for breast cancer 
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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.l4 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. 

CH3 
H+ + H2C=< 

CH3 

CF3 
F- + F2c=\ 

CF3 

The regia-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. 
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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.l5 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.I6 

-~F)='txv 
Nuc F 

F 
I -

Nuc-C-CXY 
I 

F 

>> 

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 Icr electron-withdrawing effects. I?, 18 

-
c-c--F 

Highly Stabilising 

However, for a fluorine atom attached directly to the carbanion centre there are two 

opposing effects to consider, Icr 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. 

lcr c~F 

sp3 hydbridised system 

Stabilising 

n 
' y 

,,, 
' R 

.. 
sp2 hydbridised system 

Oestabilising 4 



Consequently, for sp2 -hybridised systems the In destabilising effect dominates over the 

Icr stabilising effect and is overall destabilising, whereas, for sp3 -hybridised systems the 

Icr 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; 

> > 

Increasing Reactivity 

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

following carbanion intermediates; 

-
Nuc-CF2-CF2 > Nuc--CF2-CFCF3 > Nuc--CF2-C(CF3h 

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.l9, 20 

F 

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,21 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 

ion, which will now be considered. 
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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, 

hexafluoropropene (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. 

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. 
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3) Chemistry of Higllliy Flllllornnated Heteroaromatic Compoul!llds. 

3.1) Synthesis. 

Although many different routes to highly fluorinated aromatic systems are known26-28, 

perhaps the most practical method involves the nucleophilic displacement of chlorine by 

fluorine, using alkali metal fluorides. 

KF + ArC I ArF + KCI 

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 

0 + KF 
N 

190-210 ·c Clu:rCI 
-----i!> I F + 

h 
N Sulfolane 

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 eo-workers have developed an efficient route to 

pentafluoropyridine using potassium fluoride and pentachloropyridine, in the absence of 

solvent at 480 °C.32, 33 

0 + KF 
N 

480 ·c 

Autoclave 

(68%) (7%) 

Numerous highly fluorinated heteroaromatic compounds have been made m a similar 

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

[·)tiC· l 
F N F 

Nuc 

k, fast ujJ 
N 

+ 

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

-
F 

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.36 

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-, m eta- 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 sp2 -hybridised carbanion centre is slightly destabilising with respect to hydrogen. 

xuc 

y 
F 

n 
F~F.~·· 
Nuc~- \ 

In replusion dominates 
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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. 

8x:
F~ 

Activating effect by meta- fluorine 

Highly Stabilising 

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

tluorines 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 

9 



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 ofbenzene, pyridine, pyrimidine and triazine.34 

In the case of pentafluoropyridine, nitrogen would be expected to direct 

substitution ortho- and para-, however, it is 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~H 
JL .. ~ 

F N F 

(4: 78%) 
(2: 22%) 

8 
N 

(4: 100%) 

Positions of substitution by aqueous Nf-b 

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 

8 
N 

The reactions of pentafluoropyridine with a range of oxygen, carbon, nitrogen and sulfur

centred nucleophiles has been reviewed45 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 

8 
N 

F 

+ >=CFCF3 
F 

KF 

Sulfolane 

Polysubstitution raises some interesting issues: 

+ 

i) 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. 

RF R 

R,~ ~ Rt- ~~ 8- u 8- 1;: 
N RF N RF N RF 

(2) 
(2a) 

RF = (CF3hCF 

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

rearrangements. 

iii) 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. 

Kinetic Thermodynamic 

RF = CF(CF3)z 

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.47 

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 repotied the synthesis of azide derivatives of (1).48 

CF(CF3)z CF(CF3)z CF(CF3)z 

0 NaN3 B+ A N N3 N N3 N N3 

(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(CF3)z 

0 
N 

M eO J5CF,), ___ N_a_O_M_e_1_e_q._ 

(80%) 
(1) 

CF(CF3)z 

Na0Me2eq. A 
~:.;l 

MeO N OMe 

(76%) 

Temperature dependant conformational isomers of (1) have been observed by 19F NMR 

techniques. 50 
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1) Introduction. 

Nllll.deophHic Aroma~k §ub§titlllltiOJrn in 1Per111lllll.oro-4l
isopropylpyridine. 

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 eo-workers to fully explore the chemistry of 

perfluoro-4-isopropylpyridine for the first time. 

More recently in these laboratories, Hoskin51 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(CF3h CF(CF3h 

CF(CF3h ~ A ~ i) i) N 0] [0 N OJ 
N 0 

0~0 N 

~ 
I F-....; 

,Q 

(1) 
CF(CF3h CF(CF3h 

i) CsF I TMSOCH2CH20TMS I 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. 
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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 sp3
, sp2 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 eo-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, (CF3)2CF . 

Me2N NMe2 F. 

>=< + )=cFCF3 
Me2N NMe2 F 

TDAE 

F. 
F + )=cFCF3 

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. 
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TDAE 

Autocalve /60 ac /16 h. 

(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 literature46, 47, 50, 52, 

however, a particularly important feature in (1) is the rotation of the perfluoroisopropyl 

group, which clearly affects the 19F 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. 

Nuc Nuc 

Attack at 3-position 
Charge stabilised by perfluoroalkyl group 

Attack at 2-position 
Charge stabilised by ring nitrogen atom 

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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(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(CF3h 
F~OPh i) 

Jl .. ;l .-----
PhO N OPh 

(4) 
(27%) 

CF(CF3h CF(CF3h 

A ii) MeO~F 
~:.J ----- Jl .. ~ 

N MeO N OMe 

(1) (3) 
(75%) 

i) NaOPh I THF I 70 oc I 72 h. 
ii) NaOMe I MeOH I 70 oc I 72 h. 

Introduction of a third alkoxy group is confim1ed by 19F 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 19F NMR spectroscopy. Two, conformations can 

be envisaged. 
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F ~c~ F (s, -182.0 ppm) 

(s, -146.3 ppm)F~c~ ~OMe 
JLX 

MeO N OMe 

(3) 
Conformation A 

F ~\. F(s, -178.3 ppm) 

(s, -136.2 ppm)F~ct ~OPh 
. JLX 

PhO N OPh 

(4) 
Conformation A 

( 
4

JFF 94.0 Hz) 

Y
(d, -177.5 ppm) 

'1~~ 
(d. -149.7 ppm)F) :c~Me 

MeO N OMe 

(3) 
Conformation B 

(4) 
Conformation B 

Figures in parentheses denote multiplicity and chemical shift in the 19F 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 19F NMR spectrum. In the 19F 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 19F NMR 

spectrum it was possible to further investigate the nature of rotation of the 

perfluoroisopropyl group. In the next section we describe how 19F 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 19F 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 literature53 

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 = 

k = rate constant s·1 

T = temperature K 

MAo = intensity of signal before irradiation 

MA = intensity of signal after irradiation 
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A plot of Ink 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) lPerfluom-4-isopropylpyridiB:ne 

EA= 35.71kJmor1 

'femp I K % Loss on Saturation k I s-1 1/'f (xl0-3
) 1111 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. liT for Compound (1) 

0.8 

0.6 

0.4 

0.2 

..:.: 
£: 0 

0 00 15 0.0042 0.00425 0.0043 0.00445 0.0045 0.00455 

-0.2 

-0.4 
y = -4390x + 19.114 

-0.6 

-0.8 

1/T 
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Temp I K 

295 

267 

263 

257 

4 

3.5 

3 

2.5 

2 

-" 
.E 1.5 

0.5 

0 

0.0 
-0.5 

-1 

TempiK 

267 

264 

261 

257 

( 4) 3-Jflluoro-2,5,6-triphenoxy-4-[1 ,2,2,2-tetrafluoro-1-

(trifflluoromethyH)ethyl]pyridine. 

fu = 81.0 lkJmor1 

% Loss on Saturation k I s"1 VT (xl0-3
) 

99 31.2 3.39 

59 0.98 3.74 

43 0.54 3.81 

38 0.47 3.89 

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

y = -9737.3x + 36.442 

33 0.0034 0.0035 0.0036 

1/T 

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

(trifluoromethyl)ethyl]pyridine . 

.EA= 100.6 kJmor1 

% Loss on Saturation k I s"1 liT (x10-3
) 

52 0.55 3.75 

38 0.35 3.79 

23 0.19 3.84 

13 0.10 3.89 

inlk 

3.44 

-0.20 

-0.62 

-0.76 

0.0039 

Ink 

-0.60 

-1.04 

-1.65 

-2.29 
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Plot of In k vs. liT for Compound (3) 

0,-----~----~----~----~----~----~------~--~ 

0.00 74 0.00376 0.00378 0.0038 0.00382 0.00384 0.00386 0.00388 0.0039 

-0.5 

-1 

.loo: 

..5 

-1.5 

-2 

y = -12104x + 44.811 

-2.5 

1/T 

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 

kJmo1"1 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). 

(4) 
Conformation 4a 

F ,CF, ~ 
nF~ 

F 0 

/-
PhO N OPh 

(4) 
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 Nucleophiies. 

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 sp3
, sp2 and 

sp-hybridised carbon-centred nucleophiles in turn. The work presented here concentrates 

on lithium, sodium, magnesium and copper reagents. 

4.1) sp3 -Hybridised. 

Reactions of (1) with a series of sp3 -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. 

EtO R ~CF,), 
xN~ v) 

EtO 0 
(9) 

(49%) 

~ 

A~ 
(8) 

(16%) 

Reagents and Conditions 

CF(CF3h 

L 
(5) 

(58%) 

i) 

CF(CF3h 

~ 

I F.....:: 
N 

(6) 
(20%) 

~ 
(7) 

(41%) 

i) Buli 1eq.l Ether 1-78 oc 145 min. ii) Buli 2 eq.l Ether 1-78 oc 145 min. iii) 1BuMgCI/THF 1-15 oc 15 h. 
iv) tsuli I CuBr I Ether I -40 oc 16 h. V) Diethylmalonate I NaH I THF I 0 oc 16h. 
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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 19F 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 19F 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 sp3 -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) sp2 -Hybridised. 

The reactions of (1) with a senes of sp2 -hybridised carbon-centred nucleophiles are 

summarised in scheme 2. 

(12) 
(47%) 

Reagents and Conditions 

CF(CF3h 

.....::: 

(11) 
(21%) 

-...;::: 

i) 1-propenylmagnesium bromide I THF 165 oc 120 h. ii) Phenylmagnesium chloride I THF 165 oc 11 d. 
iii) Phenylmagnesium bromide I THF 165 oc 120 h. 

(Scheme 2) 

Reaction of (1) with 1-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 1H NMR spectrum of (10) shows the presence of both E and Z isomers of the 

alkene substituent. However, although there are two sets of signals corresponding to each 

isomer in the 1 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. 55 

PhMgCI 

CF(CF3h +· 

0 + [ PhMgCI l 
N 

1 

? + MgCIF + o--o 
CF(CF3h 

0 + [Ph) + 
+ 
MgCI 24 

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 ofphenylmagnesium 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 19F 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 sp3 and sp2 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. 

M eO 

CF(CF3h iiiL----" 

"=: ~ 

(15) 
(60%) 

Reagents and Conditions 

CF(CF3h 

...-: 

(13) 
(61%) 

(14) 
(41%) 

~ 

i) 1-propenylmagnesium bromide 1eq.l THF 165 oc 120 h. ii) 1-propenylmagnesium bromide 2.5 eq. 
iii) 1-propenylmagnesium bromide 1 eq. I THF 165 oc 120 h. then NaOMe 1 eq. I Me OH 165 oc 13h. 

(Scheme 3) 
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A similar substitution pattern is observed in the reactions of compound (2) with the 

carbon-centred nucleophile (CF3) 2CF 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. 

NaOMe 

(16) (2) (17) 

(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). 

(16a) X= (CF3}zCF 
(14a) X= c::C-CH3 

(16) X= (CF3bCF 
(14) X= C:::C-CH3 

(2) X = (CF3bCF 
(13) X= C:::C-CH3 

(Scheme 5) 

NaOMe 

(17a) X= (CF3bCF 
(15a) X= c::C-CH3 

(17) X= (CF3)zCF 
(15) X= C::C-CH3 
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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 (CF3) 2CF 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 sp3 and sp2 -hybridised nucleophiles. 

Whereas substitution in (1) by sp3 and sp2 -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. 

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

The reactivity of (1) toward nitrogen-centred nucleophiles was assessed usmg 

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. 

XCF3h 

VNJ_~;J 
H 

(20) 
(74%) 

Reagents and Conditions 
i) Diethylamine I THF 165 oc 120 h. ii) Diethylamine I THF 165 oc 14 d. 
iii) Benzylamine I THF 165 oc I 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 19F 

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 Ill 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 poly ether 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. 

0 
Non-covalent synthesis 

0 

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).57 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 

R R 

R 

A Calixarene A Cyclophane A Cryptand 

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. 

M o H+ o 

1Y 
(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 SNAr 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 SNAr type processes. 

We begin by examining the synthesis of 2,6-distubstituted pyridine-bridged 

macrocycles via SNAr 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 SNAr Reactions. 

Newkome and eo-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. 59,60 

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

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

Cl 
N Br 

Reagents 

i) 

(22a) 
(35%) 

i) NaH I HOCH2CH20CH2CH20CH2CH20H 

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). 

i) 

(22) 
(7%) 

Reagents 
i) NaH I HOCH2CH20CH 2CH20CH2CH20H 

+ 

(Yl1l1o~ 
YN Ny 
0 0 

<vo o~ 
(,oQN o__} 

I " 
..,-;:; 

(23) 
(2%) 
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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 groups58, 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 SNAr 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. 

(24) 
(2%- 48%) 

n = 2, 3, 4, 5 

(25) 
(16%) 

The nucleophilic displacement of bromide from pyridine units has also been investigated 

in the synthesis of macro cyclic compounds based on bis(2-pyridyl) ketone compounds. 61 

In this work two distinct types of macrocycle were made via SNAr reactions: a) those 

containing one heterocyclic subunit ( 1: 1 macrocycles ), (26) and b) those containing two 

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

!\ 

Polyether I NaH 

!\ 

~ 
YN N'y? 

Br Br 

~ 
~.0 OA 

Polyether I NaH r L..::- ~_j " 

~ ~n 

M 
0 0 
L1 

(26) (27) 
n = 0, 1, 2, 3, 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 eo-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. 

(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 CH2CH20 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 ofthe 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. 63 

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

Mull en in the synthesis of tetrathia[ 1.1.1 ]metacyclophane 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 

~ 
HS~SH 

R 

R' = COPh 

'R~R' 

+ CI~CI 

~ 
'R~syQs ~R' 

R -

'R s~s R' 

V 
(32) 

This work demonstrates that SNAr 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 SNAr reactions. For example, 

Montanari and eo-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 

Cl 

N~N 
~~ 

HN N NH 

~ ) 
(0 01 

HNIINYNH 

N'fN 

Cl 

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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R 1\ 

N~N 
1) HN NBoc 

\_/ 

Cl)l__N ).__Cl 1\ 
2) HN NZ 

\_/ 

R 1) Boc Deprotection 

N~N 2) Triazine Unit 

("Nj!,_N~Nl 
ZN---.) ~NBoc 

1 ) Boc Deprotection 

TFA 

R = NHPh 

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 SNAr reactions of partially protected amino groups 

of peptides with chlorinated heterocyclic compounds have been used in the synthesis of 

macrocyclic peptidomimetic materials. 67 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 SNAr 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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H2N-0--~Solid Support 

HN,PG 

Remov~ 

~Solid Support ...-------

NH~HN 

~ Z and X are amino acids or peptide units 

Cl 

N02 Cl I 

Cl- ~-.Cl N~N 
11 "Y' or 11 J--c1 

' N0N er/'- N.....: N 

~-0----~Solid Support 

HN 
'PG 

General cyclization procedure for linear oligomers Z-X bearing two orthogonally 
protected amino groups by St-JAr 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 eo-workers have reported the intramolecular SNAr 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. 68 

(33) 
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2) §ylllltlnesis of JH[iglllliy lFRuornnated Macrocydic Compomnds. 

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 nucleophile5I, 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-isopropylpyridine (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. 19F 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(CF3b CF(CF3h 

CF(CF3h G1 A GJ Step 1 Step 2 
N X~ [X N X~ qrx x~x N HX XH " HX XH I F" \__j h 

\__j 
h 

CF(CF3h CF(CF3h 

X= NMe, 0 
(Scheme 8) 
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Table 2. 

Reagents for Step 1 

TMSO OTMS 
\_j 

CsF 

TMSO 0 OTMS 
\_jLJ 

CsF 

OTMS 

hOTMS 
CsF 

Bispyridyl 
Intermediate 

CF(CF3h 

u±l 
N~ 

q:t 
CF(CF3 )2 

(38) 
(90%) 

Reagents for Step 2 

TMSO OTMS 
\_j 

CsF 

TMSO 0 OTMS 
\_jLJ 

CsF 

H 
Me, ~N, 

N Me 
H 

Macrocycle 

(39) 
(33%) 

(40) (41) 
(94%) (14%) 

Conditions for step 1: Monoglyme I 85 •c I 1-5 d Conditions for step 2: Monoglyme 85 ·c I 5 d 
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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 reported51 

(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 n-facing 

aromatic groups, possibly held in place by n-n aromatic interactions. Macrocycle (37) has 

the two heteroaromatic ring subunits n-facing, in contrast to macrocycle (39), which has 

the two phenyl groups in a n-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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Macrocycle(35) 

Atoms Distance (A) 

N1 - N1a 3.61 

01 - 02 4.67 

02 - 02a 6.04 

Macrocycle (41); the fluorine atoms are omitted for clarity 

Atoms Distance (A) 

02 - 04 6.79 

01 - 03 6.55 

N1-N2 4.79 

C6- C18 4.53 
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Macrocycle (39) 

Atoms Distance (A) 

Nl - N2 4.95 

02 - 05 4.84 

N2 - 02 2.91 

Nl - 05 2.86 

Fluorocarbon Domain 

Fluorocarbon Domain 

Crystal packing diagram for (39) 42 



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(CF3h 

~ Step1 

N HX XH 
\_j 

X= NMe, 0 

CF(CF3h 

ili N X] 
N X 

Step 2 

" 
h 

CF(CF3h 

HY YH 
\_j 

(Scheme 8a) 
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Table 3. 

Bispyridyl 
Reagents for Step 1 Intermediate Reagents for Step 2 Macrocycle 

CF(CF3b CF(CF3b 

dll TMSO OTMS ~I \_j 

H N NJ [0 N NJ Me,N~N. N N CsF 
Me o/1 O'o/N H I F"' I 

h-

CF(CF3b CF(CF3b 
(40) (42) 

(94%) (20%) 

CF(CF3b CF(CF3b 

dll TMSO 0 OTMS 
Jh, 

N NJ LJLJ [~ N NJ H 
Me,N~N'Me N N 

H ~I CsF [0 N N 

~I CF(CF3b 

(40) CF(CF3b 
(94%) (43) 

(20%) 

CF(CF3b CF(CF3b 

Step 1 & ~ 
~OH TMSO OTMS 

H2N N 0] LJ [0 N 0] 
N N O~N o/" I "' I Step 1a CsF 

F H 
h-

NaH I (1) CF(CF3b CF(CF3b 
(45) 

(44) (15%) 
(52%) 

Conditions for step 1: THF I 65 oc I 1 Conditions for step 2: Monoglyme 85 oc I 5 d 
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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 eo

workers have also observed similar effects in the synthesis of polyether heteroaromatic 

macrocycles. 60 

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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F(91) 

Macrocycle(42) 

F(82) 

~ 
F(93) F(92) 
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2.2) Reactimn of (1) wntlln IllKNAl? 

Crown-ethers bearing binapthalene (BINAP) substituents have been used in the 

stereoselective recognition of chiral substrates69 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. 

ON a 
ON a 

+ 

(1) 

CF(CF3h 

~ 
0 N 

0 N 
:/ I ~~·~l 
~ V 

(46) 
(80%) 

CF(CF3h 

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 19F 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. 

No Reaction 

ON a 

ON a [
OTMS 

0 CsF 

[OTMS 
No Reaction 

The x-ray crystal structure of (46) has been established and ts displayed overleaf. 
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Compound ( 46) 

Macrocycle( 49) 
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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). 

[~F 

rlJ 
N 

(47) 
(65%) 

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). 

H H 
I I 

MeN NMe 
"---.../ 

THF /65 oc 

(47) 

(48) 
(87%) 

H H 
I I 

MeN"---.../NMe 

Diglyme /180 oc 

(49) 
(16%) 
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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 cc) 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 cc), 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 19F NMR spectroscopy and electrospray mass 

spectrometry. 

In each case nucleophilic substitution in the heteroaromatic ring is determined by 
19F 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 19F 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 19F 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 mlz 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 1H 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 oc 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 CH20 and 

CH2N protons. On heating to 90 oc both macrocycles display a sharpening of these 

methylene signals; (35) shows a singlet at 4.70 ppm for the CH20 protons and (42) shows 

singlets at 3.65 and 4.64 ppm the for the CH2N and CH20 protons respectively, table 4. 

Table 4. 

20 •c 

CF(CF3b 

A (very broad singlet, 
5.0 - 6.5 ppm) 

H H-----
H--1--o N..-: o-f-H 

H+oVN"' o-+-H 
H IF H 

..-:;;. 

CF(CF3h 

CF(CF3h 

A 
(very broad singlet, 
3.0 - 5.0 ppm) 

H 1 H----
H--1--o N N-f-H 
H-}-0~~~-yN-+-H 

/H y I H 
(very broad singlet, CF(CF ) 
3.0- 5.0 ppm) 3 2 

go ·c 

CF(CF3h 

A (singlet, 4.70 ppm) 

H )_~~ H -----H-1----o N o-f-H 
H-f-ovN O~H 

H IF" H 
h 

CF(CF3h 
(35) 

CF(CF3)2 A (singlet, 3.65 ppm) 

H )_~~~ H ----H-1----o N N-f-H 
H-f-o~~~~N~H /H yl H 

(singlet, 4.64 ppm) CF(CF3h 

(42) 

Variable temperature NMR studies have been reported for similar 14-membered 

macrocyclic systems. Newkome and eo-workers have plotted the 1H 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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20 ·c 

(very broad singlet, 
A 4.0- 5.8 ppm) 

H A .. ~ H----H-1-o N o-f-H 
H+ouN o-\-H 

H I "' H 
h 

eo ·c 

A (singlet, 4.80 ppm) 

H )!__ __ ?l_ H ----H--1--o N o+H 
H-f-o'()N" o-\-H 

H I H 
h 

(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). 

Boat Chair 
(25) 

Boat Chair 

For compounds (35) and (42) at 20 oc 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 1H 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 1H NMR spectrum and on heating, when rotation of 
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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 1H NMR spectrum over a temperature range of -22 to 90 

°C. Therefore, either: a) no conformational changes are occurring 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) Bfiu:ullnllllg with Anlkaid Metal Cations. 

A solution containing sodium acetate (1 o-4 M), potassium acetate (10-4 M), and caesium 

acetate (1 o-4 M) in methanol was carefully prepared. Separate 10-4 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 M§ Mode RMM Major Peaks (m/z) CommeDllt 

(35) -ve 682 717 chloride 

729 acetate 

757 unknown 

(37) +ve 770 793 sodium 

809 potassium 

903 caesmm 

(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 ofmacrocycles 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 I 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/z) 

(35) -ve 682 717 

(37) +ve 

(39) -ve 

18-crw-6 +ve 

770 

806 

264 

761 

809 

793 

841 

884 

932 

287 

Comment 

chloride 

bromide 

iodide 

sodium 

chloride 

bromide 

iodide 

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]pyrrole57 can bind chloride and the acidic 

protons in amide linkages have been shown to bind phosphate ionsJO 

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 

b'onding 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) 1H 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 1H NMR spectroscopy. For example, Reinhoudt and eo-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 H2P04- resulted in a large upfield shift over 1 ppm, 

towards lower frequency, in the 1 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 1H 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. 

Macrocycle (39) Only Macrocycle (39) + 1 eq. Tetrabutylammonium bromide 

This is a significant change in the 1 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 1H 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. 

M+ }'1-t 
M+ M 

L L 

DCM L L 

Agitation 

M++ 
L M 
M+ +L 

M 
L L 

L = Macrocycle 

Equilibration 

M+ = Sodium or potassium picrate 

ML += Metai-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= (Absoefore- AbsAfter) I Absoefore X 100% 

Where Absoerore is the absorbance of the metal picrate layer before agitation and AbSAfter 

is the absorbance of the metal picrate aqueous layer after equilibration. The absorbance is 

measured at a wavelength of275 nm. The results are displayed in table 7. 

Table 7. 

Sodium Picrate Potassium Picrate 

Macrocycle Abssefore AbSAfter 0/o Extraction Abssefore AbsAfter 0/o 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 1H 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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1) Introduction. 

JPollyJflluoroallk1lyatnoll.ll and! NUildeoplbl.nllk A1mmattk 
Substitution in Tetndluoropyrimidine. 

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 m. 
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. 

y 

~ 
N 

Step 1 

HX XH 
LJ 

Y = OMe, 0 1Bu, (CF3hCF 
X= NMe, 0 

y 

~1 N X=:! 
fi"~'Yx Ny 

y 

(Scheme 9) 

Step 2 

HX XH 
\__j 

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. 71 
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~N 
l!__~~.J 

N 

KF I 480 oc 
Autoclave 

~N 
[!__~.J 

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. 71 

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-positionJ2 This 

is consistent with the rules governing nucleophilic aromatic substitution in highly 

fluorinated aromatic systems detailed in chapter I. 

JCE:· 
MeHN I ~J 

(59%) 

(51%) 

2.1) Perfluoroalkylation. 

;r~ 
l~J 

N 

(52%) 

~ :t: 
MeO)L~_J 

(34%) 
Reagents and Conditions 
i) 1 eq. NaOMe I MeOH ii) 2 eq. NaOMe I MeOH. 
iii) 3 eq. NaOMe I MeOH iv) 2 eq. MeN~ I DMF 

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 

8 TDAE I HFP 
~~CF,h J~CF,h 

+ J Autoclave I 60 oc (F3ChFC NJ 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 (51) 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 1). 

-CCF. Nuc _ 
8 N 8 

()J 
N 
8-

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. 

~~CF3h 1 eq. NaOMe I THF 

)LF) 
MeO N 

(52) 
(58%) 

CF(CF3h CF(CF3h 

AN 2 eq. NaOMe/THF AN 

~FJ JL~~ 
N MeO N OMe 

(51) (53) 
(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 19F 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 (53) 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 macro cycles (chapter 

Ill) 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. 19F 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). 

TMSO OTMS CsF 
L_j ------------~ 

(51) 

(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). 

HX XH Step 2 

\_} 

(Scheme 10) 

HX XH 
LJ 

X= NMe, 0 
Y = (CF3hCF 
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The bisper:fluoroalkylated compound (50) reacts with a series of oxygen and nitrogen

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

(59) 
(85%) 

Reagents and Conditions 

(57) 
(70%) 

i) NaOMe I THF ii) NaH I 1-dodecanol iii) TMSOCH 2CH20TMS I CsF I Diglyme 
iv) Diethylamine I THF v) Benzylamine I 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 19F 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 per:fluoroalkyl 
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groups prevent a nucleophile from entering at the 5-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 ) Nudeoplb!DHc Substittntnon nn 1letraflunoropyrnmndlnnne. 

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 

oftetrafluoropyrimidine over 6 hours via a syringe pump. 

OMe OMe 

G:N 
NaOMe I MeOH I 0 oc ~N J d:N + + MeF 

Syringe Pump _) J N 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. 

HI~ __ M_eF_t_ J~ __ H_+ __ J;H _J o N oj_:) oA:~ 
F 

(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.74 

l SrNYF F-~(l.l(NYF HOl(Ny: 
R o-~NYN (o) NYN NYN 

F F F 

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. 

J:~ 
~FJ 

N 

(60) 

+ TMSO OTMS CsF 
~ ------------

(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 senes. 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. 

~N 
l!_F_J 

N 

)lo 
1Bu0Na/THF AN 

o)t~J 

+ 
(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 ofthe 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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Clhtapte1r V PoHyfllllloJroaRikllyatnoHll Readimrn§ RrnrvoHving 
T:rifluoromethyllt~rimetbyHsiiane and Octaflumrobut-2-elllle. 

1) Introductio~rn. 

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 3 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.75 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 species77-79, for example, 

pentafluoropyridine. 

FnC F F F 

Cl 
F N F 

(64) 

Although this reaction has been reported by Russian workers, the overall yields were 

relatively low (40%) and no further chemistry was described. so 

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 3- 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 19F 

NMR spectrum. 

General Procedure. 

Solvent 
~ 

N 

(64) 

72 



Table 8. 

Nucleophile Solvent Temp /°C Duration I h. Conversion to (64)% 

CsF DMF 55 56 13a 

KF DMF 80 4 50 

KF DMF 80 20 40b 

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 60b 

CsFc None 45 4 oa 

CsF None 20 20 oa 

CsF None 50 20 oa 

CsF MeCN 65 4 lOa 

CsF MeCN 50 20 lOa 

CsF DMSO 50 20 50a 

CsF DMSO 65 4 20a 

CsF Sulfolane 45 4 oa 

TAS-F THF 0 6 40d 

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 oc 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 (641) 

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. 

CF3 0 NaOPh /THF /65 "C /6 h. 

N 

(65) 
(77%) 

This reaction demonstrates that further nucleophilic substitution in (64) is possible and 

therefore, the synthesis of multiply substituted derivatives containing the CF3 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 rr.si 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 F3C CF3 

+ 0 
N 

-F 

Octafluorobut-2-ene 
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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. 

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. 

0 
N 

CF3CF=CFCF3 / KF I Tetraglyme 

Autoclave /60 oc /3d. 

RF = CF3CF2(CF3)CF 

{66) 
(71%) 

Although the solvent free methodology described in chapters 11 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. 

THF /65 oc 120 h. 

Ephedrine 
{67) 

(65%) 
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However, both the 19F and 13C 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) TetrafluorophthaRonitrile. 

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. 82 

KF 1250 •c 

Autoclave 

(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 

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 

CsF I HFP I CH3CN 

-78 ·c 145 min. 

(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 

50 oc /30 h. €C
CN 

F 

CN 

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 m 

mice. 85 

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. 

€C
CN 

F 

CN Tetraglyme /60 oc /3d. 

(68) 
(14%) 

(69) 
(53%) 

As with the tetrafluoropyrimidine system in chapter N, 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 N). 
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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 19F 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 

CF2 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 1 9F 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 m the area of 

tetrafluorophthalonitrile chemistry and also with the expected orientation of substitution 

by minimising the number of para- fluorine atoms (chapter 1). 

For (69), evidence that the second perfluoroalkyl group enters adjacent to the first 

at the 5-position also comes from the 19F NMR spectrum. Again the two different CF3 

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 perfluoro-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 diastereomers 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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(70) 
(47%) 

R CN 
1 eq. NaOPh I THF F~ 

75 oc I 20 h. RF~CN 

OPh 

2 eq. NaOPh I THF RFyYCN 

75 oc 1 20 h. RFYcN 

OPh 

(71) 
(37%) 

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. 

€C
CN 

F ------------------------~~ 

CN 

1) Me3SiCF3 I DMF I 50 oc I 4 h. 

2) HFP I CsF I DMF I Autoclave 

(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 CF3 substituent. 

(72) 
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F(9) 

F(13) 

Compound (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 is 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 stereo genic 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. 

81 



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 
1H and spectra were obtained from a Varian VXR400 Spectrometer (400 MHz). 19F 

spectra were recorded on the Varian Spectrometer (376 MHz) and 13C at (100 MHz). All 

spectra were obtained using TMS and/or CFC13 as an internal reference. J values are 

given in Hertz. 

Mass Spectroscopy 

Mass spectra were obtained from a VG Trio 1000 Mass spectrometer (electronic 

ionisation) 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) Expell"imelllltaB to Cllnaptell" lill. 

Synthesis oJf Pell"l111lloro-4-isopmpylpyridline (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 perjluoro-4-isopropylpyridine (1) as a colourless liquid (230 g, 60%); bp 129°C; 

(Found C, 29.8; N, 4.2. C8F 11N requires C, 30.1; N, 4.4%). 

Synthesis oJf 3-fluoro-2,5,6-tll'imethoxy-4-[1,2,2,2-tetraflunoro-1-

(triflunoromethyl)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 (MgS04) 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-tetrajluoro-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. 

C11H9FsN03 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 (MgS04) 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 -tetrajluoro-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. C26H 15F8N03 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 (MgS04) and the solvent was removed 

on a rotary evaporator. Column chromatography (hexane/DCM, 6:1) afforded 2-butyl-

3, 5, 6-trifluoro-4-[ I, 2, 2,2-tetrajluoro-I-(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. C12H9F10N 

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 (MgS04) and the solvent was removed 

on a rotary evaporator. Column chromatography (hexane) gave 2,6-dibutyl-3,5,-difluoro-

4-[I,2,2,2-tetrajluoro-I-(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. C1J1 18F9N1 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-

( trifluorom~thyl)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 oc before ethanol (5 

ml) and dilute HCl (15 ml) were added. Extraction in DCM (2 x 15 ml) enabled recovery 

of organic products. The organic phase was dried (MgS04) and the solvent was removed 

on a rotary evaporator. Column chromatography (eluent hexane, Rr: 0.28) gave 6-(tert

butyl)-2, 3, 5-trifluoro-4-[ I ,2,2, 2-tetrafluoro-I-(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.2H9FIONI 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 ofCu(I)Br (3.6 g, 25 mmol) in 

diethyl ether (20 ml) at -41 oc under an atmosphere of dry nitrogen. The mixture was 

stirred at -41 oc 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 HCl (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 (MgS04) 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-

[ I, 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-

pyridyl} heptane-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 5 h, 

before water (5 ml) was added Extraction in DCM (2 x 15 ml) enabled recovery of 

organic products. The organic phase was dried (MgS04) and the solvent was removed on 

a rotary evaporator. Column chromatography (DCM/Hexane 1:1) gave diethyl 4-{3,5, 6-

trifluoro-4-[ I, 2, 2, 2-tetrajluoro-I-(trifluoromethyl)ethyl} -2-pyridyl}heptane-3, 5dione (9) 

as a clear liquid (2.9 g, 49%); Rf, 0.41; bp 274 oc; (Found C, 38.9; H, 2.20; N, 3.07. 

ClsH11FION04 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 (1 0). 

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 HCl 

(15 ml) was added. Extraction in DCM (2 x 15 ml) enabled recovery of organic products. 

The organic phase was dried (MgS04) and the solvent was removed on a rotary 

evaporator. Column chromatography (hexane) gave 6-(prop-1-enyl)-2, 3, 5-trifluoro-4-

[I,2,2,2-tetrajluoro-I-(trifluoromethyl)ethyl}pyridine (10) as colourless oil (2.2 g, 69%); 
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Rf, 0.40; bp 186 oc; (Found C, 38.5; H, 1.38; N, 4.04. CIIHsFtoN requires C, 38.7; H, 

1.47; N, 4.11 %). 

Synthesns olf 2,3,5-trifluoro-6-plnellllyl-4-[1,2,2,2-tetralfllunOJro-1-

(trifluoromethyD)ethyR]pyridline (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 HCl (15 ml) added. Extraction in DCM (2 x 15 ml) enabled 

recovery of organic products. The organic phase was dried (MgS04) 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 ]pyridine and 

biphenyl. This mixture was dissolved into acetone and extraction usmg 

perfluoromethylcyclohexane followed by removal of the solvent on a rotary evaporator 

gave 2, 3, 5-trifluoro-6-phenyl-4-[ 1, 2, 2, 2-tetrajluoro-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 14H5F 10N requires C, 44.6; H, 1.33; N, 3.71 %). 

