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Nomenclature

Throughout this work, an 'F' in the centre of a ring denotes that all the
unmarked bonds are to fluorine.

Abbreviations

The following are used throughout this thesis:

IR infrared
MS 'mass spectrometry
NMR nuclear magnetic resonance

uyvy - ultraviolet



Abstract

The Chemistry of Perfluoro-4-isopropylpyridine
by P. R. Hoskin

The research described within this thesis may be divided into three main subject
areas:

1) Perfluoro-4-isopropylpyridine (1) has been synthesised efficiently by
reaction between pentafluoropyridine and hexafluoropropene in the presence of an
amine initiator tetrakis-(dimethylamino)ethene (TDAE). A variety of oxygen and
nitrogen centred nucleophiles were successfully reacted with (1) to afford a range of
model compounds for highly fluorinated macrocycles.

2) Perfluorocarbon soluble macrocycles have been prepared from (1) and the

coordination properties of these systems have been determined by metal ion
extraction techniques.

3) Bromination of (1) gave the synthetically versatile derivative, 2,6-dibromo-

perfluoro-4-isopropylpyridine (37), from which a range of highly substituted pyridine
compounds were derived.

Vi
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CHAPTER I

The Chemistry of Pentafluoropyridine and Perfluoro-
4-isopropylpyridine




1. General Introduction.

Fluorine is the thirteenth most abundant element in the earth's crust (0.065%)"
being concentrated in commercially important mineral deposits? such as cryolite,
NasAlF¢ and fluorspar, CaF,. The principle feedstock of the fluorochemical industry,
hydrogen fluoride®, is obtained by distillation from a mixture of fluorspar and
concentrated sulfuric acid.

Despite the widespread distribution of fluorine in the lithosphere,

organofluorine natural products are rare® 3

and consequently fluorinated organic
compounds are almost entirely synthetic.

The first 'man-made’ organic fluoride, fluoromethane, was reported in 1835 by
Dumas and Péligot®. However, it was not until 1890, when Swarts” ® pioneered
halogen-exchange techniques to produce aliphatic fluorides that the foundations of
organofluorine chemistry were firmly established. In 1883 the preparation of the first
fluorinated aromatic compound, fluorobenzene, was published by Paterné and
Oliveri® and then in 1915 Chichibabin and RajazancevlO published the synthesis of
the first fluorinated heterocycle, 2-fluoropyridine.

The motivational basis in these and more recent developments, can be

attributed to the unique characteristics that fluorine atoms impart to organic systems:

11, 12

1. The electronegativity of the fluorine atom results in strongly polarised carbon-

fluorine bonds.

2. Fluorine forms extraordinarily strong bonds to carbon (C-F, 485 kimol-1)!3 and this
feature is exemplified by the enhanced chemical and thermal stability!#'® associated
with some highly fluorinated compounds.

3. Fluorine is the halogen with the smallest van der Waal's radius (F=1.47A)l7 and
this allows multiple substitution of hydrogen by fluorine in C-H containing
molecules, with minimal steric disruption.

4. Fluorine has three tightly bound non-bonding pairs of electrons.
5. Fluorine is displaced from organofluorine compounds as fluoride ion'®.

1.1. Industrial Applications.

The range of commercially important fluoroorganic products bear testament to

the profound effects that fluorine has on the physicochemical properties's' 16 of



compounds. Fluoropolymers, such as PTFE', are characterised by their chemical and
thermal stabilities and can be utilised, for example, in laboratory equipment where

chemical resistance is important. In the dyestuffzo, agrochemical2I and

pharmaceutical22 industries there is a wide range of applications for fluoroorganic

compounds and some of these are illustrated below:

R

A}

N NH,

N. _NR
O S Cl cl
N

AN

N\f |

. ~

F F N OCH2CO2CHMG(CH2)5CH3
Levafix® Fluroxypyr

(R = H or C substituent,
A = Chromophore)

O2N NO, S F .
|
HyC—N—"
CF4
Trifluralin _ '
Herbicide Difloxacin

Anti-bacterial Agent F
1.2. Pentafluoropyridine and Perfluoro-4-isopropylpyridine.

The aim of the research work described in this thesis has been to explore the
chemistry of the pentafluoropyridine derivative, perfluoro-4-isopropylpyridine.
Before new work is described, a brief review of fluorinated pyridines and their
chemistry is appropriate.

1.3. Preparation of Pentafluoropyridine.

1.3. A. Electrochemical Fluorination.
Pentafluoropyridine was first obtained via a two-step conversion of pyridine
or piperidine?3-%°. Electrochemical fluorination?® of either compound gives

perfluoropiperidine, which upon defluorination using hot iron or nickel, affords
pentafluoropyridine in a low overall yield.



N I}J N
F
8% 26%

Reagents and conditions: i, HF, Electrochemical Fluorination (25A/ 5.5 V).
i, Fe, 600°C.

1.3. B. Direct Fluorination.

Substitution of hydrogen in pyridine by fluorine potentially offers an efficient
route to pentafluoropyridine. The direct fluorination of pyridine by caesium
tetrafluorocobaltate?” has been attempted but gave pentafluoropyridine in a low
overall yield.

N i N

| ) —F
< ~

N N
15%

Reagents and Conditions: i, CsCoF, , 250°C

1.3. C. Halogen Exchange.

A more practical route to pentafluoropyridine, involving the nucleophilic
displacement of chlorine by fluorine, has been developed by Musgrave and
Chambers®® . This halogen exchange (Halex) reaction, using an alkali metal
fluorides as the source of fluoride ion, occurs in the absence of solvent at high
temperatures to give pentafluoropyridine in good yield.

N i N !

lci] — UF ) + [ F,

N N N
68% 7%

Reagents and Conditions: i. KF, 480°C, Autoclave
1.4. Chemical properties of Pentafluoropyridine.

Pentafluoropyridine (bpt. 84°C) became available in synthetically useful
quantities in the 1960's, being prepared via the efficient Halex route?3.
Pentafluoropyridine is an extremely weak base (estimated pK, value -11), owing to



the fluorine atoms ortho to the nitrogen and will only form N-protonated salts with

super acids such as antimony pentafluoride and boron trifluoride’®.

X . AN
| F ) —— F

N r\lj+ SbFe
H

Reagents: SbFg/ HF, SO»

1.4. A. Nucleophilic Aromatic Substitution®' 32

Pentafluoropyridine has been shown to react with a range of reagents,

including carbon-343, nitrogen-36’ 37, 43-47 36,37, 48-51 and sulfur->% centred

nucleophiles to yield products which arise from nucleophilic substitution processes,

, OXygen-

for example:

81%

Reagents and Conditions: i.MeONa (2 equivs.), 0°C, MeOH.
it. NHz (3 equivs.), 110°C, EtOH, 8 h, Carius Tube.
iii. KSH, -40- -20°C, DMF-giyco!, 1.5 h.

The available experimental evidence indicates that nucleophilic attack on

pentafluoropyridine proceeds via a two-step reaction pathway54”56, with the first stage

(k;) being rate determining.



F Nuc
F N F ) F AN F
‘ + 2 ‘ + F
- fast ~
FF N F N F

[n general. monosubsutution in pentafluoropyridine occurs exclusively in the

4-position. while a second nucleophilic group usually enters at the 2-position.

1.4. B. Activation by Ipso-, Ortho- and Meta- Fluorines and Ring Nitrogen.

To account for the regiospecificity observed in reactions between nucleophiles
and pentafluoropyridine, it 18 necessary to consider the activating influences of the
fluorine atoms at the positions ipso-, ortho-, meta- and para- to the point of
nucleophilic attack and also the effect of the ring nitrogen atom on the nucleophilic

substitution process.

1.4. Bi. Fluorine Initial State Effects.

In order to explain the greater reactivity of heterocycles bearing fluorine
versus chlorine. at identical sites, the polar contribution” " (o the activating
influence of fluorine needs to be appreciated.

Le.

5" 1) 5* &
C—+—=F >> C—+—Cl

1.4. Bii. Fluorine Transition State Effects.

Based upon a range of kinetic data for substitution in fluorinated pyridinesj7'
69 the quite different effects of fluorine atoms ortho-. mera- and para- 1o the position
of nucleophilic attack have been assessed. From these results, it has been deduced
that fluorine atoms orrho- and mera- to the site of nucleophilic substitution are
activating, with respect to hydrogen at the same position, whilst a para-fluorine atom
1s deactivating. To understand these findings it is necessary to understand the
distribution of electron density in the transition state.

The factors which determine carbanion stability in fluorinated systems will
also influence the transition state formed between a nucleophile and
pentafluoropyridine

It is well established that a fluorine atom in situation 1 (Sit.1) is strongly

carbanion stabilising by inductive withdrawal (10)6], whereas, in situation 2 (Sit.2)

electron withdrawal is offset by electron pair repulsion (Ir).



7N

C-C—F c—F
(Sit. 1) (Sit. 2)
|, (stabilising) | (destabilising;

Whether the resultant of the effects shown in situation (Sit. 2) is stbilising or not will
be determined by the geometry of the carbanion centre. [ repulsion is greaest for a

planar carbanion (destabilising), in which the carbon centre is sp=-hybridised, than for

a tetrahedral. sp3-hybridised, carbanion centre (stabilising).

Y
e o

\\1090 109°

JF ‘
o /
[ B

sp sp®
Destabilising Overall ' Stabilising Overall

For a transition state resulting from nucleophilic attack on the 4-position, it
has been deduced that the fluorine atoms at the 2 and 6-positions i.e. meta to the point

of attack in (), are activating®

Activating

whereas a transition state obtained from nucleophilic attack at the 2-position in (B) is

deacuvated by a para-fluorine atom.



Deactivating

(B)

A similar deactivating effect in (o) by fluorine at the ortho-position might be
anticipated. It has been shown, however, that the ortho-fluorines are more activating
than the meta-fluorines and this behaviour can be attributed to an initial state effect

(Section 1.4, Bi.), in which the ortho-fluorines make the carbon centre under attack
electron deficient ().

1.4. Biii. Ring Nitrogen Transition State Effects.

It has been shown that the ring nitrogen atom has an important influence on
the orientation of nucleophilic attack in pentaﬂtloropyridinej4. For example, the
preference for nucleophilic attack at the 4-position in the symmetrical compound, (C),
has been attributed to the orientating effect of the ring-nitrogen. The exclusive
nucleophilic attack observed at the 4-position in (A), is therefore a consequence of
both the orientating influence of the ring nitrogen atom and the ring fluorine atoms. In
this situation nucleophilic attack occurs so as to maximise the number of activating
fluorine atoms (two-ortho and two-meta-fluorines): note attack at the 2-position in

(A) would be activated by only three fluorine atoms (one-ortho and two-meta).

F F
= AN F H AN H
P P
N FF N F
(A) (C)
(4- : 100%) (4- 1 78%; 2,6- :22%)

Positions of substitution by aqueous ammonia



1.5. Perfluoroalkylation of Pentafluoropyridine by Fluorinated
Alkenes.

This section concerns the perfluoroalkylation of pentafluoropyridine by
fluorinated carbanions derived from perfluoroalkenes. The factors which govern the
reactivity of fluoroalkenes and the stability of fluorocarbanions will be described,

before the trapping of these species by pentaﬂuoropyridine is reviewed.

1.5. A. Reactivity of Perfluorinated Alkenes.
The double bonds of perfluorinated alkenes are inherently electron deficient,
due to the inductive influences of substituent fluorine atoms and perfluoroalkyl-

groups. Fluorinated alkenes are consequently more susceptible to nucleophilic62'64' 63,

rather than electrophilic attack®- 67, producing carbanion intermediates.
)
Fe_ 5+ F
Nuc™ + g/C =CXY — Nuc—C-CXY — Products
F F
XY =F or R
64, 68-71

The reactivity order for fluoroalkenes reflects the importance of I

repulsion (Section 1.4.B.ii) in the associated intermediates:
F,C=CF,

- Increasing
F2C=CFCF, Reactivity

FoC=C(CF3), |}

In this series, nucleophilic attack will occur on the less substituted vinylic
carbon. The regiospecificity reflects both the initial polar contribution from the o-

fluorine atoms and, importantly, the relative reactivity also reflects the formation of

the stable carbanion having the highest number of perfluoroalky! groups attached to
the anionic centre.

NucF,C—CF,

NucF,C—-CFCF, 'S”ggf;ﬁg‘g

NucF,C—C(CFa), |}



In addition to stabilisation by inductive effects, it has also been proposed that
perfluoroalkyl-groups can stabilise carbanion centres by negative hyperconjugation.
This concept was originally proposed by Roberts’? in 1950 and arguments for and

against its validity are still a matter of debate> 78,

- /F /F
C)-();—F= B C:::(:\ + F
F F

1.5.B. 'Negative Friedel-Crafts' Chemistry.
Fluorocarbanions generated by the reaction of fluoroalkenes and fluoride ion
can be trapped by aromatics that are activated towards nucleophilic attack such as

35, 79-82

pentafluoropyridine to give mono- and polyfluoroalkylated pyridines.

Reactions of this type are redolent of cationic processes, hence they are often referred

to as 'nucleophilic Friedel Crafts reactions'!8 6% 83,84,
[F, CF,4
.CF . _CF & T
F*+ Fp0=C [ ° === F,C-C " === NC¢F4, —C-CFy + F
F
CH
H* + H C—C’CHa H C—E'CHS S G Ar—é-éH + H*
2 \H 3 \H 1 3

H

1.6. Preparation of Perfluoro-4-isopropylpyridine.

Since this thesis is primarily concerned with the chemistry of perfluoro-4-
isopropylpyridine, established methods for the synthesis of this system will be
discussed. | )

1.6. A. Alkali Metal Fluoride Initiated Perfluoroalkylation.
In the presence of a fluoride ion initiator, reaction occurs between
hexafluoropropene and pentafluoropyridine to give mono- and polyfluoroalkylated

pyridines®>. Alkali metal fluorides3® 87

in aprotic solvents were originally used as
fluoride ion sources and these react with hexafluoropropene to give

perfluoroisopropyl- anions (Section 1.5.A.).

10



F F _
F o+ >=(  ———= (CF)CF
F CF,

These carbanions can be trapped by pentafluoropyridine in a nucleophilic
substitution process (Section 1.4.A.) to afford mono- and polyperfluoroalkylated
pyridines. Consistent with the established reactivity pattern of pentafluoropyridine

(Section 1.4.Bi.), initial attack occurs exclusively at the 4-position.

CF(CF3), CF(CF3),

o F Foo X X
N ’ N N" “CF(CFy),
94% 4%

Reagents and Conditions: i.KF, Sulfolane, 130°C, 12 hr

In a typical reaction, it is usual to employ twice the theoretical amount of
hexafluoropropene in order to compensate for the competing dimerisation reaction
that occurs between hexafluoropropene and pe:rﬂuoroisopropyl-anions85 . 88,89,

(F3C),FCFC=CFCF,
' F F
(CF3),CF + >=( —_ +

F CF,
(F3C),C=CFCF,CF,

The isolation of perfluoroalkylated pyridines from an aprotic solvent is often
problematic and so improved methodology has recently been developed.

1.6. B. TDAE Initiated Perfluoroalkylation.
Using tetrakis(dimethylamino)ethene (TDAE) as a catalyst it is possible to
effect the perfluoroalkylation of pentafluoropyridine® in the absence of solvent.
TDAE®" 2 has been shown to react with perfluorinated alkenes? to produce
fluoride salts. Under anhydrous conditions, TDAE reacts with hexafluoropropene to
produce an 'in situ’ source of fluoride ion which can then react with
hexafluoropropene to produce perfluoroisopropyl-anions.

11



Me,N NMe,

\—=( , F>:<F ___(TDAE) >=(F -

-+

TDAE

F F
F o+ >= ———— (CF,),CF
F CF,

The trapping of fluorinated carbanions by pentafluoropyridine affords mono-
and polyperfluoroalkylated pyridines in good yield and it should be noted that the
absence of a reaction solvent facilitates considerably product recovery by distillation
directly from the reaction mixture.

CF(CF3), CF(CF3),

N F F .
@+>=(+TDAE—*' DEED
N F CF, _ P
N N” “CF(CFy),
T 3 : 0.05 (Milimolar) 219 10%
CF(CF3), CF(CF3),
* LF, + | F_
N™ "CF(CF3), (FsC)FC” N "CF(CFy),
7% 35%

Conditions: i. 48 h, no solvent, 60°C
1.7. Established Chemistry of Perfluoro-4-isopropylpyridine.

Until recently, development of the chemistry of perfluoro-4-isopropy!pyridine,
and indeed related perfluorinated heterocycles, has been severely impeded by the
inability to synthesise such compounds efficiently on a preparatively useful scale. As
a consequence, there are only a few reported examples of reactions involving
perfluoro-4-isopropylpyridine.

1.7.A. Further Reaction of Perfluoro-4-isopropylpyridine with
Hexafluoropropene.

Implicit in the earlier discussion is the ability of perfluoro-4-isopropylpyridine

82, 85,94

to undergo polyperfluoroalkylation , when hexafluoropropene is employed as

the perfluoroalkylating agent. It is well established that the second perfluorinated

85,94, 95

isopropyl-group enters at the 2-position and steric reasons apart, this pattern of

12



substitution is consistent with the activating effects of the ortho-nitrogen and ortho-

fluorine atoms.

CF(CF3), CF(CF3)z

X AN
| F | + (CF3),CF | F_

N N™ "CF(CFj),

Despite the large steric interactions that exist between adjacent isopropyl-
groups, a third perfluoroisopropyl carbanion has been shown to attack the 5-position,
in preference to the anticipated 6-position, to yield the kinetically preferred 2,4,5-
isomer. At a higher reaction temperature, in the presence of a stoichiometric
equivalent of fluoride ion, the intermolecular rearrangement of the 2,4,5-isomer to the

more thermodynamically stable 2,4,6-isomer occurs® 9493,

CF(CF,), CF(CF3),
AN (F3C)2FC AN
| F |+ (CRyCF =25 | F
N" “CF(CF), N" "CF(CFa)
-
> 80°C
CF(CF3),
I
| F_ + F

(FsC),FC” N 'CF(CFy),

1.7.B. Reaction of Perfluoro-4-isopropylpyridine with Decafluorohexene.

By a similar process, the fluoride induced reaction of perfluoro-4-
isopropylpyridine with decafluorocyclohexene was shown by Chambers and co-
workers® to give the 2- and 2,6-substituted derivatives, the 2,6-substituted product
being the result of thermodynamic control. '
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CF(CF3), CF(CF3), CF(CF3),

~ i AN X
| F | + — || F + | F
N/ ~ ~

N N

10% 2209,

Reagents and Conditions: CsF, Suifolane, 165°C, 3 days.

1.7.C. Reaction of Perfluoro-4-isopropylpyridine with Sodium Methoxide.
Chambers®® and Haszeldine®® have independently shown that perfluoro-4-

isopropylpyridine reacts with methoxide ion to give the 2- and 2,6-substituted

compounds.
CF(CF,), CF(CF3),
~
7 —— (=
~
N OMe
80%
CF(CF3), CF(CF
D -
F | F
N Meo N Me
76%

Reagents and Conditions: i, NaOMe (1 equiv.), MeOH, r.t, 15 mins.
ii, NaOMe (2 equivs.), MeOH, reflux, 2h.

1.7. D. Reaction of Perfluoro-4-isopropylpyridine with Sodium Azide.

Banks has shown that perfluoro-(2-azido-isopropylpyridine) and perfluoro-
(2,6-diazido-4-isopropylpyridine) can be readily prepared by the treatment of
perfluoro-4-isopropylpyridine with sodium azide®’.

CF(CF5), CF(CF3), CF(CF3),
A . AN AN
[ F]——1F Ll + [F
~
N N N3 N3 N N3
40% 25%

Reagents and Conditions: i, NaNj (2 equivs.), CH3CN, r.t, 2 days.
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CHAPTER 1

Synthesis of Perfluoro-4-isopropylpyridine and
Derivatives
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2. Introduction.

83, 84, 98-103

The introduction of perfluoroalkyl-groups into aromatic or

heteroaromatic systems can have a profound effect on the physical 15,16, 104 and, in

105

certain cases, biological properties - of the original compound. For example, the

21,722,106 active molecule will

addition of a trifluoromethyl-group into a biologically
often enhance its surface and lipophilic properties. The introduction of large
perfluoroalkyl-groups has been shown to render some compounds completely soluble
in perfluorocarbon solvents (a property that is utilised in fluorous-biphase
chemistrym‘log).

This chapter is concerned with the chemistry of the perfluoroalkylated
compound, perfluoro-4-isopropylpyridine. The development of the chemistry of this
system has been severly impeded by the inability. to prepare this compound on a
preparatively useful scale. We therefore aimed to provide a convenient route to this
compound using established methodology. It was our intention to eventually
incorporate this heterocycle into a range of highly coordinating, fluorous soluble
macrocycles. However, before this was attempted, it was necessary to synthesise a
range of model compounds for fluorous soluble macrocycles from perfluoro-4-
1sopropylpyridine. The following work therefore describes reactions between
perfluoro-4-isopropylpyridine and oxygen- and nitrogen-centred nucleophiles to give
model compounds for highly fluorinated macrocycles.