Synthesis of 3,5-difluoro-2,6-dnphernyl-4-[1 ,2,2,2-tetrmffllunoro-1-

(triflunoromethyl)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 HCl (15 ml) added. Extraction in DCM (2 x 15 ml) enabled 

recovery of organic products. The organic phase was dried (MgS04) 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. C20H 10F9N 

requires C, 55.2; H, 2.30; N, 3.22%). 

Synthesis of 2,3,5-triflu.oro-6-prop-1-ynyR-4-[1,2,2,2-tetratlu.oro-1-

(tll'ifluoromethyl)ethyl]pyridine (13). 

1-Propynylmagnesium bromide in THF (9.4 mmol) was added via syringe to a stirred 

solution ofperfluoro-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 HCl (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 (MgS04) 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 -tetrajluoro-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 11H3F10N 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 HCl (25 

ml) was added. Extraction in DCM (2 x 15 ml) enabled recovery of organic products. The 

organic phase was dried (MgS04) 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-tetrajluoro-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. 

C1 1H5F 10N 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]pyridine 

(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 (MgS04) 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-tetrajluoro-1-(trifluoromethyl)ethyl] pyridine (15) as a 

white solid (1.1 g, 60%); Rf, 0.40; mp 67-68 oc; (Found C, 41.3; H, 2.0; N, 3.8. C13H6F9N 

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 HCl 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 

(MgS04) and the solvent was removed on a rotary evaporator. Column chromatography 

(hexane) gave diethyl {3, 5, 6-trifluoro-4-[ 1 ,2, 2, 2-tetra.fluoro-1-(trifluoromethyl)ethyl] (2-

pyridyl)}amine (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. C12H 10F10N 2 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 HCl 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 

(MgS04) and the solvent was removed on a rotary evaporator. Column chromatography 

(hexane ), gave { 6-( diethylamino)-3, 5-difluoro-4-[ 1, 2, 2, 2-tetrajluoro-1-

(trifluoromethyl)ethyl] (2-pyridyl)}diethylamine (19) as a colourless liquid (0.94 g, 40%); 

Rr, 0.28; bp 262-263 oc; (Found C, 44.7; H, 4.6; N, 9.8. C16H20F9N3 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 HCl 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 

(MgS04) and the solvent was removed on a rotary evaporator. Column chromatography 

(hexane) gave benzyl {3, 5, 6-trifluoro-4-[ 1, 2, 2, 2-tetrajluoro-1-trifluoromethyl)ethyl] (2-

pyridyl)}amine (20) as a colourless liquid (1.8 g, 74 %); Rf, 0.35; bp 243-244 oc; (Found 

C, 44.4; H, 1.89; N, 5.95. C15H8F 10N2 requires C, 44.3; H, 1.97; N, 5.90%). 
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3) Experimental to Chapter HI. 

Synthesis of 3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-(trifluoromethyl)etbyl]-2-(2-

{ 3,5,6-triflu oro-4-[1 ,2,2,2-tetrafluoro-1-( trifluoromethyl)ethyl] (2-

pyridyloxy)pyridine (34). 

A mixture of 1,1-dimethyl-1-silaethoxy-1,1-dimethyl-1-silaethane (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 (MgS04) and the solvent removed 

on a rotary evaporator. Reduced pressure distillation gave 3,5,6-trifluoro-4-[1,2,2,2-

tetrajluoro-1-(trifluoromethyl)ethyl} -2-(2-{3, 5, 6-trifluoro-4-[ 1, 2, 2, 2-tetrajluoro-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 <6,1 O>]icosa-1(19),6,8,1 0(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 oc 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 (MgS04) 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-tetrajluoro-2, 5, 11, 14-

tetraoxatricyclo[l3.3.1.1 <6,10> ]icosa-1 (19),6,8,1 0(20),15,17-hexaene (35) (43%, 0.5 

g); mp 191-194 oc; (Found C, 35.4; H, 1.20; N,4.11; C2Jf8F.sN2 requires, C, 35.2; H, 

1.18; N, 4.11%). 
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Synthesis of 2,3,5-trifluoro-4-[1 ,2,2,2-tetrafluoro-1-( triflu oromethyl)ethyl] -6-[2-(2-

{ 3,5,6-trifluoro-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 (MgS04) 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)ethylj -6-[2 -(2-{3, 5, 6-trifluoro-4-[ 1, 2, 2, 2-tetrajluoro-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]-

1 0,12,22,24-tetrafluoro-2,5,8,14,17 ,20-hexaoxatricyclo[19.3.1.1 ,9,13.] hexacosa-

1 (25),9,11 ,13(26),21 ,23-hexaene (3 7). 

A mixture of 2-(1, 1-dimethyl-1-silaethoxy)-1-[2-(1, 1-dimethyl-1-

silaethoxy)ethoxy]ethane (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 oc 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 (MgS04) 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, 26-diaza-11, 2 3-bis [ 1, 2, 2, 2-tetrajluoro-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) (0.62 g, 40%); mp; 201-204 °C; (Found C, 37.5; H, 

2.00; N, 3.64; C24H16F1sNz06 requires C, 37.4; H, 2.09; N, 3.64%). 
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Synthesis of 2,3,5-trifluoro-6-(5-methyB-3-{3,5,6-trlifiuoro-4-[1,2,2,2-tetralllawro-1-

(trifluorometlllyB.)etlbtyl] (2-pyridyloxy)} phenoxy)-41-[1 ,2,2,2-tetrafhnoro-1-

(trifluorometbyl)ethyl]pyridine (38). 

A mixture of 1, 1-dimethyl-1-silaethoxy-1, 1-dimethyl-1-silaethane (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-tetrajluoro-1-

(trifluoromethyl)ethyl] (2 -pyridyloxy) }phenoxy )-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 C23H6F20N20 2 requires C, 38.2; H, 0.83; N, 3.88%). 

Synthesis of 26,28-diaza-5,1 7-bis[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyB]-

4,6,16,18-tetrafluoro-11 ,23-dimethyl-2,8,14,20-

tetraoxapentacyclo[l9.3.1.1 <3,7>.1 <9,13>.1 <15,19>]octacosa-

1 (24),3,5, 7(26),9,(27),1 0,12,15,1 7 ,19(28),21 (25),22-dodecaene (39). 

A mixture of 1-[5-(1, 1,-dimethyl-1-silaeoxy)-3-methylphenoxy]-1, 1-dimethyl-1-

silaethane (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)ethy1](2-

pyridyloxy)} phenoxy)-4-[ 1 ,2,2,2-tetrafluoro-1-( trifluoromethyl)ethyl]pyridine (3 8) (3 g, 

5.8 mmol), in anhydrous monoglyme (150 ml) was heated to 8~ oc 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 (MgS04) 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 

26,2 8-diaza-5, 17 -bis [ 1, 2, 2, 2 -tetrajluoro-1-(trifluoromethyl)ethyl} -4, 6, 16, 18-tetrajluoro-

11,23-dimethyl-2,8, 14,20-

tetraoxapentacyclo[ 19. 3.1.1 <3, 7>.1 <9, 13>.1 <15,19> J 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; C3oH 12F 18N20 4 requires C, 44.7; H, 1.50; N, 

3.47%). 
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§yuntlllesis olf metlnyl[2-metlnyl {3,5,6-triflunoro-4-[1,2,2,2-tetll"mifDuoro-1-

( trifluoromethyl)ethyi](2-pyll"idyl) }amino )ethyl] {3,5,6-trdfluOJro-4-[1 ,2,2,2-

tetrafluoro-1-( trifluoromethyl)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 oc 
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 (MgS04) and the solvent removed on a rotary 

evaporator. Reduced pressure distillation gave methy/[2-methy/{3,5,6-trifluoro-4-

[ 1, 2, 2, 2 -tetrafluoro-1 -(trifluoromethyl)ethylj (2-pyridyl) }amino)ethyl] {3, 5, 6-trifluoro-4-

[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethylj2-pyridyl)}amine (40) (11 g, 94%); bp 140 

oc (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-tetrafluoro-2,5,11,14-

tetramethyltricyclo[l3.3.1.1 <6,1 O>]icosa-1(19),6,8,1 0,(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 oc 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 (MgS04) 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 2,5,1 1,14,19,20-

hexaaza-8, 1 7 -his [ 1, 2, 2, 2-tetrajluoro-1 -(trifluoromethyl)ethylj -7, 9, 16, 1 8-tetrajluoro-

2,5, 11,1 4-tetramethyltricyclo[1 3.3. 1.1 <6, 1 0> }icosa-1 (19),6,8,10, (20), 15,1 7-hexaene 

(41) (0.23 g, 14%); mp. 200-202 oc; (Found C, 39.1; H, 2.73; N, 1.46; C24H2oF1sN6 

requires C, 39.3; H, 2.75; N, 11.4%). 
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§ynthesns of H,14l,19,20-tet~raaza-8-17-10is[1,2,2,2-tetra1!11uwro-1-

(trftfluoromethyl)etlllyl]-7 ,9,16,18-tetra1!11uoro-11,14-dlimethyi-2,5-dnoxatrncydo

[13.3.1.1,6,1 0. ]icosa-1(19),6,8,1 0,(20), 15, 17-lbtexaene ( 42). 

A mixture of 1, 1-dimethyl-1-silaethoxy-1, 1-dimethyl-1-silaethane (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 oc 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 (MgS04) 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 -tetrajluoro-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; C22H 14F18N402 

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-dimethyn-11,14,17-trioxatricyclo[l6.3.1.1 <6,1 0>]-tricosa-

1 (22),6,8,1 0(23),18,20-hexaene ( 43). 

A mixture of 2-( 1,1 dimethyl-1-silaethoxy)-1-[2-( 1, 1-dimethyl-1-

silaethoxy)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 

oc 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 (MgS04) 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-tetrajluoro-1-

(trifluoromethyl)ethyl] -7, 9, 19, 21-tetrajluoro-2, 5-dimethyl-11, 14, 17-

trioxatricyclo[16.3.1.1 <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; C24H1sF1sN403 requires C, 38.3; 

H, 2.41; N, 7.45%). 
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Synthesis of 2-( { 5,6-difluoro-3-methyH-4-[1 ,2,2,2-tetraJfBuoro-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 (MgS04) 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) ( 1 0 g, 

87%); bp 50 oc (5 mbar); (Found, C, 33.1; H, 1.67; N, 7.80; C10H6F 10N20 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-( triflu oromethyl)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 (MgS04) before the 

solvent was removed on a rotary evaporator. Distillation under reduced pressure gave 

{3, 5, 6-trifluoro-4-[ 1, 2, 2, 2 -tetrajluoro-1-(trifluoromethyl)ethyl} (2 -pyridyl) }(2-{3, 5, 6-

trifluoro-4-[ 1, 2, 2, 2-tetrajluoro-1-(trifluoromethyl)ethyl] (2-pyridyloxy) }ethyl)amine ( 44) 

(16 g, 52%); bp 140 oc (0.1 mbar); (Found, C, 32.4; H, 0.74; N, 6.40; C18H5F20N30 

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-(trifluorometflyl)ethyl]-

7 ,9,16,18-tetrafluoro-2,5,11-trioxatricyclo[13.3.1.1 <6,1 0>] icosa-

1 (19),6,8,1 0(20),15,17-hexaene ( 45). 

A mixture of 1,1-dimethyl-1-silaethoxy-1,1-dimethyl-1-silaethane (0.6 g, 2.9 mmol), 

dried CsF (0.7 g, 4.6 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 (MgS04) 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 14,19,20-triaza-8,17-

bis [ 1, 2, 2, 2-tetrafluoro-1-(trifluoromethyl)ethyl] -7, 9,16,18-tetrafluoro-2, 5,11-

trioxatricyclo[J3.3.1.1 <6,1 0> ]icosa-1 (19),6,8,10(20),15,17-hexaene (45) (0.27 g, 15%,) 

as a white solid, mp 155 - 159 oc; (Found C, 35.5; H, 1.26; N, 6.20; C2oH9F 1sN30 3 

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 (MgS04) 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-tetrajluoro-1-(trifluoromethyl)ethyl] (2-

pyridyloxy)}naphthyl)(2-naphthyloxy)pyridine as a white solid (46) (6.4 g, 80%); mp 

>250 oc; (Found C, 48.8; H, 1.31; N, 3.20 C36H 12F20N 20 2 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 (1 0 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 (MgS04) 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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oc at 0.1 mbar; (Found C, 30.6; H, 0.80; N, 2.70; C13H4F17NO 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)] amine ( 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-tridecajluoro-1 -(2, 3, 5, 6-tetrajluoro( 4-pyridyloxy ))octane ( 4 7) ( 6 

g, 12 mmol) in THF (30 ml) was heated to 70 oc 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 (MgS04) before the solvent was removed on a rotary 

evaporator. Recrystallisation from petroleum ether 40-60, gave methy/(2-{methy/[3,5,6-

trifluoro-4-(3, 3, 4, 4, 5, 5, 6, 6, 7, 7, 8, 8, 8-tridecajluorooctyloxy )(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) 1 amine ( 48) as a 

white solid (48) (5.9 g, 76%), mp 54-57°C; (Found, C, 33.4; H, 1.62; N, 5.15; 

C3oH.sF32N402 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-[2,3,8,1 0,13,18-hexaaza-

6, 7 ,15,17-tetrafluoro-2,3,1 0,13-tetramethyl-5-(3,3,4,4,5,5,6,6, 7, 7 ,8,8,8-

tridecafluorooctyloxy)tricyclo[l2.3.1.0<4,9>]octadeca-1(18),4(9),5,7,14,16-hexaen-

16yloxy]octane (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)]amine (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 produc~s. 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-tridecajluoro-1 -[2, 3, 8,1 0,1 3,1 8-hexaaza-6, 7,1 5,1 7 -tetrajluoro-

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> 1 octadeca-1 (1 8), 4(9), 5, 7,1 4,1 6-hexaen-

16yloxy1octane (49) as colourless needles (0.4 g, 26%); mp 160-162 °C; (Found C, 36.1; 

H, 2.57; N, 7.46; C34H2sF3oN602 requires C, 36.4; H, 2.51; N, 7.49%). 
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Metan lPic:rate Ext:ractionn §tlllldhies. 

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 J.Ll) 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 NIS 

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 

inDCM. 

4) Experimental to Chapter IV. 

§ynthesis of 2,5,6-trifluoro-4- [1 ,2,2,2-tetrafluoro-1-

(trifluoromethyl)ethyR]pyrimidine (51) and 4,6-lbis[1,2,2,2-tetrafluoro-1-

(trifluorometlllyl)ethyH]-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 oc 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-

tetrajluoro-1-(trifluoromethyl)ethy/]pyrimidine (51) as a colourless liquid (8 g, 10%); bp 

118 °C; (Found C, 27.8; N, 9.3; C7F 10N2 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; CoF16N2 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 (MgS04) 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-tetrajluoro-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-

(trifluoromethyD)etbyl]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 (MgS04) 

before the solvent was removed on a rotary evaporator. Column chromatography on silica 

gel (hexane/ ethyl acetate 1 0: 1) gave 5 -jluoro-2, 6-dimethoxy-4-[ 1, 2, 2, 2 -tetrajluoro-1-

(trifluoromethyl)ethyl}pyrimidine (53) as a colourless liquid(0.86 g, 20%); bp 210- 212 

oc. 

Synthesis of 6-(2-{ 2,5-difluoro-1-( trifluoromethyl)ethyl] pyrimidin-4-yloxy }ethoxy )-

2,5-diflu oro-4-[ 1 ,2,2,2-tetrafluoro-1-( triflu oromethyl)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-silaethoxy]-1, 1-dimethyl-1-silaethane 

(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 (MgS04) 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-tetrajluoro-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; C1Jl4F18N40 2 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 oc 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-

jluoro-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,,H3F1sNzO requires, C, 28.5; H, 0.65; N, 6.04%). 

Synthesis of 4,6-bis [1 ,2,2,2-tetrafluoro-1-(trifluorornethyl)ethyl]-2-dodecyloxy-5-

fluoropyrirnidine (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-jluoropyrimidine (56) as a white solid (2.4 g, 

59%); mp 88-90 °C; (Found, C, 42.7; H, 4.08; N,4.53; C22H25F15N20 requires, C, 42.7; H, 

4.03; N, 4.58%). 

Synthesis of 4,6-bis[1,2,2,2-tetrafluoro-1-(trifluorornethyl)ethyl]-2-({4,6-bis[1,2,2,2-

tetrafluoro-1-( trifluorornethyl)ethyl] -5-fluoropyrirnidin-2-yl} ethoxy)-5-

fluoropyrirnidine (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-silaethane (0.7 g, 3.4 mmol), CsF (0.5 g, 3.3 

mmol) in diglyme (25 ml) was heated to 85 oc 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-tetrajluoro-1-(trifluoromethyl)ethyl} -2-( { 4, 6-

bis [ 1, 2, 2,2 -tetrafluoro-1-(trifluoromethyl)ethyl} -5-jluoropyrimidin-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; CzzH4FJ·oN40z requires, C, 28.5; H, 0.44; N, 6.04%). 

Synthesis of {4,6-bis [1 ,2,2,2-tetrafluoro-1-(trifluorornethyl)ethyl]-5-fluoropyrirnidin-

2-yl}diethylarnine (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 (MgS04) before 

the solvent was removed on a rotary evaporator. Column chromatography (hexane) gave 

{ 4, 6-bis [ 1, 2, 2, 2 -tetrajluoro-1-(trifluoromethyl)ethyl}-5 -jluoropyrimidin-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; C4HwF1sN3 requires, C, 33.3; H, 8.32; H, 1.99%). 

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

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 oc 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 (MgS04) before 

the solvent was removed on a rotary evaporator. Column chromatography (hexane) gave 

{ 4, 6-bis[ 1, 2, 2, 2-tetrajluoro-1-(trifluoromethyl)ethyl]-5-jluoropyrimidin-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; Cl7HaF1sN3 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 (1 0 ml) was added. Extraction using DCM (2 x 30 ml) enabled recovery of organic 

products. The combined organic phases were dried (MgS04) 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 oc at 40 mbar; Found (C, 36.5; H, 1.91; N, 17.0; CsH3F3N20, 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-silaethane (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 

(MgS04) 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 oc; 

(Found, C, 41.1; H, 2.87; N, 15.8; C12H 10F4N40 4, 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 oftetrafluoropyrimidine (10 g, 66 mmol) over 6 hours under an atmosphere of 

dry nitrogen. The reaction vessel was kept in an ice bath at 0 oc 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 oc; (Found, C, 55.4; H, 

7.07; N, 10.7; C12H,sF2N202 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. 19F 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-tetrajluoro-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~7N1 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; C12H10F6NO 

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 oc 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-[ I ,2,2, 3, 3, 3-hexafluoro-I-(tri.fluoromethyl)propyl} pyridine (66) as a 

colourless liquid (25 g, 71 %); bp 143 °C ; (Found M+ 368.982178; C9F13N1 requires M+ 

368.982178). 

Synthesis of (1 R,2S)-2-metbyl {3,5,6-trifluoro-4-[1,2,2,3,3,3-hexafluoro-1-

(trifluoromethyl)propyR](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)propyl]pyridine (66) (2.0 g, 5.7 mmol) in THF 

(20 ml) was heated to 75 oc 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 (MgS04) and the solvent was removed 

on a rotary evaporator. Column chromatography (hexane/ethyl acetate 10:1) gave 

(I R, 2 S)-2 -methyl {3, 5, 6-tri.fluoro-4-[I, 2, 2, 3, 3, 3 -hexafluoro-I-(trifluoromethyl) propyl] (2-

pyridyl}amino)-I-phenylpropan-I-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,9H,4F12N20 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-

bexafluoro-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 oc 
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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 perfluoromethylcyclohexane 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-hexajluoro-1-

(trifluoromethyl)propyl} benzene-1,2-dicarbonitrile (68) as a colourless liquid (8.4 g, 

14%); bp 231 °C; (Found M+ 399.986830 C12F12N2 requires M+ 399.986830) and (0.1 

mbar, bp. 87 °C) 4,6-bis[1,2,2,3,3,3-hexajluoro-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; C 1~20N2 requires C, 32.0; N, 4.7). 

Synthesis of 4,5-bis [1 ,2,2,3,3,3-hexafDuoro-1-trifluorometlb.yl)propyl]-6-ll1uoro-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 (MgS04) and the solvent was 

removed on a rotary evaporator. Column chromatography (hexane) gave 4,5-

bis [ 1, 2, 2, 3, 3, 3-hexajluoro-1-trifluoromethyl)propyl} -6-jluoro-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; C22H5F19N20 requires C, 39.2; H, 0.75; N, 4.12%). 

Synthesis of 4,5-bis [1 ,2,2,3,3,3-hexaflu oro-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[l,2,2,3,3,3-hexafluoro-l

(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 (MgS04) and the solvent was 

removed on a rotary evaporator. Column chromatography (hexane) gave 4,5-

bis [ 1, 2, 2, 3, 3, 3-hexajluoro-1-trifluoromethyl)propyl} -3, 6-diphenoxybenzene-1, 2-
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dicarbonitrile (71) (0.82 g, 37%) as a white solid; mp 67-68 °C (Found, M+ 748.045732; 

C28H 10F18N20 2 requires M+ 748.045732). 

Synthesis of 3-llluOJro-6-[1 ,2,2,2-tetrafluoro-1-(triflluorometlhlyH)ethyH]-2,4,§-

tris(trifluoromethyi)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/C02 • 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 oc 
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 oc 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-jluoro-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; C20F17N 1 requires C, 31.4; N, 2.8%). 
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Appendix A NMR Spectroscopy. 

Chapter II 

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

( tri fl uorome thy I )eth y I ]pyri dine 

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

( tri fluorometh y l)eth y I ]pyridi ne 

3) 2-butyl-3,5,6-trifluoro-4-[ I ,2,2,2-tetratluoro-1-

(trifluoromethy l)eth y l]pyridine 

4) 2,6-dibutyl-3,5-ditluoro-4-[ I ,2,2,2-tetratluoro-1-

( tritluorome thy l)eth y I ]pyridine 

5) 6-(tert-buty 1)-2,3 ,5-tritluoro-4-[ 1 ,2,2,2-tetratluoro-1-

( tri tl uoromethy l)eth y I ]pyridine 

6) 2,6-bis(tert -butyl)-3 ,5-tritluoro-4-[ 1 ,2,2,2-tetratluoro-1-

( tritluoromethy l)ethy l]pyridine 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

7) 4- { 3,5 ,6-trifluoro-4- [ 1 ,2,2,2-tetratluoro-1-(trifluoromethy l)ethy l]-2- (9) 

pyridy I} heptane-3 ,5-dione 

8) 6-(prop-1-enyl)-2,3 ,5-tritluoro-4-[ 1 ,2,2,2-tetratluoro-1-

( tritl uorometh y l)eth y I] pyridi ne 

9) 2,3,5-trifluoro-6-phenyl-4-[ 1 ,2,2,2-tetrafluoro-I

tritl uorometh y I )ethy l]pyridine 

1 0) 3,5-ditluoro-2,6-diphenyl-4-[ I ,2,2,2-tetrafluoro-I

tri tl uoromethy l)ethy l]pyridine 

II) 2,3 ,5-trifluoro-6-prop-I-yny l-4-[ 1 ,2,2,2-tetrafluoro-I

( trifluoromethy l)eth y I ]pyridine 

12) 2,5-ditluoro-3,6-diprop-1-ynyl-4-[ 1 ,2,2,2-tetratluoro-I

( tri fluorometh y l)eth y I ]pyridine 

(10) 

(11) 

(12) 

(13) 

(14) 

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

( tritluorometh y l)eth y I ]pyridine 

14) die thy I { 3,5 ,6-trifluoro-4-[ 1 ,2,2,2-tetrafluoro-1-tritluoromethyl)ethy 1](2- (18) 

pyridyl) }amine 

15) { 6-( diethylamine )-3,5-ditluoro-4-[ 1 ,2,2,2-tetrafluoro-I- (19) 

trifluoromethyl)ethy I] (2-pyridyl)} die thy I amine 

16) benzyl { 3,5,6-tritluoro-4-[ I ,2,2,2-tetratluoro-I-tritluoromethyl)ethyl](2- (20) 

pyridyl) }amine 

AI 



Chapter Ill 

17) 19 ,20-diaza~8. 17 -bis[ 1 ,2,2,2-tetrafluoromethyl)ethyl]-7 ,9, 16, 18-tetrafluoro- (35) 

2,5, 11, 14-tetraoxatricyclo[ 13.3.1.1<6, 1 0> ]icosa-1 ( 19),6,8, 1 0(20), 15,17-

hexaene 

18) 25 ,26-diaza-1 1 ,23-bis[ 1 ,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]- (37) 

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 

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) 

20) 1 1, 14,19 ,20-tetraaza-8-17 -bis[ 1 ,2,2,2-tetratluoro-1-(tritluoromethy l)ethy 1]- ( 42) 

7 ,9, 16, 18-tetrafluoro-11, 14-dimethy1-2,5-dioxatricyclo-

[ 13.3.1.1 ,6, 1 O.]icosa-1 (19),6,8, 1 0,(20), 15,17 -hexaene 

21) 2,5,22,23-tetraaza-8,20-bis[ l ,2,2,2-tetratluoro-1-(trifluoromethyl)ethyl]- ( 43) 

7 ,9, 19,21-tetratluoro-2,5-dimethyl-11, 14,17-

trioxatricyc1o[ 16.3.1.1<6, 10> ]-tricosa-1 (22),6,8, 10(23), 18,20-hexaene 

22) 2-( { 5,6-ditluoro-3-methyl-4-[ 1 ,2,2,2-tetratluoro-1-(tritluoromethyl)ethyl]- ( 44a) 

2-pyridy I} amino )ethan-1-ol 

23) { 3 ,5,6-tritluoro-4-[ 1 ,2,2,2-tetratluoro-1-(trifluoromethyl)ethyl](2-

pyridy I)} (2- { 3 ,5,6-tritluoro-4-[ 1 ,2,2,2-tetratluoro-1-

(tritluoromethyl)ethyl](2-pyridyloxy) }ethy1)amine 

(44) 

24) 14, 19,20-triaza-8, 17 -bis[ 1 ,2,2,2-tetratluoro-1-(trifluoromethyl)ethyl]- ( 45) 

7 ,9, 16, 18-tetratluoro-2,5, 11-trioxatricyclo[ 13.3.1.1 <6, 10> ]icosa-

1 (19),6,8, 1 0(20), 15, 17-hexaene 

25) 3,5,6-tritluoro-4-[ 1 ,2,2,2-tetratluoro-1-(tritluoromethylethyl]-2-[ 1-(2- ( 46) 

{ 3,5,6-tritluoro-4-[ 1 ,2,2,2-tetratluoro-1"-(tritluoromethyl)ethyl](2-

pyridy loxy)} naphthy1)(2-naphthy loxy )pyridine 

26) 3,3,4,4,5,5,6,6,7 ,7 ,8,8,8-tridecatluoro-1-(2,3,5,6-tetratluoro( 4-

pyridy 1oxy) )octane 

27) methyl(2- {me thy I [3 ,5,6-trifluoro-4-(3,3 ,4,4,5 ,5,6,6,7, 7 ,8,8,8-

tridecatl uoroocty loxy )(2-pyridy I] amino} ethy I) [3 ,5 ,6-tritluoro-4-

(3 ,3 ,4,4,5 ,5 ,6,6, 7,7 ,8,8,8-tridecafluoroocty loxy)(2-pyridyl) ]amine 

(47) 

(48) 
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28) 3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluoro-1-[2,3,8, I 0, 13,18-hexaaza-6,7, I 5,17- (49) 

tetrafluoro-2,3, I 0, 13-tetramethy 1-5-(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 ]octane 

Chapter IV 

29) 4,6-bis[ I ,2,2,2-tetrafluoro-1-(trifluoromethy l)ethyl]-2,5-difluoropyrimidine (50) 

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

31) 2,5-difluoro-4-methoxy-6-[ I ,2,2,2~tetrafluoro-1- (52) 

( tri fluoromethy l )eth y I ]pyrimidine 

32) 5-fluoro-2,6-dimethoxy-4-[ I ,2,2,2-tetrafluoro-1- (53) 

( trifl uorometh y I )ethy I ]pyrimidine 

33) 6-(2- { 2,5-difluoro-1-(trifluoromethyl)ethyl]pyrimidin-4-yloxy }ethoxy)-2,5- (54) 

difl uoro-4- [ 1 ,2 ,2,2-tetrafluoro-1-( trifl uorometh y l)eth y I ]pyrimidine 

34) 4,6-bis[ 1 ,2,2,2-tetrafluoro-1-(trifluoro-1-(trifluoromethy l)ethyl]-5-fluoro-2- (55) 

methox ypyri midi ne 

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

fl uoropyrimidine 

36) 4,6-bis[ 1 ,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-2-( { 4,6-bis[ 1 ,2,2,2- (57) 

tetrafluoro-1-(trifluoromethy l)ethy 1]-5-fluoropyrimidin-2-y I} ethoxy)-5-

fluoropyrimidine 

37) { 4,6-bis[ 1 ,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-5-fluoropyrimidin-2- (58) 

yl }diethylamine 

38) .{ 4,6-bis[ 1 ,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-5-fluoropyrimidin-2- (59) 

yl} benzyl amine 

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

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

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

methoxypyrimidine 

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

Chapter V 

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

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

45) 2,3,5,6-tetrafluoro-4-[ 1 ,2,2,3,3,3-hexafluoro-1- (66) 

(trifluoromethyl)propyl]pyridine 
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46) ( l R,2S )-2-methyl ( 3,5,6-trifluoro-4-[ I ,2,2,3,3,3-hexafluoro-1- (67) 

(trifluoromethyl)propyl](2-pyridyl} amino )-1-phenylpropan-1-ol 

47) 3,5 ,6-trifl uoro-4- [I ,2,2,3 ,3,3-hexatluoro-1- (68) 

(trifluoromethyl)propyl]benzene-1 ,2-dicarbonitrile 

48) 4,6-bis[ I ,2,2,3,3,3-hexafluoro-1-(trifluoromethyl)propyl]-3,5- (69) 

ditluorobenzene-1 ,2-dicarbonitrile 

49) 4,5-bis[ I ,2,2,3,3,3-hexafluoro-1-trifluoromethyl)propyl]-6-tluoro-3- (70) 

phenoxybenzene-1 ,2-dicarbonitrile 

50) 4,5-bis[ 1 ,2,2,3,3,3-hexatluoro-1-tritluoromethyl)propyl]-3 ,6- (71) 

diphenoxybenzene-1,2-dicarbonitrile 

51) 3-tluoro-6-[ 1,2,2,2-tetrafluoro-l-( tri fluoromethy l)eth y 1]-2,4,5- (72) 

tris( tri f1 uorometh y I) benzenecarboni tri le 
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I) 3-fluoro-2,5,6-trimethoxy-4-[ I ,-2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]pyridine (3) 

a 
F 

bF~,c >~ ~' I F e OMei F ...., OMa F OMa 

I ~i I " "" ~ MaO N OMe MeO N OMe 

I M eO g N h OMe k 
B A 

Chemical Shift Intensity Multiplicity Coupling (Hz) Assignment 
IH 

3.76 3 s J 
3.90 6 s I, k 

19F 

-74.9 3 m b, c of B 
-75.1 3 m b, c of A 

-146.3 0.5 br s fof A 
-149.7 0.5 d 4

JFF 94.0 f ofB 
-177.5 0.5 d 4

JFF 94.0 a ofB 
-182.0 0.5 s a of A 

uc 
53.9 s I ,k 
60.5 s j of A 
61.6 s j c of B 
92.2 dsept ljCF 218 d 

2
JcF 37.4 

119.0 m e 
120.3 qd ljCF 280 b, c 

2
JcF 27.7 

133.3 br s 
135.4 d ljCF 264 fof A 
139.1 s f ofB 
146.8 s g 
150.0 s h 

AS 



2) 3- fl uoro-2,5 ,6-tri phenox y-4-[ I ,2,2,2-tetratl uoro-1-( tri fluoromethy l)ethy l]pyridi ne ( 4) 

a 
F 

bF~,o d 

'iSc ~' g F ~ OPh r -., OPh F OPh 

I ~ I / 
"" 

I PhO N OPh e PhO N OPh PhO N OPh 

A B 

Chemical Shift Intensity Multiplicity Coupling (Hz) Assignment 
IH 

6.4-7.4 m d,e, f 

t9F 
-71.5 3 m b, c of A 
-72.0 3 m b, c of B 

-136.2 0.5 s g of A 
-138.7 0.5 d 4JFF 98.5 g ofB 
-174.5 0.5 d 4

JFF 98.5 a ofB 
-178.3 0.5 s a of A 

\ 
t 

A6 



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

a 
F 

e F 

k 

I F 
h 

Chemical Shift Intensity Multiplicity Coupling (Hz) Assignment 
IH 

0.87 3 3JHH 7.6 k 
1.30 2 sex 3JHH 7.6 J 
1.60 2 qum lJHH 7.6 
2.72 2 t lJHH 7.6 h 

19F 

-71.2 6 m b,c 
-82.4 s f 

-117.7 s d 
-133.7 s e 
-175.8 br s a 

uc 
14.0 s k 
22.5 s J 
30.4 s 
31.6 s h 
92.3 dsept IJCF 214.5 I 

21cF35.3 
119.2 m m 
119.6 qd IJCF 287 b,c 

2JcF 27.3 
144- 149 br e, d, f, g 

overlapping 
m 
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4) 2,6-dibutyl-3,5-di tl uoro-4-[ I ,2,2,2-tetratluoro-1-(trifluoromethyl)ethyl]pyridine ( 6) 

k 

h 

Chemical Shift Intensity Multiplicity Coupling (Hz) Assignment 
'H 

0.87 6 JjHH 7.6 k 
1.30 4 sex JjHH 7.6 J 
1.60 4 gum JjHH 7.6 
2.72 4 t 3JHH 7.6 h 

'9F 
-71.2 6 m b 

-117.7 2 m e 
-175.8 m a 

ne 
13.7 s k 
23.3 s J 
30.5 s h 
92.3 dsept 'JcF 215 c 

2
JcF 35.3 

119.2 m d 
144-149 brm f, g 

A8 



5) 6-( tert -buty I)-2,3 ,5-tri fluoro-4- [I ,2 ,2,2-tetrafl uoro-1-( trifl uorometh y I )ethy l]pyridi ne 
(7) 

Chemical Shift Intensity Multiplicity Coupling (Hz) Assignment 
•H 

1.38 s J 

19F 
-75.3 6 m b 
-86.4 br s g 

-115.0 br s e 
-137.3 br s f 
-179.5 m a 

ne 
28.3 s J 
37.6 s 
92.3 dsept IJCF 216 c 

2
JcF 35.3 

119.2 m d 
119.6 qd IJCF 287 b 

2
JcF 27.3 

143-148 br m h,e,g,f 
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6) 2,6-bis(tert-bulyi)-3,5-Lrinuoro-4-[ I ,2,2,2-tetranuoro-1-(trinuoromethyl)ethyl]pyridine 
(8) 

h 

Chemical Shift Intensity Multiplicity Coupling (Hz) Assignment 
IH 

1.41 s h 

J9F 

-72.1 6 s b 
-112.0 br s e 
-115.2 m e 
-175.8 m a 

IJC 

28.6 s h 
38.2 s g 
92.4 dsept I JCF 211 c 

2
JcF 35.3 

112.1 m d 
120.4 qd IJCF 287 b 

lJCF 27.3 
147-156 br m e, f 



7) 4- { 3,5 ,6-tri fl uoro-4-[ I ,2,2,2-tetrafluoro-1-( tri fluoromethy l)ethy l]-2-pyridy t} heptane-
3,5-dione (9) 