2.1. Preparation of Perfluoro-4-isopropylpyridine.

By optimising the procedure described in Chapter I (Section 1.6B), perfluoro-
4-isopr0pylpyridin690 (1) has been synthesised in good yield, on a large scale, by
reaction between pentafluoropyridine and hexafluoropropene in the presence of an
amine initiator, tetrakis-(dimethylamino)ethene (TDAE). The experiment was
conducted without solvent making isolation of the products (1) and (2)
straightforward by distillation.

F(CFa),
(1)
38% 4%

Reagents and conditions: i, HFP (1 equiv.), TDAE (2 mol%), 60°C, autoclave, 21 h.
Although the physical data and spectral data (!°F NMR) for compound (1) is

16



available in the literature3> %0

the NMR data for (1), which is pivotal to our work,
merits a brief description here.
At room temperature, the 'F NMR spectrum for compound (1) consists of

four groups of peaks which can be assigned to the fluorine atoms shown:

CF3ab,-74.4)
(4a,-1802)F—~CF,

(3,-136.2)F N F6:-1362)
~

N

(1)

(2,-86.8)F F(6,-86.8)

Figures in parentheses denote: i, chemical shift (ppm)

Inspection of the chemical shifts of the ring fluorine atoms reveals a large
difference in values between the 2, 6-fluorines (-86.8 ppm) and the 3, 5-fluorines (-
136.2 ppm). It will soon become apparent, when we synthesise model compounds for
fluorous soluble macrocycles, that substituents have a small effect on these chemical

shift values.

2.2. Reactions of Perfluoro-4-isopropylpyridine with Oxygen
Nucleophiles. |

Reaction of perfluoro-4-isopropylpyridine (1) with a series of alkoxide ions
has provided a range of model compounds for highly fluorinated macrocycles. A
series of detailed studies between compound (1) and methoxide ion have identified

the 2- and 6-positions as the preferred sites of nucleophilic substitution in (1).

2.2.A. Preparation of 6-methoxy-perfluoro-4-isopropylpyridine.

The most reactive site in compound (1) was identified using sodium
methoxide as a nucleophile. Sodium methoxide (1.2 equivalents) reacted with
compound (1) to afford the product, 6-methoxy-perfluoro-4-isopropylpyridine (3),
which was purified by column chromatography.

17



CF(CF3), CF(CF3),

12PN T P FE1362)
~ ~Z
@e8F N °F 2o1F N "OCH,
(1) (3)
69%

Reagents and conditions: i,1.2 equivs. NaOMe, THF, reflux, 24 h.
Figures in parentheses denote: i, chemical shift (ppm)

A comparison of the 1F NMR chemical shift values for the ring fluorine
atoms, in (1) and (3), reveals a small substituent effect on the chemical shifts ortho-,
meta- and para- to the site of substitution. This feature, together with the loss of a
high frequency fluorine atom chemical shift, enabled us to identify the 6-position as
the preferred site for methoxylation. Moreover, the calculated fluorine chemical shifts
for compounds (3a) and (3b) (Table 1), derived from substituent chemical shift data,
support formation of the 6-substituted product (3) rather than a S-substituted

compound.
Table 1.
CF3ap) CF3ab)
(4a)F —T~CF, (4a)F—T~CF,
@ F O ®F_xOCHs
| ~ | ~
@F N "ocH, oF N Fg
(3a) (3b)

Chemical shifts (ppm) for ring fluorine atoms in (3a) and (3b)

2 3 5 6
*Calculated 91.3 -149.7 -135.7 ;
(3a)
*Calculated -86.0 -141.0 ; -85.7
(3b)
Observed -01.8 -148.5 -136.2 -

*Calculated using pentaﬂuoropyridinezg, 4-mc:thoxytetraﬂuoropyridine95 and perﬂuoro-4-isopr0pylpyridine90'

as reference compounds.

At low temperature (-39°C) it was possible to resolve the 9F NMR spectrum

18



of (3) into five groups of signals, corresponding to the rotamers (3a) and (3c)95 . From

these data the preferred site of substitution, 6-F, could be identified conclusively.

4
“JFF824Hz 1_(’49?9’) CFa(tb, 751) ae)FsC, Jrr 90.3 Hz
O CF, F,C™ F(4a)')/
(3,-148.5)F o F6,-1363) Fa  AF6
| »
9018F N "OCH; @F N OCH,
(3a) (3¢)

Figures in parentheses denote: i, chemical shift (ppm)
The non-equivalent fluorines F(3y and F(sy gave large through space couplings
to F(4a) 1n the eclipsed conformations (3a) and (3¢) respectively: this observation,
together with the relative signal intensities for these fluorine atoms is consistent with

a product arising from substitution at the 6-position.

2.2.B. Preparation of 2,6-dimethoxy-perfluoro-4-isopropyl-pyridine.

Having established the 6-position as the most reactive site in compound (1),
we proceeded to identify the second most reactive centre. Compound (1) reacted with
sodium methoxide (2.4 equivalents) to afford 2,6-dimethoxy-perfluoro-4-isopropyl-
pyridine (4) in good yield.

CF(CF3), CF(CFj),
(3,-136.2)F - F .6 1475 F o T 6,-147.5)
2,-86.8)F F H;CO OCHg,
@A) (a)

66%

Reagents and conditions: i, 2.4 equivs. NaOMe, THF, reflux , 24 h.
Figures in parentheses denote: i, chemical shift (ppm)

The absence of a resonance at -86.8 ppm corresponding to the 2-F ring atom,
in the 19F NMR spectrum for (4), indicated that methoxylation had proceeded to
afford the 2,6-disubstituted compound (4) shown. Significantly, one ring fluorine
signal was observed at -147.5 ppm which,-together with its relative peak intensity
value of two, confirmed the symmetrical nature of the 2,6-disubstituted product. If the
second site of nucleophilic substitution had occured at the 5-position then two signals

for the 3- and 6-ring fluorine atoms, in the ratio 1:1, would have been recorded.
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2.3. Further Reactions of Perfluoro-4-isopropylpyridine with Oxygen-Centred
Nucleophiles.

Having identified the substitution pattern between methoxide ion and
perfluoro-4-isopropylpyridine (1) (Sections 2.2A-B), the reactivity of (1) with KOH
and a series of related alkoxide ions was explored to give a range of model
compounds for fluorous soluble macrocycles (Table 2). Significantly, the 1°F NMR
chemical shift values for the ring fluorine atoms in the monoalkoxylated products
reveal a small substituent effect on the chemical shifts ortho-, meta- and para- to the
site of substitution and small substituent effects on the chemical shifts ortho- and
para- to the site of substitution were also recorded for the dialkoxylated products.
These features, together with the loss of a high frequency fluorine atom chemical
shift, enabled us to identify the 2- and 6-positions as the preferred sites for mono-
alkoxylation and dialkoxylation.

Table 2.

Reactions of Perfluoro-4-isopropylpyridine (1) with oxygen nucleophiles.

CF(CF3), CF(CF3), CF(CF3),
(136)F ~ X F136) Feo A F AF
+ ROHAOB | + |
2 ~ ~
8nF (’;‘) F-&7) F" N or RoO" N "oR

Figures in parentheses denote fluorine atom chemical shift (ppm)

Nucleophile Conditions Products (% Yield)
(ROH)

CF(CF3)2

F F(-146
KOH A Y 1

N oH
(5)
61%
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Nucleophile Conditions . Products
(ROH)

CF(CF3)2
-148)F Fr
CH;0CH,CH,0H A (-148) 5 (-146)
@nyf N O
H3CO
(6)
38%
CF(CFa)2
Fr X Fl4)
CH;0CH,CH,0OH B F
o N O
OCH3 HaCO
(7)
76%
(CF3)2
-149)F F(-135
CsH, OH A (-149) I (-135)
.91)F
(8) :
64%
CF(CF3)2
147\F
CegH,;OH B (-147) jl\/I%(
ole
(9)
65%

CF(CF3)2

F F(-135
CeHsOH A (-144) |F\ (-135)

_39)F N
(1 0)
66%

N\

CF(CF3)2

F

CeHsOH B f\/( (-140)
0 o)

© (11) O

72%
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CF(CFG))Z CF(CF3)2
F F F F

OH B | F\ + F\ (-140)
[;j O NTE o0™N""0o
AN
OCH3 OCHjy OCHg;
(12) (13)
3% 69%

Conditions:A, ROH (1 equiv.). Na or K, THF, Reflux, 24 h; Conditions: B. ROH (2 equiv.), Na or K,
THEF, Reflux, 24 h.

2.4. Reaction of Perfluoro-(2,4-diisopropyl)-pyridine with Sodium Methoxide.
The compound, perfluoro-(2,4-diisopropyl)-pyridine (2) was described
previously (Section 2.1) as a product formed in the reaction between
hexafluoropropene and pentafluoropyridine. Compound (2) was identified by
comparison of its 19F NMR and MS spectra with an authentic samplego.
Reaction of (2) with 1.25 equivalents of sodium methoxide yielded the
monomethoxylated derivative (14). Upon isolation, reaction between compound (14)

and 1.25 equivalents of methoxide ion afforded the dimethoxylated product (15).

CF(CF3), CF(CF3),
3,-116.0)F N F(5, -123.0) i MeO | x F(5,-113.9)
| ~ ~
2-829F" N° "CF(CFy), @-724F" N 'CF(CF,),
2 (14)

@ 65 %
CF(CF3), CF(CF3)2
MeO. o T 15.-1139) ’ MeO X 66 -127.4)
® =
@ -124F " N "CF(CF,), MeO™ N° CF(CFy),
(14) (15)
60 %

Reagents and conditions: i and ii, NaOMe (1.25 equivs.), MeOH, Reflux, 20 h.
Figures in parentheses denote: position and chemical shift (ppm)

A comparison of the '7F NMR chemical shift values for the ring fluorine
atoms 1n (2) and (14) reveals a small substituent effect on the chemical shift values

ortho- and meta- to the site of substitution. The absence of a resonance at -116 ppm,
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corresponding to the 3-F ring atom, suggested that the reaction had proceeded to
afford the 3-methoxylated product shown. In particular, large through space coupling
between F4a)-F(s) and Fea)-Fs) respectively provided conclusive evidence for the 3-

methoxylated product (14):
FaCal 4JrF 106.5 Hz

4FF124.8 Hz

We conclude from these observations that the activating influence of the
perfluoroisopropyl-groups, towards nucleophilic attack on the 3-fluorine atom, is
greater than the activating effect of the ring nitrogen on the 2-fluorine atom.

The 19F-NMR spectral data for compound (15) confirmed the presence of one
ring fluorine atom only. The notable absence of a resonance at -72.4 ppm found in
(14), corresponding to F(y), together with large through space coupling between F4,)-
F(sy and Fsa)-F(s) respectively, provided strong evidence for the 2,3-dimethoxylated
product (15) shown:

4\J|:|: 107.2 Hz

F (4a)

MeO =
() ’j_“JF;: 69.6 Hz
F
MeO” N7 N\¢ Y
FsC CF,

(15)

2.5. Reactions of Perfluoro-4-isopropylpyridine with Nitrogen
Nucleophiles.

Reactions between perfluoro-4-isopropylpyridine (1) and a series of amines
yield some potentially useful synthetic building blocks for the preparation of fluorous

soluble macrocycles.