Chemical Shift Intensity Multiplicity Coupling (Hz) Assignment 
IH 

1.23 6 J}HH 7.2 J 
4.30 4 q 3

JIUI 7.2 
4.98 s g 

lgF 

major rotamer 
-74.6 6 m b 
-85.4 1 br s k 

-119.0 0.5 br s e 
-132.3 0.5 br s 
-180.3 br s a 

minor rotamer 
-74.6 6 m b 
-85.4 br s k 

-120.4 0.5 br s e 
-129.2 0.5 br s 1 
-180.3 br s a 

uc 
13.6 s J 
54.7 s 
62.6 s g 
91.6 dsept IJCF 214 c 

lJCF 35.7 
115.8 m d 
119.8 qd IJCF 287 b 

2
JcF 26.9 

144-154 br m e, f, 1, k 
164.9 s h 
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8) 6-(prop-1-enyl)-2,3,5-tritluoro-4-[ I ,2,2,2-tetratluoro-1-(tritluoromethyl)ethyl]pyridine 
(10) 

g 

Chemical Shift Intensity Multiplicity Coupling (Hz) Assignment 
'H 

1.91 3 d 3JHH 6.8 
2.09 3 d J JHH 8.4 
6.17 m h 
6.42 d JjHII 12.0 g 
6.96 m g 

t9F 

major rotamer 
-75.1 6 m b 
-85.6 0.5 br s J 

-120.4 0.5 br s e 
-136.4 0.5 br s k 
-179.9 br s a 

minor rotamer 
-75.1 6 m b 
-86.6 0.5 br s j 

-127.6 0.5 br s e 
133.3 0.5 br s k 

-179.9 br s a 

t3c 

15.4 s 
18.7 s 

117.9 m d 
120.0 qd 'JcF 231 b 

2JcF 29.0 
128.9 m h 
137.2 3JCF 3.8 g 
138.1 3JcF 2.2 g 

144-148 br m e, j, k, f 

Al2 



9) 2,3,5-tritluoro-6-phenyl-4-[ I ,2,2,2-tetrafluoro-1-trifluoromethyl)ethyl]pyridine (11) 

Chemical Shift Intensity Multiplicity Coupling (Hz) Assignment 
IH 

7.41-7.90 m h, i, j 

t9F 

major rotamer 
-75.2 6 m b 
-84.8 0.5 br s k 

-120.0 0.5 br s e 
-134.7 0.5 d 4JFF 81.2 I 
-179.5 0.5 d 4JFF 81.2 a 

minor rotamer 
-75.2 6 m b 
-86.0 0.5 br s k 

-122.1 0.5 br s e 
-131.7 0.5 br s 
-180.3 0.5 br s a 

IJC 

91.9 dsept 11cF214 c 
2JcF 37.2 

119.5 m d 
119.9 qd 'JcF 294 b 

21cF27.2 
128.9 s h 
129.2 s i or j 
129.9 s 1 or J 
130.1 s g 

143-155 br m e, f, I, k 

A13 



I 0) 3,5-difluoro-2,6-diphenyl-4-[ I ,2,2,2-tetrafluoro-l-trifluoromethyl)ethyl]pyridine (12) 

Chemical Shift Intensity Multiplicity Coupling (Hz) Assignment 
IH 

7.41-7.90 m h, i andj 

19F 

major rotamer 
-75.2 3 m b 

-117.7 br s e 
-179.2 m a 

minor rotamer 
-75.2 3 m b 

-120.6 m e 
-179.2 m a 

IJC 
92.4 dsept IJCF 213 c 

2
JcF 35.3 

113.2 dt 2
JcF 21.6 d 

lJCF 12.9 
120.4 qd IJCF 287 b 

2
JcF 27.3 

128.9 s I 

129.2 s j or k 
129.9 s j or k 
130.1 s h 

143-155 brm e,g 

Al4 



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

~h 

Chemical Shift Intensity Multiplicity Coupling (Hz) Assignment 
IH 

2.10 s 

J9F 

major rotamer 
-73.7 6 m b 
-83.0 0.5 br s J 

-113.3 0.5 br s e 
-131.1 0.5 br s k 
-178.7 br s a 

minor rotamer 
-73.7 6 m b 
-83.9 0.5 br s J 

-115.5 0.5 br s e 
-128.1 0.5 br s k 
-178.7 br s a 

uc 
4.64 s 
71.2 s h 
92.0 dsept IJCF 216 c 

2JcF 35.2 
97.0 s g 
116.1 m d 
119.8 qd IJCF 287 b 

lJCF 27.0 
133.0 m f 
147.9 dm IJCF 219 e or k or j 
148.0 dm 11cF250 e or k or j 
154.0 dm IJCF 275 e or k or j 

Al5 



12) 2,5-difluoro-3,6-diprop-1-ynyl-4-[ I ,2,2,2-tetrafluoro-1-
(trifluorometh y I )ethy I ]pyridi ne (14) 

~h 

Chemical Shift Intensity Multiplicity Coupling (Hz) 
tH 

2.10 s 

19F 

-62.3 1 s 
-73.0 6 s 

-117.8 s 
-174.3 s 

ne 
5.07 s 
68.8 s 
72.2 s 
92.5 dsept 'JcF 214 

2JcF 27.0 
98.2 s 
102.3 s 
116.1 m 
119.8 qd 11cF 260 

21cF27 .0 
127.3 m 
128.6 m 
154.0 d 'JcF260 
159.0 d 'JcF 275 

Assignment 

1, n 

J 
b 
e 
a 

1, n 
m 
h 
c 

g 
I 
d 
b 

k or f 
k or f 
e or J 
e or J 

A16 



13) 3,5-difluoro-2-methoxy-6-prop-1-ynyl-4-[ I ,2,2,2-tetratluoro_-1-
( trifluoromethy I )eth y I ]pyridine (15) 

Chemical Shift Intensity Multiplicity Coupling (Hz) 
•H 
2.1 3 s 
3.97 3 s 

19F 

major rotamer 
-75.5 6 m 

-124.2 0.5 br s 
-131.4 0.5 br s 
-180.0 br m 

minor rotamer 1 
-75.5 6 m 

-126.5 0.5 br s 
-128.2 0.5 br s 
-180.0 br m 

13c 
4.65 s 
54.7 s 
72.3 s 
91.8 dsept IJCF 214 

2
JcF 27.0 

94.8 dm lJCF 6.8 
113.5 m 
120.0 qd IJCF 281 

2
JCF 25.4 

150-152 br m 

Assignment 

k 

b 
e 

a 

b 
e 
I 
a 

k 
h 
c 

g 
d 
b 

e, f, j, l 

Al7 



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

a 
F bf;t;' F d F 

.I "-':: J g 

F iN~ N~ h 

~ 

Chemical Shift Intensity Multiplicity Coupling (Hz) Assignment 
JH 

1.30 6 JjHH 6.8 h 
3.39 4 q JjHH 6.8 g 

t9F 

major rotamer 
-75.6 3 m b 
-86.5 0.5 br s 

-129.0 0.5 br s e 
-154.1 0.5 d 4JFF 89.9 J 
-176.4 0.5 d 4JFF 89.9 a 

minor rotamer 
-72.5 3 m b 
-87.6 0.5 br s 

-131.3 0.5 d 4JFF 88.4 e 
-150.5 0.5 s J 
-177.3 0.5 d 4JFF 88.4 a 

ne 
13.4 s h 
44.6 s g 
92.4 dsept IJCF212 c 

lJCF 38.3 
115.8 m d 
120.2 qd 'JcF 287 b 

21cF 27.0 
132-146 brm e, f, i, j 

AI8 



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

Chemical Shift 
IH 

1.71 
3.39 

19F 

-75.4 
-143.5 
-146.9 
-179.1 

13c 
13.7 
44.2 
93.0 

115.8 
120.1 

132-146 

Intensity 

12 
8 

6 
2 
2 

a 
F hFitl, 

F d F 
I~ g 

../'N N..-: N/"....,.. h 

) ~ 

Multiplicity Coupling (Hz) Assignment 

JjHH 6.8 h 
q lJHH 6.8 g 

s b 
br s e 

d 4
JFF 99.8 e 

d 4
JFF 99.8 a 

s 
s 

dsept IJCF 210 
lJCF 35.3 

m 
qd IJCF 287 

lJCF 27.0 
br m 

A19 



16) benzyl(3,5,6-trifluoro-4-[ I ,2,2,2-tetrafluoro-l-trifluoromethyl)ethyl](2-
pyridyl) }amine (20) 

h j 

N~ok 
H I~ I 

9 

Chemical Shift Intensity Multiplicity Coupling (Hz) Assignment 
•H 

4.62 2 d lJHH 5.6 h 
5.12 I br s g 

7.32-7.39 5 m i, j, k 

19F 

major rotamer 
-70.8 6 m b 
-87.2 0.5 br s m 

-133.9 0.5 br s e 
-150.1 0.5 br s n 
-175.6 br s a 

minor rotamer 
-70.8 6 m b 
86.1 0.5 br s m 

-136.6 0.5 br s e 
-153.3 0.5 br s n 
-175.6 br s a 

uc 
45.3 s h 
92.0 dsept IJCF 212 c 

lJCF 35.5 
114.6 dddd 2

JcF 11.0, 11.0, d 
10.6 

lJCF 3.0 
120.2 qd IJCF 287 b 

2
JcF 27.3 

128.1 s 
128.2 s j or k 

129.1 s j or k 
137.9 s 

142.0-147.1 brm e, f, m, n 

A20 



17) 19,20-diaza-8, 17 -bis[ I ,2,2,2-tetratluoromethyl)ethyl]-7 ,9, 16, 18-tetratluoro-2,5, 11, 14-

tetraoxatricyclo[ 13.3 .1.1 <6, I 0> ]icosa-1 (I 9),6,8, I 0(20): 15,17 -hexaene (35) 

a F. Ff;' F c F 
I~ d 

...-: 

[0 N e 0] I 0£0 
F F 

F3C F CF3 

Chemical Shift Intensity Multiplicity Coupling (Hz) Assignment 
IH 

20 °C 
5.2-6.8 br s f 
90 oc 
4.70 s f 

19F 

-77.0 12 s a 
-145.1 2 br s d 
-147.9 2 br s d 
-181.7 2 m b 

uc 
65.1 br s f 
93.3 dm 'JcF 212 b 
117.1 m c 
121.5 qd 'JcF 288 a 

lJCF 26.6 
127.8 d 'JcF 154 d 
130.4 d 2JCF 84.0 e 

A21 



18) 2§,26-diaza-11 ,23-bis[ I ,2,2,2-tetrafluoro-l-(trifluoromethyl)ethyl]-1 0,12,22,24-
tetrafluoro-2,5,8, 14, 17 ,20-hexaoxatricyclo[ 19.3.1.1 ,9, 13.]hexacosa-
l (25),9, 11, 13(26),21 ,23-hexaene (37). 

Chemical Shift 
IH 

3.88 
4.65 

19F 

-76.4 
-147.1 
-150.0 
-180.7 

)]c 
66.9 
69.9 
92.9 

114.5 
121.5 

147.2 

Intensity Multiplicity Coupling (Hz) 

8 m 
8 m 

12 
2 
2 
2 

s 
s 

dsept 

m 
qd 

br s 

m 
br s 
br s 
m 

11cF211 
ZJCF 35.3 

Assignment 

f 
g 

a 
d 
d 
b 

for g 
for g 

b 

c 
a 

e 

A22 



19) 26,28-diaza-5, 17-bis[ I ,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, 12,1 5,17, 19(28),21 (25),22-dodecaene (39). 

Chemical Shift 
IH 

2.33 
6.58 
6.81 

t9F 

-75.5 
-141.3 
-144.1 
-180.3 

ne 
21.1 
112.3 
119.6 
140.9 
152.4 

Intensity Multiplicity Coupling (Hz) 

6 s 
2 s 
4 s 

12 
2 
2 
2 

m 
br s 
br s 
m 

s 
s 
s 
s 
s 

Assignment 

J 
g 
h 

a 
d 
d 
b 

J 

h 
g 
f 

A23 



20) 11, 14, 19,20-tetraaza-8-17 -bis[ I ,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-7 ,9, 16, 18-

tetrafluoro-11, 14-di methyl-2,5-dioxatricyclo-[ 13 .3.1. I ,6, I O.]icosa-

1 ( 19),6,8, 1 0,(20), 15, 17-r,exaene (42). 

a F F])' F c F 
,~d 

....-:: /h 
f [0 e N g NJ i 

O£N' 
F F 

F3C F CF3 

Chemical Shift Intensity Multiplicity Coupling (Hz) Assignment 
lH 

20 oc 
3.25 m h 

3.40-5.40 br s f, i 
90 oc 
3.29 6 m h 
3.75 4 br s 
4.73 4 br s 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 
115.3 m c 
120.7 qd 'JcF 288 a 

21cF28.0 
133.5 m e or g 
136.1 m e or g 
144.5 dm 'JcF 272 d 

A24 



21) 2,5,22,23-tetraaza-8,20-bis[ I ,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-7 ,9, 19,2 I
tetrafluoro-2,5-dimethyl-1 I, 14, 17 -trioxatricyclo[ I 6.3.1.1<6, I 0> ]-tricosa-
1 (22),6,8, I 0(23), I 8,20-hexaene (43) 

a 
F Fti, 

F c F 
I -...::: d ' /. 'C N :J ~ 

N N OJ /X F ......:::: F 

F3C CF3 F 

Chemical Shift Intensity Multiplicity Coupling (Hz) Assignment 
IH 

2.74 6. m e 
2.95-3.05 8 m f, g 

3.34 4 m h 

t9F 

-74.3 12 m a 
-133.3 4 br s d 
-182.9 2 m b 

uc 
37.3 s e 
43.5 s f 
46.6 s g or h 
47.6 s g or h 
121.1 qd 'JcF 286 b 

lJCF 28.1 

') 



22) 2-( { 5 ,6-di fl uoro-3-methy 1-4-[ I ,2,2,2-tetratluoro-1-( tri fluoromethy I )ethy I]-2-

pyridyl }amino)etha_n-1-ol (44a). 

a F 

F~, 
F c F 

g I -..;::: d i k 
,_ ~OH 

F f N eN . 
I J 
H h 

Chemical Shift Intensity Multiplicity Coupling (Hz) Assignment 
JH 

2.69 I br s k 
3.63 2 m 1 or J 
3.81 2 m 1 or J 
5.40 br s h 

19F 

-75.8 6 m a 
-92.2 m f 

-139.9 m d 
-155.3 m g 
-180.5 m b 

ne 
43.5 s 
61.4 s J 
92.0 dsept 'JcF 210 b 

2JcF 34.4 
114.5 m c 
119.8 qd 'JcF 286 a 

21cF27.0 
132.1 dm 'JcF 262 d or g 
143.1 m e 
147.0 dd 'JcF 234 f 

2JcF 15.5 

A26 



23) ( 3,5 ,6-tri fluoro-4-[ I ,2,2,2-tetrafluoro-1-(trifluoromethy I )ethy I ](2-pyridy I) }(2- ( 3,5 ,6-

trifluoro-4-[ I ,2,2,2-tetrafluoro-l-(trifluoromethyl)ethyl](2-pyridyloxy) }ethyl)amine (44). 

a F F. 
F3C CF3 Fti' b 
F c F F ""'-'::: F 

d I ""'-'::: I h I 
.....: ~ 

F e N g NH 0 N F 
\__} 
i j 

Chemical Shift Intensity Multiplicity Coupling (Hz) Assignment 
IH 

3.83-3.94 2 m 
4.48-4.62 2 m J 
5.00-5.25 m h 

t9F 

-75.9 12 m a 
-85.5 2 m e 

-160.0 2 m d 
-163.1 2 m f 
-180.2 2 br s b 

13c 
40.6 s 
67.2 s J 
92.5 dsept ljCF 213 b 

lJCF 38.7 
120.3 qd ljCF 287 a 

lJCF 27.0 
115.1-117.5 m c 

A27 



24) 14,19 ,20-triaza-8,17 -bis[ 1,2,2,2-tetrafluoro-l-(trifluoromethyl)ethyl]-7 ,9 ,16,18-
tetraf!uoro-2,5,1 1-trioxatricyclo[ 13.3.1.1<6, I 0> ]icosa-1 (19),6,8,1 0(20), 15,17 -hexaene 
(45) 

a F 

F~, F c F 
I~ d 

I 0 N..-: e 0 h 

g[O N N~ i YH F F J 

F3C F CF3 

Chemical Shift Intensity Multiplicity Coupling (Hz) Assignment 
JH 

3.78 2 
4.53-4.84 7 f. g, h, j 

19F 

-75.0 12 m a 
-144.7 2 m d 
-147.9 2 m d 
-179.2 2 m b 

13c 

39.5 s I 

62.1 s for g or h 
62.8 s for g or h 
64.2 s for g or h 
92.1 dsept 'JcF 210 b 

21cF37.5 
120.6 qd 'JcF 286 a 

21cF27.1 
113.8-115.7 m c 

A28 



25) 3,5,6-trifluoro-4-[ I ,2,2,2-tetrafluoro-1-(trifluoromethylethyl]-2-[ 1-(-2- { 3,5,6-trifluoro-

4-[ I ,2,2,2-tetrafluoro-1-(trifluoromethy l)ethyl](2-pyridyloxy)) naphthyl)(2-

naphthyloxy)pyridine (46). 

Chemical Shift Intensity Multiplicity Coupling (Hz) Assignment 
IH 

7.17-8.17 m BINAP 

t9F 

-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 

ne 
121.8-133.7 m BINAP 

A29 



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

(47). 

Chemical Shift Intensity 
'H 

2.69 2 

4.79 

19F 

-81.6 3 
-90.6 2 

-114.1 2 
-122.5 2 
-123.6 2 
-124.2 2 
-126.9 2 
-159.5 2 

13c 

31.8 
61.4 

I 05-122 
135.3 
144.4 
146.5 

f e d c b a 

~CCF2CF2CF2CF2CF2CF3 

0 Fn· F I ~i 
...-: 

F N k F 

Multiplicity Coupling (Hz) 

tt 3JHH 6.4 
) 1 HF'I8 

lJHH 6.4 

s 
s 
s 
s 
s 
s 
s 
s 

lJCF 21.6 
s 
m 
dm 11cF275 
dm 11cF241 
m 

Assignment 

g 

h 

a 
k 

b to f 
b to f 
b to f 
b to f 
b to f 

J 

g 
h 

b to f 

J 
k 

A30 



27) methyl(2- {methyl [3 ,5 ,6-trifluoro-4-(3 ,3,4,4,5,5,6,6,7 ,7 ,8,8,8-

tridecafluoroocty I ox y )(2-pyridy !]amino) ethy 1)[3,5 ,6-tritl uoro-4-

(3 ,3,4,4,5,5,6,6,7 ,7 ,8,8,8-tridecatluorooctyloxy)(2-pyridyl)]amine (48). 

I e d c b a 
F3CF2CF2CF2CF2CF2C) 

0 

g(CF2CF2CF2CF2CF2CF3 

h 0 

FtJ( F1)( 7 ""-'::. 
~ I I ol I /. J 

F N NNINkF 
LJ 

n 

Chemical Shift Intensity Multiplicity Coupling (Hz) Assignment 
IH 

2.61 4 m g 
3.04 6 s 0 

3.62 4 s n 
4.58 4 t lJHil 6.4 h 

19F 

-81.3 6 s a 
-90.6 2 m 

-113.8 4 s b to f 
-122.3 4 s b to f 
-123.6 4 s b to f 
-124.0 4 s b to f 
-126.6 4 s b to f 
-154.2 2 s m 
-170.8 2 s J 

ne 
31.8 g 
38.2 s nor o 
49.6 s nor o 
65.9 s h 

105-122 m a to f 
129.5 dd 'lcF 249 m 

2JCF 33.0 

I 
't 

A31 



136.9 dd ljCF 249 J 
JjCF 5.3 

144.6 dd ljCF 229 k 
2 lcF 13.3 

141.8 m I or i 
144.6 m I or i 

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, I 0, 13-tetramethy 1-5-(3,3 ,4,4,5,5 ,6,6,7 ,7 ,8,8,8-

'.ridecafluoroocty1oxy)tricyclo[ 12.3 .1.0<4,9> ]octadeca-1 (18),4(9),5,7, 14, 16-hexaen-16-

yloxy]octane (49) 

Chemical Shift Intensity Multiplicity Coupling (Hz) 
IH 

2.66 4 m 
3.16 12 s 
3.61 8 brs 
4.46 4 t JjHH 6.8 

19F 

-81.2 
-113.7 
-122.3 
-123.3 
-123.9 
-126.5 
163.5 

ne 
31.6 
37.7 
48.2 
65.6 

6 
4 
4 
4 
4 
4 
4 

s 
s 
s 
s 
s 
s 
s 

s 
s 
s 
s 

Assignment 

g 
I 
m 
h 

a 
b to f 
b to f 
b to f 
b to f 
b to f 

J 

g 
m 
I 
h 

3 



29) 4,6-bis[ I ,2,2,2-tetratluoro-1-(tritluoromethyl)ethyl]-2,5-ditluoropyrimidine (50). 

CF3 

Chemical Shift Intensity Multiplicity Coupling (Hz) Assignment 
19F 

-48.3 m e 
-75.2 12 m a 

-134.5 br s d 
-186.5 m b 

l)c 
91.4 dseptd IJCF21J b 

lJCF 33.3 
3JCF 3.8 

119.8 qd IJCF 287 a 
2JcF 26.6 

148.4 m c 
155.3 dd ljCF 282 d 

4JcF 6.8 
155.7 dm IJCF223 e 

A"l 



30) 2,5,6-trinuoro-4-[ 1 ,2,2,2-tetranuoro-1-(trifluoromethyl)ethyl]pyrimidine (51) 

Chemical Shift 
!9F 

-48.3 
-70.7 
-75.7 

-152.6 
-187.0 

lJC 
91.2 

120.5 

144.3 
144.3 

154.6 

162.4 

a 
F 

c b 

F " 

F~C CF
3 

fl ~ 
F eN F 

Intensity Multiplicity Coupling (Hz) 

I d •JFF 20 
1 s 
6 m 

s 
m 

dseptm 

qd 

m 
ddd 

dm 

11cF209 
2JCF 33.4 
IJCF 286 

ZJCF 26.1 

11cF 275 
lJCF 9.7 
lJCF 8.4 
IJCF 223 

2JcF 17.5 
IJCF260 

Assignment 

d 
e 
a 
f 
b 

b 

a 

c 
e 

f 

d 

A35 



3 I) 2,5 -d i fluoro-4- methox y -6-[ I ,2,2,2-tetrafluoro-1-(trifluoromethyl )ethyl ]pyrimidine 

(52). 

F 
a F;tCF3 

c b 
F "" 

g I N J,__ 
MeO e N d F 
f 

Chemical Shift Intensity Multiplicity Coupling (Hz) Assignment 
IH 

4.17 s f 

19F 

-46.2 1 m d 
-74.6 6 m a 

-151.4 m g 
-186.0 Ii1 b 

13c 
56.4 s f 
119.8 qd 'JcF 286 a 

21cf 27.3 
144.7 dd 'JcF 275 g 

lJCf 7.6 
155.0 dm 'JcF223 d 
163.7 m e 

A36 



32) 5-fluoro-2,6-dimethoxy-4-[ I ,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]pyrimidine 
(53) 

F a 

b 
F c 

h "N 
I~ 

F;cC CF3 

MeO N OMe e 
g 

Chemical Shift Intensity Multiplicity Coupling (Hz) 
IH 

3.96 3 s 
4.10 3 s 

19F 

-74.7 
-159.2 
-186.2 

DC 
55.6 
56.0 
91.1 

120.1 

138.8 
142.6 
158.8 
162.5 

6 m 
m 
m 

s 
s 

dseptd 

qd 

m 
d 
m 
m 

'1cF 241 
lJCF 28.8 
lJCF 3.8 

11cF 286 
2JcF 26.2 

'JcF 270 

Assignment 

e or g 
e or g 

a 
h 
b 

e or g 
e or g 

b 

a 

c 
h 

ford 
ford 

A17 



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

a F F 

F,c~, ;:(cF, 
N'-': F :?"N 
)L g j( 

F d N...- e 0 0 'N F 

,u 

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 

uc 
66.4 f 
91.0 dseptd IJCF 213 b 

21cF33.4 
lJCF 3.4 

121.2 qd IJCF 287 a 
21cF 28.6 

141.2 m m c 
144.4 dd 11cF275 g 

lJCF 7.9 
154.7 dm IJCF 223 d 
162.9 m e 

A38 



34) 4,6-bis[ I ,2,2,2-tetratluoro-1-(tritluoro-1-(tritluoromethyl)ethyl]-5-fluoro-2-
methoxypyrimidine (55) 

F3C 

F 
CF3 

Chemical Shift Intensity Multiplicity Coupling (Hz) Assignment 
'H 

3.97 s e 

19F 

-75.3 12 m a 
-163.1 I tm JFF 55.3 f 
-185.5 2 dm JFF 55.3 b 

IJC 
58.3 e 
91.3 dseptd 'JcF 208 b 

21cF32.3 
lJCF 3.4 

120.3 qd 'JcF 286 a 
2JcF 26.9 

144.8 d '1cF260 f 
144.9 dd lJCF 22.5 c 

ljCF 223 
163.7 m d 

A39 



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

h n p 
F3C 

F g k 
CF3 

m 0 q 

Chemical Shift Intensity Multiplicity Coupling (Hz) Assignment 
IH 

0.88 3 m q 
1.27 18 br m h, i,j, k, I, m, n, o, p 
1.84 2 m g 
4.38 2 t lJHH 6.8 f 

J9F 

-74.4 12 -m a 
-141.9 1 m d 
-185.5 2 m b 

ne 
14.1 s q 
70.6 s f 
91.4 dseptd 'lcF212 b 

ZJCF 33.0 
lJCF 3.4 

120.0 qd 'lcF 280 a 
ZJCF 26.6 

147.3 m c 
151.0 d 'JcF280 d 
159.1 s e 

A40 



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

( tri fluorometh yl )ethyl]-5 -fl uoropyrimidi n-2-y I} ethoxy )-5-fl uoropyri midi ne (57) 

Chemical Shift Intensity Multiplicity Coupling (Hz) 

19F 

-74.4 
-139.9 
-185.6 

JJC 
91.2 

119.5 

147.6 

151.5 
158.3 

24 
2 
4 

m 
m 
m 

dseptd 

qd 

dd 

d 
m 

'JcF 212 
2JCF 33.4 
lJCF 3.5 
'lcF 287 

lJCF 26.6 
21cF8.6 

2JcF 10.6 
'JcF 281 

Assignment 

g 

a 
f 
b 

b 

a 

c,e 

f 
d 

A41 



37) { 4,6-bis[ I ,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-5-fluoropyrimidin-2-
yl)diethylamine (58) 

Chemical Shift Intensity 
IH 

1.17 3 
3.63 2 

19F 

-75.3 12 
-156.5 
-186.3 2 

uc 
12.5 
44.0 
91.3 

120.9 

148.1 
145.7 
155.8 

F a lcF, 
c 

N 
FC .J_ e 

3 N~f 
F l:_ CF3 

Multiplicity Coupling (Hz) 

lJHH 7.2 
q lJHH 7.2 

s 
m 
m 

q IJCH J26 

tm IJCH 123 
dseptm IJCF 214 

21cF34.5 
lJCF 3.3 

qd IJCF 286 
2JcF 26.0 

d 11cF269 
m 
m 

Assignment 

f 
e 

a 
h 
b 

e 
f 
b 

a 

h 
c,g 

d 

A42 



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

yl) benzyl amine (59). 

JcF: b 
c 

N . 
d 9 I 

F,C J._: uj 
N hi F H 

CF3 f h k 

Chemical Shift Intensity Multiplicity Coupling (Hz) Assignment 
JH 

4.55 2 d JjHH 6.0 g 
5.84 1 br s f 

7.25-7.39 5 m i, j, k 

19F 

-74.3 12 m a 
-149.2 I m e 
-185.4 2 m b 

IJC 
46.4 g 
91.3 dseptm IJCF 214 b 

11cF34.5 
120.3 qd IJCF 286 a 
128.1 s 
128.2 s k 
129.0 s J 
137.4 s h 
144.8 d IJCF 270 e 
156.2 m d 

A43 



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

a 
OMe 

F:C e I "N 

F N~F d c 

Chemical Shift Intensity Multiplicity Coupling (Hz) 
IH 

4.14 

19F 

-49.7 
-85.3 

-178.5 

uc 
56.8 
130.4 
153.4 
158.3 
163.5 

s 
s 
s 

s 
dm 
dm 
dm 
m 

ljCF 255 
ljCF 217 
IJCF 246 

Assignment 

a 

c 
d 
e 

a 
d 
e 
c 
b 

A44 



40) 2,5-di fluoro-6-hydrox y-4-methoxypyrimidine ( 61) 

a 
OMe 

F:C e I "N 

HO d N~F 

Chemical Shift Intensity Multiplicity Coupling (Hz) Assignment 
'H 

3.87 3 s a 
13.3 br s d 

'9F 
-91.8 s c 

-183.7 s e 

l)c 
55.9 s a 
128.0 dm 'JcF 237 e 
I 53.1 m d 
155.2 dm 'JcF 243 c 
157.6 m b 

A45 



4 I ) 6- [ 2- ( 2, 5- d i flu o ro- 6- met h ox y p y rim id in- 4- y I ox y )ethoxy ]-2,5-difluoro-4-

methoxypyrimidine (62). 

a 
OMe OMe 

~F F:(b N e I ""N 
I .J__ F~N 0 0 d N c F 

ut 

Chemical Shift Intensity Multiplicity Coupling (Hz) Assignment 
IH 

3.34 s a 
3.97 s f 

t9F 

-48.9 2 s e 
-178.2 2 s c 

ne 
55.6 s a 
66.2 s f 
130.9 dm IJCF 248 c 
153.2 dm 11cF212 e 
159.4 m b or d 
160.5 m b or d 

A46 



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

F 

:yohob]< a 

Ny~ 
F 

Chemical Shift Intensity Multiplicity Coupling (Hz) Assignment 
IH 

1.61 s a 

t9F 

-49.0 s d 
-174.8 s e 

ne 
28.6 s a 
84.4 s b 
132.3 dm 'lcF 249 e 
152.5 dm 'JcF 211 d 
159.2 m c 

A47 



43) 2,3 ,5 ,6-tetrafluoro-4-tri fluorometh y lpyridine ( 64) 

a 

FnCF3 F 
I~ c 

/. 
F N d F 

Chemical Shift Intensity Multiplicity Coupling (Hz) 
19F 

-66.8 
-95.4 

-149.0 

13c 
119.7 
121.8 
139.4 
144.4 

3 
2 
2 

m 
s 
s 

gm 
m 

dm 
dm 

'JcF 220 

'JcF217 
'JcF 198 

Assignment 

a 
d 
c 

a 
b 
c 
d 

4 



44) 3,5 ,6-tri f1 uoro-2-phenoxy-4-tri fluoromethy I pyridi ne ( 65) 

a 
CF3 FnF;::y 

/. :::-..., I 
FeNdOgh 

Chemical Shift Intensity Multiplicity Coupling (Hz) Assignment 
lH 

6.96-7.38 h, i, j 

19F 

-58.3 3 4JFF 20.3 a 
-88.5 m e 

-138.8 m f 
-147.7 m c 

ne 
120.0 qm IJCF 274 a 
126.0 s J 
129.9 s 
136.3 dd 1JcF 266.3 e 

2JcF 31.8 
140.8 dd IJCF 273 c 

31cF6.4 
144.4 ddd IJCF 241 f 

2JCF 20.0 
3JcF 3.8. 

152.2 s g 

A49 



45) 2,3,5,6-tetratluoro-4-[ I ,2,2,3,3,3-hexafluoro-1-(trifluoromethyl)propyl]pyridi~e (66). 

d 

F· 

Chemical Shift Intensity Multiplicity Coupling (Hz) Assignment 
19F 

-73.7 3 s a 
-81.3 3 s d 
-87.4 2 m g 
-88.9 2 m g 

-119.4and AB JAB 293 c 
-122.4 
-134.5 2 m f 
-139.2 2 dm 4JFF 97.4 f 
-183.3 dm 4JFF 95.5 b 

ne 
93.9 dsexm IJCF 212 b 

lJCF 27.6 
117.9 IJCF 286 d 

lJCF 33.8 
118.3 e 
120.3 IJCF 287 a 

21cF27.6 
110.8 IJCF 2.68 c 

lJCF 38.7 
lJCF 37.8 

ASO 



46) (I R,2S)-2-methyl ( 3,5,6-trifluoro-f+-[ I ,2,2,3,3,3-hexafluoro-l
(trifluoromethyl)propyl](2-pyridyl) amino )-1-pheny lpropan-1-ol ( 67) 

d 

n 

Chemical Shift Intensity Multiplicity Coupling (Hz) 
IH 

1.42 3 d lJHH 7.0 
3.04 3 d ljHH 4.0 
4.43 I m 
4.67 m 
4.85 I br s 

7.17-7.37 5 m 

19F 

-80.6 3 m 
-87.9 3 m 
-97.0 1 m 

-125.9 to -129.6 2 m 
-134.3 1 m 
-155.5 0.5 m 
-162.6 0.5 m 
-189.5 0.5 m 
-190.3 0.5 m 

Assignment 

J 
k 
m 
n 
0 

a 
d 
h 
c 
f 

i, minor 
1, maJor 
b, minor 
b, major 

\ 
)_ 

A51 



4 7) 3, 5, 6- t r i flu o ro -4-[ I ,2,2,3,3,3-hexafluoro-1-(tri fluoromethyl)propyl]benzene-1 ,2-

dicarbonitrile (68). 

CN 

CN 

Chemical Shift Intensity Multiplicity Coupling (Hz) Assignment 
J9F 

-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 
-99.8 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 m c 

uc 
94.3 dm IJCF 212 c 
117.9 qt IJCF 287 a 

2JcF 33.8 
120.2 qd IJCF 290 d 

21cF26.5 

A 52 



48) 4,6-bis[ 1,2,2,3 J ,3-hexanuoro-1-(tri fluoromethy !)propyl] -3 ,5-di nuorobenzene-1,2-

dicarbonitrile (69). 