2.5.A. Reaction of Perfluoro-4-isopropylpyridine and Methylamine.
The reactivity and regioselectivity of compound (1) towards nitrogen-centred
reagents has been assessed using methylamine as a model nucleophile. The addition

of methylamine to a solution of compound (1), in THF, afforded the monoaminated
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product (16) exclusively.

CF(CF3)2 CF(CFS)Z
@,-136.2)F - F ) as7.7)F o F66,-136.1)
I s o
@ot9fF N F

N
2,-86.8)F NHCH
(1) &% (16) :

73%

Reagents and conditions: i, MeNH» (2 equivs.), THF, r.t., 24 h.
Figures in parentheses denote: i, chemical shift (ppm)

Compound (16) was identified by considering its NMR and MS-data. A
comparison of the 19F NMR chemical shift values for the ring fluorine atoms in (1)
and (16) reveals a small substituent effect on the chemical shift values ortho-, meta-
and para- to the site of substitution. This feature together with the loss of a high
frequency fluorine atom chemical shift enabled us to identify the 6-position as the
preferred site for amination. Moreover, the calculated fluorine chemical shift data for
compounds (16a) and (16b) (Table 3) support amination at the 6-position, to give the
product (16), rather than at the 5-position.

Table 3.
CF3an) (ab)F3C.,
(4a)F —T~CF, F,C~T Fda)
@ F N F(5) (3 F N NHCH4
» »
@F N NHCH;  @F N Fg
(16a) (16b)
Chemical shifts (ppm) for ring fluorine atoms in (3a) and (3b)
2 3 5 6
*Calculated -93.4 -157.7 -138.7 .-
(16a)
*Calculated -86.0 -143.1 - -89.0
(16b)
Observed -86.8 -157.7 -136.1 -
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*Calculated using pentaﬂuoropyridinezg, 4-aminotetrafluoropyridine37 and perﬂuoro-4-isopropylpyridine90 as*

reference compounds.

2.5.B. Preparation of a Highly Fluorinated Bispyridyl-Building Block and
Derivatives.

In this section, we describe the synthesis of a highly fluorinated bispyridyl-
compound and some aza-substituted derivatives. In principle, this class of compound
can be used to prepare highly fluorinated mzicrocycles, incorporating 2,6-disubstituted
pyridine subunits and nitrogen-bridging atoms.

The reaction of compound (16) with butyt lithjum!!% !

resulted in hydrogen
lithium exchange to give a reactive lithium salt. The identity of the lithiated species
was confirmed by reaction with perfluoro-4-isopropylpyridine (1) to afford the
product (17). Compound (17) was characterised by 9F NMR spectroscopy which,
consistent with its symmetry, gives rise to 3 signals, in the ratio 1:1:1, for the ring

fluorine atoms shown:

CF(CF3), CF(CF3),
S |F
< ~
@ -868F N NHCH, N” " NCH,
6 Li*
i
CF(CF3),
(3,-140.3)F "X F(5,-125.2)
A\ ,CH,

@2-872F N N’

N\
N F CF(CF3),
(17) —
52%
Reagents and conditions: i, nBuLi (1 equiv.), THF, -78°C, 1 h.

i, Perfluoro-4-isopropylpyridine (1 equiv.), -78°C, 3 h.
Figures in parentheses denote: i, chemical shift (ppm)

2.5.B.i. Derivatives (18), (19) and (20).

The reaction of (17) with 2.5 equivalents of methylamine resulted in the

displacement of one 2-F atom to give compound (18), whilst the reaction of (17) with
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4 equivalents of either methylamine or diethylamine yielded the products, (19) and
(20) which result from nucleophilic substitution of both 2-F and 2'-F. The identities of
compounds (18)-(20) were established by MS and !F NMR analysis. In particular, a
comparison of the 1°F NMR chemical shift values for the ring fluorine atoms in (17)
and the products (18)-(20) reveals a small substituent effect on the chemical shift
values ortho- and para- to the site of substitution. In each example the absence of a

resonance at -87.2 ppm indicated that amination had occured to yield the 2- and 2'-
substituted products shown:
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CF(CFj3)»
@3, -139.0)F X—F (5, -139.0)
CHy

~
HaCHN™ "N N F(5,-139.0)

N/ \ CF(CF3)5

(2, -88.6)F F(3,-139.0)
(18)
68%
i
CF(CF3),
(3,-140.3)F X F(5,-125.2)
< CHj,

2,-872F7 N~ "N’

/
N F N CF(CFj3),

a7 =
i i
GF(CFa), CF(CFa),
3,-143.0)F F(5,-143.0
(3,-136.0)F X—F(5,-141.5) ( ) ‘ N ( )
~ CH H3CH20\ Z /CHS
HiC-n~ N” W ° N N N
. CHyCHg \
" F )—CF(CFa) F ) OF(CRa:
He |43c3Hzc:\|}J
<l3H3 CH,CH,
(19) (20)
680/0 510/0

Reagents and conditions: i, MeNH3 (2.5 equivs), THF, r.t., 20 h.
ii, MeNH> (4 equivs), THF, r.t., 20 h.
iii, EtaNH (4 equivs), THF, r.t., 20 h.
Figures in parentheses denote: position and chemical shift (ppm)

2.6. Conclusions.

In this chapter, we have demonstrated that perfluoro-4-isopropylpyridine can
be prepared conveniently, on a large scale, by reaction of pentafluoropyridine with
one stoichiometric equivalent of hexafluoropropene. A series of nucleophilic
substitution reactions between perfluoro-4-isopropylpyridine and oxygen- and

nitrogen-centered nucleophiles afforded a range of model compounds and building
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blocks for highly fluorinated macrocycles. The results obtained for reactions
involving perfluoro-4-isopropylpyridine were consistent with the preferred 2,6-

pattern of substitution described in Section 1.7.
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CHAPTER III

2,6-Pyridine-Bridged-Macrocycles.
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3. General Introduction.
In 1971, Pedersen reported a molecular host-guest complex between dibenzo-
18-crown-6 and thiourea'!? (D) and since then specific molecular recognition has

evolved into a new and increasingly important area of chemistry’ 13,114,

(D)

Molecular recognition1 15

can be defined as, "the study of polymolecular
entities and assemblies e.g. supramolecular complexes, formed between two or more
designed chemical species which are held together by non covalent forces"''%. In
nature, molecular recognition is a fundamental chemical process that controls
numerous significant biological reactions including: enzymatic reactions, substrate
binding to receptor proteins and cellular recognition1 17.118 14 living organisms, host-
guest complexation occurs both in homogeneous solution (A) and on the surfaces of

cellular membranes (B).
A. Host-Guest Complexation in a Homogeneous Solution
Separation
Transformation
. Oy
7+ O N

~ i
Host Guest Host-Guest Translocation
Complex

Transduction

B. Host-Guest Complexation at Membrane Surfaces

Guests{ A
O O OUA
mel DO 20 T\t@_l

Separation Transformation Translocatlon Transduction

e.g antibody-antigen  e.g. enzymatic e.g. channel e.g. fransmembrane

complex formation reactions mediated transport  signalling
Cyclophanes“g’ 120 or bridged aromatic macrocycles, represent the-central

class of synthetic receptors in molecular recognition. A feature of cyclophanes is their
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ability to transport ions or neutral molecules via their m-electron rich cavities: this
property enables them to mimic important biological recognition processes.
. 2 . .
Calixarenes'?!' are amongst the most studied synthetic meta-cyclophane hosts,

122

having been used to host both neutral guest molecules'** and metal ions'?®. For

example, para-t-butylcalix[4]arene (E) forms a 1:1 inclusion complex with para-

124 125

xylene =" and will also complex alkali-metal ions

Crovied )

(E)

The incorporation of heterocyclic groups into cyclophanes is becoming
increasingly important because heterocycles not only provide rigidity to macrocyclic
systems, but importantly, they can participate in complexation through their donor
atoms. For example, the macrocycle, (F), can stabilise a proton through its nitrogen

lone-pair orbitals'?®:

(F)

It was the aim of this work to develop routes to highly fluorinated
macrocycles, containing 2,6-disubstituted pyridine subunits and nitrogen and oxygen-
bridging atoms. Before new work is described, it is appropriate to outline some of the
more important synthetic pathways to 2,6-substituted-pyridine macrocycles. This
chapter is not intended to be a comprehensive text of the syntheses of all 2,6-bridged
pyridine macrocycles, as compounds of this type are too numerous to write an

. . - 2
exhaustive review. There are, however, a number of excellent texts'?’ and a
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128

particularly comprehensive review article'*°, that between them, describe the

majority of these compounds.

3.1. Introduction of 2,6-Substituted-Pyridine Macrocycles.
The first recognised 2,6-substituted-pyridine macrocycle, ’muscopyridine'129’

130 was isolated by Prelog13 ! from the odoriferous component of natural musk.

CHg

(+)-2-Me

The unique biochemical properties possessed by this compound provided a
stimulus to organic chemists to prepare synthetic analogues. In particular, numerous

carbon-, nitrogen-, oxygen- and sulfur-2,6-disubstituted pyridine containing
macrocycles have been made.

3.2. 2,6-Carbon-Carbon Bridged Macrocycles.

2,6-carbon-carbon bridged macrocycles can be defined as systems in which
the bridging carbon atoms are directly attached to the pyridine ring:

3.2.A. Pyridinophanes from Organometallic Reagents.
An effective way of generating C-C c-bonds involves the reaction of an

organometallic reagent with an activated site typically possessing a good leaving
group'32,
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Baker'3> 134 published the first synthesis of a [2.2](2,6)pyridinophane, by the
treatment of 1,2-bis(6'-bromomethyl-2'-pyridyl)ethane with either n-butyl- or

phenyllithium.
| X
~
| ~N i N Br
~
N | N\ Br
Br Br _

25%

Reagents: i, BuLi or PhLi (2.5 equivs), Benzene-Ether.

This approach has been successfully employed to produce higher
=3-9135,136,137

pyridinophane homologues (n

Similarly, Newkome'*® described the synthesis of a particularly elaborate
macrocycle, comprising of six unsubstituted pyridine units. The key step to this
synthesis, (iii), involves the cyclisation of an organolithium species to give a

polyfunctional macrocycle, from which molecular rigidity is irreversibly introduced.
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16%

Reagents and conditions: i, Se0y, AcOH, Reflux, 24 h; ii, HS(CH,)3SH, Toluene,
Reflux, S h; iii, nBuLi, THF, CH»(CH4Br),, 3 days, -45°C; iv, NBS, THF, CH30H;
v, HoNOH, HCI, AcOH.

3.2.B. Pyridinophanes from Dithiane Reagents.
A different approach to 2,6-carbon-carbon bridged macrocycles uses dithiane

compounds as starting materials.
Boekelheide and Lawson'>? published an interesting route to pyridinophanes
p g py p

via dithiacyclophane precursors: the reaction shown involves a two-step extrusion of

sulfur by a Stevens rearrangement.
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L2 Q o

S ——Me—
BrH,C CHzBr |\£/\|)
25%
SMe S*Me,
i iv V.

MeS M92+S 2BF .,
4

20%

Reagents: i, Na,S; ii, MeaQBFy; iii, KO'Bu, THF; iv, MegOBFy4 v, KO'Bu.

A more efficient route to pyridinophanes has been reported by Martel and

140

Rasmussen involving the thermal expulsion of sulfur dioxide, from the

corresponding sulfone:

AN
pedl

wn
//\\

O\\ v
-00-=2
b

pzd
\/+

o - . 46%
Reagents: i, (O); ii, Fe, CF3CO.H; iii, 680°C/0.01mm.

35



3.2.C. Calixpyridones and Calixpyridines.
In the area of heterocalixarenes, there are few reported examples of
calixpyridines. Newkome first published the preparation of a calix[4]pyridine

analogue, tetrapyridine tetraone'*!, from 2,2-bis(6'-bromopyrid-2'-yl)-1,3-dioxolane:

70%

Reagents: i, LiH, MeCN, 5% TMEDA-Benzene; ii, m-CPBA, CHCls; iii, c.HCI

The first 'true' calixpyridine, with the pyridine rings linked in the 2- and 6-
positions via a single sp3-hybridised carbon has only recently been reportedm. In this
elegant synthesis, dichlorocarbene!*® is used to insert carbon atoms into the 5-
membered rings of the parent calix[4]pyrrole. The subsequent elimination of HCI and

rearrangement produces a 3-chloropyridyl-ring:
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26%

Reagents: i, Cl3CCOsNa (15 equivs.), dioxane.
(N.B. The chlorine atoms indicated may be present in positions 'a’ or 'b")

It has been proposed that calixpyridines will eventually be utilised in waste
remediation processes, involving the selective complexation of transition- and other

heavy-metals.

3.3. Carbon-Nitrogen Bridged Macrocycles.
Carbon-nitrogen bridged pyridino-macrocycles can be categorised as systems
in which the bridging nitrogen atoms are directly bonded to the pyridine ring (G) or

compounds in which the nitrogen atoms are remote from the pyridine nucleus (H).

AN X

l
X\ N/ /X | /

U xzc cx2
(G)

X=Substituent

Borodkin'** has synthesised macroheterocycles (G) by heating 2,6-

diaminopyridine with appropriate dichlorides:
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Conditions: i, Hexanol, Reflux, 10 h.

Similarly, Barnfield and Mack have demonstrated that carbon-nitrogen

bridged macrocycles (G) can be prepared by a condensation reaction between 1,3-di-

AN
w
NH N‘ N {\1
\ .
sfenTreriee
p
H,N- N ONH | !
]
Ty

62%

iminoisoindole and 2,6-diaminopyridine:

Reagents and conditions: i, Methanol, Reflux, 20 h.

Highly conjugated carbon-nitrogen-bridged macrocycles such as these can be
utilised, for example, as paint pigments.

The synthesis of carbon-nitrogen-bridged pyridine macrocycles (H) is
normally achieved via condensation reactions using either 2,6-diacetylpyridine or a
2,6-pyridinedicarboxaldehyde. In these reactions, the final cyclisation step is often
facilitated by a carefully selected metal-ion template: it has been shown that the
presence of a suitable metal templating agent will always raise the yield of

macrocyclic product]45 .
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Curry and Busch'*® published the metal-ion mediated, Schiff-base
condensation reaction between 2,6-diacetylpyridine and triethylenetetraamine and

also tetraethylenepentamine to give the pentadentate and hexadentate macrocycles:

H-N N~H
v
H
11%

Reagents and conditions: i, FeCl, (1 equiv.), Ho0, Triethyltetraamine, 36 h.
i, FeClo (1 equiv.), HoO, Tetraethylpentamine, 24 h.

It is usual to reduce the resulting diimine compounds to the corresponding
saturated penta/hexadentate macrocycles. For example, the diimine macrocycle
obtained via the template directed (Ni2*) condensation of 2,6-diacetylpyridine and 4-
(dimethylamino)-1,7-diamino-4-azaheptane was hydrogenated to the saturated NiZ*

complexl‘”:



N
AN

Reagents and conditions: i, NiCl, .6H>O (1 equiv.), EtOH/H,0 1:1, CH3CO5H.
i, PtOg /H3,140 atm, 80°C, 48 h.

Rissanen has published an alternative route to polyazacycles, albeit a low

yielding preparation, involving a reaction between 2,6-bis(chloromethyl)pyridine and

piperazine, under high dilution conditions'#?:

N
I/
N
H
N N N N
-] 0O
N7 N N~ N
H
Cl Cl N
]
NS
8%

Reagents and conditions: i, NaxCOg3, THF/CH3CN (1:1.5), Reflux, 10 h.

The solubility of this particular macrocycle can easily be modified by

treatment with acid, thereby protonating the nitrogen atoms of piperazine.

3.4. Carbon-Oxygen Bridged Macrocycles.

Carbon-oxygen bridged pyridino-macrocycles can also be categorised as:
systems in which the bridging oxygen atoms are directly bonded to the pyridine ring
(I) or systems in which the oxygen atoms are remote from the pyridine nucleus (J).

Newkome'*? 150 hag reported a low yielding preparative route to pyridine

containing macrocyclic ethers (I) via nucleophilic displacement by alkoxide.
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N =0 0=
16% L ]
0 - °3

T
x
2%,

Reagents and conditions: i, Tetraethylene Glycol, NaH, Xylene, 140°C.

6

Cram has published pyridine containing macrocyclic ethers'?®, in which the

bridging oxygen atoms are not directly bonded to the pyridine ring (J):

N SN
OH OH 0 0
\/ O\/
(J)
29%.
Reagents and conditions: i,‘BuOK,Tetraethyleneglycolditosylate,THF.

AN

Br Br I =

14%
Reagents and conditions: ii, NaH,Ethylene glycol THF.

41



A : C 11514153
This general procedure has been applied to prepare not only achiral " "177 but
also chiral macrocycles'54, which display efficient chiral recognition towards various

ammonium salts.

AN
I 0
5
N)\ <
O O
] - A
% O o—,
N iy N -
N N
Br Br | N O]/
P
15%

Reagents and conditions: i, DMF, 95°C, Na.

3.4. Carbon-Sulfur Bridged Macrocycles.
Carbon sulfur bridged pyridino-macrocycles can be also be classified as
compounds in which the bridging sulfur atoms are directly bonded to the pyridine

ring (K) or systems in which the sulfur atoms are remote from the pyridine nucleus

(L).

Vogtle155

published an effective synthesis of carbon-sulfur bridged
macrocycles (K) in which 2,6-pyridinedithiol was treated with an appropriate

dihalide:

AN
] - . |N/
_ S S
HS N 'sH
Br Br
(K)
28%

Reagents and conditions: i, KOH, MEK, Reflux, 36 h.

This approach has been successfully employed to produce higher homologues,
containing polythioether linkages. These macrocycles readily form complexes with
heavy metal ions including, silver-, gold- and mercuric-ions

Reistad'® has reported an interesting route to a macrocycle (K), incorporating

three pyridine units, via the intermolecular condensation of 6-chloropyridine-2-
thione:



28%

Reagents and conditions: i, P,Ss, 130°C.

Finally, Boekelheide has shown that sulfur-bridged macrocycles (L) can be
prepared. in reasonable yields, by the nucleophilic substitution of a dihalide with an

appropriate bismercaptide'™.

CH,Br XN
~ ; | ~
| " — //(Nj\\

SH SH CH,Br

(L)
48%

Reagents and conditions: i, NaOH, Benzene, r.t, 12 h.



CHAPTER IV

Synthesis of Highly Fluorinated Macrocycles.
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4. Introduction.

The selective binding of ionic substrates to organic host molecules (e.g.
enzymes, antibodies or membrane transporters) is a fundamentally important process
in biological systems. Molecular recognition of charged species is now practicable
using synthetic hosts, for example, macrocyclic polyamines and polyethex‘5157"6l. In
the previous chapter, low yielding routes towards pyridine containing polyamino-
(Section 3.3) and polyether-macrocycles (Section 3.4) were described, and we saw
that pyridine inclusion imparts enhanced complexation properties through the basic
nitrogen atom (Section 3).

In this chapter, we aim to synthesise a range of highly coordinating, fluorous
soluble macrocycles from the compound, perfluoro-4-isopropylpyridine. The
coordination properties of these macrocycles will then be determined by metal ion

extraction techniques.

4.1. Polyether-Macrocycles.
In this section the syntheses of a range of possible perfluorocarbon soluble
macrocycles, containing polyether backbones, from perfluoro-4-isopropylpyridine (1)

15 addressed.

4.2. Reaction of Perfluoro-4-isopropylpyridine with Resorcinol and 1,3-
Dihydroxytoluene.
Perfluoro-4-isopropylpyridine (1) reacts with the disodium salt of resorcinol to

afford a product (21) having a mass consistent with the bipyridyl system shown:

CF(CF3),
AN
| F
2
CF(CF3)2 ONa N O
AN AN .
o || F + ’|\/ S + Intractables
P
= ONa 80%. conversion
(1) N o
F |
~
CF(CFj3),
(21)

17%. conversion

Reagents and Conditions: i, CsF, monoglyme, reftux, 40 h



In this particular experiment, the isolation of (21) was not atterhpted owing to
the complexity of the product mixture. The MS data obtained for the intractable
components gave fragment ions with masses consistent to those units of general
structure:

F(CF3)s

2.c5)

An alternative strategy towards the synthesis of compound (21) utilised
162-164

n=2-3

fluoride ion promoted desilylation methodology to give reactive sources of

alkoxide ion:

R-OH M€aSICL_ g 0. siMe, R-O" + FSiMe,

The difunctional silyl ethers, (22)'63 and (23)165 , were prepared by reaction of
the appropriate diols with trimethylsilylchloride.

OSiMegy
i OSiMe,
R=H or CH,4 (22) (R=H) 85%

(23) (R=CHs) 90%

Reagents and conditions: i, Trimethylsilylchloride (2.5 equivs.), Pyridine (2 equivs.),
Pet-Ether (60-80°C), Reflux, 4 days.