CN 

CN 

F 

Chemical Shift Intensity Multiplicity Coupling (Hz) Assignment 
19F 

-73.5 6 m d 
-80.6 6 m a 
-84.9 m e, major 
-88.5 m e, mmor 

-116.5--122.5 4 m b 
-172.5 1 m c, major 
-182.0 m c, minor 

uc 
93.9 dpm 'JcF 213 c 

2JcF 38.8 
117.9 qt 'JcF 288 a 

2JcF 34.1 
120.2 qd 'JcF 288 d 

2Jcf 27.6 

A 53 



49) 4,5-bis[ I ,2,2,3 ,3 ,3-hexatluoro-1-tri tluoromethyl)propyl]-6-tluoro-3-phenoxybenzene-

1 ,2-dicarbonitrile (70) 

CN 

CN 

OPh 

Chemical Shift Intensity Multiplicity Coupling (Hz) Assignment 
I9F 

-70.9 3 m d, minor 
-73.3 3 m d, major 
-80.2 6 m a 
-80.3 0.5 m e, mmor 
-86.3 0.5 m e, major 

-116.4--120.3 4 m b 
-172.9 m c, major 
-182.2 m c, mmor 

A 54 



50) 4,5-bis[ I ,2,2,3,3,3-hexanuoro-1-trinuorom~thyl)propyl]-3,6-diphenoxybenzene-1 ,2-

dicarbon i tri le (71 ). 

Chemical Shift Intensity Multiplicity Coupling (Hz) Assignment 
19F 

-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 

A 55 



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

tris(tri f1 uorometh y I )benzenecarbon itri le (72). 

Chemical Shift Intensity Multiplicity Coupling (Hz) 
t9F 

-56.5 
-57.2 
-69.2 

-100.6 
-163.5 

6 
3 
6 

m 
d 4JFF28.0 
s 

sept 4JFF26.0 

9 
4JFF54.0 

Assignment 

a, d 
c 
e 
b 
f 

A 56 



Appendix B IVIass Spectrometry. 

Chapter 11 

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

( trifluorometh y l)eth y l]pyridine 355 

2) 3 -fl uoro-2,5 ,6-tri phenoxy-4- [ 1 ,2,2 ,2-tetrafluoro-1- RlvlM (4) 
( trifluorometh y l)eth y l]pyridine 541 

3) 2-buty 1-3,5 ,6-trifluoro-4-[ 1 ,2,2,2-tetrafluoro-1- RlvlM (5) 

( tri fluorometh y l)eth y I ]pyridine 357 

4) 2,6-dibutyl-3,5-difluoro-4-[ l ,2,2,2-tetrafluoro-1- RMM (6) 
( tri fl uoromethy l)eth y I] pyridine 395 

5) 6-( tert -buty 1)-2,3 ,5-tri fl uoro-4- [I ,2,2,2-tetrafluoro-1- RMM (7) 
( trifluoromethy l)eth y l]pyridine 357 

6) 2 ,6-bis(tert -buty 1)-3 ,5-trifluoro-4-[ 1 ,2,2,2-tetrafluoro-l- RMM (8) 

( trifluorometh y l)eth y l ]pyridine 395 

7) 4- { 3,5,6-trifluoro-4-[ 1 ,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]- RlvlM (9) 

2-pyridyl} heptane-3,5-dione 459 

8) 6-(prop-l-enyl)-2,3,5-trifluoro-4-[ 1 ,2,2,2-tetrafluoro-1- RMM (10) 

( trifluorometh y l)eth y I ]pyridine 341 

9) 2,3 ,5-trifluoro-6-pheny 1-4-[ 1 ,2,2,2-tetrafluoro-1- RlviM (11) 

trifluorometh y I )eth y I ]pyridine 377 

1 0) 3 ,5-difluoro-2,6-diphenyl-4-[ 1 ,2,2,2-tetrafluoro-l- RMM (12) 

trifluorometh y I )eth y I] pyridine 435 

11) 2,3 ,5-trifluoro-6-prop-1-yny 1-4-[ l ,2,2,2-tetrafluoro-1- RMM (13) 

( trifl uorometh y l)eth y I ]py ridine 339 

12) 2,5-difluoro-3 ,6-diprop-1-yny 1-4-[ 1 ,2,2,2-tetrafluoro-1- RMM (14) 

( tri fluoromethy l)eth y I ]pyridine 359 

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

(trifluoromethy l)ethy l]pyridine 351 

14) diethy I { 3,5 ,6-trifluoro-4-[ 1 ,2,2,2-tetrafluoro-1- RlviM (18) 

trifluoromethy l)ethy 1](2-pyridy I)} amine 372 

15) { 6-(diethylamino)-3,5-difluoro-4-[ 1 ,2,2,2-tetrafluoro-1- RlvlM (19) 

trifluoromethyl)ethy 1](2-pyridyl)} die thy !amine 425 

16) benzyl { 3,5 ,6-trifluoro-4- [ 1 ,2,2,2-tetrafluoro-l- RMM (20) 

trifluoromethyl)ethy 1](2-pyridyl)} amine 406 

Bl 



Chapter Ill 

17) 19 ,20-diaza-8, 17 -bis[ I ,2,2,2-tetrafluoromethyl)ethy l]-7 ,9, 16, 18- RMM (35) 

tetrafluoro-2,5, 11, 14-tetraoxatricyc lo[ 13.3. 1.1<6, 10> ]icosa- 682 

1 ( 19),6,8, 1 0(20), 15, 17 -hexaene 

18) 25,26-diaza-11 ,23-bis[ I ,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]- RMM (37) 

I 0, 12,22,24-tetrafluoro-2,5,8, 14,17,20- 770 

hexaoxatricyclo[ 19.3 .1.1 ,9, 13 .]hexacosa-1 (25),9, 11, 13(26),21 ,23-

hexaene 

19) 26,28-diaza-5, 17 -bis[ 1 ,2,2,2-tetrafluoro-1-(trifluoromethyl)ethy 1]- RMM (39) 

4,6, 16, 18-tetrafluoro-11 ,23-dimethyl-2,8, 14,20- 806 

tetraoxapentacyclo[ 19.3 .1.1<3, 7>.1<9, 13>.1< 15, 19> ]octacosa-

l (24 ),3,5,7(26),9,(27), 10, 12, 15, 17, 19(28),21 (25),22-dodecaene 
I 

20) 11, 14, 19 ,20-tetraaza-8-17 -bis [ 1 ,2,2,2-tetrafluoro-1- RMM (42) 

( trifluorometh y l)eth y l]-7 ,9, 16, 18-tetrafluoro-11, 14-dimethyl-2,5- 708 

dioxatricyclo-[ 13.3.1.1 ,6, lO.]icosa-1 ( 19),6,8, 1 0,(20), 15,17 -hexaene 

21) 2,5,22,23-tetraaza-8,20-bis[ 1 ,2,2,2-tetrafluoro-1- RlvlM (43) 

(trifluoromethyl)ethy 1]-7 ,9, 19 ,21-tetrafluoro-2,5-dimethyl- 752 

1 1, 14, 17 -trioxatricyclo[ 16.3 .1. 1<6, 1 0>] -tricosa-

1(22),6,8, 10(23),18,20-hexaene 

22) 2-( ( 5,6-difluoro-3-methyl-4-[ 1,2,2,2-tetrafluoro-1- RMM (44a) 

(trifluoromethyl)ethyl]-2-pyridyl} amino)ethan-1-o1 360 

23) { 3,5 ,6-trifluoro-4-[ 1 ,2,2,2-tetrafluoro-1-(trifluorometh y l)ethyl](2- RMM (44) 

pyridy I) }(2-{ 3,5 ,6-trifluoro-4-[ 1 ,2,2,2-tetrafluoro-1- 659 

(trifluoromethy1)eth yl ](2-pyridyloxy)} ethyl)amine 

24) 14, 19 ,20-triaza-8, 17 -bis [ 1 ,2,2,2-tetrafluoro-1- RMM (45) 

(trifluoromethyl)ethyl]-7 ,9, 16, 18-tetrafluoro-2,5, 11- 681 

trioxatricyclo[ 13.3 .1. 1<6, 1 0> ]icosa-1 (19),6,8, 1 0(20), 15, 17-

hexaene 

25) 3,5,6-tritluoro-4-[ 1 ,2,2,2-tetratluoro-1-(trifluoromethylethyl]-2-[ 1- RlvlM (46) 

(2- { 3,5 ,6-trifluoro-4- [ 1 ,2,2,2-tetratluoro-1- 884 

( trifluoromethy 1)ethy 1](2-pyridyloxy)} naphthy 1)(2-

naphthyloxy)pyridine 

26) 3 ,3,4,4,5,5,6,6,7 ,7 ,8,8,8-tridecafluoro-1-(2,3,5,6-tetrafluoro( 4- RMM (47) 

pyridy loxy))octane 513 

B2 



27) methyl(2- { methyl[3,5,6-trifluoro-4-(3 ,3,4,4,5,5,6,6,7 ,7 ,8,8 ,8- RMM (48) 

tridecaf!uoroocty loxy )(2-pyridy !]amino} ethy 1)[3 ,5 ,6-trifluoro-4- 1074 

(3 ,3 ,4,4,5 ,5 ,6,6,7, 7,8 ,8 ,8-tridecaf!uoroocty loxy)(2-pyridy l)] amine 

28) 3,3 ,4,4,5,5,6,6,7 ,7 ,8,8,8-tridecafluoro-1-[2,3,8, 10,13, 18-hexaaza- RMM (49) 

6,7, 15, 17 -tetrafluoro-2,3, 10, 13-tetramethyl-5- 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 ]octane 

Chapter IV 

29) 4,6-bis[ 1 ,2,2,2-tetrafluoro-1-( trifluoromethy l)ethy 1]-2,5- RNIM (50) 

ditluoropyrimidine 452 

30) 2,5 ,6-tri fluoro-4-[ 1 ,2,2,2-tetrafluoro-1- RMM (51) 

( trifl uorometh y 1 )ethy 1 ]pyrimidine 302 

31) 2,5-difluoro-4-methoxy-6-[ 1 ,2,2,2-tetrafluoro-1- RMM (52) 

( trifl uorometh y 1)eth y I] pyrimidine 314 

32) 5-fluoro-2,6-dimethoxy-4-[ 1 ,2,2,2-tetrafluoro-1- RMM (53) 

(tritluoromethyl)ethyl]pyrimidine 326 

33) 6-(2- { 2,5-difluoro-1-(tritluoromethyl)ethy1]pyrimidin-4- RMM (54) 

yloxy} ethoxy)-2,5-difluoro-4-[ 1 ,2,2,2-tetrafluoro-1- 654 

( trifluorometh y 1)ethy 1 ]pyrimidine 

34) 4,6-bis[ 1 ,2,2,2-tetrafluoro-1-(trifluoro-1-(trifluoromethy1)ethy1]-5- RMM (55) 

fluoro-2-methoxypyrimidine 464 

35) 4,6-bis[ 1 ,2,2 ,2-tetrafluoro-1-(trifluoromethyl)ethy1]-2-dodecylox.y- RMM (56) 

5- fluoropyrimidine 618 

36) 4,6-bis[ 1 ,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-2-( { 4,6- RMM (57) 

bis[ 1 ,2,2,2-tetrafluoro-l-(trifluoromethyl)ethyl]-5-fluoropyrimidin- 926 

2-yl }ethoxy)-5-fluoropyrimidine 

37) { 4,6-bis[ 1 ,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-5- RMM (58) 

fluoropyrimidin-2-yl} diethylamine 505 

38) { 4,6-bis[ 1 ,2,2,2-tetrafluoro-1-(trifluoromethy1)ethy1]-5- RMM (59) 

fluoropyrimidin-2-yl} benzy1amine 539 

39) 2,5, 6-trifluoro-4-methox. ypyrimidine RMM (60) 

164 

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

162 

B3 



41) 6- [2-(2,5-difluoro-6-melhox ypyrimidin-4-y !ox y )ethox y ]-2,5- RMM (62) 

difluoro-4-methoxypyrimidine 350 

42) 4, 6-bis( tert -bu tox y )-2,5 -d i fl uoropyri midine RlviM (63) 

260 

Chapter V 

43) 2,3 ,5 ,6-tetrafl uoro-4-tri fl uorometh y lpyridine RMM (64) 

219 

44) 3,5 ,6-trifluoro-2-phenox y-4-trifluoromethy lpyridine RMM (65) 

293 

45) 2,3,5 ,6-tetratluoro-4-[ 1 ,2,2,3 ,3,3-hexafluoro-1- RMM (66) 

( tri fl uorometh y I) propy I ]pyridi ne 369 

46) ( l R,2S)-2-methyl { 3 ,5,6-trifluoro-4-[ 1 ,2,2,3 ,3,3-hexafluoro-1- RMM (67) 

(trifluoromethyl)propyl](2-pyridyl} amino)-1-phenylpropan-1-ol 514 

47) 3,5,6-trifluoro-4-[ I ,2,2,3,3,3-hexafluoro-1- RMM (68) 

(trifluoromethy l)propy !]benzene-! ,2-dicarbonitrile 400 

48) 4,6-bis[ 1 ,2,2,3 ,3,3-hexafluoro-1-(trifluoromethyl)propy 1]-3 ,5- RMM (69) 

difluorobenzene-1 ,2-dicarbonitrile 600 

49) 4,5-bis[l ,2,2,3 ,3,3-hexafluoro-1-trifluoromethyl)propyl]-6-fluoro- RMM (70) 

3-phenoxybenzene-1 ,2-dicarbonitrile 674 

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

diphenoxybenzene-1 ,2-dicarbonitrile 748 

51) 3-fluoro-6-[ 1 ,2,2,2-tetratluoro-l-(trifluoromethyl)ethyl]-2,4,5- RMM (72) 

tris( trifluorometh y I) benzenecarbonitrile 493 

85 



I) 3- fl uoro-2,5 ,6-tri methox y -4- [ 1,2,2,2-tetratl uoro-1- RMM- (3) 

( tri fl uorome thy I )eth y 1] pyridine 355 

PRBEl6 95 ( t_ 584 ) 

""' 
2 8 3448648 

69 

"'5 'l: 
31 ~~~' t J7 162 

1~1 
v281 ~ia 3?8 328 

a ' 211 

n/z 58 188 !50 --,-,., 2sa -.-.... ;a ..... 458 •i!~ ss a sil• 

. " ... -------------- ... -----------------.------------------ .. -------------------
Mass Rel rnc I Mass R~l rnt I Ma:iS Rel rnt I Mass ... , rnt 

---------------- --- .. ------------------ .. ------------------.--------------------
20 0. 15 100 2 lJ 163 a. 14 216 l7 

26 2 H 10 l 0 09 t69 0. H Hl . 61 

ll 4 79 104 0. ll 171 0 .07 H8 -!Jii 

ll 1 .l7 105 1 . 8 l lH 0 . sa 24.9 ll 

40 0. 12 106 0. 14 179 0. 6ii 250 . 96 

44 0 . 07 107 0. 10 160 0 . 45 251 0. 25 

H 0. H uo 0. 2l 181 4 .24. 255 0. ll 

n 0 . os lll 0 . os 16 2 0 . l2 261 0 19 

50 2. H 112 0 75 185 0 . 07 262 4 . 07 

51 a. 12 11< 0 25 186 0 64 H1 0. )7 

ss 0 .?a Uli 0 . 09 188 0 . 08 2p7 0 . 09 

51 0 08 116 0. 10 192 0 . 2 2 27< 0 .U 

52 0 . 46 U7 5 . 61 191 2 . 64 2SO 0. 15 

67 0 .08 118 0 .l7 194 0 .H 281 J. 79 

69 100 . 00 ll9 0 . 45 198 0 . 48 282 0. H 

70 0 .9) 1.2-t 09 199 0 . 19 29) 0 . 07 

7) 0 I< 125 22 200 1 .29 JOO 0 51 

H 1 . 4 2 129 58 201 0. 25 lll 0. 75 

75 0. lJ lll l -61 204 0 .os lll 0 09 

76 0 -" lll 0 . 10 205 0 . 71 )19 0 . )5 

78 0 . os 1)6 0 . 89 206 0 . os Jll 0. 21 

79 0 . 50 ll8 0. 25 207 0 .06 JJl 0 . 04 

ao 0 . 06 lH 0 . 21 211 0 . 16 1H 0 52 

81 0 . 71 1<1 0 .H ll2 1 .H 150 11. 65 

82 0 . 06 1<8 1 . 02 llJ 0 . JO ) s l 0 . 99 

84 0 -20 149 0 .08 216 0 .04 !62 0. ll 

as 0. 10 150 0 . 2l 217 0 .75 )81 0. 14 

86 1 .22 lSS l. 61 219 a. 10 400 l. 59 

as a. 16 156 0. 09 22) 0 .12 401 0. lS 

92 0- H 160 0. 09 lH l 66 450 0 . so 
9) 5 . 17 161 0 .29 225 0. 2) 45 l a . os 
9< a .20 162 l . 64 229 0 .09 4601 0. l7 

97 0.08 161 0 . 19 2)0 0 .28 

98 l. 07 166 0 .I< lll 8 .lJ 

99 0. l7 167 1 . 26 212 0 . 65 
------------------- .. ------------------.---------------- ...... -.. -.... -... -.---.-
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2) 3-fluoro-2,5,6-triphenoxy-4-[ l ,2,2,2-tetrafluoro-1-

( tri fl uorome thy l)eth y I] py ridine 

3!7 

'·301> ·~ 

31i'hi3tHt8 

5~1 

l 
ssa G<>i> 

---··-·-·-···· ----·····- ·------···············-··-········--······-
1'-tass Re! lnt I Mass ReL I ne I Mass RS;l lnt I Mass <el !:le:. ------------------- .. ---------- --------·--------- ....................... _____ 

2 Sii 0 H llO 25 ]0-1. 0 02 ;zo H 
~57 0 )[ ll1 " ] 65 0 .Ol 421 0 " 258 0 28 lll ]9 )6Q 0 1l -112:2 0 12 
25Sf 0 25 llJ 15 )67 0 ]7 4.2) 0 02 
2 60 0 11 )l; 07 ) 68 0. ll ;l; 0 0] 
21il 0 ;] J 15 ll )59 0 07 ;26 0. 1) 
262 0 5) ll6 10 l70 0 ]0 427 0 o; 
l6) 0. 22 )l7 . 35 )71 0 ]q <28 0 lO 
Hii 0. 1< lla 1 . 06 172 0. ]3 <29 .J"l 
265 0 os ll9 0. l6 )7] 0 .I< <JO .12 
Z66 0 99 no 0. 25 ]7; 0 os ;)l Ol 
267 0. l; l21 .]6 ]75 0 . 05 ;J; Ol 
268 a 16 ll2 . s 2 ]76 0 ll 4.)6 7 .-1.2 
269 0 .96 )2] 2] ]77 0. 10 ; ) 7 1 5] 
270 0 6] ]l; 2) ]73 0. 1] ;] 8 0. 19 
211 0. 78 325 15 ) 79 0 " ;]9 0 02 
272 0 . 18 l26 ]; ]80 0. 16 "' 0 . 06 
27] 0 .56 )27 0. 26 l31 0 . Q; ;;s 0 ll 
lH 0 72 ]28 0. 11 ]82 0 . 05 -1.-tdi 0 H 
275 0. 18 ]29 0. ]] ]8] 0 01 H7 1 ill 
276 0 .17 ]]0 0 28 Ja; 0 . 0< H8 1 99 
2 71 0 .ll lll 0. 29 Ja s 0 . 01 H9 0. ;5 
278 0. ;a JJ2 0. 19 Ja,6 0. ll 4.50 0 . 06 
279 0 . s l Jll 0 ;; ]87 0 . 05 -!.51 0 .01 
280 0. H lH 0 .12 JBB 0. SJ 452 0 01 
231 0 .]] llS 0 .os ]89 0. 11 .SJ 0 10 
282 0. ;a JJ6 0 . os ]90 0 . oa ,,. 0 . os 
28) 0. 19 ]]7 0 . os ]91 0 o• ;ss 0 al za; 0. 12 JJB 0 '15 ]92 0. 61 460 0. 01 
235 0.11 JJ9 0. 19 J9J o. 17 -4.62 0 .01 
296 0. ]7 HO 0 . •2 ]9; 0 .07 <6] 0 .07 
287 0. 10 J<l 0 .09 J9S 0 OJ ·Hi-4. 0 . 97 
288 0. os H2 0 . 6; ]96 0 .ll 4.63 0 .21 
239 1. 90 HJ 0 . •a J97 0. Ol 4.66 0 . a; 
290 0. 4.) ]H 0 .27 J98 0. 7; <07 0 .01 
191 0.19 HS l _., 

J99 a. 16 ;70 0 .01 
292 0.16 )4,0 0 . J 6 •oo 0 . 18 <71 0 . Ol 
29] 0. 07 JH 0 . 2J <Ol 0 .07 <12 a . o; 
294 0. 08 JH 0. 19 <02 0 . 08 <7l 0 .a1 
295 a.oa ];9 1 . G J ;oJ a a7 •a. a . al 
296 0 .20 ]50 0 . 58 ;o; 0 . DJ <87 0 .02 
197 0.5] J51 0 ll ;os 0 02 <H 0 . a; 
298 0 2J Js2 0 20 <OG 0. 09 •95 0 .01 
299 0 25 JSJ 0. 12 ;Q7 0. 0< 500 0 . 01 
JOO 0. l5 ]5; 0 . OG •os 0. 99 SOl 0 Ol 
]01 0.61 J55 0 .91 ;09 0. l~ so; 0 .ill 
]0:2 a. ;s l5Q 0. 1; HO 0. 06 51.2 0 Ol 
JOJ 0. ~ l ]57 0 .OJ H1 0. 01 51] a ;] 
JO; 0. 19 1 sa 0 -" Hl 0.00 51< 0 u 
JOS 0. 1l ]59 0. 2.7 H< o.oo 515 0 Ol 
lOG a. 09 JGO 0 57 H6 0. 27 Sll 0 <)2 
Ja7 0. OG ]61 0 .15 H7 a a6 522 . 2• 
JOB 0. 16 J6l 0 . Q; HB 1 3 2 521 0 Jl 
]09 0 . 1< )6] 0 '0 1 H9 0 55 51; 0 l9 

. ~ .. -- . -. -----. ----... --. -. - . -------- ---. ------ . ---- ----- --... --- --. -----..... -.. -

RMM 
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3) 2-butyl-3,5,6-trifluoro-4-[ 1,2,2,2-tetrafluoro-1-

( trifl uorometh y I )ethy I] pyridi ne 

Pll619 460 ( 6 .BB I J PRB19 4B8 (6.881 J 
taa J 5 

:::~''""'''' 
•. 3 B 

:>FS 
a 

2r~,9 
M/Z 3Sa 360 

"t' 1 ss, 2?9 
314 

• 6f 216' 3t8 
M/2 so toa ISO •Ha 2Sa 3aa 3Sa ••• •~a '"" 

---------- ··········--····--- .. ------·· 
r1ass Rei !ne I •'"'d SS Rei !ne I Ma.s:; ~e:l ! ne I :'!ass "-•l !ne ---------- ........... ········------- ----·----------

2H . 9 9 272 0. J9 JOJ 0. 10 lH 03 
2<5 . 76 27] l 0< JO< 0 •J• J-n a. 
246 2< 6i 2H 0. J 6 106 0 .OJ l·tl 20 
2-P Z6 l75 0 ll )07 0 Ol ) s 2 OJ 
HB 0 20 276 6< )03 0 10 JS< ll 
2<9 0 25 277 . 5) J09 0 ll lSS 0 os 
250 0 ·lO 27!! 10 ) l.O 94 JS5 G. 79 
25 l 0 ll 279 .02 Hl 0. 2'1 )57 0. 50 
251 0 6J 231 04 lll 0 02 )53 0 -9 2 
25) 0. ]l 282 07 ]U ll . a' 359 0 ll 
25~ 0 ll 28) 0 lJ )15 lOO QO )8< 0 01 
255 0 H 28< 0 .)5 ll6 7 Ol )96 0. 02 
256 0 .)] 295 0 l7 ll' 0 .]6 )98 0 Ol 
257 0 iS 286 0 . 08 llB 0 . 09 ;26 0 .0) 
2sa 0 6) 287 0 . ]4 )20 0 02 H4 0 .01 
259 l< . 65 2li 0 .36 321 0 . 05 H6 0 07 
250 l . 59 289 0 .08 l22 0 .ll H7 0 02 
261 0. ll 290 0 <2 l2J 0 .os <53 0 .01 
26:! 0 . 10 291 0 07 126 0 27 4tb0 0 .0 J 
26) 0 09 292 0 . 02 )27 0 .51 -16< 0 . 06 
26< 1 . 0 2 29< 0 . 2) 129 9 81 4.65 0. 18 
265 0 )0 295 0. 16 129 .Hi -l.66 0 . O< 
266 0. 19 296 a . 79 JJO 0 . 19 <83 0 26 
267 0. 10 297 0 . 99 JH 0 .0) <39 0 06 
258 0. ]l 298 0. u ) 36 0 .07 506 0 . 01 
269 0 ,. lOO O< )]8 l .32 507 0. 15 
no 1 . 76 JOl SJ ]]9 0 .<0 508 0 . 05 
271 l. 94 )02 . aJ HO 0.5-1 

------------------- ... ------------------ .. ------------------·--··-·-··---------·· 
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4) 2,6-dibutyl-3,5-difluoro-4-[ I ,2,2,2-tetrafluoro-1-

( tri fl uorometh y l )eth y l]pyridine 

IHH 

r 3 3 

lll'S 

_j_1 S? 69 
~.'F ~~5 

3 tl 358 

T.lT H "1_5 I 3j3B- ' 
n/2 SH IHU ISU :!66 ~sa Jail 350 •HH) 

··············-----·------------------ .. ------------------··------------------
I Mass Rel rne Mass R•l [ne I 1'-lass Rel rne I Mass Rel rne 

---------- .. ------------------·------------------ ... -------------·---
250 <l 2Bl ~ 59 lt7 0 . 29 l50 10 .13 
2 51 lO 28< .H lt8 0 {) J 51 l . )9 
252 .99 185 19 )19 0 21 J 52 2 . os 
2'5) 15 286 2< ) 20 0 ) J ) 5) a a . 6 2 
25< . 7) 28 7 . 07 )21 0 . 22: ) 5< ll 87 
155 7 . B 2 188 lb Jll .51 )51 0 .l6 
250 1 . 17 289 ~ ~ )2) 18 3'50 0 .1.6 
2:57 0 . " 2:90 n JH .96 JS8 0 2l 
253 0 . 30 291 H 125 99 l s, 0. 10 
lll 0 ;, 292 30 l2b 76 )60 0 a a 
:6o 0 . 65 l9l 10 1:!7 0 l 7 J 61 .ll 
26!. l u 29< ll !23 0. u )62 -50 
2~2 l .02 Z95 7. 56 J:9 a . os 36) 29 
HiJ 0. ) 5 296 9S ))0 0. JO lii-l u 12 
2 64 0 lS 297 0) Jll 0. 13 16 5 9 n 
265 0 68 2'H 0. 5< JJ2 0. H lOO l 02 
26ti L.p 299 0 !7 ))) 0 20 )67 0. 1o 
:67 .ll lOO 0 ll JH '" ]7{ 0 2 5 
2 53 ) . " JOl 0 . 0 l JJI JQ )75 0 l) 
269 2 .a• JOJ . 09 JJ6 <O J 75 I . 6 l. 
270 0 . so JO< lS ]]7 91 )17 l 01 
Hl 0. 22 JOS ll JJB 7 . 07 l7a l .ll 
2"::! 0. JJ lOii .H JJ9 .27 ) ,, ) .iil 
l7J 0 lB ]07 0. ll HO )7 HO 100 .QO 
21< 0. sa JOB 0 .Ja Hl ll lil l.6 Ol 
2:75 0. <8 109 0 92 H2 )8 l32 l ]6 
276 l . 7t HO . 99 Hl ll Ja) 0 ll 
21"'! 0 . 87 lll 3l JH l1 )92 0 ll 
2'73 l . Q{ ll2 l . " HI . 19 l9J 0 H 
219 0 . 96 lll 0 tS )~6 0 .os l1< 15 . a 1 
180 0 78 l !.~ 0 . 0 J H7 0. " l9S 17 l:! 
231 •• llS 0. ll H3 0 .52 l95 . 9 2 
232 79 ll5 0 . 76 H9 0 .2i )97 0 n 

------------------- .. ------------------ .. ·----------------- .. -------------------
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5) 6-(tert-butyl)-2,3,5-trifluoro-4-[ I ,2,2,2-tetrafluoro-1-

( tri tl uorome thy I )eth y l]pyridi ne 

166 

"rs 

Mass 

20 
17 
28 
29 
ll 
12 
11 
)7 

19 
H 
41 
H 

•s 
;6 

" 4B 
50 
51 
52 
SJ 
55 
57 
sa 
59 
61 
61 
61 

•• 55 
66 
69 
70 
71 
72 
75 
76 
77 
78 
79 
Bl 
Bl 
81 
a. 
as 
a 7 
a a 
89 
90 
91 
91 
9• 
95 
96 
97 

69 

Re l rnc 

Ol 
39 

l. 56 
ll 
9) 

. ·17 
26 

0 22 
l J JB 
26. 10 
20. ta 
a as 
0 Jb 
0.95 
0 45 
0.0-4 
l. 91 

61 
07 
ll 

2. 6l 
17. 54 

0 69 
0 S; 
l 27 
o 6a 
l. 15 
0.60 
0.81 
0 )2 

15. 51 
0.71 

0. '" 0. 12 
1. 10 
0 70 
0. 61 
0.22 
0 l7 
2. 15 
0.69 
0. 51 
0. 26 
o. ao 
0 45 
0. 72 
0 ll 
0. 15 
0. 10 
2 7• 
0 J 2 
0. 78 
0.42 
0 19 

:1ass 

99 
~00 

10 l 
102 
101 
104 
105 
106 
107 
103 
109 
lla 
lll 
LU 
lll 
ll< 
115 
1!7 
118 
119 
120 
121 
121 
124 
U.3 
12~ 
t]7 

l23 
Ill 
ll2 
U1 
ll1 
lH 
l]Q 
ua 
llB 
ll9 
140 
1H 
14) 
l41 
us 
lo\5 
lH 
1<7 
148 
150 
151 
lSl 
151 
154 
155 
LSO 
157 

------------------··-------

2 JO 
1 ) : 

0 " 
0.25 
0 l7 
o.oa 
1 27 

89 
;o 

0. ::!6 
0 19 
0 )7 
o sa 
0 87 
0 82 
0.49 
0 12 
2 • J 
0 26 
0 9) 
0 11 
0. 16 
0 69 
l S1 
1.11 
0 iiS 
a. 91 
a 2 s 
114 
l. 10 
0.90 
a.29 
0 .25 
1 H 
a 95 
0.11 
a .H 
0 12 
O.H 
l.) 7 
l 59 
2. 11 
1 12 
0.53 
a.10 
a. 24 
1. 55 
l. 15 
l. 61 
l. J a 
l.. 75 
1. 16 
1. 29 
2 10 

Mass 

1sa 
159 
161 
152 
161 
16' 
1>iS 
166 
167 
169 
170 
171 
17 2 
173 
1H 
175 
176 
177 
178 
179 
l90 
181 
182 
181 
1H 
185 
136 
187 
188 
189 
190 
191 
192 
191 
19. 
195 
196 
197 
198 
199 
200 
201 
202 
20) 
204. 
205 
206 
207 
20a 
209 
210 
211 
212 
Ill 

R~l r ne. 

.04 
48 
25 
73 

1.59 
l. J 2 
a. J9 
0 19 
0. "9 

23.07 
l. 95 

. 86 
04 
1o 

l. 07 
45 
9-1 

.• o 

.ll 
0. 17 
0.50 
1 51 
J OJ 
2 10 
2 10 
0.59 
0 76 
l 11 

.69 

. 1a 
lS 

. 20 
75 

.69 
15. 79 

2. 66 
0.65 
0.26 
l. 12 
2 19 
0 87 
4. 61 
2. 11 
0.4.2 

.00 
6.09 
2 77 
2 12 
2 )2 
a 22 
0 lO 
0 96 
0. 50 

:no 1.6~ 289 o .06 Jos o oo 
211 .62 ~'70 0 OS llO l.~O 
212 0 99 29L 0 02 lll O.LS 
.Pl 11 90 292 O.OJ ll~ GO SJ 
27~ L.-tJ 294 0.)4. 115 19.52 
275 0.17 295 0 12 ltG 2.22 
276 1.4.0 296 2.08 ]17 0.1-\ 

:;~ ~:i~ ~~~ 0:~~ ~!~ ~:~~ 
::~ 0.01 101 0.27 12! 0 90 
281 O.a9 lOl 0.42 ll1 0 38 
zaq, a 11 JaJ o.o" J24 a tt 
285 O.l< JO; 0.42 1!6 0 92 
28 , a a9 Jos o.o6 121 a l6 

3 4 

J Md.SS 

ll< 
215 
216 
217 
2!. s 
2t9 
2. 20 
~H 

221 
2 2) 
214 
225 
226 
227 
218 
2 29 
210 
2ll 
212 
211 
2H 
215 
lJb 
217 
lJa 
219 
HO 
241 
2<2 
2;) 
lH 
2..\S 
2-16 
147 
l<a 
2-t.9 
150 
251 
252 
251 
2 54 
2.55 
2Sci 
257 
258 
259 
260 
262 
264 
265 
266 
257 
268 
;zqg 

JH 
) lti 
118 
))9 
HO 
JH 
HI 
Hl 
H; 
]5; 

150 
157 
15~ 
159 

1867776 

R;l rnc 

. • a 
0 6 J 

ll 
20 

.n 
00 
15 

LB 
0 63 
5 ,, 

0 7) 
0.65 
s. a' 
1 06 
0.27 
o. oa 
0 u 
0 )9 
0. 96 
l. 07 
0.50 
o. oa 
a oa 
0. 59 
o.a6 
a 19 
0 12 
0 1; 
0. 0 J 
0 .20 
a. 95 
9. 9-1 

.11 
1 12 
a. 11 
0 29 
0 so 
0 JO 
l. 56 
l. 10 

54 
0 54 
a. 25 

. ;s 
18 

l. a: 
0.21 
a. 11 
l. ,, 

0 17 
0. lJ 
0. 09 
0. 10 
0 10 

0.02 
0. 1 J 
l.l9 
0. ;s 

70 
1 18 

tOO 00 
u. •o 
o. sa 
0. 10 
0. 59 
9. s; 

. 06 

. 07 

m o u lOo ~ ~~ ~ :: ~ ~~ 
---=~~------~~~~---·--~~~-------------;.------------·-···-···-----·····-·····-· 
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6) 2,6-bis(tert-butyl)-3,5-trifluoro-4-[ I ,2,2,2-tetrafluoro-1-

( tri fl uorometh y I )eth y I] py ridine 
---

PR~4B 63B ( !B .5BI l --
166 3 6 68•163~ 

3 3 

"'5 

- "-' 5769 "F 2~5 
3' 1 358 

Jr. T 6 ~rs 1 338- ' 
n/;: sa '"' 156 2.06 'Sa Jaa Js • """ 450 

------------·----·····----------------o.------------------·------------------. 
Mass Rol !ne I 1'1ass ~-el rnc. I Mass Rel tne I Mass Rel !ne ---------- ··------------ ------·---------------····-·------ ----------

250 . 4 J 281 0 . 53 Jl7 0. 29 150 to ta 
251 ID 284. t ;s H3 0 41 )51 )9 
25 2 99 2 35 0 . 29 ll9 0 l7 JS 2 .os 
2'5) tS 236 0 24 120 0 11 JSJ 83 52 
25-lo 71 237 0 .07 321 0 ll 154 12 37 
255 7. Bl 238 t6 ).!2 t 51 )55 0 16 
2Sci t t7 239 t5 l2l t3 ) so 0. ., 
2 57 0. 1< 290 n l24. 96 153 ,, 
153 0 30 2'H 41 )25 .99 159 to 
2 59 0 64 2'12 ao 326 76 160 la 
~'iD 0 55 l9) - 71) ln t7 161 .13 
~ 0 l 1. " 29" . 9 2 ll3 0 tt Hi~ SJ 
Z6.! t 02 295 .56 329 0 05 )Q j - 29 
20 l 0. 15 296 5 99 no 0 JO )Q.j, 15 12 
164. 0. 25 .!•n 2 OJ lll 0 t8 )I;) 9 2.0 
25 s 0 6d 2sa 0 54 lll 0 )4 JbO 62 
~b.; 1 J 7 299 0. 17 Jll 0 lO )07 15 
~ -17 tl lOO 0 tt JH 0 H 174 0 25 
263 " )02 0 . Ol JJ5 0. JO )75 0. ll 
269 04 J01 0 09 ])6 2 40 )Hi 5 ; 1 
270 . so )04 0 lB ))7 5 9t J 77 l . os 
:!71 .22 JOS 0. 1S ))8 7 07 JH J .tl 
:;:72 )) )05 0 .H JJ9 17 J;j ) b) 
27) tl JO 7 0 2l )40 t )7 JaO tOO . 00 
214 53 Joa .la Hl 0 . 21 JB t t6 01 
27S 48 )09 . 91 )42 0 .JB )82 t. J5 
:!76 7t HO . 99 Hl 0 tt JS1 0. tl 
277 ~7 llt at lH 0 )9 )92 0 tl 
273 04 ]!.2 t. " J-lS 0. t 9 )9) J. 24 
!79 .96 ltl 0 t5- H6 0 65 .}'1-i ti .02 
230 . 78 ll4 0 . OJ H7 0 .47 )95 l7 22 
2!31 64 HS .12 HB . 52 ]9Q 1 92 
2a2 79 ) 16 . 75 H9 27 )97 0 27 

--·--------------·---------·-·--------------------------- .. ----------------
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7) 4- ( 3,5,6-trifluoro-4-[ I ,2,2,2-tetrafluoro-l-(trifluoromethyl)ethyl]-

2-pyridyl} heptane-3,5-dione 
PR!l23 857 ( 14.284 l 
'"" PR!l23 857 ( 14.284) 

Mass 

20 
25 
27 
23 
~ 9 
JO 
31 
l2 
3 6 
38 
)9 

40 
H 

" '3 

" 4 5 

" ., 
50 
51 
52 
53 
51 
s• 
57 
59 
60 
61 
62 
63 
64 
67 
69 
70 
7l 
7) 

H 
71 
76 
71 
7a 
79 
30 
li 
a 1 
83 
as 
37 
31 
B9 
90 
H 
9l 

Rel !ne. 