In the presence of caesium fluoride catalyst, (22) or (23) reacted with
compound (1) to afford the compounds (21) and (24) respectively. In these
experiments, it was necessary to employ an excess of reactant (1) to inhibit the
formation of intractable components. Anhydrous reaction conditions were paramount
to the success of these reactions and so both experiments were conducted under an
atmosphere of dry nitrogen, in sodium dried solvent and using anhydrous caesium
fluoride catalyst.
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CF(CFy),
21 (138)F < - F 21 (-142)

24(137) || 24 (-145)
~
CF(CF3)2 OSIMea 21 (-89)F N O
4 24 (-91
Fa o F(-136) : ton)
10 + R
~
F” N" “Feer) R OSiMeg
(1) (22) or (23) F N ‘ ©
FOYOF
CF(CF3),

(21) R=H, 70%
(24) R:CH3, 72%
Reagents and conditions: i, CsF, monoglyme, reflux, 40 h.
Figures in parentheses denote fluorine atom chemical shift (ppm).

A comparison of the !°F NMR chemical shift values between the ring fluorine
atoms, in (1) and (21) and (24), reveals a small substituent effect on the chemical
shifts ortho-, meta- and para- to the site of substitution also the disappearance of high
frequency chemical shifts corresponding to ring fluorine atoms was recorded. These
observations, together with the data accrued for model compounds in Section 2.3,
enabled us to identify the 6-position as the preferred site for alkoxylation in
compound (1). Mass spectrometry gave molecular ions of mass 708 and 722

corresponding to the structures (21) and (24) respectively.

4.3. Preparation of Macrocycles (25), (26) and (27).

The fluoride ion induced cyclisation of compounds (21) and (24) was
achieved by reaction with a further equivalent of either (22) or (23), under high
dilution conditions'®6-168_ In the absence of excess solvent high molecular weight

oligomers (Section 4.2) were formed predominantly.
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CF(CF3,), CF(CF3),

21 (-134)F F21(142) 142)F X —F 25, 26, 27 (142
21 A Y (145) 25, 26, 27 (-142) (142)
~ P
2189 N 0o N" "o
24 (-91)
R —— R, Ry
F. _N. O Oo. N. O
] ]
N F Y OF
CF(CF3), CF(CF3),
(21) R=H (25) Ry=H, Ry=H, 64%
(24) R=CH, (26) Ry=H, R,=CHs, 64%

(27) R1=R2=CH3, 6370

Reagents and conditions: i, Compound (22) or (23) (1 equiv.), CsF, monoglyme, reflux, 40 h.
Figures in parentheses denote fluorine atom chemical shift (ppm).

In the 19F NMR spectra for compounds (25)-(27), the notable absence of
resonances between -89 ppm and -91 ppm confirmed that cyclisation had proceeded
at the 2-F positions. Only one type of ring fluorine atom was detected for each of the
symmetrical products, corresponding to 3-F (-142 ppm). These observations were
consistent with data obtained for 2,6-dialkoxylated model compounds (Section 2.3).

Mass spectrometry gave molecular ions of mass 778, 792 and 806
corresponding to the structures (25), (26) and (27) respectively.

A crystal of compound (27) was grown from toluene and the x-ray
crystallographic data obtained confirmed our structural assignment. In the diagram
shown the perfluoroisopropyl-groups have been omitted for reasons of clarity; at
-Toom temperature, these groups give rise to dynamic disorder resulting from a
stepwise movement between energy minima'®®. It was possible to determine the
cavity size for the 16-membered ring in (27), by measuring the appropriate

a+!70 would

interatomic distances (Table 1). Based on these data, a high affinity for N
be anticipated and presumably this would be the case for the analogues (25) and (26).
The compounds (25)-(27) are all soluble (0.5 g in 5 ml) in perfluorodecalin at

110°C.
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Table 1. Compound (27), Macroring Interatomic Distances.

Atoms Distance (A)
02-04 6.79
01-03 6.55

NI -N2 479
C6-Cl18 4.53
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4.4. Preparation of Macrocyeles (29) and (31).

By extending the desilviaion methodology {section 4.21 we have synthesised
two further macrocycles.

Macrocycle (29) was prepared by reacting 1.2-bis(irimethylsilyloxviethane

with compound (1).1n the presence of cassium fluoride catalvst.

(-87)F N F ~ / -
(1)
PN
(F3C)oFC
(28)
92%
CF(CF3); CIF(CF3)2
(-147)F T (-138) (-145)F o M (-145)

0 /N\‘/F 0 /N\’(O
F/\l/kf: FONE
(F4C)oFC (F4C),FC
(28) (29)
83%

Reagents and conditions: 1, 1.2-Bis(trimethyisilyloxyjethane (0.5 equivs.), CsF,
Monoglyme, Reflux, 4 days.
i, 1,2-Bis(trimethylsilyloxy)ethane (1 equiv.), CsF,
Monoglyme, Reflux, 4 days.
Figures in parentheses denote fluorine atom chemical shift values.

A comparison of the 'F NMR chemical shifi data. for the ring fluorines in
compounds (1) and (28). reveals a small substituent effect on the chemical shifts
ortho-. meta- and para- 1o the site of substitution also the disappearance of high.
frequency chemical shifts corresponding to ring fluorine atoms was recorded. These
observations. together with data obtained for model compounds (Section 2.3},
enabled us to conclude that alkoxylation had occurred at the 6-pasition. in (1), 10
vield (28).

Reaction of (28) with 1.2-bisttrimethyisilyloxy)ethune and CsF in monoglyme
vave macroevele (29) in good vield,
To wccount for the excellent product vield. we propose that the cuesium
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fluoride catalyst facilitated the cyclisation step via a templating effect'*?. The
elemental analysis data and mass spectrometry data (molecular ion 682) for (29) were
“all in agreement with the structure shown. In the !F NMR spectrum for (29), the
notable absence of a resonance at -91 ppm, corresponding to the 2-F ring atom in
(28), indicated that cyclisation had proceeded to afford the macrocycle shown.
Consistent with the symmetrical nature of (29), only one type of ring fluorine atom
was observed corresponding to 3-F (-145 ppm) and these results were consistent with
data obtained for 2,6-dialkoxylated model compounds (Section 2.3).

Using toluene as a recrystallisation solvent, it was possible to grow adequate
crystals of (29) for structural analysis. The X-ray structure determination for (29)
showed a product in which the macroring adopts a chair-like conformation with the
two nitrogen atoms pointing inwards. It can be seen that the perfluoroisopropyl-
groups exist in their minimum energy conformations®>, where the trifluoromethyl-
groups are in front of and behind the pyridine ring. The cavity size for the 14-
membered ring, in (29), was determined by measuring appropriate interatomic
distances (Table 2). Based on this ring size and the number of potentially
coordinating atoms (2N and 40), a high affinity for Na* would be anticipated”o.

The highly fluorinated macrocycle (29) is completely soluble (0.5 g in 5 ml)
in perfluorodecalin at 110°C.
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Table 2. Compound (29), Macroring Interatomic Distances.

Atoms Distance (A)

N;-Nja 3.61
0-0y 4.67
02-094 6.04
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Similarly, compound (1) reacted with the disilylether of diethylene glycol to
afford (30) in good yield. The identity of (30) was confirmed by elemental analysis,
mass spectrometry (molecular ion 704) and n.m.r studies. Again a comparison of the
I9F NMR chemical shifts for the ring fluorines in (1) and (30), reveals a small
substituent effect on the chemical shifts ortho-, meta- and para- to the site of
substitution also the disappearance of high frequency chemical shifts corresponding
to ring fluorine atoms was recorded. These observations enabled us to conclude that
alkoxylation had occurred at the 6-position.

CF(CFg),
(148)F X F-136)
GF(CFs), OSiM 0 IN/ F
iMe A
F F 3 -91)
(-136)
N + [O ! l-\—O
s
«nf N °F OSiMe, [-O N F
(1) z |
N E
F.C),FC
3C)2 30)
83%
CF(CF3), CF(CFj3)

(-148)F o F136) (- 146)ij'rF( 146)
| |
0 + Eo ‘ o o
[ 0 OSiMe,

/NlF /l
GG LI

(F4C),FC (F3C),FC
(30) (31)
89%

Reagents and conditions: i, CsF, Monoglyme, Reflux, 4 days.
Figures in parentheses denote fluorine atom chemical shift value (ppm).

Compound (30) reacted with a further equivalent of the disilylether of

diethylene glycol to afford macrocycle (31). The excellent product yield recorded for

171, 172

this reaction can be attributed to a template effect involving Cs*: because in
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principle this ion can organise the reactive sites to preferentially yield the macrocyclic
product (31).

In the 19F NMR spectrum for (31), the absence of a resonance at -91 ppm
indicated that cyclisation had occurred at the 2-F positions, to yield the macrocycle
shown. Accordant with the symmetrical nature of (31) only one type of ring fluorine
atom was observed corresponding to 3-F (-146 ppm). Again these observations were
consistent with the data accrued for 2,6-dialkoxylated model compounds (Section
2.3). The elemental analysis data and mass spectrometry data (molecular ion 770) for
(31) were all in agreement with the structure shown. This highly fluorinated
macrocycle (31) is completely soluble (0.5 g in 5 ml) in perfluorodecalin at 110°C.

A crystal of (31) was grown from toluene and the X-ray crystallographic data
obtained agreed with our structural assignment. The macrocycle adopts a boat-like
conformation which is perhaps surprising given the proximity of the sterically
demanding perfluoroisopropyl-groups and so we attribute this conformation to n—7
electrostatic interactions!”® between the adjacent pyridine rings. By measuring the
interatomic distances between appropriate atoms it was possible to determine the
cavity size for this 20-membered macroring (Table 3) and based on the metal ion-

170

macroring size compatibility theory ™, a high affinity for K+ is anticipated for (31).
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Table 3. Compound (31), Macroring Interatomic Distances.

Atoms Distance (A)
Ni-Nj 4.95
0,-Os 4.84
N;-O, 2.91
N;-Os 2.86
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4.5. Alkali Metal Picrate Studies Involving Macrocycles (27), (29) and (31).
Having synthesised the macrocycles (27), (29) and (31), we then proceeded to
investigate the abilities of these systems to complex metal cations. Ultimately, it is
our intention to synthesise macrocycles that can extract metal ions into fluorocarbon
solvents, from organic or aqueous media, at room temperature. It has been shown,
however, that the compounds (27), (29) and (31) are only soluble in perfluorocarbons,
such as perfluorodecalin, at elevated temperatures. Therefore, in order to assess the
metal-ion transport properties of these compounds at room temperature, aqueous
solutions of Li*, Na*, K+ and Cs* picrates were extracted with CH,Cl; in the presence

of either (27), (29) or (31). It should be noted that the hosts and their complexes were
soluble only in the CH,Cl, layer upon equilibration.