0 02 
26 
H 

1 90 
)Q ~9 

110 
1 17 
0 79 
0 03 
0 03 
0 04 
0 06 
0 16 
0 23 
l. so 
1.01 
2 60 
0 .l7 
0. 34 
0. 11 
0. 20 
0.02 
0. 12 
0.01 
a. ta 
0.09 
0.06 
0.01 
0. 15 
0.02 
0.0) 
0.02 
0. 03 
6. 17 
0. 32 
0. 08 
0.59 
0 .ll 
0. ss 
0 17 
0 02 
0. Ol 
0. os 
0.1, 
0. 07 
0. 06 
0.03 
a 11 
0 ll 
0. 71 
0. os 
0. Ol 
0. 02 
0 11 

I ,'"1ass 

H 
91 
96 
98 
99 

lOO 
101 
102 
103 
104 
105 
lOti 
10 7 
lOB 
111 
lU 
lll 
114 
115 
117 
118 
119 
120 
124 
125 
126 
127 
llO 
lll 
lll 
ll3 
1H 
ll6· 
13 7 
ll8 
Hl 
10 
1H 
1<5 
146 
1<8 
1<9 
110 
151 
152 
133 
135 
156 
117 
liB 
119 
161 
162 
10) 

R:l Int 

0 lJ 
0 08 
0 04 
o.oa 
0 65 
0 19 
0 06 
0.02 
0 02 
0 os 
0. 19 
0.10 
0 os 
0 Ol 
0 12 
0 12 
0 24 
0 17 
0 04 
0. 55 
0 l< 
0 09 
0 os 
0.60 
0. 16 
0 12 
0 03 

0 " 
O.H 
0 H 
0.50 
a. 04 
0.10 
0. 2 5 
0.07 
O.Ol 
0. 30 

' 3 5 
0. 71 
0 07 
0. 3 l 
0.62 
0 lii 
0 '0 
0. 04 
o .'o• 
o.ss 
0 26 
0.11 
0.03 
0 03 
0 bl 
0. ,., 

" 

I Mass 

164 
165 
UP 
168 
169 
170 
172 
173 
lH 

'171 
176 
177 
179 
l BO 
181 
182 
183 
184 
186 
187 
188 
191 
19 3 
194 
195 
196 
198 
199 
lOO 
201 
201 
203 
205 
206 
207 
208 
209 
llO 
211 
212 
2ll 
lll 
215 
217 
213 
219 
2.20 
222 
223 
22-l 
225 
220 
227 
231 

Rel !ne. 

;6 

. os 
ll 

0. 2 2 
0 06 
0 19 
0 03 

0 " 
3 29 
a oa 
0 09 
0.19 
0 38 
0 46 
0. 4 I 
2 30 
0 14 
0 19 
0 2l 
0 16 
0 os 
o a 1 
s ;a 
l. oil 
a 2 2 
0 21 
1 67 
0 40 
0 19 
0 lJ 
0. 0~ 
0.8) 
l 96 
0 .29 
0 04 
0. 08 
0 09 
0. 27 
0 41 
0. ;a 
0 75 
0.09 
0 . ... : 
0.-H 
0. 09 
0 11 
.H 

0. 10 
327 
l. 20 
0.72 
0. 06 
0. 16 

341 

I Mass 

232 
ll3 
ll4 
2J6 
237 
238 
240 
2-11 
Z-' 2 
2-4) 
244 
245 
2<6 
247 
2<8 
2<9 
250 
212 
253 
214 
255 
256 
217 
219 
260 
261 
262 
16) 
264 
265 
26 7 

268 
269 
270 
211 
272 
21) 
274. 
275 
276 
277 
281 
282 
29) 
284 
286 
287 
298 
289 
290 
291 
292 
29) 
29i 

Re l fnt: 

0 07 

' 20 
0 )2 
0 09 
0 ·02 
0 07 
0 13 
a t2 
0 48 
0 46 

1) 26 
84 

0 3 3 
0 04 
0 03 
0 08 
0 '0 
0 07 
o .sa 
0. 11 
0. os 
0 06 
0 04 
0 29 
0. 02 
1 ll 
0 27 
l 03 
0 61 
0 07 
0. 08 
0.11 
0. 02 
0. 09 
0 ll 
0 6) 
0 29 
0 19 
0. 08 
0. 15 
0 0 3 
0 os 
0. DEi 
0 04 
0 01 
0 07 
0 61 
0 11 
0 .0" 
0. 08 
0. 09 
0 19 
0 14 
2 2~ 

l~t ~416 

------------·------·-------------·-···t-···-----------·····-········-····-·· 

Mass 

2'J'j 
291) 
291 
JGO 
JO l 
30 2 
JO l 
)04 
llO 
311 
~ 1 2 
lll 
ll4 
315 
~ 16 

Rel tnc 

" ll 
Ol 

. ao 
0.06 
0 7! 
0 )7 

o.o; 
O.H 
0. l 5 
O.ti'i 
1 . 9 ~ 

14 4~ 

7 77 
0 7Q 

; Mass 

3l7 
ll9 
3:!0 
32~ 

l2l 
) 2-i 
3 26 
117 
)23 
l 30 
lll 
lll 
139 
HO 
~ 1l 

Re l lnt 

0 07 
0 02 
0 Oti 
0 60 
0. 1. 9 
0 OJ 
0. 21 
0. 30 
l 44 

l') 6-t 
0. 94 
2 55 
0.10 
1 26 

lOO 00 

I Mass 

H2 
Hl 
)44 

HS 
)46 

)I' 
]56 
]58 
319 
)Qti 
)~7 

368 
J 69 
J 70 
171 

P.al Inc. 

lO. 36 
.IS 

0 11 
0 03 
0 OJ 
0 0< 
0. Do~ 
l. 06 
0. l 7 
G SO 

Gli 
o ;1 
0 14 

l s 

I Mass 

)84 

196 
397 
188 
389 
413 
414 
411 
4o l 0 
HO 
459 
;Go 
·Hil 

Rel Inc. 

a 06 
l. ti 7 

IS 
0. 36 
0. os 
0 1' 

31 
1.:27 
0. 10 
0. 10 
0. os 
0 l9 
0 06 

RMM (9) 
459 

Bl2 



8) 6-(prop-1-enyl)-2,3,5-tritluoro-4-[ I ,2,2,2-retratluoro-1-

( tri tluorometh y I )eth y I] pyridi ne 

-------------------·--·---------------·------------------+-------------------
Mass 

20 
2< 
25 
26 
27 
l3 
l9 
jl 

)l 
)) 

)5 
)6 
)7 

l3 
)9 

•o 
<l 

" <l 
<4 
<5 

" " <a 
0 
50 
;, 
52 
ll 
5' 
55 
56 
57 
57 
59 
59 
; l 
Q ~ 
03 
6l .. 
65 
c.; 
i 7 
59 
11 
72 

" " '5 
7; 
11 

78 
79 

Rel !ne: 

2 ll 
1 01 
1 0 
6 <l 

ll11 
9 9S 
0 7< 

20 77 
l. J l 
0 95 
0 ll 
0. J 7 ,., 

sa 
27.02 
l. 99 
s 81 
0. 52 
0 50 
0 91 
0 61 
l 07 
0. 8< 
0.·0 
0 H 
s .27 

. 66 

. 30 
l 0] 
0. 18 
0. Sl 

. <0 

. o. 
' ll 
l. OJ 
0. ~~ 
l.t? 
1 9< 

72 
l 06 
1.29 
0 17 
1. 02 
0 22 

lOO. 00 
0- 7., 

0. ]" 
l. 91 
6 li 

IS 
S< 

. s• 
<7 

.71 

I Mass 

Sl 
a J 
8< 
S5 
sa 
S7 
as 
89 
90 
91 
92 
9] 
9< 
91 
96 
97 
9S 
99 

lOO 
101 
102 
10] 
10< 
101 
106 
107 
108 
109 
!.10 
Ill 
ll2 
lll 
11< 
115 
116 
117 
l1S 
119 
llO 
121 
12 2 
12) 
12--lo 
1:25 
126 
1::7 
1::!8 
129 
llO 
lll 
u~ 

lll 
1]< 
us 

Rel Inc. 

2. 92 
2. •P 
0 76 
l ]6 
l )< 

2. 14 
l. )"' 
o n 
0. 25 
0. ]9 

. 39 
;2 

. 56 

.92 
59 
50 
09 .. 
•I 
Sl 
91 
59 

" 
. <O 

<2 
1 66 
0 60 
0 .26 
0. 50 
1 2] 

. 36 
1 52 
0. so 
O.ll 
1. ]J 
J 5] 
l. ]7 

ll 
0. b8 
0. 50 
0 11 
l. 19 
1.01 

.07 
l 6 5 
0. 36 
0. 18 
0.02 
l 61 

l1 
15-l 
0- 72 
o n 

I Mass 

ll6 
1)7 
ll8 
ll9 
1<0 
lH 
Hl 
l<l 
14. ~ 
lotS 
1<6 
1<7 
1<6 
1<9 
lSU 
151 
152 
lll 
154 
liS 
150 
157 
158 
157 
160 
161 
162 
103 
15< 
1-:iS 
160 
l€i7 
158 
169 
170 
111 
112 
!1l 
17< 
175 
170 
177 
178 
179 
180 
181 
182 
18] 
13< 
185 
136 
187 
188 
189 

Rel Inc. 

1.40 
l.l9 
1. :n 
0.-U 
0 .ll 
0. 28 
1 09 
l .lO 

H 
]9 

1. 16 
0 l9 
0. 5] 
1 ]9 

0< 
].78 
8.17 
s. 54. 
l. ~-~ 
].50 
l 91 
l 72 

.0] 
0. lJ 
0 .l6 

. 79 
-so 

57 
' 11 
0 ]Q 

0 2< 
0 8 7 
1 as 
l. a a 
6.]8 
5. 57 

' 96 
l. os 
.H 

) . 65 
l 7] 
0.72 
0. 18 

0 "~ 
1. J 7 
l 68 
6.]0 
5. 97 
< Ol 
0 81 
1.27 
2. 75 
). 20 
0.69 

190 
191 
191 
19] 
lH 
195 
196 
197 
139 
139 
lOO 
202 
lOl 
204. 
205 
206 
207 
208 
lll 
lll 
ll< 
215 
211 
llO 
lll 
2.25 
226 
216 
227 
lJO 
21:2 
lH 
ll7 
ll8 
l<l 
l<J 
lH 
24.5 

2<9 
~so 

251 
252 
251 
256 
251 
261 
262 
261 
l6< 
163 
270 
211 
2 72 

i<.el Inc 

0 ll 
0. l..t 
0. s 5 
l. 11 
2. 4o 7 
2. 71 
l. s l 
0 ll 
0 . .; 7 

l 06 

24. 50 
5 71 

>l 

l. 95 
111 
0 ]1 

2. 92 
l lS 
l Ol 
0.:. 7 

0 l1 
4.0 7] 
0.)7 

l. 4.0 
.l7 

0 ,, 

.la 
]; 

96 
p ,, 

L-H 
0 ll 
0. ]0 
0. 60 
0." 
s 22 
0 ll 
0 61 
117 

16 l) 

9. l 7 
0.29 
lH 
0. 06 
0. j] 
0. ll 
0 ,. 

0 ll 
7. 90 

19 ... a 
t2 20 ....................................................................... 

. --.---.---------- .. -------.-----.----.-------.----------.-----------. 
Mass 

276 
277 
231 
lBl 
23) 
284 
187 
2S8 
291 
294 
296 

Ret Inc 

0. 69 
1. 0< 
0.09 
0. 75 
a .29 
l. Ol 
0. 08 
O . ..J.O 
0.1{9 
0. 1~ 
0.08 

I Mass 

297 
]00 
lOl 
)02 
]0 l 
Jo• 
]06 
]OS 
ll< 
ll5 
l20 

o. o• 
o oa 
0 ., 
~.915 

l. os 
0. JO 
0. 06 
0. os 
0. !iQ 
!L 77 
0 .]5 

I Mass 

lll 
122 
Jl6 
) 28 
]]2 

ll8 
JH 
HO 
lH 
lSl 
]60 

Rel tnc 

2. 1.2 
27 8.2 
l.ll 
0 08 
0. 02 
0 ll 
l.ll 

H.ll 
75 40 

0 1< 
0.05 

I Mass 

172 
l78 
l80 
]89 
]90 
<09 
HO 
~ lli 
<ll 

Ral Inc 

0. 15 
o oa 
0. 1.0 
0. !.0 
0 16 
0. 17 
0. 26 
0 Ol 
0. Ol 

··----------------- .. ------------------·-----------------····------------------

RMM (10) 
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9) 2,3,5-tritluoro-6-phenyl-4-[ I ,2,2,2-tetrafluoro-1-

tri fl uorometh y l)eth y I] pyridi ne 
25 
166 

:>FS 

a 
...,/:: 

--- -·- ---701 ( IJ .B .0 J -- - ·-
3 7 1556486 

5 I 

·5., 

l3 
ll 
Jl 
JJ 
J 6 
J 7 

Ja 
J 9 
<0 
H 

'" " <l 
se 
51 
51 
SJ 
55 
S'i 
57 
sa 
51 
>L 
o2 
ol 

•• >s 
;;a 
o9 
70 
72 
7 J 
7< 
75 
76 
77 

73 
79 
80 
H 
82 
Bl 
H 
H 
aa 
a? 
a a 
a9 
90 
91 
92 
9] 

y 
a a 

0 J6 
0 l1 
0 l3 
0 H 
0 ll 
\) oz 

01 
10 
11 

l. J 1 
0 OB 
a oa 
0.01 
0. 20 
0 16 

. 91 
16 

l. ~ l 
0.10 
0.27 
0.17 
o a .. 
0.05 
o.o ... 
o.~i 

. 09 

. 76 

. 29 

.07 
1! 

22.89 
0.52 
0.05 
0. ~ 7 
2.07 
2. l! 
1.89 
J. 79 
0 .26 
0 .ll 
0 .1-\ 
0 95 
0.21 
0.07 
o.os 
O.H 
0 .l9 
0. 75 
a. "a: 
0. 25 
a. 1.2 
a. 01 
0.59 
2. 0< 

tsa 

1.13 
117 
120 
l.2!. 
122 
12] 
ll• 
125 
126 
127 
U.9 
129 
llO 
ll!. 
ll2 
ll1 
1H 
U5 
Llci 
1l1 
1ll 
1]9 
1<0 
L·U. 
1H 
Ul 
1H 
l.-\5 
L"'tl 
1H 
1.0 
1<9 

:r 288 I BB_ l<,re 
'66 

61 
ll 
15 

. 60 
l. JS 
l 07 
0. l1 

ll 
ll 
30 

•. )7 
0., 1 
0 s 1 
a u 
0 17 
0 l1 
a. ~a 
•). 60 
0 24 

15 
. s 5 

16 
a 52 
0 <0 
o n 
0.01 
0. t7 

]0 
. 17 

24 
. oa 

0.29 
L. 07 
1. 07 
0.)2 
0 36 
0 29 
0.04 
0. JO 
a. ·ll 
O.H 
0.60 
a. 46 
0. ]] 
a. 10 
0. ]] 
0.51. 
1 SJ 
a 11 
0.11 
a u 
0. -tO 
0 52 
a .. p 

2 a 

239 

21:8 
2?9 216 3?8 

2sa 

l)ll 
LSL 
1.5 2 
LS l 
1.51 
155 
L 56 
15 7 
1 sa 
159 
LOO 
lci l 
162 
16 J 
16< 
LOS 
LO Q 

167 
to a 
163 
170 
17!. 
172 
171 
17< 
17 5 
1.70: 
177 
178 
179 
130 
131 
132 
tal 
184 
185 
1B 6 
la? 
139 
199 
no 
lH 
192 
191 
1H 
1.9 5 
196 
197 
198 
199 
lOO 
201 
10 2 
201 

J~a 

H 
59 
Jl 
10 

0 u 
2!. 
64 
51 

1H 
O.B 
0. l s 
1..5d 
l .1 J 
1 7) 
a. l1 
a. -\9 
a 16 

15 
. so 

95 
.la 
.ll 

10 
. 36 

l. 00 
1.. -\0 
0.81 
0.!.1 
a aa 
0 H 
1. J l 
2 . ., 
l. lS 
a .ll 
a .12 
a. 89 
l. 92 
Z.l"' 
6. 91 

lli.l1 
... 18 
a. n 
!. . )7 

5. 51 
2. a 1 
0.10 
a.oa 
a. 08 
a l7 
l. 05 
1 19 
0. 70 
0.10 
0 .ll 

3'f6 

-3So 

! .''1d..i3 

20"' 
135 
10~ 
207 
2oa 
203 
210 
lll 
lll 
l:.l 
2!.4 
llS 
z 1.~ 
217 
Ea 
lli 
120 
221 
222 
2~1 
lH 
225 
225 
227 
Ill 
229 
210 
llC 
lll 
211 
215 
lli 
ll7 
218 
2)9 
HO 
IH 
2-ll 
lo\l 
2H 
2-15 
2-17 
Ha 
2-19 
250 
251 
252 
25< 
25; 
2 5-i 
25 7 
2sa 
25; 
:oa 

376 

•66 

:.~ 3-i 
17 
JO 
i1 
25 

J. -i] 
J.H 
•) .21 
u. 07 
a o 
l. Jl 
J S-1 

12 
0. :J 
0. iJ7 
-.:a 
1.23 

ao. 12 
51.35 

·'l 
0. 5" 
0 32 
1. 00 
0 17 
0. os 
0 0' 
0 22 
0. 73 
l. 00 
0 ll 
0. 01 
a 11 
a iO 

lO 
5 l9 

2 7. ll 
149 
0. 15 ...................................... -- ........ -............................. . 

···········-···········-··················-·············· .. -·-············ 
~at tnc. J Mass I Mas$ I Mass ........................................................................... 

26 l 
261 
263 
2>< 
267 
l!iS 
l.Sj 
270 
27!. 
271 
lH 
21'5 
276 
211 
273 

0. 45 
a •9 
0 -IS 
0.08 
0. 2 i 
0.71 
5. 99 
1. 7a 
0 .20 
0.06 
0 .ll 
o a• 
0. l8 
0. 22 
0.0) 

271 
230 
Bl 
l:i2 
2!!) 
235 
2 30 
4:37 
238 
289 
290 
291. 
291 
l9l 
29-1 

0.01 
0.06 
a.·-" 
0.09 
0.02 
a. a 1 
0.05 
0 7> 

ll.. l~ 
l.O. 7~ 

1. <0 
0.12 

05 
.05 

29a 
299 
lOO 
)06 
)07 
Jaa 
)09 
llO 
l L2 
ll3 
ll9 
llO 
125 
126 
127 

0 07 
a .o• 
a.aa 
0 52 
2 15 
9. "'1 
L. 55 
0. l" 
0.01 
0.12 
0.05 
a .11 
0.05 
0.19 
0. lQ 

] 23 
1Ja 
ll"l 
);0 
150 
)57 
J5a 
]59 
)QV 
171 
)17 
179 
)79 
130 

0 05 
l. ~0 
J ss 
a. 08 
o oa 
0.11 
a , 
1 ;a 
a 11 
0. ~Q 

100 00 
l~. u 

0 3a 
a. oa 

450 

.. -............. -.- .... -.... -- .... --.-- ... -..... -- ..... --.-.-.-- ........... -- .. . 

RMM (11) 
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I 0) 3,5-difluoro-2,6-diphenyl-4-( I ,2,2,2-tetrafluoro-1-

tri fluoromethy l)eth y I] pyridine 
P Rt:IS I 1256 ( 2U. ~:J~ J 

- ......... - - .. - -. - -.. - ... - ..... - . -- . - ~ ... --.. -. --- - - . - .... --- . - - ... - -.. . 

lO 
lS ,, 
l3 
l9 
J: 
ll 
]] 

J 7 

J3 
!3 
<O 

" H 

'; 

so 
51 
Sl 
5 J 
55 
51 
59 
i~ 
62 
6l 

"' 53 

" 63 
10 

,-
" 1S 
H 

" 
'l 
lu 
8l 
ll 
8) 

a. 
85 
H 

" a a 
B 
~0 

H 
1l 
9) 

H 

~el [;-~c. 

Q :o 
a 2a 
l ,, 

2.H 
0 06 
0 so 

. ~0 
oa 
ll 

Q H 
z 06 
I'}. 20 
0.05 
u l ~ 
Q OJ 
u 0< 

19 
9. 7\. 
l. ll 
>l.l!. 
0 Ol 
O.H 
0 os 
0 11 
l 08 
l. 70 

Ja 
lQ 
OJ 

1"'- 6 2 
O.S'! 
o.c. 
0 OJ 
2.;) 
J. 15 
J 29 

22 79 
l 30 
Q 03 
!) ~2 
.)] 

lS 
a 
ll 

.Hi 
30 
]9 

. 10 
06 

.22 
oa 

. 9t 

. ;o 
L. 75 

95 
91 
, 7 

H 
>9 

lOO 
lO: 
!.02 
:a J 
l·l< 
1.0 5 
tfl.) 
l)7 
l'H 
lQ1 
llJ 
ll~ 

L ~ 1 

LU 
!.:.9 
1.20 
121. 
1.12 
lll 

t:.J 
lz-:' 
1.21 
lH 
lJO 
l.J!. 
Ul 
lll 
lH 
ll'S 
l.li 
lll 
lH 
ll9 
l<Q 
lH 
1 ~ 1 
l; J 
t; ~ 
1-H 
L<6 

'" Ul 

SJ 
I} 'S2 
0- -\0 
I) 96 

. 60 

a. s!. 
a 5Q 

" 

" l ;] 
. ]3 
~ 1 

llO 

0 " 
0. d 7 
0- tl 

.;] 
Ol 
J ~ 

. 29 
i6 
75 

7 ;o 
.l1 
.ll 

10 
. J ~ 
. 30 
. 33 
.Sl 

L. ;;a 
l. os 
6.0) 

9l 
.la 

1 2a 
l.l7 
L'iQ 
l j l 
Q. 'l 
0. ss 
0. 5 :z 
.H 
1] 

.67 

.07 

.H 
. ;O 

I Mass 

~ ;9 
150 
1.5!. 
1.52 
lSJ 
1.5-t 
l ss 
LS!i 
1.57 
d.i 
LOO 
1.61 
1.62 
LOJ 
l:i.\ 
LiS 
16-i 
Li7 
:.o ~ 
161 
110 
L1l 
l1l 
1H 
l15 
l 76 
171 
178 
179 
130 
1H 
tal 
lll 
liS 
ll6 
lll 
131 
139 
llO 
11: 
1.92 
19l 
1H 
115 
196 
197 
19a 
1>9 
lOO 
201. 
21Jl 
lO l 
20< 
205 

Rei !;,: 

2. 1.-.i 
l cii:l 

;; 
O.H 
a 61 
0 59 
0 90 

09 
.07 
•a 
ll 
o: 
;a 
;a 

l. 15 
0 '7 
(J. 2Q 
l. JO 
l.ll 
1 71 
0 li 
0. 11 
l. 97 
l. 95 
i 9-l 
l.-H 
0. J!. 
0. 25 
0. 2Z 
0. J3 
o.~a 

a. :;s 
t. !."3 
0. 25 

0 ·~ 0 57 
12 Zl 
S.H 
l. )5 
0. 55 
0 !. 7 
1. 1-4 
0 31i 
l. lO 
l. Ol 
0.-47 
0 JO 
0 11 

0 " 

I Mas.;; 

lU 
.:! !. 9 
llQ 
21!. 
222 
221 
U-11 
225 
~l~ 
221 
2.:!!:1 
2 .:!3 
2)0 
2ll 
2)2 
lll 
2]-lo 
2]5 
235 
n• 
2)3 
Ll7 
2<0 
2-4!. 
2-~o:: 
2-4 l 
2H 
2~S 

2-lo~ 

2P 
2~a 
2~9 

250 
:!51 
25: 
25) 
2 5 ~ 
255 
256 
:s• 
25l 
257 

:\el !ne: 

a >a 
a' 
5 ~ 
l5 
20 

l. 19 
ll 

15 53 
?1 
J: 
lQ 

79 ,, 
.-1. ... 

73 
. 90 
. OQ 

J7 
s: 
09 
l5 

.05 

" •. 17 
.07 

a J J 
o. ~a 
0 25 
o s.; 
0. 9l 
l. JS 

.i2 
0 , 
0. )7 

l. 95 
) .. ' 
z. 'l 

11.00 
10. 1:i 
1." 
1. ;.; 
l. 1:. 
2.;;: 
i). ~ ~ 

0 21 
0 21 
0. l J 

:> 
. Oi 
.17 
;s ...................................... -- ............ -.- .. -.-- ........... . 

. . . . -... -.. ---.--- ........ -..... -.--.-.---.- . . . -- .... -...• --.-- ... -.... 
Mass R.al tnc 

21 
55 

. 10 
l.O:: 
l. 86 
). 0) 

22. •o 
.51 
. 91 
. 60 

1.. 75 
0.;6 
0. l< 
O.il 
l. 00 
1.11 

11. la 
9 .ll 
l.OS 
O.H 
o .• o 
O.lil 
O.B 
0. 11 
0. u 
0 .ll 
0 .lS 
0.10 

19 
1. •a 
0. la 

I Mcl.5S Rel. tnc. 1 Hass Rel Cnc. 

291. o.oa n.s. o 19 
292 0.19 ]26 .96 
29) t) 10 J:i:7 L.51 
l~H 1 1.~ 129 0.10 
295 -4.71. 129 0.01 
196 1~.12 JJO 0 02 
291 27.09 lll. 0.07 
298 s.sa 111 o 11 
299 0.&2 lll 0.06 
)00 0.-lo-4 ll-lo 0.0-4 
101 0.<0 lli 0 05 
102 O.l.J Jl7 0.09 
JO< o os Jl8 a." 
JOI O.H ll9 0.<2 
l06 a 68 HO 0.15 

)07 0 94 l-!ol ~:~~ 
Joa 0.69 Hl 
109 O.ll ]H O.oO 
lll 0.08 3<5 1.16 
JU O.ll Ha 5.10 
lll Q.H Hl <.95 
11..-~o L.OJ 1-~oa a.9l 
)l; 5 02 J-19 O.Ll 
ll6 5.19 ]50 0.01 
J 17 0. 9• l H 0. 10 
lll 0.25 ]56 0.09 
JU 1.Ll JSl O.ll 
llO OU JS3 Oll 
]'• 0 09 ]59 0.07 
321 o.J.Ol 101 0 iJ-4 

I Mass 

].;-4 

155 
lOO 
]ii1 

JH 
]70 
JH 
]17 

]13 

lH 
]a; 

JH 
)95 
]96 
)97 
)98 
tOl 
<09 

ae1. enc. 

'' 1.2 02 
2. -43 
0. JO 
o o; 
0. l5 
0. 04 
0 Ol 
a. l. l 
0 07 
a u 
0 06 
0.-iO 
0 Jd 
0. 07 
0 b 
a. a • 
0.1.5 
O.QS 

\.Q .I)Q 

2. l.fo 
0. 21 
3. ll 

lOO 00 
11. oiO 
l. 35 
0 L~ 

lH OU loil 0!
7 

·········-· ..................................................................... 

RMM (12) 
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l l) 2,3,5-trifluoro-6-prop-l-ynyl-4-[ 1 ,2,2,2-tetratluoro-l

( tri f1 uorometh y l )eth y I] py ridi ne 

P"B46 517 (8.617) 
2\46384 

3 9 

~.-s 

T y 1 i!S, t:!<1 tSS t~e 
"?' 

221 
39 1 !7' I ~3, I / 

2~1 326 
6 

ro/:=! <6 •• ,.:,.; ~,;., ;;;;-. -, .. 
··-······-·······- ......................... -----------------· 

."lass 9.e~ [ne : t1as:i P.el [ne I .1.1ass 9.~1 [ne. I Mass Re~ [:lC ----------------- ------·-·-----------·----------
20 0< 90 0< t 5 l 2 09 2!.7 H 
15 0 J ll 3l 152 0 20 :!ta 70 
26 13 9 J ' " 1.5~ 1 19 219 5 25 
l7 a 2< 9< 0 57 l s 5 5. 15 2~0 100 00 
lJ 0 H 35 0 26 L Sii 51 lll 10 02 
29 0 OJ 96 0. 19 1.51 26 222 0 sa 
ll J 32 ,, 

0 Ol tsa ll 22) 25 
Jl 0 Ja 9l .22 lbO 0 ll 2.24 0 .l9 
]] 0 ll , 77 15 l 0 a~ 215 ·1. ll 
]6 0 07 l•JQ H 1.62 l . 6 l ll5 0 . 07 
]J 0 95 lO! " 1.0 l 0 . sa 210 2 17 
J3 .28 102 08 10-1. 0. ll 2]1 0 50 
J9 82 10 J 5< 165 0 . 0< 2)2 2 .n 
<0 0 l< 10< l 72 16"7 0. 97 lll 0 .2) 
H 0 0< 101 15 LOa -"'~ 215 0 .OJ 
<2 0 .02 lOo 7l 1.09 1. 77 216 0 .07 
'J 0 . 0 J 107 21 170 16 .H 217 0 ]7 
H 13 lOB ll l'l 1 .-n: 2 l 8 0 17 
'5 17 110 .01 17 2 0. 19 ll9 0. 10 
H 0 " 111 1 . 00 17) 0 .95 2H 0 . Ol 
H 0 . OJ Lll l. .. 1H ' <8 2~2 a 11 
<9 0. JO lll 0 H l'l 2 .08 2<1 a . <0 
50 2 . 86 lU 0 .ll l75 0 . 19 2H 0 . 25 
Sl l. 27 117 7 .7! 177 0 .02 2<5 0 .n 
52 0 20 u; 0 . 9< 179 0 .n 2<3 0 .2-t 
55 0 69 li9 l . 16 130 2. ll 250 J 9o 
s• 0 . 69 uo 0 .51 151 1 . 96 251 . 01 
57 0 H 121 0 . a6 ta 2 2 <2 252 0 .52 sa 0 06 llJ I. 10 tal a. 21 251 a. 0< 
61 0 . as lH 5 H 135 a . 59 255 0 I< 
62 0 .7l 123 l 91 ll6 0 .75 256 0 H 
>J 0 . 80 l21i 0. l7 187 0. 55 257 a as 
6< 0 .79 127 0 . 09 taa 1 .2) 261 0 . 07 
65 0. 15 129 0. H 159 0. •• 262 0. ali 
66 a .02 llO 2 76 190 0 .o. ltil a . 02 
69 ll .97 1ll 1 . 6 7 19 2 1. 19 268 0 H 
10 0 . 58 ll2 l. 11 191 2 .00 270 43. 2l 
7l 0 . 01 lll a. ll 19< 1. 2l 271 ' H 
72 0 . 0 2 1H 0 . OB 195 0. 11 272 a. 25 
H 2. os l.lS 0 . 69 199 2 . 78 21) 0 . as 
75 2. •o U6 1 .H 200 . 01 2H a .25 
76 0. Sli 1)7 0 . 98 201 11. 26 275 0 . 06 
77 0.16 ua 0. 2• 202 l.l6 2 76 0 02 
73 O.Ol ll9 a. lS 2al 0 . 2l 280 0 .. 
79 0 .60 l·H a 52 20• 0 .2-t 281 a ll 
a a l .71 1<2 0 . 70 205 2 . ss 28:! 0 a7 
at 2 .ll 1<l 6 . 13 206 a . 99 297 0 . 09 
81 0 .H 1H 1. IS 207 a. 11 2SB 0 11 
9 l a os 145 0. 1< 208 0 O< 289 0 . o• 
as 1 . 01 1<6 0 .21 210 0. 10 291 0 2l 
l6 1 6l 1<7 0. 16 lll 0. l2 29< a ll 
97 1 Ol l<i 1. 13 lll 1 l8 lOO 1 . " 38 0 . <8 1<9 0 .9] 21) 0. ll 101 a. ]7 
89 0 .11 150 6 .06 21< 0 . O< 10! a 0< 

- ... ----- ---. -. -.. -. --. -------.. ----.... -.. --~ -------.. ---. ----. -. -. - --. ---.. --

- .. - .. - . -....... - . -. - - .. - . - - . -...... - -.. - . -.. ~ . - . - - -- . - . - .... - .. - . - - . - - - . - . -
Mass R•l :ne I Mol$$ Rel !ne I Mas5 !tal !ne I Mol5S Re 1 [ne 

-.- .. -.-.--.- .. --- ......... -.. --- ... --.--.----.- ..... ----.-.-- .. --.- .. 
laS a. a 2 lll l. ta 

I 
118 7. 9"7 lH 0. 3~ llB a. a• lll 0. 01 ll9 30.92 J 20 9.92 J )7 a. 10 HO 9 59 

--------·----------·-··---------------·---------·-················-··········· 

R:VUv! (13) 
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12) 2,5-di tl uoro-3 ,6-di prop-1-yny1-4-[ I ,2,2,2-tetratluoro-1-

( tri tl uorometh y 1)eth y I] pyridine 
PR647 82::1 ( I:J. 711ll 

~FS 

a ~a 39 s t 
n/:: sa 

23 
29 
ll 
l! 
JJ 
J 6 
)7 

JB 
)9 

<0 
H 
H 

<S .. 
p 

<9 
sv 
51 
Sl 
5 J 
55 
s• 
57 
58 
59 
61 
6l 
61 

•• 
65 
66 
oB 
69 
70 
7l 
72 
7 J 

" 75 
76 
17 
7B 
79 
BO 
H 
az 
Bl 
as 
86 
i7 
9B 
89 

~et lnt. 