M* M+ Agitation LM Equilibration | m+
+ . —_» L ., .
.M: M M* L o M
Lyt L . LM*
_—L a M ,\LA M
+ LM+
CHoCly~ b—

L = Macrocycle (27), (29) or (31)
M*= Group | metal ion
LM*= Macrocycle-Metal lon Complex

After agitation and equilibration, the distribution of metal ions in the aqueous
phase were determined by UV—spectrometryl74'”6. In this approach the % of metal
picrate extracted by the macrocycle was calculated from:

% ExtractiOn = 100 (Absbefore - AbSafter)/AbSbefore
where, Abspefore 1S the absorbance of a similarly diluted sample of the unextracted

alkali metal and Absafter is the absorbance of the alkali metal picrate after extraction.

The results obtained for the extraction experiments are outlined in Table 4:
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Table 4. Alkali metal picrate extractions from aqueous solutions into
dichloromethane by macrocycles (27), (29) and (31).

Macrocycle Picrate Extracted (%)
Lit Nat K+ Cst
27 15 40 10 10
29 10 45 10 -
31 10 70 15 15

Analysis of these results shows the selectivity order for each macrocycle to
be: (27), Na* > Lit > K*=Cs+*; (29) Na* > Li*=K* and (37), Nat>> K+=Cs*+> Li+.
Evidently, each macrocycle has a higher selectivity for sodium ions: in particular, the
20-membered macrocycle (31) exhibited strong binding towards Nat ions. The
highest extraction of Na* is observed for both (27) and (29)170: overall, the extraction

efficiencies and selectivities of these macrocycles were comparable.

4.6. Electrospray Mass Spectrometry Studies Involving Macrocycles (27), (29)
and (31).

Electrospray mass spectrometry (ESMS) was also used to demonstrate the
complexation of metal-ions (M*) by suitable ligating agents (L)'”7. Using the ESMS
technique we have attempted to determine the complexation abilities of the
macrocycles (27), (29) and (31) towards group I metal ions. All spectra were recorded
using 1:1 M*:L ratios over a range of concentrations, from 104 to 10-M in
methanolic solution, employing alkali metal triflates as cation sources.

Macrocycles (27) and (29) underwent fragmentation in the mass spectrometer
and so meaningful ESMS data could not be obtained for their corresponding metal-
ion complexes. However, in a competition experiment between the ions, Li*, Nat, K+
and Cs*, macrocycle (31) showed exclusive discrimination for Na*. This result was

consistent with our earlier liquid-liquid extraction results (Section 4.5).
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4.7. Preparation of Polyamino-Macrocycles.

In this section we aimed to synthesise a range of fluorous soluble
macrocycles, containing polyamine backbones, from perfluoro-4-isopropylpyridine
(1). In principle, such compounds ought to complex metal ions through their nitrogen

lone-pair orbitals'?®,

4.8. Preparation of Macrocycle (34).
Reaction of N,N'-dimethylethylenediamine with compound (1) gave the
products (32) and (33):

CF(CF3),
-132 F(-153
CF(CFa), ‘)\F Ny e | CF(CFa)
(136 T N~ N7 Frs0) N Fi1s6)
Z NON__F ¥ [ »
s7F N °F /T | fIl N" Fog
(1) A (33)
F F 12%
(F3C)oFC
(32)
73%

Reagents and conditions: i, N,N'-dimethylethylene-diamine (0.5 equivs.), THF, t, 1hr.
Figures in parentheses denote fluorine atom chemical shifts (ppm)

The compounds (32) and (33) were separated and characterised by elemental
analysis, mass spectrometry (molecular ions 686 and 367 respectively) and n.m.r
studies. A comparison of the '9F NMR chemical shift values in (1) and (32) reveals a
small substituent effect on the chemical shifts ortho-, meta- and para- to the site of
substitution also the disappearance of a high frequency chemical shift corresponding
to a ring fluorine atom was recorded. These observations, together with the data
accrued for model compounds (Section 2.5.A), enabled us to identify the 6-position
as the preferred site for amination in (1). Similarly, there is a small substituent effect
on the chemical shift values mera- and para- to the sites of substitution in (33) which
allowed us to elucidate the substitution pattern illustrated.

Reaction of (32) with N,N'-dimethylethylene-diamine afforded the macrocycle
(34) in reasonable yield. In the '9F NMR spectrum for (34), the absence of a
resonance at -90 ppm confirmed that cyclisation had proceeded at the 2-F position.
Accordant with the symmetrical nature of (34) one type of ring fluorine atom was

observed corresponding to 3-F (-146 ppm). The elemental analysis and mass
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spectrometry (molecular ion 734) results obtained for (34) were in agreement with the

structure illustrated:

CF(CF3)s, CF(CF
(- 132)F F(-153) (-146)F F( 146)
| \
F( 90 _ i N
l |
F F
(F3C)oFC (F3C)oF
(32) (34)
60%

Reagents and conditions: i, N,N'-dimethylethylene-diamine (2.0 equivs.), THF, rt, 20 hr.
Figures in parentheses denote fluorine atom chemical shifts (ppm)

This highly fluorinated macrocycle (34) was shown to be completely soluble

in perfluorodecalin at 110°C.

4.9. Attempted Preparation of a Macrocycle Containing Four Pyridine Subcyclic
Units.

The primary objective of the work described in this section was to synthesise

perfluorocarbon soluble macrocycles, (M) or (N); which contain aiternating pyridyl

units derived from the building block (17).

CF(CF.,)
CF(CFy), 2
N
I S VLRl
NTNTN
H4C-. N\ ,CH,
NG ONT N L/\N 1
— 7\ ] I\
(F4C).FC F N N F )—CF(CF3)y  (Fi0)FC—( F N N’ F S— CF(CF;),
N N N. ~N N
Nz CH
H,C U 3 EN N N]
N / Y \
F
CF(CF,), X
(M) CF(CF;),
(N}
(F3C)2FC, CF(CF3),

e .C@

an
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Under anhydrous reaction conditions, compound (18) was reacted with nBuLi
(1.25 equivs.) to give the lithio-salt shown. Trapping of the lithiated species by (18)

(1 equiv.) proved unsuccessful and after work-up only starting material was

recovered.
CF(CFy), R CF(CF3), ]
F — | )lF
CH - ¥ CH
HaCHN N8 HaCN N7 N8
/4 /
(18) L _
i i
\
\
F.C),FC CF(CF
(F3C)2 | (CF3)2 (;g)/
—~I \ oc:
\FINF
N N=
Hac\N N/CH3
— /4
F N NF
(F3C)oFC g/ = CF(CF3),
NHMe

Reagents and conditions: i, nBuLi (1.25 equivs.), THF, -78°C, 0.5 h.
ii, Compound (18) (1 equiv.), THF, -78°C-25°C, 3 h.

We then examined the prospect of cyclisation of compound (17) with N,N'-
dimethylethylene-diamine to potentially yield macrocycle (N). The reaction of (17)
with 1 equivalent of N,N'-dimethylethylene-diamine resulted in the formation of
product (35):
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CF(CF3), CF(CF3)2

(1 40)F N F(-125) : E 'L I A F (-143)
A\ CH N A .CH
wf NONTF | NN Flaz
/4 /4
NN CF(CF3), Y CF(CF3),
(17)F F (35) F90) F(-141)
60%

Reagents and conditions: i, N,N'-dimethylethylene-diamine (1 equiv.), THF, reflux, 40 h.
Figures in parentheses denote fluorine chemical shift (ppm).

The identity of (35) was confirmed by its mass spectra (molecular ion 677),
elemental analysis data and n.m.r spectra. The !9F NMR spectrum showed four
resonances, in the ratio 1:1:1:1, corresponding to the ring fluorines illustrated.

We attempted to suppress the intramolecular cyclisation process, leading to
compound (35), by employing a deficiency of N,N'-dimethylethylene-diamine.
However, under identical reaction conditions compound (17) (5 equivs) was shown to
react with N,N'-dimethylethylene-diamine (1 equiv.) to give (35) exclusively.

Similarly, the reaction of (17) with two equivalents of N,N'-dimethylethylene-
diamine proceeded efficiently and substitution of the ring fluorines shown occurred to
afford (36). As a consequence we were unable to synthesise the range of

polyaminated macrocycles outlined earlier.

CF(CF3), | CF(CF3),
(1907 X - F129) i E N— X F141)
N/ C ng N N/ CHj
(87)" N | N F
/ /
NN CF(CF,), NN CF(CF3),
ot T oo, T

Figures in parentheses denote fluorine chemical shift (ppm).
Reagents and conditions: i, N,N'-dimethylethylene-diamine (2 equivs.), THF, refiux, 40 h.

The elemental analysis data and mass spectrometry data (molecular ion 725)
for (36) were all in agreement with the structure shown and the 1F NMR spectrum

showed one ring fluorine signal, at -141 ppm.
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4.10. Conclusions.

A series of highly fluorinated have been conveniently prepared from the
compound perfluoro-4-isopropylpyridine. The metal ion complexation properties of
the polyether macrocycles were determined by the solvent extraction of alkali metal
picrates, from aqueous solutions into dichloromethane. These macrocycles were
soluble in perfluorodecalin, at 110°C, and are therefore expected to have applications

in fluorous-phase metal 1on separation'm’ 108, 178



CHAPTER YV

Bromination of Perfluorinated Aromatic
Heterocycles.
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5. General Introduction.
Owing to the importance of pyridine derivatives, in for example, medicinal

and agricultural applicaltions179

, numerous synthetic pathways have been developed
towards functionalised pyridines. There are essentially two main apprdaches for the
synthesis of highly substituted pyridines: i) the modification of a preformed pyridine
nucleus'®® and ii) formation from heterocycloaddition methodologies'8!.

It was our aim to synthesise a range of highly substituted pyridine derivatives
from 2,6-dibromo-perfluoro-4-isopropylpyridine. Before the new work is described, it
is appropriate to review procedures for the replacement of fluorine by bromine in
perfluorinated heterocycles. The chemistry of these polyhalogenated compounds will

then be outlined.

5.1. Bromination of Perfluorinated Aromatic Heterocycles.
The introduction of bromine atoms into perfluorinated aromatic systems is
useful in synthesis because brominated centres exhibit different reactivities to those in

the parent compound. There are principally two approaches for exchanging fluorine
by bromine in perfluorinated heterocycles: i) using Lewis acids (BBr3 and AlBr3) and
i1) using Bronsted acids (HBr).

5.2. Bromination of Perfluorinated Heterocycles by BBr3 and AlBr3.

Musgrave!®? has published an account of bromine-fluorine exchange reactions
between perfluoroquinoline and the Lewis acids, BBr3 and AlBrs.

Br
= i =
Fll—— F |
NG N
N N Br

88%

Reagents and conditions: i, Excess BBrg, Carius Tube,150°C, 55 h.

= i =
Fll—— F
NS N

N N Br

74%
Reagents and conditions: i, Excess AlBrg, Carius Tube,120°C,120 h.