0 ll 
so 
as 
ll 
99 
J9 
JO 

0 13 
0 <B 
1 l: 
5 .. 
0. 1.9 
0 OB 
0. 70 
0 H 
0 H 
0 19 
0 )Q 

1 sa 
5. 90 
0. 79 
0. 1-i 
0 JO 
1. 61 
J H 
0' ll 
0. ll 
2' 19 
2 8< 
5.06 
l. 19 
l.-\1 
O.i7 

. 19 

2"'·"'" 
l. 6'1 
0. 65 
0' 57 
0' <5 
6' <l 

11' l< 
J. 16 
l. 97 
0' ss 
1. 02 
6 '0< 

12. 1S 
J '02 
0.61 
2.21 
1.79 
5. H 
2. lQ 

0' 91 

••• 
I 11 

/ l '?3 

91 
91 
H 
9) 
9< 
95 ,., 
97 
97 
98 
99 

100 
101 
10 2 
101 
10< 
105 
1.06 
107 
108 
1!0 
lll 
1!.2 
111 
tli 
115 
L!.i 
117 
118 
119 
llO 
121 
ll2 
lll 
12< 
125 
1l6 
t:n 
123 
!.29 
llO 
lll 
lll 
1)) 
lH 
1)5 
1)6 
1)7 
1Ja 
lH 
1<0 
1H 
tH 
1<) 

1 43 169,\75 

'· 

I) 75 
0. l3 
lH 

7l 
lO 

.H 
02 
01 

•l 31 
1. 99 

1: 1 a 
s u 

" 0 71 
0. lO 
l<l 

0< 
.ll 
'00 ,, 
H 

7. )0 
2 ~!.. 

1" 
0 .. 
0 2l 

H 
]7 

87 
.04 
'55 
O< 
5] 

'78 
. 65 

<.95 
l.lO 
0. 29 
o. sa 
l. so 
1. 70 
L. 1.5 
0. 97 
0' J9 
0. 1iJ 
l. 6 7 
l. "'7 
l. ..j,Q 

0' 39 
o ..... 
0' 59 
l.ll 
l. -Hi 
5 .1il 

I Mass 

lH 
liS 
1i6 
U-:' 
lH 
li9 
150 
151 
1 5:! 
15 J 
15< 
155 
l so 
15 7 
158 
159 
150 
161 
1~2 
16] 
16..r. 
lii5 
!.iii) 
1-i 1 
to a 
1.0~ 

170 
17l 
1.7! 
17 J 
1H 
175 
176 
177 
173 
179 
HO 
131 
192 
lSJ 
lB• 
1B5 
186 
137 
1BB 
139 
190 
111 
192 
19 J 
lH 
195 
196 
197 

T' 

~cl. Inc 

., 
52 

0 50 
1 16 

<0 
i< 

• J• 
1 79 
a 97 
o ao 
l.l.2 

. SJ 

7 " 

0 il 
0. 51. 
0 2-i 
0 56 
l. 75 
J.!..l 
J.S!. 
1. 20 
0 <l 
0. 2 s 

.SJ 
).<3 
5. JO 

37 
.69 

75 

' " 6. 5) 
9. 55 
•. oo 
0. Sl 
0. 2l 
1. J J 
l.l9 
J 1) 
J.H 
0. 91 
0. J8 
1 22 
l.bl 
l .)7 
J .ao 
5. 79 
7. 06 
2 .2< 
2.H 

zo. 79 
ll.O. 
2.n 
0 H 
o.u 

I "••• 
19i 
199 
lOO 
201 
lOl 
l01 
204 
2U~ 

206 
207 
2oa 
l09 
210 
lll 
Hl 
l1l 
2!.4 
215 
2lQ 
211 
lU 
21 J 
220 
221. 
222 
.; Jl 
lH 
l25 
226 
ll7 
228 
229 
lJO 
2ll 
212 
2ll 
llS 
ll6 
ll7 
lli 
lJ9 
HO 
2H 
1il2 
l>\l 
lH 
2-IS 
l·P 
H8 
lH 
l50 
lSl 
25 2 
zs 1 

Re~ :ne 

l j.) 

ll 
20 ) 1 

9 B 3 
l7 'l 

70 
.'ll) 

.B 
l 17 

3• 
S.t 
iJ 
OJ 

l -
os 

l. 3) 
0 lS 

Jl 
33 

ri 31 
1 06 

sl. n 
lOO 00 
ll.Jl 
2. s l 
J. 1< 
l.H 
].H 

0 <1 
0' 09 
0 97 
l . l ~ 
2.11 
1 59 
0 ll 

0 " 
0.9~ 

l. ll 
6 l ~ 

10 ~' 
LB. oa 
l.ll 
l. i1 
l.H 
l. l9 
0. i~ 
0. la 
0 52 

.15 
'09 

.<1 

.H 

19227~ 

)sa 

.... ~ ......... ~ .......................... -. -. -... -- --. --.. - . -........ -. -..... . 

. . . . . . . -......... -.... ~ -.. --...... -....... ~ .. -. - . -................ -.......... . 
Ral Cnc. l Mass I :-ta.s.s R~l Cnt. I Mass Re 1 ::'le .......... -...... ~ .... -..... -.. -... -...... - .. -...... --...................... . 

lS.t. 
:ss 
2Sti 
25 7 

Ha 
260 
2tiL 
262 
261 
16< 
265 

0. 17 
0 27 
0 9l 
L. 1a 
o. la 
0. l.ii 
0' )7 
O.H 
0' 70 
l. S7 
0 ll 

267 
264 
2i9 
270 
271 
l72 
27< 
275 
276 
280 
282 

a. 26 
0 <O 
2 JS 

lO. 25 
5 zo 
o.sa 
0. 19 
0. 75 
o.u 
0. 18 
0. 16 

l!P 
288 
lS9 
290 
291 
292 
29< 
lOO 
107 
]08 
)1< 

0 15 
z.:u. 
8. 99 

llH 
1 69 
0. 11 
0 .22 
0' ll 
0' ll 
a. 15 
0. :!l 

120 
) ~ l 
HO 
HO 
1H 
)57 
)53 
159 
160 
161 

0 79 
0. 13 
0 l J 
l l9 
a. l9 
0 .; :. 
a. ;1 

.f.!.. s 7 
5.1' 
0. IQ 

... -........ -. •.- .. -......... -.-.- ...... -.-- .. -........ -..... ---.- .. -- .. -...... . 

RMM (14) 
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13) 3,5-difluoro-2-methoxy~6-prop-l-ynyl-4-[ 1,2,2,2-tetrafluoro-1-

( tri f1 uorometh y l)eth y I] pyridi ne 

PRBGJ IS ( 11.9181 
tR8 

~•s 

Mass 

10 
:'!i 
17 
la 
29 
;o 
ll 
12 
JJ 
ll 
Jo 
)7 

Ja 
l9 
<0 
u 
<l 
• J 

" IS .. 
" H 
<9 
so 
Sl 
Sl 
; J 
S< 
53 
lti 
57 
sa 
51 
60 
61 

il 
Q..;. 
s; 
6o 
57 
i9 
70 
71 

7) 

'' 75 
76 
17 

78 
71 
ao 

69 

?.e l [ne. 

5~ 
1.'1 
)2: 

11. 6·~ 

9 02 
<S 

l 7 0 l 
ll 

.7: 
a os 
0 ...... 
).15 
s 7) 

l!i "5 
0. 95 
0 <0 

71 
.7ti 
. 10 

. " 

. 90 
ll 

0. 18 
1. a a 

10. 14 
14. 39 

1.. ~ti 
1.74 
l. l7 
I. 35 
J. 29 
li. 70 
o.a2 
0. ]9 
l. 2 7 
J Ja 
)17 

Ei .H 
ll 
6 7 

l.ll 
1. 10 

100.00 
I 90 

0 )' 
0 39 

1' 01 
1.3 1.7 
6.Ja 

93 
0 H 
2 ao 

11 7] 

! ."!as i 

a: 
3 ~ 
ll 

35 
36 
F 
H 
39 
90 
91 
n 
> l 
9< 
7S 
H 
97 
9o 
59 

100 
!.0!. 
1.02 
>Ol 
10< 
10 s 
lOO 
!.0 1 
!.03 
109 
!.tO 
1 ~ l .,, 
U.J 
l!...j, 
l!.3 
l !.6 
!.!.i 
!.!.3 
I ~9 
llO 
Ll~ 

1.2) 
l..H 
14 s 
tlS 
u-r 
l:l 
129 
IJO 
Ill 
112 
Ill 
IH 
ll'S 

l) l ~ 
]. 2 5 
0 .;.) 
0 9< 
J. 00 
7 ~2 

la 
4 22 

. QO 
0. "'2 
0 JO 
6 S< 

2!. 26 
5. 1.2 
0 97 
123 
0 lJ 
2<0 

13. s oii 

B Sl 

"'. 70 
l6 
Ja 

lH 
ll. 79 

6 H 
I 57 
o. aJ 
0. 16 
0.90 
l.Ol 
7.l.S 
5.09 
0. 99 
0. 64 
0 95 
~ lS 

.a1 
<a 
02 

0. ~-~ 
l2. 21 
l2 so 
17. l-1 

.ss 

. 38 
19 

.56 

.OJ 

.OJ 
tJ 
98 
• J 

l 30 

I Mass 

ll6 
ll7 
U3 
ll9 
1<0 
lH 
l<J 
1H 
." s 
1<5 
lP 
lH 
1<9 
ISO 
1 s l 
152 
15) 
lS-1 
l.SS 
156 
IS 7 
tsa 
159 
161 
162 
16 J 
lO-t 
165 
lri6 
l.ii1 
to a 
16$1 
170 
171 
112 
173 
lH 
175 
t7Q 
177 
179 
179 
190 
131 
132 
lll 
13< 
135 
1.36 
101 
133 
189 
190 
191 

P.e t !~:. 

7J 
, !: 
a .. 
0 su 
0 91 

:a 25 
a l2 

_, 

" .-13 
JO 

.21 

.H 

51 
3 s 

.Ol 
ll 
3' 

7 5< 
u 09 
J.:n 
1 )7 

1. 30 
.Oi 
. 6: 

4.. 6-1 

2 "' 7"' •• 
!Q 

s• 
7; 

30 
Sl 

.·P 
Z9 
51 

. 32 
Oii 
25 

S 'O 
., ao 
2 .l' 
l ,. 
l 'h 

l1 'l 
:s 52 

I Mass 

l9l 
l; J 
lH 
L33 
19.:; 
197 
193 
199 
200 
lOl 
202 
2C l 
lO• 
lOS 
206 
~01 

20a 
::o9 
.210 
lll 
:ZU: 
ll.J 
21-t 
21.5 
2lb 
2l.i 
2!.~ 
1!.9 
220 
221 
Ill 
21) 
221 
223 
llS 
211 
ll9 
229 
:Jo 
2) l 
lJ l 
lJJ 
2]..\ 

lJS 
215 
1) 1 

ZJ3 
2J9 
210 
:11 

:""2 
2-lo) 

~ 1"' 
115 

794624 

....... \ 
57 
)I 

os 
,;; 
n 
2 9 
l s 
9) 

" lS 
:J 79 

1 sa 
SH 

L> 
jJ 

l6 

' 57 
ss 

J. 00 
0. 72 
IS: 
0. 34 
2.-\) 
7 lO 

. 06 
0 11 
1. 1a 

. 59 
s ; ., 
0. 17 
0 19 

0 '" 0 .ll 
1o 

1. a a 
<.ll 

. " 
90 

.10 
)7 

.;s 

" zo 2l 

~0 
H 

~. j a 
iS 

·····-··········-······-·····-·-··-···--····-·····--··················· 

15 
H 
;, 

.0) 
os 
):) 

U.l1 
l 2 ~ 7 

7 IJ::! 
a 15 
0 ].; 

15 j4 ,, 
1a 
~ s 

.•B 
ll -· 
l.ll 
0 2.;. 
0. 3'1 

sa 
57 

0 19. 
0 62 

0 " 
0 L l 
0 12 
a oo 
0 09 

0 " a. a1 
0 os 
0 ~~ 
0 1 B 
• 06 
) 25 
0 SI 
0 19 
0 08 
0 :s 
0 Cli 
0 ll 
a l1 
0 11 

I Mass 

291 
292 
l9J 
l:l< 
195 
l96 
297 
l98 
299 
lOO 
lOI 
)02 
JOJ 
10< 
)05 
)06 
lOl 
]09 
llO 
l11 
lll 
31.6 

R•l [~.: 

J -u t ;" 
1) .p 

0 >v 
0 ?l 
0 •lS 

OJ 
I! 

1).1-1 

a :j:: 

0 h 
c ~ -l 

ll 
11 
0 

10 ..; :: 
I JO 
0 •• 

:9 
07 
ll 

) !. 7 

ll3 
)1.9 

l:!O 
111 
l'' 
lll 
l.:-4 
llS 
JJO 
JJ: 
lll 
li-4 
l )Q 

JP 
ll3 
lH 
JIO 
l s 1 
)52 
ll J 

R-: l :nt 

tJ 3: 
l3 

0. 11 
0 H 
1 ) :! 

ll 
") .37 
0 os 
0 02 
v.·Ja 
) 25 
I) jiJ 
0 _, 
'j t3 
0 
o oa 
0 :. 

1.; ..,_ 
-40 :: 

:l 
n 

RMM (15) 
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14) diethy I { 3,5 ,6-tri fl uoro-4- [ 1,2,2,2-tetratluoro-1-

trifluoromethy l)ethy 1](2-pyridyl)} amine 
PR6s:1 644 ( IB. 734 l 

"'" 9 

Mass 

20 
2< 
25 
25 
27 
23 
~9 

JO 
11 
)2 
11 
JS 
J6 
]7 

la 
J3 

'" '' ,, 
•J 

" <I 
,; 

" H 
<9 
so 
51 
Sl 
s J 
S< 
Sl 
S& 
57 
sa 
53 
•o 
61 
52 
63 
6• 
os 
o6 
67 
o3 
70 
71 
72 
7' 
15 ,, 
77 
73 
79 

"-e!.. tnc. 

26 
0- 2 5 
0. 30 
7 so 

) 4. 6 7 

lO JJ 
100.00 

J 13 
~ l7 
0 ii!. 
0 00 
o. oa 
0 10 
0.~0 

0.9) 
.as 
.ii) 

1. 21 
1) .17 
l. I< 
J. 44 
0.-\3 
0 31 
0. so 
0.06 
0 09 
l.. 77 
1. s~ 
0 .a 
0 39 .. 
.H 

4. ll 
0 ii2 
0 H 
0.13 
o.oa 
0.07 
0.<0 
0 29 
0. JO 
0.08 
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16) benzyl ( 3,5,6-trifluoro-4-[ I ,2,2,2-tetrafluoro-l

trifluoromethyl)ethyl](2-pyridyl) l amine 
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17) 19,20-dian-8. 17 -bts[ I ,2,2,2-tetrafluoromcthyl)ethyl]-7,9, 16, I 8-

tetrafluoro-2,5, 11, 14-tetraoxatrtcyclo[ 13.3.1.1<6, IO>]icosa-

1 ( 19),6,8, I 0(20). 15, 17 -hcxaenc 
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18) 25,26-diaza-11,23-bis[ 1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-

1 0,12,22,24-tetr:J.fluoro-2,5 ,8,14,17 ,20-
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hexaoxatricyclo[ 19.3.1.1,9,13.]hexacosa-1 (25),9,11,13(26),21,23-

hexaene 

·n 1 .-~?• 21 )RJ"enc-:-Tc ·1 "' 1 s ,'[e·r-~rT.""""Js Ac!l: ·1-Dt:L-Trr~~n • [ 'Q4 -H : PFCTTl.J()Iii)IT jAut·lSp~i!~ !:I • Hdgn~c Spt-1: l'll Spl Sta2~SJ TIC:J07209\ti f L~gs: HALL 
'ftl~ Te:.;t P":lul 
lOO'!. JH 

I I 
9S I i 
90_ I 

as j I 
I 

901 

::i 
GS 

GO 

ss 

so 

4S 
77! 

40 

J s 

JO J 68 

lS~ 

::~ 
216 

Jl6 726 l 71 20 'r 186 lL I l;s l 
5~ I I T ll6 I so ,I[ ! Hl 0 > • I 

so 100 do 200 lSO 100 JSo 400 4SO soo sso 66o 6So 100 ;so aoo sso 96o 

... JIL 1\1 ... HI. 1\1 ... IIIL "' ... AlL Ill 
~ .. .... ~ ~ .. Hll-"itt ~ .. >tiiCifT ~ .. NU Oft 

to.nu !.it LU.UU 'l.U lU.IUI 0.11 ltO.HO: 100.)0 
u. "'~ ., .. '" 1'14 ).If hi.Ull o.u lti.tlJI u.:s ,, .... ~ 111.11 ltl.f011 •I. TO ua.un 0. ~G )t;_., •• IO.If o.u:: I.Li lfi.U:I ~.tO Ut. IIIo 1.:1 lti.I\U 0.11 u.un tl n IU.IIU 

~: ~! PO.tOll ' .. Jtl.Ull O.H Ho.,lH '" IU.UU lft.UU ·-·· 1u.ua I .. u.,••: '" '"lilt • •H :JJ.tOU LJI n~.uu 'LU .. Ut~ \.6: uo.uu "·'' Ill. tU I O.lt IH.t:U 11.10 

' 
.. Uolt 1.71 !11 If I~ I.JI "' .... I " lU.Pl1 ... 
14.fl'\ I.Jl !Ot.tlll 0.11 Ju.un 1.1) IU 1111 ' .. ,, U!l o).U !04. =~·)\ 1.01 U\.tOOI I .. h1.UU Ull 
'I tu: O.tt ... fUl ' .. UI.HU I.U IU.UU Lit tJ.tiCit '" :li.U!I .a.u Uf.UJ! 0.11 lll.t:tl 1.11 .. tl~-1 LU HI.U!t ' 11 Jti.UU 1.11 )U.f11) : ,, 

lii.IIIO '11 :u.uu !I.L\ lU,fiU o.u ... ,,., '·'' 1n.uu :.n !U.HIJ ... lt\.IHI O.H "' 1\11 . .. 116.tiU '" lP 104' ... HI.IUI tt.H lllt.tG<lt I .. 
llt.tiOI '" !11.1'10 I.U JU.IUf 11.11 Ui.tll' I " J;J.HH il.l! :u.uu ' .. JU.UH I.U .,. ... , O.JI 
IJI.IU\1 '" !lt.IJU II.U "' Ult I.Jt t•U.IUI 0.11 
111.1411 0.1\ llf.ttu LU 111.1101 1.11 ... u:• I.J: 
IIJ.UH 0.11 :a.nu o.u JIJ.tiJG .... "' IU4 1.11 ... .... I " !JO.Ifll o.u nL::!: :.&: 1JI.)!If J.'l 
L~O. ll'lO O.H Ul.ltll ll.U 1.14 IJ\.UII Ill 
HI. IIlO . " !U.IJQI 4.41 lt~.uu l.tJ IU.HH '" 1\t.UU ' " :u.f\u J.ll IU.IUI . " '" uu ~." IU.JUt ' " IH.Itll II.U J!l.lttl t.U lH.Hil !.il 
101 t1U ... IU.Uti J.Ot u: un ... "' on: l.tl 
IU.tH\1 IH !t1.1HO ., 

" •:J.tttl . .. "' .... . 11 1 .. .... 1.10 Ht.ll)1 4.lt Ut.UU 
~: :~ ltt.HU " ~~ ... ,.,, 1.U U:.IUI . " IU.I'H '" ho\: " PI.IU: '" HJ.UII \1 • ., IH.UU 0.\1 fll.l!ll " " III.IUO '" :u.nu ' 11 1)1.1111 '" '" uu 1.11 

110.17,) \J.70 :u .• ul IJ.U HI.Ull t.CII 
III.IUO Q.U :u.un J.Ol IU lOt I t.U 

S. lE6 

·I 9E5 

4. 7E6 

•I. 4E6 

4. lEG 

J 9EG 

J . 6E6 

J . 4EG 

l. lEG 

2 . 9E6 

l - 6E.6 t l. lEG 

2. lEG 

l . 8E6 

I . 6E6 

. 1. lEG 

I . OE6 

7 8ES 

s . 2E5 

2 .6ES 

0 . OEO 
m/: 

(37) 

B23 



19) 26,28-diaza-5 ,17 -bis[ 1,2,2,2-tetrafluoro-l-(trifl uoromethy\)ethyl]-

4,6,16,\8-tetraf1uoro-l\,23-dimethyl-2,8,\4,20-

tetraoxapentacyc lo[ 19 .3. \.I <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 
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20) 11, 14,19,20-tetraaza-8-!7-bis( 1,2,2,2-tetrafluoro-1-

(tri fluoromethyl)ethy 1]-7 ,9, 16, 18-tetrafluoro-ll, 14-di methyl-2,5-

dioxatricyclo-[ 13.3 .1.1,6, I O.]icosa-1 ( 19),6,8, I 0,(20), 15,17 -hexaene 

A.ll l(L 111 
""u uu:KT 

tl.au: 
n.ant 
tl.t\\1 
H.IUI 
t\.iUJ ,,_,.,, 
H.IPU 
U.JIU 
tJ.tJ .. 
H !IJll 
t.1.Pdt 
u.:o11 
H.UJO 
7'l. ;CI~l 
II.~!P 
11 lOP 
tl.:ttq 
U.JIU 
11 \fU 
IL:Ii& 
n.HH 
'I.!JU 
tl .!hi ,.,,,, 

lf'O.IIJI 
101 l'ltt 
uJ.:aao 
IQ1.!JU 
lil.!i<J(\ 
111.!'\4• 

'" !!11 11\ .:!tl 
"'-lJJ! 
IJI.lOH 
Ill !lH 
1!1.!\JU 
t!J.:ut 
11!'1 lUU 
LI•LH1! 
lll.!lll 
1Jl.Hn1 
III.H4·1 
I I I !! ~ 1 
lu.:;.,.,. 
lh.!UJ 
t61.!1U 
Ill !P! 
111l.!JJ., 
IH.!UI 
t\l !Ui 
U\.:h'l 
I" :1u 
au.an 
IU.!Ui 
16!.!tlt 

I,Jt 
I I. ~ <l 
I.~~ 
1.11 . " .,_,, 
: tl ._,, 
I.•U ' .. 
:. !~ 
Lill 
O.ti 
0.11 0,,, . " ... 
0 t! 
I.U 
0.)1 

0.11 

:::: ,_,, ... 
0.10 
11.1\ 
\~ 11 

'" <J I! 
•J H 
o •I 
o.n a.·.• 
ii.J7 
oJ.II 
o.u 
I),JI 

:·!! ... 
" .. " .. 
~ I! ..... 
•1.14 
; •. n 
•) If 
;;.u 
·1.H 

'" ·l.)•l 
·I)! 
) !\ 

T 
181 

690 

708 

I 
' 

6f0 

•so soo sso 6ao 6so 700 750 300 a1o 900 

Alf ~lL 1\1 
.'l.l.:il IIIICHT 

III.:JH 
tl: !JJI 
t1Ll1H 
tJ\.!111 
1" nu 
tJt.!•!J 
tfi.!1H 
tf:.!4H 
\11 ;141 
... 1101 
lt\.!JH 
IU.Jt11 
\IJ.!UI 
llt.!\40 
\fi.!Ht ,,.,_:•u 
ttJ.UU 
tU ~:11 
!OO.!Ul 
!Oi.!Ul 
!OJ.:JH 
:OJ.!IIt 
JU.UtJ 
:•u.t•u 
!OJ 11" 
!01.110' 
101 :Ill 
:u.UH 
lii.!JJt 
:t: : .. (1 

!14.l11l 
Zll !lit 
JU.lU4 
!P.!UII 
III.P!! 
!"!tU 
l!LH!\ 
!!1.!\P 
:::.!!h 
!lJ.It!l 
::• :.:• 
!!\.!\•\ 
::t.:u: 
==~. !J7~ 
!!I.!HI 
:.·• !0!1 
!ll.:•JIIl 
!H !IU 
:J! 111t 
:u !\\4 
!U.!IltO 
:u :rn 
:u •u• 
!11 :ou 
JU ;u: 

'l.\1 
0.'1 

'·" . " o.u 
O.H 
o.u 
o.u 
o.u 
~.it 

0.10 

'" o.u 
O.fO 
O.H 
~. ,, ... 
'·" .. ,. 
'" t.Ot 
o.u 
I.U 
O.IJ 
o.n 
o.u 
o.u 
o.u 
: !! 
a.tr 
1.1: 
I.U 
o.u 
o.u 
o." 
0.111 
0.41 
I.U 

'" .. , ... 
"·' 0,1\ 
l.fJ 
I.U ... 
O.H 
o.u 

'·" 0,11 

"·"' o.n 
0.)0 
O.H 

411 lt:L 1\1 
~U tii:ICHT 

~u.! Jn 
!U.!IIl 
:\I.)UI 
ULJH: 
1\I.JUJ 
lU !101 
!H.!UI 
lU.UII 
!,J.JtU 
!U.JJJ1 
Hlltll 
!U.HU 
Ut.!IU 
hi.)UI 
ue.:••~ 
!U !Ill 
lfO.UOI 
Ui.Ul' 
:11.UU 
lli.~HO 
U1.11t1 
lJt :tru 
II&.Jlll 
!U.!IIf 
!IJ .• UOI 
Ut.P11 
lt1.\10\ 
Ht.H!f 
,., 1111 
!11.!111 
:u.u~a 
:n.lltll 
lU.I\10 
:n hUt 
lU.UH 
:• .. : .... 
Joo.J;U 
IQJ.IJU 
lC'I :~H 
10\ :HI 
1116 !111 
101 ! .. h 
IH.;~U 
IIII.!JH 
IIIAJ!i 
Ill. !U\ 
liL:~O\ 
IH IIH 
Ju.:n• 
114.1\!J 
lP !In 
llt.H!O ,,, .... : 
Ill. t ~ n 
1:a.uJt 

o." 
0.11 
a.u ... 
o.n 
a.u 
:.u 
1-U 
Lll 

~- ;: 
0.10 
0.11 
a.u 
o.u . " '" .. ,. 
I.U 
t.'JO 
'1.10 

'" . " :::: .... 
1-tl .... 
' .. o.\0 
'11 . " 1.!1 

' .. ,_,, 
t.U 
l.U 

'" o.u 

'·" a.n 
Jl. Ul 
I).JI 
:.n 
J,JI 
J.U 
I 11 
\.U 
LU 

'" \1.11 .,_ .. 
o.ll 
l.11 
Q.)O 

... 
!UIIJ 

IU.t'H 
JII.;:6H 
IILUIJ 
llt.:nt 
Jlf.IIJJ 
1)1 llh 
JII.IUt 
HI.HH 
uo.un 
}11.!1\1 
iti.OIOI 
JtJ.:U• 
)ti.UU 
IU llli 
h1 IOU 
Jlf.lJIO 
III.JIH 
JU.JOII 
UI.:Jtt 
UJ.UU 
UJ.HU 
IU.!JJ1 
IU.1101 
Hf.l~" 

11'-""' 111.1U1 
Hl.!tH 
Ul.!l\1 
hi.UOJ 
IU.H'• 
IH :ru 
J46.UOJ 
t•1.UU 
JU.U:O 

'"·'"'' 111 nu 
JJ1.1••o 
111 '1~01 
1n.uh 
110.!;&1 
)ll.!tl .. 
ltLill4 
111.11'' 
111 !Ill 
1!'1.:•:• 
ut.PH 
UI.JIH ,,,_,,, 
iU hfl 
41i\l UOI 
"~. Qtll 
oiii.Oll! 
Ut tiU 

""-'"' •ti.JJI! 

... 
' .. I iO 

'" l.fl 

'" l.JJ 
'-H 

'" U.JI 
:.1• 
1.11 
\1.41 
l.U 
0.11 
;.t: 
:o1 
;.u 

~. ~; 
tL\1 
ltU 

100\10 
u 11 
1.14 . " . " ... 
~ . ~! 
'" 4.1l 

10 p 
: ,, J_,, 
i.U 
0" 
'" '" '" ,, \\ 

''·'' 1.11 

'" ~- J) 
o.u 
0.11 

'" LIJ ... 
'" '" IIU 

•: 11 

'" 

5 

[, 

t: 
~· t: r . 

RMM 

708 

lE6 

l!::6 

SES 

5E6 

. 1E6 

0E6 

7E6 

. 5E5 

. 2E6 

9E6 

7E5 

4E6 

. 2. LE6 

. 9E6 

l. 6E6 

l. JE6 

l. 1E5 

3 . OE5 

. JE5 

. 7ES 

. OEO 

(42) 

B25 



21) 2,5,22,23-tetraaza-8,20-bis[ I ,2,2,2-tetrafluoro-1-

(tritluoromethy I )ethyl]-7,9, 19 ,21-tetrafluoro-2,5-dimethyl-

11, 14,17 -trioxatricyclo[ 16.3.1.1 <6, 1 0> ]-tricosa-

1 (22),6,8, I 0(23), 18,20-hexaene 
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22) 2-( ( 5,6-ditluoro-3-methyl-4-( I ,2,2,2-tetratluoro-l

(tritluoromethyl)ethyl]-2-pyridyl) amino)ethan-1-ol 
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23) ( 3,5 ,6-tri tluoro-4- [ I ,2 ,2,2 -tetratluoro-1-( tri tl uorometh y I )eth y I ](2-

pyridyl) }(2- ( 3,5,6-tritluoro-4-[ l ,2,2,2-tetratluoro-1-

( tritluoromethyl)ethy 1](2-pyridyloxy)} ethy !)amine 
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24) 14, 19,20-triaz;J.-8, 17-bis[ I ,2,2,2-tetrafluoro-1-

(trifluoromethy1)ethy1]-7,9, 16, 18-tetrafluoro-2,5, 11-

trioxatricyclo[ 13 .3. 1. 1<6, 1 0>] icosa-1 (19),6,8, 1 0(20), 15, 17-

hexaene 
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') ~) ~) 3,5,6-tritluoro-4-[ l ,2,2,2-tetrafluoro-l-(trifluoromethylethyl]-2-[ l

(2- { 3,5 ,6-tri tl uoro-4- [ l ,2,2,2-te trafluoro-1-

(tri fluoromethy l)ethyl](2-pyridy loxy)} naphthy 1)(:=.

naphthyloxy)pyridine 
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26) 3,3 ,4,4 ,S ,S ,6,6, 7. 7,8 ,8 .8-tridecafl uoro- 1-(2 .3 ,S ,6-tetratl uoro( 4-

pyridy loxy ))octane 
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27) methyl (2- (me thy I [3 ,5 ,6-trifluoro-4-(3 ,3 ,4,4,5 ,5 ,6,6,7, 7,8 ,8,8-

tridecafl uorooctyloxy)(2-pyridyl}amino} ethyl)[3 ,5 ,6-trifl uoro-4-

(3,3 ,4,4,5 ,5 ,6,6,7 ,7 ,8 ,8 ,8-tridecafluorooctyloxy'\(2-pyrid yl) ]amine 
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28) 3,3 ,4,4 ,5 ,S ,6,6,7, 7 ,8,8 ,8-tridecafluoro-1-[2,3 ,8, 10, 13, 18-hexaaza-

6,7, 15, 17-tetrafluoro-2,3, I 0, 13-tetramethyl-5-

(3,3.4,4,5,5,6,6,7,7,8,8,8-

tridecafl uoroocty !ox y)tricyclo[ 12.3 .1.0<4,9> ]octadeca-

1 ( 18) ,4(9),5, 7, 14, 16-hexaen-16-yloxy ]octane 
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29) 4,6-bis[ l ,2,:2,2-tetriltluoro-l-(trifluoromethyl)ethyl]-2,5-

diiluoropyrimidine 
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3 l) 2, 5 -difl uoro-4- me thoxy -6- [ I ,2 ,2 ,2 -tetr~fl uoro-1-

( tritl uorometh y l)eth y I] pyrimidine 
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32) 5-tluoro-2,6-dimethoxy-4-( l ,2,2,2-tetrafluoro-l

( tritl uorome thy l)e eh y l] pyrimidine 
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33) 6-(2-( 2,5-difluoro-l-(trifluoromethyl)ethyl]pyrimidin-4-

y lo,x. y l cthox y )-2 ,5-ditl uoro-4-[ I ,2 ,2 ,2- tctmtluoro-1-

( tritl uorometh y l)eth y I) pyrimjdine 
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34) 4, 6- bis [ 1, 2,2 ,2-te tr~tl uoro-l-( tritluoro- 1-( tri f1 uorometh y I )eth y I]- 5-

tl uoro-2- methoxypynmidi ne 
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35) 4 ,6-bts [ 1 ,2 ,2,2- tetrafl uoro-1-( tr[ fl uoromethy l )ethyl]-2-dodec y !ox y-

5- tluoropy r[ mid[ ne 
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36) 4,6-bis[ I ,2,2,2-tetrafluoro-1-(tritluoromethyl)ethyl]-2-( ( 4,6-

bis[ l ,2,2,2-tetratluoro-1-(trifluoromethyl)ethyl]-5-fluoropyrimidin-

2-yl) ethoxy)-5-fluoropyrirnidine 
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39) 2,5 ,6-tritluoro-4-methox.ypy rimidine 
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40) 2,5 -di tl uoro-6-hydroxy -4- me thox ypy ri midine 
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4'2) 4,6-bis( te rt -bu tox y )-2 ,5-ditl uoropyrimidine 
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43) 2,3 ,5 ,6-tetratluoro-4-trifl uoromethylpyridine 
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44) 3,5 ,6-trifluoro-2 -phenoxy -4-trifluorome thy lpyridine R:vrM (65) 

293 
PR!JB 682 ( 11 .J!;S J 

166 77 
35389-44 

~.-s 

39J T 196~65 ~y-~ - 094 T • ~~s 96 
2'f~ ~14 a 

~/2 _20 ,.,., tsa 'a a -::sa 3aa Jsa 46" 

·-----············------- ................................. 
.~d:i5 -~~ l !n:: I 1'1ass R•l [n' I ."'.lSS !ia ~ £:1C I t1as3 11.~ ~ ~ nl 

········----------- ··········--------------·-··-··· --·--·········· 
11J . 04 as 0. ll 132 0 12 uo D u 
25 02 36 25 15] 0 os 2 2 ~ 0 ll 
lS 0 .; 37 . 21 153 0 H 221 :3 75 

" 2. LC .. ll LSci 0 eo 225 53 
lS 2 '" H u 157 0 l2 '226 7) 
29 0 u lO iS LS3 0 4) 227 CO 
H 2. H H .Ol !.51 0 . u9 22'3 07 
)2 0 67 9 J iS 160 0 02 21.9 1l 
JJ . os 9< " L6l 0 J J llO Jl 
J 6 .04 9> 7 s 2 102 0 2l 2l2 •17 
J 7 l.) 4o 97 0 5 J !.ii) 0 os 2)--4 . 04 
ld ' 75 H 0. LO LS• 0 . J7 ns .IJl 
J 9 L9 56 39 0 a• 16 5 0 06 1J6 0 J 
40 0 75 LOO . 00 C66 0 os zJa 0 20 
H 0 . 2 s LO l 0 l6 ~ ii 7 0 o. 219 0 os 
<l 0. L9 Ul 0 Ol !.09 2. •o 2"'1 0 02 .. 0 65 LO l 0. " L70 0 ., 10.2 0 0 J 

" 0 .H LOS l. 71 l7L 0 J6 Hl J . oa 
.s 0. u t06 0 L3 172 0 . 0 L 2H u la •• 0 ]7 L07 0. )9 l. 7~ 0 za 2-\5 J 35 
• 7 0. La LOS 0. l3 L75 2 . ~~ 24.6 )7 
so ~· 

., L09 0 ]1 L71 0. ll 2<1 0 il 
H Si.. H l!.O 0 . ua L 18 0 . L5 2H 0 ... 
52 2 08 LU. 0 32 179 0. 10 230 us 
ll 0 78 Ul 0. os LH l 4S Zll 0 . 02 
5• 0 Ll lU 0. ]7 132 0 )7 152 J OJ 
55 0 .61 1!.3 0 . 0( 19] 1 . " 254 7 ll 
SG 0 \l ll7 1 . • 2 LS< 0 . 21 lS :i 0 75 
57 0 . SQ 1.1.3 0 .a a 1.86' 0 ,. 2li 0 . 09 
sa 0 . 06 l ~9 a. 4.5 U1 0 Cl 260. 0 . OJ 
59 0 .o. 1.20 0. Cl 133 a ,. 262 0 . 01 
60 0 .a a 1.2!. 0. ~4 189 0 . 03 264 . ,, 
6 ~ u . 07 l:U 0. 25 L92 •J . 0< 25 s .ll 
62 . 72 L!'\ l .0] lH 0 ciS Z!iQ 2l 
5 J 5 .5) l2S: 0. l2 136 ; . 2l 257 . os •• l ll ll' 0 .H "' J 2< l12 ll 
6S Ll. 57 lH 0 .Ol !.9d 0 29 27) .. •J 
Qi 0 . _71 ~~~ . . ll zoo l ]8 2i'4 3 . 22 
67 0 . ll U2 0 19 201 0 H 275 a . &2 
i9 LO .07 lH 0. ll 201 0. J9 215 0 01 
70 0. Jl us 2 . J 7 lO• l. 16 27S 0 . 02 
71 L . 0 l ll7 a 2S 205 . os l3l 0 02 
12 a.a., us 0 .99 lOG L . uJ l9J so . 00 
7] 0. 7l lH 0. 15 101 a. Ja 29< . 7] 
H 5.76 1<0 0 os 209 0 . 03 l9S .H. 
75 J ll t~ l. 0 02 209 0 . 0< 2i6 Q] 
71 LOO. 00 L<l 0 .H 2!.2 u .u' JH ul 
71 5 H lH 0 .Oii 2!.i 0 12 3.!5 OJ 
79 0 ll l.S 0 li 215 0 l7 Hl . Ol 
30 0 . 09 uo 0 so 2li 0 . Ol ]70 ul 
H 0 57 l.'\':J 0. La 2:.7 0.02 l75 . 0 l 
l2 0 H 130 l l3 2!..;:1' a os Hl . uo 
J J 0 . ~ J LS!. 0 ·~ 2l9 0 )9 

················--- .. ----·-····----·-··,.-················-······-············· 



45) 2,3,5,6-tetratluoro-4-( l ,2,2,3,3,3-hexaf1uoro-l

( tritluorometh y l)propy l]pyridine 
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46) ( 1 R,2S)-2- methyl ( J ,5 ,6-trifluoro-4-[ 1 ,2,2,3 ,J ,3-hexatluoro-1-

(tritluoromethyl)propyl](2-pyridyl} amino)-1-phenylpropan-1-ol 
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47) 3,5,6-trifluoro-4-[ l ,2,2,3,3,3-hcxatluoro-l-

( tritluoromcthy l)propy l]bcnzene-l ,2-dicarbonitrile 
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50) 4,5-bis [ 1,2 ,1,3,3 ,3-hexafluoro-l-trifluorome[hy !)propyl]-3,6-

diphenoxybenzene -1,2-dicarboni[riJe 
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51) 3- fl uoro-6- [I ,2 ,2 ,2- tetrafl uoro-1-( tri fluorometh y l)e thy 1]-2,4 ,5-

tris( tritluorome thy l)be nze necarbon i tri le 
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Appendix C IR Spectroscopy. 

Chapter 11 

1) 6-( tert -buty I)-2,3 ,5-trifluoro-4-[ 1 ,2,2,2-tetrafluoro-1- (7) 

( trifluorome thy I )eth y 1 ]pyridine 

2) 2,6-bis(tert-butyl)-3,5-trifluoro-4-[ 1 ,2,2,2-tetratluoro-1- (8) 

(trifluorometh y l)ethy I ]pyridine 

3) 4- { 3,5 ,6-trifluoro-4- [ 1 ,2 ,2,2-tetratluoro-1-(trifiuoromethy l)ethy 1]-2- (9) 

pyridy I} heptane-3 ,5-dione 

4) 6-(prop-l-eny 1)-2,3 ,5-tritl uoro-4- [ 1 ,2,2,2-tetratluoro-1-

( tritluoro meth y I )eth y I ]pyridine 

5) 2,3 ,5-trifluoro-6-pheny 1-4-[ 1 ,2,2,2-tetrafluoro-1-

tritl uorometh y l)eth y I] pyridine 

6) 3,5-difluoro-2,6-diphenyl-4-[ 1 ,2,2,2-tetratluoro-1-

trifl uorome thy I )eth y I] pyridine 

7) 2,3,5-tritluoro-6-prop-1-ynyl-4-[ 1 ,2,2,2-tetrafluoro-1-

(tritluoromethy I)ethy I]pyridine 

. 8) 2,5-difiuoro-3,6-diprop-1-ynyi-4-[ 1 ,2,2,2-tetrafluoro-1-

(trifluoromethy I)ethy l]pyridine 

9) 3 ,5-difluoro-2-methoxy-6-prop-1-yn y 1-4-[ l ,2,2,2-tetrafluoro-1-

( trifluorometh y I )eth y I ]pyridine 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

1 0) diethyl { 3,5 ,6-tritluoro-4-[ 1 ,2,2,2-tetrafluoro-1-trifluoromethy l)ethy 1](2- (18) 

pyridyl)} amine 

11) { 6-( die thy !amino )-3 ,5-ditluoro-4-[ 1 ,2,2,2-tetrafluoro-l- (19) 

trifluoromethy I)ethyl](2-pyridyl)} die thy !amine 

12) benzy I { 3,5 ,6-trifluoro-4-[ 1 ,2,2,2-tetrafluoro-1-trifl uoromethy l)ethy 1](2- (20) 

pyrid y l)} amine 

Cl 



Chapter Ill 

13) 19 ,20-diaza-8, 17 -bis[ 1 ,2,2,2-tetrafluoromethyl)ethyl]-7 ,9, 16, 18-tetratluoro- (35) 

2,5, 11, 14-tetraoxatricyclo[ 13.3.1.1 <6, 10> ]icosa-1 ( 19),6,8, 1 0(20), 15,17-

hexaene 

14) 25 ,26-diaza-11 ,23-bis[ 1 ,2,2,2-tetratiuoro-1-( trifluoromethy !)ethyl]- (37) 

10, 12,22,24-tetratluoro-2,5,8, 14,17,20-

hexaoxatricyclo[ 19.3 .1.1 ,9, 13 .]hexacosa-1 (25) ,9, 11, 13(26),21 ,23-hexaene 

15) 26,28-diaza-5, 17 -bis [ 1 ,2,2,2-tetratluoro-1-(tritluoromethy 1)ethy l]-

4,6, 16, 18-tetrafluoro-11 ,23-dimethy1-2,8, 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) 

16) 11, 14, 19 ,20-tetraaza-8-17 -bis[ 1 ,2,2,2-tetrafluoro-1-( trifluoromethy 1)ethy 1]- ( 42) 

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 

17) 2,5,22,23-tetraaza-8,20-bis[ 1 ,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]- ( 43) 

7,9, 19,21-tetrafluoro-2,5-dimethyl-11, 14,17-

trioxatricyclo[ 16.3.1.1 <6, 1 0> ]-tricosa-1 (22),6,8, 1 0(23), 18,20-hexaene 

18) 14,19 ,20-triaza-8, 17 -bis[ 1 ,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]- ( 45) 

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 

19) 3 ,5,6-trifluoro-4- [ 1 ,2,2 ,2-tetrafluoro-1-(tritluoromethy !ethyl]-2-[ 1-(2- ( 46) 

{ 3 ,5,6-trifluoro-4-[ 1 ,2,2,2-tetrafluoro-1-(trifluoromethy l)ethy 1](2-

pyridy loxy)} naphthy 1)(2-naphthy loxy )pyridine 

20) 3,3,4,4,5;5,6,6,7 ,7 ,8,8,8-tridecafluoro-1-(2,3 ,5,6-tetrafluoro( 4-

pyridy loxy) )octane 

21) methyl(2- { methyl[3,5,6-trifluoro-4-(3,3 ,4,4,5,5 ,6,6,7, 7 ,8,8,8-

tridecafl uoroocty loxy )(2-pyridy !]amino} ethyl) [3 ,5,6-trifluoro-4-

(3 ,3 ,4,4,5 ,5 ,6,6, 7, 7 ,8,8 ,8-tridecafluoroocty lox.y )(2-pyridyl)] amine 

(47) 

(48) 

C2 



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- ( 49) 

tetratluoro-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-yloxy ]octane 

Chapter IV 

23) 4,6-bis[ 1 ,2,2,2-tetrafluoro-1-(tritluoromethyl)ethyl]-2,5-difluoropyrimidine (50) 

24) 2,5-difluoro-4-methoxy-6-[ 1 ,2,2,2-tetratluoro-1- (52) 

(tritluorometh y l)ethy !]pyrimidine 

25) 5-fluoro-2,6-dimethoxy-4-[ 1 ,2,2,2-tetratluoro-1- (53) 

( tritl uorometh y l)eth y l] pyrimidine 

26) 6-(2- { 2,5-ditluoro-1-(tritluoromethyl)ethyl]pyrimidin-4-yloxy} ethoxy)-2,5- (54) 

ditluoro-4-[ 1 ,2,2,2-tetratluoro-1-(trifluoromethy l)ethy !]pyrimidine 

27) 4,6-bis[ 1 ,2,2,2-tetrafluoro-1-(tritluoro-1-(trifluoromethyl)ethy 1]-5-fluoro-2- (55) 

methoxypyrimidine 

28) 4,6-bis[ I ,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-2-dodecyloxy-5- (56) 

fluoropyrimidine 

29) 4,6-bis[ 1 ,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-2-( { 4,6-bis[ I ,2,2,2- (57) 

tetrafluoro-1-(trifluoromethy l)ethy l]-5- tluoropyrimidin-2-y I} ethoxy )-5-

fluoropyrimidine 

30) { 4,6-bis[ I ,2,2,2-tetratluoro-1-(tritluoromethyl)ethyl]-5-fluoropyrimidin-2- (58) 

yl }diethylamine 

31) { 4,6-bis[l ,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-5-fluoropyrimidin-2- (59) 

y I} benzy !amine 

32) 2,5,6-trifluoro-4-methoxypyrimidine (60) 

33) 2,5-clitluoro-6-hydroxy-4-methoxypyrimidine (61) 

34) 6- [2-(2,5-difluoro-6-methox ypyrimidin-4-y loxy )ethoxy ]-2,5-clitluoro-4- ( 62) 

methoxypyrimidine 

Chapter V 

35) 3,5,6-tritluoro-2-phenoxy-4-tritluoromethylpyridine 

36) 2,3 ,5 ,6-tetratluoro-4-[ 1 ,2 ,2,3 ,3 ,3-hexatluoro-1-

( tri fluorometh y l )propy I ]py ridine 

37) ( l R,2S)-2-methyl { 3,5 ,6-trifluoro-4-[ 1 ,2,2,3,3,3-hexafluoro-l

(trit1uoromethyl)propyl](2-pyridyl} amino )-1-phenylpropan-1-ol 

(65) 

(66) 

(67) 

C3 



38) 4,6-bis[ 1 ,2,2,3 ,3,3-hexafluoro-1-(trifluoromethyl)propyl]-3,5-

difluorobenzene-l ,2-dicarbonitrile 

(69) 

39) 4,5-bis[ 1 ,2,2,3 ,3,3-hexafluoro-1-trifluoromethyl)propyl]-6-fluoro-3- (70) 

phenoxybenzene-1 ,2-dicarbonitrile 

40) 4,5-bis[ l ,2,2,3,3,3-hexafluoro-1-trifluoromethyl)propyl]-3,6- (71) 

diphenoxybenzene-1 ,2-dicarbonitrile 

CS 
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Appendix D X-Ray Crystal Structure Data. 

Chapter Ill 

I) 3,5,6-trifluoro-4-[ I ,2,2,2-tetrafluoro-1-(tritluoromethylethyl]-2-[ 1-(2- (46) 

{ 3,5 ,6-trifluoro-4- [I ,2 ,2,2-tetratluoro-1-(trifluoromethy l)ethy 1](2-

pyridyloxy)} naphthyl)(2-naphthyloxy)pyridine 

2) 3,3,4,4,5 ,5,6,6,7 ,7 ,8,8,8-tridecatluoro-1-[2,3,8, 10, 13, 18-hexaaza-6,7, 15,17- ( 49) 

tetratluoro-2,3, 10, 13-tetramethyl-5-(3,3,4,4,5,5,6,6,7 ,7 ,8,8,8-

tridecafluoroocty loxy )tricyclo[ 12.3 .1.0<4,9> ]octadeca-

1 (18),4(9),5,7, 14, 16-hexaen-16-yloxy ]octane 

Chapter V 

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

tris( trifl uorometh yl )benzenecarboni trile 

(72) ' 

Dl 



1) 3,5,6-tritluoro-4-[ l ,2,2,2-tetratluoro-1-(tritluoromethy1ethyl]-2-[ 1-(2-

[ 3,5,6-tritluoro-4-[ 1 ,2,2,2-tetratluoro-1-(trifluoromethyl)ethy1](2-

pyridy loxy)} naphthyl)(2-naphthyloxy)pyridine 

Table I Crystal d.olt.a a.nd scrucrure rctincmcn1 for 01 srv017. · 

ldcnnlicarion code 

£mpiric:1l Conuulil 

Fum1ula wei~:;ht 

Tcmpcr:uwc 

WJ~r·clcnglh 

Crystal sysu:m 

Space group 

U~i1 cell dimensions 

l 

D.:nsity (c:alcul:llcd) 

Absorprlon cocfficicn1 

F(OOO) 

Cryslal size 

Thcu range for dau collecrion 

lndc:.'t ranges 

Rc:Occnans collcc.led 

lndcpcndcnc rctlc:crions 

Complc1cncs.s 10 1hcu"' l1 .so~ 

Absorption conC"Crion 

M;u .. .111d min. tr;;uu;mission 

Rcfinemtnl method 

Data I rcsD'alnts I pu;ametcn 

Goodne .. ·of-lil on F: 

Fin• I R indices (1>2sigm•(I)J 

R inJio;cs (•11 d.11•) 

Lu~cSI difT. pc•k •nd hole 

sl7s 

C" H, F:o N1 O, 

88~.48 

100.0(2) K 

o.7107J A 

Monoclinic 

C Z/c 

• ~ 28.710(2) A 

b ~ 10.4001(6) A 

c ~ 12.5791(7) A 

J414.9(l) A' 

t.720Mg/m1 

0.182 mm· 1 

1752 

0.26 • 0.26 • 0.1 J nun' 

1.56 IQ 27.50". 

p: 114.605(2)". 

y ~ 90". 

-J7<~h<~J6, -I J<~k<~ IJ, -16<~1<~16 

1771 I 

J9J2 (R(inl) ~ 0.0976) 

100.0 ~0 

Semi-empirical fTom equinlcnl.s 

0.9767 &nd 0.9542 

full-mourU lcast-squucs on f.! 

3912/ l I J21 

1.082 

RI • 0.0668, w R2 • 0.1665 

RI • 0.0959, wRl • 0.1818 

0.678 •nd -0.}96 c.A- 1 

(46) 

D2 



Table 3. Bond lcnglhs (AJand anslcs 1"1 for Olsrv017. 
Table: 2. Atomic cooutiu:ucs ( 1. 10") and c:"quivalc:nl isolropic displacc:nu:nt p2ramc:ICT!. (A~x 10!) for 01 !irvOJ7 

U(cq) is dcfuu:d a~ one 1hird of llu: aracc of the: onhogo.n.alizcd LPI tensor. 

0(1)-C(II) 1.356(3) f(8)-C(I8) 1.))9(6) C(6)-C(7) 1.414(5) 
Atom • y z U{cq) 

0( I )-C{2) 1.412(3) f(9)-C(I8) 1.150(5) C(7)-C(8) 1.373(4) 

N(I)-C(I5) 1.)08(4) F(IO)-C(I8) 1.114(5) C(8J-C(9) 1.418(4) 0(1) 447(1) 1891(2) 2088(2) 21( I) 

N(l) 1140(1) 2503(2) 2906(2) 21( I) 
N(I)-C(II) 1.319(4) C'(I)-C(2) 1.169(4) C(9)-C(IO) 1.428(4) f(l) 751( I) 5262(2) 4017(2) 35( I) 

f(I)-C{I2) 1.)44(3) C(I)-C(9) 1.440(4) C( 11 )-C(I2) 1.195(4) F(2) 2175( I) 2437(2) 5 744(2) 40{1) 

f(3) 1813{ I) 1169(1) 3701(1) 3 7( I) 
F(2)-C{I4) I.HJ(J) C(I)-C(I)#I 1.496(5) C(I2)-C(ll) 1.392(4) f(4) 1201(1) 5240(3) 61 80(2) 49( I) 

f(J)-C(I5) 1.330(3) C(2)-C(l) 1.401(4) C(I3)-C(I4) 1.)86(5) F(4A) 2347{5) 4067(11) 6o80(11) 9(l) 

F(5) 1091(1) 6629(2) 5165(2) 4 7( I) 
f(4)-C{I6) 1.)89(4) C(J)-C(4) 1.168(4) C(IJ)-C(16) 1.544(4) 1'(6) 2366( I) 54HH(2) 5909(2) 40(1) 

f(S)-C'(I7) 1.329(4) C(4)-C( 10) 1.413(4) C(I4)-C(I5) 1.392(4) F(7) 2111(1) 6562(3) 7040(2) 54( I) 

F(SA) 1927(10) 6160(20) 511K(Ib) 49(0) 
f(o),C(I7) 1.372(5) C(5)-C(6) 1.355(5) C( 16)-C( 17) 1.495(6) F(6A) 1416(6) 62H5( 17) 611 0( 15) 30(4) 

F( 7)-C{ 17) 1.314(4) C(S}-C(IO) 1.421(4) C( 16)-C( 18) 1.563(6) F(7A) 2307( 11) 6200(30) 7140(20) 70( 10) 

F(8) lo'J9(1) 27n(2) 723 1(2) 50( I) 

F(9) 2405( I) 3Ho8(2) 7614(2) 49(1) 

C( 11 )-0( I )-C(2) 116.8(2) C(I4)-C(I3)-C(I6) 125.5(3) F(IO) I 856( I) 4622(4) 8144(3) So( I) 

C(IS)-N(I)-C( 11) 117.7(2) C( 12)-C( 13)-C( 16) 118.4(3) F(9A) 1140(5) 4062( 12) 6715(11) II(J) 

C'(2)-C'( I )-C(9) 117.6(2) f(2)-C(I4)-C(I3) 121.7(3) F(IOA) 1690(8) 4480(20) 8050(20) 21(5) 

('(2)-C(I)-C(I )#I 120.8(2) F(2)-C(14)-C(I5) 119.1(3) C(l) -63( I) 1980(2) 1860(2) 17( I) 

C(9)-C( I )-C( I )#I 121.6(2) C(I3)-C(I4)-C(I5) 119.2(3) C(2) 126( I) 2915(3) 1380(2) 19( I) 

C(l )-C(2)-C(3) 123.7(2) N(I)-C(I5)-F(3) 116.9(2) C(3) -12( I) 3035(3) 178(2) 25( I) 

C(I)-C(2)-0(I) 120.5(2) N( 1)-C( 15)-C( 14) 124.2(3) C(4) -35H( I) 2189(3) -571(3) 29(1) 

C(3)-C(2)-0(I) 115.7(2) f(3)-C(IS)-C(I4) 118.9(3) C(S) -934(1) 297(3) -906(3) 36(1) 

C( 4)-C(3)-C(2) 118.9(3) f(4)-C(I6)-C(I7) 105.0(3) C(6) -1125(2) -666(4) -4H 1(3) 43( I) 

C(3)-C{4)-C(IO) 121.3(3) f(4)-C(I6)-C(I3) 109.5(3) C(7) -961(1) -813(3) 739(3) 38( I) 

C(6)-C(5)-C( 10) 121.6(3) C( 17)-C( 16)-C( 13) 111.8(3) C(S) -616(1) 35(3) I ~00(3) 28( I) 

C(5)-C(6)-C(7) 120.1(1) F(4}-C(I6)-C(IK) 102.9(3) C(9) -409{1) 1051(3) 1080(2) 20( I) 

C{8)-C(7)-C(6) 120.1(3) C( 17)-C( 16)-C( 18) 112.2(3) C(IO) -567( I) 1182(3) -I 52(2) 26(1) 

('(7)-C{8)-C(9) 120 8(3) C( 13)-C( 16)-C( I H) 114.6(3) C(ll) 879( I) 3500(3) 3005(2) 19(1) 

C(B)-('(9)-C(IO) 118.9(3) F(7)-C(I7)-F(5) 109.3(3) ('(12) 1039(1) 4240{3) 4024(2) 24( I) 

C(8)-C{9}-C(I) 121.5(2} F(7~C(I7)-f(6) 107.2(3) C(ll) 1477( I) 3H99(3) 5003(3) 27( I) 

C(IO)-C(9)-C(I) 119.5(2) f(S)-C( 17)-F(i.) 104.0(3) C(l4) 1744{ I) 2842(3) 4876(2) 29( I) 

C'(4)-C(IO)-C(S) 122.8(3) f(7)-C(I7)-C(16) 11 3.2(4} C(l5) 1558( I) 2190(3) 3813(3) 25( I) 

C(4)-C( 10)-Ct9) 118.9(3) f(5)-C(I7)-C(I6) 112.2(3) C(l6) 1636(1) 4732(4) 6115(3) 32(1) 

C(S)-C(IO)-C(9) 118.3(3) f(6)-C( 17)-C( 16) 110.3(3) C(I6A) 1848(10) 4290(30) 6260(20) 12(~) 

N( I )-C( 11 )-0( I) 120.5(2) f( 10)-C( 18)-F(8) 109.8(4) C(l7) 1945( I) 5874(3) 6076(3) 45( I) 

N(I)-C(II)-C(I2) 122.5(2) F(IO)-C(I8)-f(9) 104.0(4) C(IB) 1895(2) 3972(5) 7288(3) 46{1) 

0( I )-C{II )-C(I2) 116.9(2) f(8)-C(IB)-f(9) 108.7(3) C(I8A) 1610(11) 3810(20) 7060(20) 12(5) 

f(I}-C(I2)-C(I3) 122.3(2) F( 10)-C( 18)-C(I6) 110.1(4) 

f(I)-C(I2)-C(II) 117.5(2) f(B)-C(18)-C(I6) 112.9(3) 

C(I3)-C(I2)-C(II) 120.2(3) f(9)-C(IK)-C(I6) 110.9(4) 
C( 14)-C( 13)-C( 12) 116.1(3) 

Symmeli')' transformarions used 8o generate cqui;alcnl atoms: NI -x,y,-z'+ 112 

C1 
w 



u 
-+:.. 

Table 6. Torsion :m~;lcs (0
] for Olsrv017. 

C(9 )-C( I )-C(2)-C(J) 2.2(4) f( 1)-C( 12)-C( 13)-C( 16) -0.1(4) 
C( I )111-C( I )-C(2)-C'(J) -174.3(3) C(II)-C(I2}-C(13)-C(I6) -179.4(1) 
C(9)--C( 1)-C{2)-0( I) 177.0(2) C( 12)-C(I3)-C( 14}-f(2) 178.6(3) 
C( I )111--C( I )-C(l)-0( I) 0.5(4) C( 16)--C( 13)-C( 14)-f(2) 0.4(5) 
C( 11)-0( I )-C(2)-C( I) 56.6(3) C( 12)-C( 13 )-C( 14)-C( I 5) -0.9(4) 
C(II)-O(I)-C(2)-C{3) -128.1(3) C( 16)-C( I 3)-C( 14)-C( I 5) -179.1(3) 
C(l J-C(2)-C(3)-C(4) 0.7(4) CCII}-N(I)-C(I5)-f(J) 179.4(2) 
0( 1)-CC2)-C(J)-C(4) -174.4(3) C(II)-N(I)-C(I5)-C(I4) 0.5(4) 
C(2)-C(3)-C(4)-C( 10) -1.7(5) f(2)-C(I4)-C( 15)-N( I) 180.0(3) 
C( 10)-C(SJ-CC6J-C(7) 0.0(6) C( I 3)-C( 14)-C( 15)-N( I) -0.5(5) 
C(5)-C(6)-C{7)-C(8) 1.4(6) F(2)-CC 14)-C( 15)-F(3) 1.1(4) 
C(6)-CC7J-C(8)-CC9l -1.5(5) C( 13)-C( 14)-CC 15)-F(J) -179.4(3) 
C( 7)-C(8)-C{9)-C( I 0) 0.2{5) C(14)-C{I 3)-C(I6)-F(4) -150.4(3) 
C(7)-C(H)-C'(9)-C( I) 177.4(l) C( 12)-CC 13)-C{ 16)-F(4) 3 1.4(4) 
C(2)-C( I )-C(9)-CIH) 17H.H(J) C(I4)-C{ I 3)-C( 16)-C( 17) 93.6(4) 
C( 1)111-C( I )-C{9)-C(H) -4.7(4) CC 12)-C'( I 3)-C( 16)-C( 17) -845(4) 
C(2)-C'( I )-C'(9)-C( 10) -4.1(4) C( 14)-C( I 3)-C{16)-C(IB) -35.4(5) 
C( 1)111-C( 1)-C{9)-C( 10) 172.4(3) C(I2)-C(I l)-C(16)-C( 18) 146.4{3) 
C(l}-C(4)-C( IO)-C(5) 179.0(3) f(4)-C(I6}-C(I7)-F(7) 65.1(4) 
C(J)-C{4)-C( 10)-C(9) -0.3(5) C(l 3)-C(16)-C(I7)-f(7) -176.l(J) 
C{6}-C(5)-C( 10)-C(4) 179.S(J) C(I8)-C( 16)-C( 17)-f(7) -46.0(4) 
C(6)-C(5)-C( 10)-C(9) . -1.2(5) f(4)-C( 16)-C( 17)-F(5) -59.3(4) 
C(8)-C(9}-C( 10)-CC4) -179.b(3) CCI3)-C( 16)-C(I7)-F(5) 59.3(4) 
CC I)-CC9)-C( 10)-C(4) 3.2(4) CC 18)-C{I6)-C( 17)-F(5) -170.3(3) 
C(8)-C(9)-C( 10)-C(5) 1.1(4) F(4)-C( 16)-C(I7)-F(6) -174.8(3) 
C( I )-C(9)-C( IO)-C(5) -176.1(3) C( I 3)-C(I6)-C(I7}-F(6) -56.2(4) 
C(I5)-N(I)-C(II)-O(I) 178.8(2) C( IB)-C(I6)-C( 17)-F(6) 74.2(4) 
C( I S)-N( I )-C( 11 )-C( 12) 1.0(4) f(4)-C( 16)-C( 18)-f( I 0) -39.7(5) 
C(2)-0( I )-C( 11 }-N( I) 37.6(3) C(I7}-C(I6)-C(I8)-F(IO) 72.7(5) 
C(2)-0(I)-C(II)-C(I2) -144.5(2) C( 13)-C( 16)-C( 18)-F( I 0) -158.5(4) 
N( 1}-C(II }-C( 12)-f( I) 178.3(2) f(4)-C(I6)-C( 18)-F(8) 83.5(4) 
0(1)-C(II )-C( 12)-F( I) 0.3(4) C(I7)-C(I6)-C(I8)-f(8) -164.2(3) 
N( 1)-C(II )-C( 12)-C( I 3) -2.4(4) C( I 3)-C( 16)-C( 18)-f(8) -35.3(5) 
0( I )-C(II )-l( 12)-C( I 3) 179.6(}} f(4)-C'( 16)-C( 18)-F(9) -154.3(3) 
f( I }-l( 12 )-C{ ll )-C( 14) -17~.4(J) q 17)-C( 16)-C( IH)-F(9) -11.9(4) 
C'! 11 l-C( 12 l-<"l ll J-C< 14 1 2.3(4) C(l 3)-C( 16)-C( 18)-F(9) 86.9(4) 

Synunctry 11ansfonua1ions used to gcncralt equiulcnl aloms: NI ·x.y,-z+ 1/2 

Table 4. Anisouopic displacement paramc:lds (Al;\ 10)) fur Ulsr.·OI7. The ani),ouopic displaccmcul f;~.chH 

exponent uL:cs ahc fonu: -2n~( h~ a•~u 11 t . + 2 h l •• b' U" I 

Alom U" u" U" U" U" U" 

0(1) 20(1) 20( I) 23( I) 1(1) 8( I) -3( I) 

N(l) 21( I) 25( I) 20(1) -3(1) 11(1) -2( I) 

f(l) 37( I) 32( I) 36(1) -12(1) 16(1) 3( I) 

f(2) 27(1) 57( I) 26(1) 4(1) 2( I) 8( I) 
f(3) 30( I) 41(1) 40( I) -2(1) 14(1) 14( I) 

f(4) Jl(l) 17(2) 3 I( I) -19(1) 9(1) 23( I) 

f(5) 48(1) 28(1) 49(1) -6(1) 4(1) 6(1) 
f(6) 34(1) 39(1) 57(2) -10( I) 11(1) 1(1) 
F(7) 47(2) 49(2) 45(2) -33( I) -2( I) 0( I) 

!'(~) 59( I) 62(2) 34(1) 8( I) 24(1) 5( I) 
f(9) 40(1) 58(2) 33( I) -8( I) -2( I) 20( I) 
1'(10) 48(2) 95(3) 21( I) -15( I) l<l(2) 17(1) 
C(l) 18( I) 18( I) 16{1) -I( I) ~(I) 2( I) 
C(2) 17{ I) IY{I) 19(1) -2( I) 7( I) 0( I) 
C(3) 25( I) 3 1(2) 21( I) 4( I) I 3( I) -4(1) 
C(4) 29(2) 42(2) 16(1) I( I) 11 (I) -<>(I) 
C(5) 39(2) 4~(2) 25(2) -17( I) IH( I) -14(2) 

C(6) 53(2) 48{2) 39{2) -27{2) 29(2) -28(2) 
C(7) 53(2) Jl(2) 42(2) -I 3(2) 32(2) -20(2) 

C(8) 37(2) 24(2) 28(2) -6(1) 20(1) -7( I) 
C(9) 26(1) 19(1) 22(1) -3( I) 16(1) 0(1) 

CCIO) 28( I) 34(2) 19(1) -7( I) 14(1) -5(1) 

C(ll) 19(1) 22(1) 21(1) -1(1) 12(1) -4( I) 

C(l2) 27( I) 25( I) 24( I) -6(1) I 5( I) -4(1) 

C(IJ) 3 1(2) 30(2) 22(1) -7(1) 12(1) -8(1) 

C(l4) 21(1) 43(2) 20( I) 5( I) 5(1) -4( I) 

C(15) 21( I) 27( I) 28(2) -I( I) 14(1) 3( I) 

C(l6) 28(2) 38(2) 25(2) -8(2) 8(1) 11(2) 

C(l7) 44(2) 33(2) 39(2) -I 8(2) -3(2) 13(2) 
C{l8) 5 1(3) 63(1) 22(2) -7(2) 12(2) 19(2) 

Table 5 llydro~cn cooullnales (A 10 4
) am.l isotropic.: displacemenl paramelcrs (A 2A 10 1) for 01 sno017 

Aaom X y z U(cq) 

11(3) 157(ll) 3720(30) -20(30) 28(9) 
11(4) -445("16) 2280(40) -I ]90(40) 57( 12) 
H(S) -103 I( 14) 420( 40) -1770(30) 41(10) 
fl(6) -I 349(14) -1280(40) -960(30) 38(10) 
11(7) -1052(16) -1490(40) 1080(30) 50( 11) 
11(8) -518( 14) 0(30) 2310(30) 34(9) 



2) 3,3.4.4,5,5,6.6,7 ,7,8,8,8-tridecatluoro-l-(2,3,8, 10, 13, 18-hexaaza-6,7, 15,17-

tetratl uoro-2,3, l 0, 13-tetrameth y 1- 5-(3 ,3 ,4,4,5 ,5 ,6,6, 7, 7 ,8,8 ,8-

tridecatluoroocty loxy )tricyc lo[ 12.3.1.0<4,9> ]octadeca-

FIJ 

1 ( 18) ,4(9),5, 7, 14, 16-hexaen-16-y Joxy ]octane 

Table I. Cryst3l doltJ Jnd structure refinement for 01 sr.OOJ 

ldc:nutic:Hian code 

Empiric:~l formula 

Fonnula wctght 

Tc:mp.:r.1turc 

Wavelength 

Crystal system 

Space group 

Unit cc:ll dimcnstons 

Volume; 

z 
Density (calculated) 

Absorp[lon cocffictcnt 

f(OOO) 

Crystal size 

sOOl 

C1• H~ 1 F)o N• 01 

1122.62 

IOO.O(Z) K 

0.71073 A 

Triclinit;; 

P·l 

a~ 6.4855(4) A 

b • 9.8445(6) A 

<•16.504(1)A 

1008.7-I(II)A' 

1.11-18 Mg!m' 

0.2t2 mm· 1 

560 

0.50 .\ 0.18 • 0.08 mm' 

2.1-1 to lOAO'. 

et•7U96(2)' 

P· s I.H8(J)' 

y • 87.719())'. 

Theta r.mgc for d<:~ta collccuon 

lndc.\ r.Jn~cs -8<•h<•9, ·ll<•k<•l l •. ZJ<•I<•ZJ 

RcOecrions collettcd 

Independent rctlcctions 

Completeness to theta • )0.-40° 

Absorpuon correction 

M;u. and m1n. Uill1Smission 

Refinement method 

Data/ rcscramu J parlmctcrs 

Goodncu-of-lil on F' 

final R indi<cs (1>2sigma(l)i 

R Jndi«s (all dOlo) 

Luycsl di IT. pc:tak. and hole 

11678 

5<197 (R(int) • O.OJ76) 

90.2% 

Nonc 

0.98)) and 0.9015 

Full-mam., lc~l-squarcs on F; 

5-197 I 0 I )81 

I.OJS 

RI • 0.04-1). wR:! • 0.097) 

RI ~o.0711.wR:! •0.1100 

0 HI and .o 286 c.A·> 

(49) 

D5 
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Table 3. 13ond lcngoh• (A} anJ •n~ks ("]for 01 srv003. 

0(1 )-C(J) 
0( I )-C{ 10) 
N(I)-C{S) 
N(I)-C(I) 
N(2)-Clll 
N(2)-C{9) 
N(2)-C(8) 
N(3)-C(51 
N(3)-C(7) 
N(3)-C(6) 
C(I)-C(2) 
C(2)-F( I) 
C(2)-C(3) 

C(3)-0( I )-Cl 10) 
C(5)-N(I)-C(I) 
C( I )-N(2)-C(9) 
C(l )-N(2)-C(8) 
C(9)-N(2)-C(8) 
C(5)-N(l)-C(7) 
C(5)-N(l)-C(6) 
C(7)-N(3)-C(6) 
N(I)-C(I)-N(2) 
N(l )-C( I )-C (2) 

N(2)-C( I )-C(2) 
f( I )-C(2)-C(3) 
F( I )-C(2)-C( I) 
C(3)-C(2)·C( I) 
0( I )-C(3)-C(2) 
0( I )-C(3)-C(4) 
CC2)-Cl3)-C(41 
f(2)-C(4)-C(3) 
F(2)-C(4)-C(5) 
C(3)-C( 4 )-C( 5) 
N(I)-C(5)-N(3) 
N( I )-C(5)-C(4) 
N(l)-C( 5 )-C( 4) 

N(l)-C(6)-C(S)•I 
Nl2 )·CC 8 )-C( 6 J•l 
0(1)-C(IO)-C(Il) 
C(IO)-C(II)-C(l1) 
f(3)-C( 12)-F(4) 
F(J)-C( 12)-C( 11) 
f(4)-C(I2)-C(II) 
F(3)-C(I2)-C( I 3) 
f(4)-C( 12)-C( I 3) 

1.378(2) 
1.442(2) 
1.345(2) 
1.346(2) 
1.377(2) 
1.461(2) 
1.464(2) 
1.379(2) 
1.461(2) 
1467(2) 
1.405(2) 
1.3641(19) 
I.JH2(3) 

C(3)-C(4) 
C(4)-f(2) 
C(4)-C(5) 
C(6)-C(81•1 
C( I 0)-C( 11 I 
(( 11 )-C( 12) 
C(l2)-f(3) 
C(I2)-F(4) 
((12)-C(IJ) 
C( 13)-F(6) 
C(I3)-F(5) 
C(IJ)-((141 

1.)89(1) 
1.365(2) 
1.406(2) 
1534(3) 
1.517(2) 
1.5 I 8(2) 
1.)60(2) 
136)(2) 
1.547(2) 
1345(2) 
1.356(1) 
I 558(2) 

11383(131 
12307(15) 
122.77(15) 
119.22(14) 
116.55(15) 
122.99( 15) 
11975(15) 
115.65( 14) 
116.61(15) 
119.11( 16) 
124.28(15) 
117 .84( 15) 
122.45(16) 
119.67(15) 
110.)1( 15) 
120.14( 16) 
119.S4(15) 
117 00(1 5) 
123.36( 15) 
119.62(16) 
116.22( 15) 
11 8.93( 15) 
12>.81(16) 
110.59(15) 
113.54(15) 
10ti.06(14) 
113 93(1 5) 
106.76(14) 
112.21(14) 
110.28(14) 
10743(14) 
107.66(14) 

C(ll )-C(I2)-C(I 3) 
f(6)-C(Il)-f(5) 
F(6)-C(Il)-C(I2) 
f(5)-C(Il)-C( 12) 
F(6)-C( 13)-C( 14) 
F(5)-C(13)-C(I4) 
q 12)-C( 13)-C( 14) 
f(8)-C(I4)-F(7) 
F(8)-C(I4)-C(Il) 
F(7)-C(I4)-C(I3) 
F(8)-C( 14)-C( 15) 
F(7)-C(I4)-C(I5) 
C(I3)-C(I4)-C( I 5) 
f(9)-C(I5)-F( 10) 
F(9)-C( 15)-C( 16) 
f(l 0)-C( 15)-C( 16) 
Fl9)-C(I5)-C(I4) 
F( I 0)-C( 15)-C( 14) 
C( 16)-C(I5)-C(I4) 
F(II)-C(I6)-F(I2) 
F( 11 )-C( 16)-C( 17) 
Fl 12)-C( 16)-C( 17) 
F( 11 )-C( 16)-C( 15) 
F( 12)-C( 16)-C( 15) 
Cl 17)-C( 16)-C( 15) 
F( 15)-C( 17)-F(I4) 
f(I5)-C( 17)-F( 13) 
F( 14)-C( 17)-F( 13) 
F( 15)-C( 17)-C( 16) 
F( 14)-C( 17)-C(I6) 
F( 13)-C( 17)-C( 16) 

C(I4)-Fl81 
C(lo!)-F(7) 
((14)-C(IS) 
C( 15)-F(9) 
C( 15)-F( 10) 
C(I5)-C(I6) 
C(I6)-F(II) 
C(I6)-F(I2) 
C(I6)-C{I7) 
C( 17)-F(ISI 
C(I7)-F(I4) 
C( 17)-F( I l) 

112.23(1-1) 
108 23(15) 
108.34(14) 
107.47( ll) 
109.03(14) 
107 03(14) 
116.47(15) 
108.57(16) 
109.74(15) 
10843(15) 
108.64( 15) 
108.10(15) 
11 3.15(15) 
108.55( 17) 
108.15( 16) 
10800(15) 
109.37(15) 
I 08.55( I 6) 
114.09(16) 
108.11(17) 
10762(17) 
10802(17) 
108.69(16) 
I 09.38( 16) 
114.74(17) 
110.0(2) 
107.96(18) 
108.04(19) 
111.19(19) 
11 0.80( 18) 
108.75(18) 

Symmetry uansfonn.:uions used 10 gc:ncralc equivalent ;noms: #I ~~-l.-yt-2,-z+ l 

1.332(2) 
1.349(2) 
1.560(3) 
1.)4 3(2) 

1.344(2) 
I j55(3) 
1.343(2) 
1.345(2) 
1.544(3) 
1.31 8(3) 
1.322(31 
1.335(2) 

T abk 2. Atomic coordinJ.II!S ( X. I o~) and cqu•vaknl \SOHOpil' J•spiJ.CI!IliCOI parali\C:Ier!. ( .\ !.\ I 0 1) for 0 I ~rvUO) 

U(eq) i$ dcfin~d as onC' third or lht' trace of the ortho~onahuJ U'J kn::.or 

AIOIII .\ r z ll(<41 

0(1) 1885(2) 5SJ 7( I) 60S I( I) 20( 11 
N(l) -2402(2) 8909(2 1 5315( I) 16(1) 
N(2) -2859(2) 9j75ill 6582( I) 20( I I 
N(3) -2204(2) 8507(2) 3903( I) 20( I) 
C(l) -I S86(31 871£(1) 6095( I I IO( I I 
C(2) -3%(31 7o9:!(?) o3SS( I) I S11 I 
((3) S04(3) 6S96(21 5816( I) 17(11 
Ci4) -24()) 71; 1(21 SOOS(II 17(11 
C(S) -151 1(3) 8190(21 47SS( I) 16( I I 
((6) -3543(3) 9736(2) 3752( I) lb( I I 
((7) -1295(31 )S92(2) 3289( I) ~2( I J 

C(81 -o~ln(31 1071 St2) 6204( I) 18( I) 
C(9) -3015(3) 9223(2) 7503( I) 23( I) 
C(IU) 401 5(3) o300(2) 5968( I) 20(1) 
C(ll) 5253(3) 513 1(2) 6~65( I) 18( I) 
C(ll) 4763(3) 4929(2) 14 I 7( I) 17( I) 
C( 13) 6361(3) 3957(2) 7M90( I) 17( I) 
C(l4) 5819(3) 3~~7(2) 8871( I) 21 (I) 
((15) 7746(3) 2933(2) 9319(1) 23( I) 
C(l6) 7178(3) 2054(2) 10146(1) 25( I) 
((17) 8963(4) 18s6(3) I 0785(1) )4( I) 
F(l) 264(2) 7475( I) 7127( I) 24( I) 
f(2) 989(2) 6380( I) 4486( I I 23( I) 
F(l) 2838(2) 4368(1) 7735( I) 25(1 I 
f(4) 4787(2) 6186( I) 7622( I) 291 I) 
F(5) 6533(2) 2776( I) 7601(1) 28( I) 
F.(6) 8213(2) 4604(1) 7686( I) ]I (I) 
f(7) 4401(2) 2447(1) 9069( I) )4( I) 
F(8) 49H6(2) 4557( I) 9168( I) 40(1) 
F(9) 8926(2) 213 1(2) 8879( I) 36( I) 
F(IO) 8888(2) 4037( I) 9330( I) 43( I) 
F(ll) 6608(2) 764(1) 10233( I) 36( I) 
F(12) 5548(2) 2652(2) 10635( I) 40(1 I 
f(\3) 8411(2) 921(2) 11506(1) 45( I I 
F( 14) 10691(2) 14)4(2) 10387( I) 50( I) 
f( 15) 9311(3) 3070(21 10977( I) 60( I) 



T O&blc 5. 11 ydrogcn coordinouc:s ( .\ I 0"') and isotrop•c d•splacc:mrnl paramc:1crs (A l x I 0 J) for 01 srvOO) T01blc 4. Anis01ropic dispi:Jccm~nt pararnclt"15 (.1. 1' 10 1 ) for 0 I sr\'003 The= aniso&rop•c d•:>pl·.u;c•nc=nt t":lthll 

c:'poncnl tali:cs the fom1: -2nlf h2 a•2U 11 + . +2hL<~·b•u•~J 
-""IOm ' V U(<q) 

Atom U" LJ22 UJl U" u•J un 

H(61) -3520{30) 10)50(20) ~1)6(12) 14(5) 0(1) I l( I) 14(1) 32( I I 0(1) -8( I} 2( I) 

H(62) -2990{)0) 10270(20) )1~9(13) 17(5) 
N(l) 14(1) 16( I) 17( I) -3( I) -2(1) I( I) 
N(2) 20(1) 2<(1) 15()) -5( I) -6(1) 51 I) 

H(71) 100(40) 8250(20) 3059(14) 27(6) N(l) 19(1) 22( I) 191 I) -7( I) -~I I J 8( I) 

H(72) -1220(~0) 6870{30) 3456(14) 28(6) 
C(l) 12(1) I~( I) I ~11) -2( I) -~Ill -1(1) 
C(2) 15( I) 19( I) 18( I) -I( I) -6( IJ 0( IJ 

11(73) -2160(~0) 8150(20) 2849(15) 29(6) C(J) 11(1) I )(I) 25( I I I( I) -5( I) 0(1) 

11(81) -)5~0(30) 11080(20) 5620( IJ) 18(5) 
C(~) 13( I) 17( I) 21(1) -5( I) 0(1) 1(11 
C(5) 12( I) 17( I) 18(1) -2( I) -I( I) 0( I I 

H(82) -411 0{30) 11470(20) 6511(1 )) 19(5) C(6) 17( I) 15( I) 17( I) -l( I) -51 I I )(I) 

H(91) -3180(~0) 8260(30) 77)4(16) 40(7) 
C(7) 23(1) 23( I) 19(1) -8( I) -2( I J 5(1) 
C(8) 18(1) 18( I) 18( I) -5( I) -4( I) 211) 

H(92) -4180( 50) 9650(30) 7725(18) 52(8) C(9) 27( I) 25( I) I 8( I) -5( I) -6(1) 3( I I 

11(93) -1760(50) 9560(30) 7668( 17) 50(8) 
C(IO) 13( I) 21( I) 23( I J 1(1) -4( I) I( I) 
C(ll) 14( I) 19(1) 1~(1) -2( I) -J( I) J( I) 

H(IOI) 4600(30) 651 0(20) 5363(14) 23(6) C(l2) 15(1) 17( I) 20(1) -5( I) -3( I) )(I) 

H(l02) 4050(40) 7150(30) 6144(14) 28(6) 
C( I)) 14(1) 19(1) 19( I) -61 I) -2( I) 1(1) 
C(l4) 21( I) 22( I) 19(1) -5( I) -4(1) 2( I) 

H(lll) 6680(~0) 5B0(20) 6305(1 3) 20(5) C( 15) 23(1) 25( I) 19( I) -3( I) -6(1) -2( I) 

H(ll2) 5040(40) 4220(20) 6328(14) 29(6) 
C(l6) 25( I) 29( I) 19( I) -3( I) -5( I) I( I) 
C(l7) 35(1) 42( I) 22( I) 2(1) -11(1) -~(I) 

f(l) 25( I) 26( I) 21( I) -2( I) -12( I) 4(1) 
f(2) 22(1) 22( I) 27( I) -9( I) -3( I) 8( I) 
f(l) 1)(1) 35( I) 22(1) -3(1) -1(1) 0(1) 
f(4) 44(1) 18( I) 31( I) -10(1) -12( I) 7( I) 
F(5) 42( I) 24{ I) 23(1) -11(1) -12( I) 14( I) 
F(6) 17( I) 43( I) 27( I) 7( I) -7( I) -8( IJ 
F(7) 25(1) 42( I) 28(1) 7( I) -6(1) -1)(1) 
f(8) 59(1) 40(1) 2)(1) -IS( I I -9( I) 26( I} 

F(9) 30(1) 52( I) 21( I) -6(1) -5( I) 19(1) 
F(IO) 50(1) 41( I) 35( I) 7( I) -23( I) -24( I) 
F(ll) 48( I) 26(1) 34( I) 2(1) -15( I) -9( IJ 
F(12) 40( I) 54( I) 20( I) -5(1) 0(1) 15( I) 
f( ll) 42(1) 60(1) 2J( I) 11(1) -11(1) -3( I) 
f(l4) 26(1) 821 I) )3( I) 6(1) -8(1) 5( I) 
F( 15) 91(1) 56( I) 42( I) -81 I) -38( I) -IS( I) 

ti 
~· 



tJ 
00 

T01bl~ 6. Torsion angl~s [0
J for Olsrv003. 

C(5)-N( I )-C{ I )·N(2l 
C(5)-N( I )·C( I )-C(2) 
C(9)-N(2)-C( I )·NI I l 
C(8)-N(2)-C( I )-N( I) 
C(9)-N(2)-C( I )-C(2 I 
C(8)-N(2)-C( I )-C(l) 
N( I )·C( I )-C(2 )·f( I I 
N(2)-C{ I )-((21-f( I I 
N( I )·C( I )-C(l)-C(J) 
N(2)-C( I l-((21-C(l) 
C( 10)-0( I )-C(3)-C(1 I 
C( 10)-0( I )-C())-Ci4 1 
f( I 1-C(2)-C(3}-0( I l 
C( I 1-C(2 I-C(3)-0( I I 
F( I )-C(2)-C(3 )-C( 4 I 
C( I )-C(2 )-C( 3 )-C{ 4 I 
0( I )-C{ 3 )-C( 4 )-F(l) 
C(2)-C(3 )·C( 4 )-F(2) 
0( I )-C(3)-C{4)-C{5) 
C(2)-C(3)-C( 4 )-C(5) 
C( I )-N( I )-C(5)-N(J) 
C( I )·N( I )-C(5)-C{4) 
C(7)-N(3)-C(5)-N( I) 
C(6)-N(l)-C(5)-N( I l 
C{7)-N(3)-C(5)-C(4) 
C( 6)-N(3 )-C{:i )-C( 4) 
F(2)-C{4)-C(5)-N(I) 
C(3)-C(4)-C(5)-N( I l 
f(2)-C(4)-C(5)-N(3) 
C(3)-C(4)-C(5)-N(3) 
((5)-N( 3)-C(6)-C(8)•1 
C(7)-N(3)-C(61-C(HI•I 
C( I )-N(2)-C(~)-C(o)•l 
C(9)-N(2)-C(8)-C(6)•1 
C(3)-0(1)-C(IO)-C(I1) 
0( I )-C{ I 0)-C( 11 )-C( 12) 

C(IO)-C(II)·C(I2)-F(3) 
C(IO)-C(II)·C(I2)·f(4) 
C( 10)-C( I I)-C(I2)-C( 13) 
f(l)-C( 12)-C( 13)-f(6) 
F(4)-C( 12)-C( I l)·f(6) 
C(II)-C(I2)-C(I3)-F(61 

177.06(16) 
-2 1(3) 
15938(17) 
-6.3(2) 
-21.5(3) 
172.80( 161 
177 46( 15) 
·1.6(3) 
-0 2(3) 
-179 35(17) 
-80.6(2) 
9.U>H( 19) 
5.6(2) 
-176.59( 15) 
-1·75.70(15) 
2.1(3) 
-4.5(2) 
176.85( 15) 
176.96(15) 
-I 7(3) 
-179.84(16) 
2.5(3) 
175.63(17) 
I 0.7(2) 
-6.8(3) 
-171.73(17) 
-178.99( 15) 
-0.5(3) 
3.5(3) 
-177.97( 17) 
-106.02( I 8) 
8H02(i91 
86.6(2) 
-800(2) 
166.79(15) 
• 72.0(2) 
71.0(2) 
-47.9(2) 
-167.94( 15) 
-170.1)(14) 
-55 48( I 8) 
66.05(19) 

F())-C( 12)-C( I 3)-F( 5) 
F(4 1-C( 12)-C{ 13)-f( 5) 
Ctii)-C{I2)-C(I3)-f(51 
F(li-C( 12)-Ci 13)-C( 14 I 
f(4)-CI 12)-C( I 3 )·C( 14) 
(( 11 )·C( 12)-C( I 3)-C( 14) 
F(o)-C( 13)-C( 14 I-F! SI 
fl 5)-C( I 3)-C{ 14 )·f(H) 
C( 12)-CI 13)-C( 141-fl 8) 

Ft6J-C( 13J·CI 141-f< 7J 
f(5 1-C( 13)-C( 14)-Fi 7) 
Ct 121-C( I 31-C{ 141-fl 7) 
f(b)·C( IJ).C( 14)-Ci I 5) 

f( 5)-(( 13)-C( 14 )-C( I 5) 

C( 12)-C( 13)-C( 14)-Ci 15) 
f(8)-C{ 14)-C( I 5)-1'(9) 
f(7)-C( 14)-C( 151-F(9) 
C( IJ)-Ci 14)-C( 15)-F(9) 
f(8)-C( 14)-C( 15)-f( I 0) 
F(7)-(( 14)-C( 15)-f( 10) 
C( 13)-C( 14)-C( 15)-F( I 0) 
f(B)-C( 14)-C{ I 5)-C( 16) 
f(7)-C( 14)-C( 15)-C( 16) 
C( I 3)-C( 14)-C( 15)-C( 16) 
f(9)-C( 15)-C( 16)-F( 11) 
f(IO)-C(I5)-C(I6)-F(II) 
C(I4)-C(I5)-C( 16)-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( I 5)-C( 16)-C( 17) 
f( I 0)-C(I5)-C( 16)-C( 17) 
(( 14 )-C{ 15)-C( I o)-CI 17) 
f( 11 )-(( 16)-C( 17)-f(l )) 
f( 12)-C( 16)-C( 17)-f( 15) 
((I 5)-C( 16)-C( 17)-F( 15) 
f(II)-C(I6)-C(I7)-f(l4) 
F( 12 )·C( 16)-C( 17)-f( 14) 
C( 15)-C( 16)-C( 17)-F( 14) 
f( 11 )-C( 16)-C( 17)-F( 13 l 
f( 12)-C{ 16)-C( 17)-f( 13) 
Cl 15)-C{ 16)-C( 17)-f( 13) 

73 13( 17) 
·172.22( 1-i) 
.;o 69(19) 
-4o S(2) 
67 .SO( 19) 
-170.67( I 5) 
82 97(19) 
-IOU 1~1151 
-·W 0{2) 
-I 5~ 59( I 51 
-4 ( 73( 19) 
lti 49( 19) 
-)~ 0(2) 
7S.24( IS) 
-161.54(1)) 
-163 41( I 5) 
78.95( 19) 
-41.2(2) 
-45.1(2) 
-162.1?"15) 
77 1(2) 
75 3(2) 
-42.3(2) 
-16247( 16) 
-44.4(2) 
-161.67( 16) 
77.6(2) 
-162.32(16) 
BD 4(2) 
-40 4(2) 
76 1(2) 
-4 I ~l2) 
-16 1.~3( I 8) 
-160 69(1~) 
-50.1(2) 
72.2(21 
7060) 
-172.73(17) 
-50.5(3) 
-48 U(2) 

68.1(2) 
-16~.06( IS) 

Symme-try 'ransfom1;.1tions used lo genc=r;ue cqu1valent •noms. ~I ·l(-1,-r.,.2,-z-t-l 
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Table 1. C rys&al data and suuclure refaru:~ru for OOsn-055. 

IJcnu(tc.ltion 'ode 

Empuu.:al formula 

Furmul;.~. wc1gh1 

T cmpcr.turc 

\\' • ~·clcngah 

Cryst;,l ))"Sh:m 

Space:- gruup 

Unit L:cll din~nstons 

Vulumc 

z 
Dcnsuy (~o:aJculaled) 

.. ,bsorpaion cac:flki~nl 

F(IXXll 

Crrstal sUe 

e u.ngc for data collrrtion 

lndc~ ungcs 

ltcllc1..·tloru collc-&:lcd 

ludqM:uJcm r~Jlcl."llons 

Rcrln·tiuus ""'ith I> 2o(l) 

Complcacnc1s 10 0 -.. 27 .5• 

All)urp1ion ~..·orrc~:tiun 

Ma.1.. and nUn. u~mission 

Rcfmcrru:m mcLhod 

O;.tt.ii I rc.s&nims I para.metc:rs 

Larg~s1 a"arutl shifi/c.s.d. ratio 

Goodncss-of.fu on F2 

Fin"l R onJices (1>2 a( I)) 

R mdic.:s (all d3&a) 

l.iiirgcsl dift. pc:U: and hole 

'' 
CllFnN 

493.14 

100{2) 1.: 

o 71073 A 

Monodinic 

P2/n (No. l~l 

n ~ 9.542(1)A 

b = 9.419(51 A 

c = 17.456(]) A 

1525.8(91 A• 

2.147 g/cml 

0.274 mm·• 

952 

0.55 X 0.08 X 0.02 mml 

2.2 10 27.5". 

u= 90" 

P= 103.46(11" 

y ~ 90" 

-12 :s>lo S 12. ·12 St S 12, -~2 SI S 22 

10721 

3503 (R(illl) ~ 0 106] 

197~ 

99.M ~ 

None 

0.9945 >.nd 0.8640 

Full·maarix lcaSI·squ.arcs on F1 

3503 I 0 1180 

0.000 

1.025 

R1 ~ 0.0575, "·R, • 0.1089 

R1 • 0.1279, wR, • 0 1353 

0.339 and -0.351 e.A·l 

11 

~~ (") 
~ 

IV 

Au, 

11 \V!ftl 

11 
<D 

11 
~ 

(") 8A 

\1( ~.,? 

11 
--.J 

11 
~ 

0 

11 

~~ 
.11 
~ 

(") 

-

~ ....., 
[/1 

,-... 
~ 

::::;. 
~ 
c 
0 ..., 
0 
3 
(1) 

s-
'< 
'-' 
v 
(1) 

;:l 
N 
(1) 

;:l 
(1) 
n 
p ..., 
v 
0 
;:l 

5. 
(1) 

w 
'-' 

w 
I 

~ 
c 
0 -, 
0 
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0\ 
I 
~ 

l..J 

t--J 
J..) 

I 

(; 
~ ..., 
p 
~ 
c 
0 ..., 
0 

I -' ,-... 
~ -, 

~ 
c 
0 -, 
0 

3 
(1) 

::::r-
'< 
'-' 
(1) 

s-
'< 
~ 

I 

I..J 

~ 

V1 

.-----. 
-....) 
N 
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T•blc 3. Bund lengths IAJ and angles I"Jior 00sn·055. 

f(II·C(II 

F(2)-C(7) 

Fi3!·Cl71 

F(4)·C(7) 

F(5)-C(9) 

F!6i-C(IOJ 

Fi7)-C{I0) 

Ft8)-C(I01 

f(9)-C(II) 

F(IO)-C(II} 

f{II)-C(II I 

F( 12)-C( 12) 

F< 131-C( 12) 

f(I-I)·C(I1) 

F(15)-C(I3) 

f(I6)·C(I3) 

F(l )-C(I )-CC2) 

F(l )-C(I )·C(6) 

C{2)-C( I )·C(6) 

C(I)-C(2)-C(3) 

C! I )-C(2)-C{7) 

C{3)-C(11-C(1) 

C(1)-C(3)-C(4) 

Ce}-C(3)·C(8) 

C(4)-C(3)·C(8) 

C(5)-C(-I)-C(3) 

C<5J-C(4)·C(9) 

Ci3i·C(4)-C(9) 

C(6)-C!5)-C(-1) 

C(6)-C(5)-C!I21 

C(4)-C(5)-C( 12) 

C( I )-C(6)-C(5) 

C(I)·C(6)-C(Il) 

I 338(4) 

1.324(4) 

1.328(-1) 

1.337(4) 

1.379(-1) 

1.326(5) 

I 332!5) 

1.326(4) 

1.318(4) 

I 343(4) 

1.328(4) 

1.337(-1) 

I 3-13(4) 

1.334(4) 

1.340(5) 

1.339(4) 

119.2(3) 

118.3(3) 

122.4(3) 

I 17 6(3) 

122.1(3) 

120.3(3) 

121.3(3) 

117.6(3) 

120.6(3) 

118 7(3) 

120.9()) 

120.3(3) 

119 1()) 

118. 7(3) 

120 6(3) 

119.5(3) 

116.5(3) 

F! 17)-C( l3 1 

N-C(8) 

C(I)-C{2) 

C(I)-C(6) 

C!2i·C(3) 

C(2)-C(7J 

C<3i·C(-II 

C{3)-C(8) 

C(-I)·C(5) 

C(~)-C(9) 

Ci5)·C(6) 

C!5i·Ci121 

C(6)-C(I3) 

C(~)-C{IO) 

C(9)-C!II) 

C(5i-C(6)-C( 13) 

F(2)-C{7)-F(3) 

F(2)-C(7)-F(4) 

F(3)-C(7}-F(4) 

F(2)-C(1)-C!1) 

FO I -C (1)-C(2 l 

F(4)-C(7)-C(2) 

N-C(81-C(3) 

F(5)-C(9)-C(4) 

F(5)-C(9)-C( 10) 

C{4)-C(9)·C( 101 

F(5)-C(9)-C( 11 I 

C(4)·C(9)-C(II I 

C( I 0)-C(9)-C(Il) 

f(8)-C( 10)·f(6) 

F(8i·C( 101-F(?) 

F(6)-C( 10)-f(7) 

1331(5) 

1.149(5) 

1.386(5) 

1.389(5) 

1405(5) 

1.523(5) 

1.41 0{5) 

1.""5(5) 

1.407(5) 

1.542(5) 

1402(5) 

1.545(5) 

1.533(5) 

1.561 (5) 

1.581(5) 

124.0(3) 

107.9(3) 

106.0(3) 

107 .4(3) 

113.0(3) 

111.5(3) 

110.6(3) 

17-1.4(4) 

109.0(3) 

99.5(3) 

113. 3(3) 

106 6(3) 

113 7(3) 

113.4(3) 

107.9(3) 

108.2(3) 

108.1(3) 

T~bk 2 Awmit.: coordinatc:s l xI~) and equivalent tsotruptr displaccmc:m paratnt"tc:rs (,\2 x 104
) 

for 00s:rv05'5. U(c:q) i~ ddin~d lS on~ third uf tht: trace of the onho~onahzrd u.l tc:nsur. 

f(l) 

F(2) 

F(3) 

F(-1) 

F!5J 

F(6) 

F(7) 

F(8) 

F(9) 

F(IO) 

F(ll) 

f(l2) 

F(l3) 

F(l4) 

F( 15) 

F(16) 

F(l7) 

N 

C(l) 

C(2) 

COl 

C(4) 

C(5) 

Ci6l 

C(7) 

C(BJ 

C(9) 

C(IO) 

C(ll) 

C(l2) 

C(l3) 

5(2) 

·1395(3) 

·544(2) 

·287(3) 

6278(2) 

4826(3) 

M37(21 

4183(2) 

7056(2) 

56-14(3) 

-1884(2) 

5879(2) 

4727(2) 

6071(2) 

3691(3) 

2104(3) 

1453(3) 

2317(4) 

1224(4) 

1146(~) 

2450(4) 

37M9(-I) 

3818(-1) 

2527(-1) 

-287(4) 

2380(4) 

5182(-1) 

5138(4) 

5710(-1) 

5157(4) 

2446(5) 

2198(2) 

4289(3) 

-163~(2) 

6210{2) 

-1431(2) 

6219(2) 

7132(2) 

7475(2) 

48')4(2) 

6689(2) 

45~4(2) 

2270(2) 

556(2) 

1886(2) 

630(2) 

-262(2) 

1025(2) 

6948(3) 

2883(4) 

4155(4) 

4827{3) 

4234{3) 

2856(4) 

2237(3) 

4813(4) 

6051(4) 

5116(4) 

6530{4) 

5318(4) 

1899(4) 

883(4) 

40!( I) 

644(2) 

187')( I) 

1033(2) 

1445( I) 

456( I) 

1398(2) 

1340( I) 

2861( I I 

2~ 11( I) 

2Y88(1) 

2128( I) 

1473( I) 

931( I I 

16(1) 

596(2) 

--149( I) 

2402(2) 

732(2) 

1118(2) 

)475{2) 

14-10(2) 

1133(2) 

719(2) 

1170(2) 

1964{1) 

1689(1) 

1218(2) 

261 )(2) 

1405(2) 

222(2) 

IJ(e4) 

2~5(5) 

45301 

330(6) 

379(6) 

247(5) 

34)(6) 

363(6) 

)1-1(6) 

332\b) 

352(6) 

N7(5) 

230(5) 

170<51 

266(5) 

)48(6) 

380(6) 

35-1(6) 

303(8) 

201(8) 

171!8) 

162(8) 

151(7) 

169(8) 

17!(8) 

223(8) 

209(8) 

191(8) 

267(9) 

238(9) 

214(8) 

276(9) 



0 

Table 4. Anisotropic displacement parameters (A 1 x 101) for 00sn·055. The anismropic 

displacement (aclor C'X(lOnrnl lakes th~ form: -lrr!(Jrl n•!u .. + + 1 11 J.: a• b• u,! I 

F(IJ 

F(2) 

Fill 

F(4) 

F(5) 

F(6) 

F(7) 

F(8J 

F<9l 

F(IO) 

F(ll) 

F(l21 

F(13) 

F(14) 

F(15) 

F(l6) 

F(17) 

N 

((I) 

C{2) 

((3) 

((41 

C(5) 

((6) 

C(7) 

((8) 

((9) 

C(IO) 

((11) 

((12) 

C(l3) 

u., 

23(1) 

21( I) 

35( I) 

34( I) 

20( I) 

57(2) 

35(1) 

39( I) 

25(1) 

48(2) 

31( I) 

24(1) 

31(1) 

26(1) 

40( I) 

47(2) 

43(2) 

35(2) 

24(2) 

19(1) 

24(1) 

23(11 

20(1) 

23(2) 

19(1) 

19(2) 

17(2) 

29(2) 

19(2) 

23(2) 

32(2) 

u, 

27( I) 

66(2) 

37( I) 

251 I I 

20( I) 

22(1) 

21(1) 

14(1) 

32( I) 

20(1) 

36( I) 

18(1) 

9(1) 

23(1) 

27(1) 

13(1) 

26( I) 

23(2) 

17(2) 

19(2) 

10(2) 

9(2) 

15(2) 

10(2) 

24(2) 

18(2) 

16(2) 

19(2) 

18(2) 

14(2) 

17(2) 

u., 

36( I) 

46(2) 

33(1) 

6012) 

381 I l 

27(1) 

55(2) 

45(1) 

3911) 

35( I) 

23(1) 

26(1) 

40(1) 

35( I) 

36(1) 

49(2) 

31( I) 

34(2) 

18(2) 

15(2) 

17(2) 

14(2) 

19(2) 

19(2) 

25(2) 

27(2) 

27(2) 

35(2) 

31(2) 

27(2) 

32(2) 

u, 

·4(1) 

-24( I) 

2111 

16(1) 

-4( I) 

4(1) 

41 I) 

4( I) 

-I( I) 

·11( I) 

I( I) 

·I( I) 

1(1)_ 

-3( I) 

-13(1) 

0(1) 

·11( I) 

-5(2) 

2(21 

4(2) 

I( I) 

1(1) 

·1(2) 

2(1) 

·1(2) 

1(2) 

1(2) 

·1(2) 

-2(2) 

-1(2) 

-4(2) 

u, 

I( I) 

I( I) 

20( I) 

20( I) 

141 I) 

16(1) 

1511) 

17(1) 

-I( I) 

4(1) 

6(1) 

3( I) 

5(1) 

14(1) 

7(1) 

·I( I) 

-6(1) 

12(2) 

2(2) 

8(2) 

912) 

5(2) 

10(2) 

5(2) 

8(2) 

9(2) 

11(2) 

13(2) 

0(2) 

6(2) 

3(2) 

u,! 

-6(1) 

8(1) 

8(1) 

15( I) 

0( I) 

-4(1) 

-12(1) 

5( I) 

·2( I) 

0(1) 

-10(1) 

2( I) 

2( I) 

8(1) 

9(1) 

-4(1) 

5(1) 

6(2) 

·5(2) 

212) 

3(2) 

0(1) 

1(2) 

3(2) 

3(2) 

5(2) 

3(2) 

-6(2) 

-3(2) 

2(2) 

3(2) 

F(8)-C( 10)-C(9l 

F(6)-CI 10)-C!9) 

F(7)-C( 10)-C(9) 

F(9)-C(II)·F(II) 

F(9)-C( 11 l-F(IIl) 

F(II)·C(II)-F(IO) 

F(9)·C( 11 )·C(9) 

F(III·C(II)-C(9) 

F( 101-C( 11 l·C(9) 

F( 141-C( 12)-F( 121 

F( 14)-CI 12)-F( IJJ 

115.0(3) 

108 2(3) 

109 1(3) 

109 0(3) 

107.80) 

107.1\3) 

110.9(31 

111.0(]) 

110 9(3) 

108.1>01 

107 7(3) 

F(I2)-C(I2)-F(13) 

F( 14)-C( 12)-CISl 

Fl I 2)·CII2)-CI.~l 

Fil 3)-C( 12)-((51 

F( 17)-C( 13)- Filo) 

F! 171-((13)-FI 15) 

F(I6)-C!IJ)-Fil:\1 

Fl 17)-C( I 3)-C!I>I 

F! lli)-((131-CIIiJ 

Fi151-CI I Jl-CII>I 

105 213) 

115.313) 

110 2(31 

109 201 

107.8131 

IOii.O( 31 

108 A()l 

110.2(.11 

111.11.11 

Ill 71 J) 
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