In the case of the reaction involving AlBr3, an intramolecular reaction

mechanism was proposed for bromination at the site ortho- to the ring nitrogen:
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F F
F F
> = >
N +N F +N ' F
| | !
-AIC

-Al.

Br”f ' B “aT
r Br r Br érBr
F F
~N F N F
— I Le—F T
NV F N B
Al? -Al.
Br” Br Br” ' 'F
Br

For the reaction involving BBr3, it seems likely that reaction at the site ortho-
to the ring nitrogen also operates via an intramolecular reaction. However, an
intermolecular reaction must occur at the position para- to the ring nitrogen. This
would involve the donation of a pair of electrons by the 4-F atom to BBr3, followed

by the exchange of bromine for fluorine.

B B
Bri. Br Bre ?ZF
F F Br
| T e ~F
+f\|| Br +l}l Br +I}J Br
-B -B -B
Br”F Br” T F Br T F
Br " Br " Br
|
‘ Br
o
| — | + 2BBr,F
~
| N Br
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5.3. Bromination of Perfluorinated Heterocycles by HBr.

183

Chambers ™ reported the acid-induced replacement of fluorines ortho- and

para- to the ring nitrogen in pentafluoropyridine, heptafluoroquinoline and

heptafluoroisoquinoline, to give the brominated derivatives shown:

Br
N i F N F
N Br N Br
31%

Reagents and conditions: i, HBr (2.5 mol), Sulfolane, Carius Tube,
100°C for 20 h then 130-160°C for 48 h.

Br
= i =
Fll— F
N N Br

61%

Reagents and conditions: i, HBr (4 mol), Sulfolane, Carius Tube, r.t, 48 h.

ZN i Z
< N < N
Br

61%
Reagents and conditions: i, HBr {3 mol), Sulfolane, Carius Tube,135-145°C,142 h.

Similarly, Musgrave182 has reported that when HBr is bubbled through an
ethereal solution of tetrafluoropyridazine all of the fluorine atoms are substituted:

(F e
F ..~ Br
N”N Nf,N

Reagents and conditions: i, HBr, Ether, 20°C.

The tetrabromopyridazine formed is unstable and so an accurate yield for this

product has not been reported.
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The reactivity displayed in these experiments can be attributed to initial
protonation of the ring nitrogen which activates fluorines at the positions ortho- and

para- to the ring nitrogeh to reaction, for example:

| F\/ HBr @ Q——»etc
H \ / H
Bm,(j

5.4. Bromination of Perfluorinated Heterocycles by HBr and AlBrs;.

Chambers '8 has recently reported an efficient acid-induced exchange of
fluorine by bromine, in pentafluoropyridine, tetrafluoropyrimidine and
hexafluoroquinoxaline, by heating the appropriate heterocycle with the superacid
formed between HBr and AlBr;. Musgrave has proposed that reactions of this type
proceed by attack of AlBr4~ on the protonated heterocycle.

OfI

91 %
Reagents and conditions: i, HBr, AlBrs, Autoclave,150°C, 84 h.

Br

CJ—" )\

91 %
Reagents and conditions: i, HBr, AlBr3, Autoclave,150°C, 43 h.

e G GXX

68% 13%

Reagents and conditions: i, HBr, AlBrg, Autoclave,150°C, 68 h.
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CO5H

MgBr I

5 9%

68%

Reagents and conditions: i, Mg, THF, -20 to -10°C, 1h.
i, COg, -10°C, 2h, H2S80y4.
iii, Pentafluoropyridine, -35 to -40°C, 1h.

The 4,4'-octafluorobipyridine compound was also obtained by the Ullman

186

coupling™®" technique.

Br

(F] —=nN F > F N
ri/ N/ —

40%
Reagents and conditions: i, Cu,DMF, Reflux, 5h.

Similarly, 4-bromo-tetrafluoropyridine can be converted into the

187

corresponding zinc'®’, cadmium'®” and copperm' 188 derivatives, from which a range

of 4-substituted pyridine compounds can be synthesised.

F
CF;
B MBr CuBr F—r
F X F i F | N F ) F l N F , F | N F
| - - ~ - s s
F N F F N F F N F F N F
M =CdorZn 85%

Reagents and conditions: i, Zn or Cd, DMF, r.t., 5 min; ii, CuBr, OMF, r.t., 10 min;
i, 1-lodo-perfluoropropene.
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5.5. Synthesis of 4-bromotetrafluoropyridine from 4-aminotetrafluoropyridine.
Chambers*! published the synthesis of 4-bromotetrafluoropyridine from 4-

aminotetrafluoropyridine.

NH, Br
N A
| F |1 F_
N
61%

Reagents and conditions: i, HF (ag), NaNOy, CuBr, KBr, -20°C, 1 h.

In this reaction, the reduction of 4-nitrotetrafluoropyridine to the 4-amino-
compound occurs prior to diazotization by hydrofluoric acid. The diazonium salt
formed then reacts with cuprous bromide and is converted into 4-

bromotetrafluoropyridine.

5.6. Reactions involving Bromofluoroheterocycles.
Bromofluoroheterocycles are known to react with a wide range of

nucleophiles giving the exclusive displacement of either fluorine or bromine.

3.7. Reactions involving 4-Bromo-tetrafluoropyridine.

Chambers*! published a series of reactions involving 4-bromo-
tetrafluoropyridine. The reaction of 4-bromo-tetrafluoropyridine with nucleophilic
reagents e.g. aqueous ammonia, potassium hydroxide and sodium methoxide resulted
in exclusive displacement of fluorine, rather than bromine, to give 4-bromo-2-amino-,

-2-hydroxy- and -2-methoxytrifluoropyridine shown:

Br Br
| o~ Nuc ~
Fl— |
= =
N X
Nuc X Reagents and conditions:
NH3 -NH, NHj; (aq), Carius tube, 85°C, 2h.
KOH -OH KOH, tBuOH, Reflux, 2h.

NaOCH3 -OCH; NaOMe, MeOH, 0°C, 30min.

At low temperature, 4-Bromo-tetrafluoropyridine can be readily converted
into a Grignard reagentlg". The reactant, tetrafluoro-4-pyridylmagnesium bromide
was readily carboxylated and also reacted with pentafluoropyridine to give a 4,4'-

octafluorobipyridine.



5.8. Reactions involving 2,4,6-Tribromo-difluoropyridine.
Chambers'® has published a series of reactions involving 2.4,6-
tribromodifluoropyridine and a range of nucleophiles. Hard nucleophiles, including

methoxide ion, displaced fluorine exclusively.

Br Br

F F X F
| N Nuc | N
= ~

Br N Br Br N Br

Nuc X Reagents and conditions:
NHj3 -NHs,  NHg (ag), CH3CN, Carius tube, 85°C, 2h.
KOH -OH KOH, tBuOH, Reflux, 3h.

NaOCHz -OCHs NaOMe, MeOH, r.t., 60h.
NaOPh -OPh NaOPh, Et,0, Reflux, 23h.

In contrast soft nucleophiles, such as diethylamine, displaced bromine

exclusively.
Br Br
F F F F
I N Nuc I N
= =
Br” "N Br Y© 'N° Br
Nuc Y Reagents and conditions:
EtoNH EtoN- EtoNH, CH3CN, Carius tube, 50°C, 95h.
PhSH PhS- PhSH, CH3CN, Reflux, 19h.

Piperidine Piperidinyl- Piperidine,CH3CN, Reflux, 23h.

This apparent selectivity has been attributed to the established preference for
hard nucleophiles to react at hard sites (C-F) and soft nucleophiles to react at soft
sites (C-Br)'®.

2,4,6-Tribromodifluoropyridine184 has been shown to undergo lithium-
bromine exchange readily, exclusively at the 4-position, with n-butyllithium. The
lithiated species is readily converted into the 4-allyl-derivative upon reaction with
allyl-bromide:
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Br Li

F F F
] |\ F_n_, | ] i ]
s ~ P
Br N Br Br N Br Br N Br
71%

Reagents and conditions: i, BuLli, Et50, -78°C; ii, CHo,CHCHyBr, -78°C.

5.9. Reduction of Bromofluoroheterocycles.
Chambers '3 recently reported the catalytic reduction' °9  of

bromofluoroheterocycles as a viable route to a range of hydrofluoroheterocycles.

Br
F N F _ F X F
i
DD
Br N Br H N H
63%
Br
F F
SRS
~
Br N Br H N/ H
100%

Reagents and conditions: i, Pd/C, H, (4 bar), EtgN, CHxCl,, r.t.

N Br N H
L CLX
N Br N H
44%
Reagents and conditions: i, Ha (4 bar), Lindlar cat., 120h.

5.10. Palladium Catalysed Coupling of Alkynes with Bromofluoroheterocycles.
Chambers '3 has published palladium catalysed coupling reactions between
bromofluoroheterocycles and alkynes.
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e
F F

~
Br” "N~ "Br

C=C—-R
R = Ph, 45%
R = CSH7, 66%
Br C=C—Ph
F F

B

2

Br N Br Ph—C=C N/ C=C—Ph
42%

Reagents and conditions: i, Cul, (Ph3P)3PdCly, Et3N, Phenylacetylene;
ii, Cul, (PhgP)3PdCl,, EtgN,Pent-1-yne.

_N___Br _N__C=CC3H,
L +CGLX
NS N
N Br N CECC3H7
69%

Reagents and conditions: i, Cul, (PhaP)3PdCly, EtsN, Pent-1-yne.
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CHAPTER VI

Synthesis of 2,6-Dibromo-perfluoro-4-
isopropylpyridine and Derivatives
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6. Introduction.

The preparation of brominated fluoroheterocycles were described in chapter
V. In this chapter we describe attempts to develop a convenient route towards the
compound, 2,6-dibromo-perfluoro-4-isopropylpyridine and then synthesise a range of
highly substituted pyridine derivatives from this unit. In particular, reactions between
2,6-dibromo-perfluoro-4-isopropylpyridine and hard and soft nucleophiles will be
investigated as well as palladinm-mediated coupling reactions involving a range of

alkynes.

6.1. Preparation of 2,6-Dibromo-perfluoro-4-isopropylpyridine.

Perfluoro-4-isopropylpyridine (1) reacted with a combination of AlBr; and
HBr (H+A1Br4')184 to afford 2,6-dibromo-perfluoro-4-isopropylpyridine (37) as a
single product in high yield.

CF(CF3), CF(CF3),
(136)F <X F i (-105)F < Fi-105)
s s
87)F N F Br N Br
(1) (37)
80%

Reagents and conditions: i, AlBrg (2.2 equivs.), HBr (2.2 equivs.),
160°C, Hastalloy Autoclave, 48 h
Figures in parentheses denote fluorine atom chemical shift (ppm).

The identity of (37) was confirmed by its NMR, MS and elemental analysis
data. In the 1°F NMR spectrum, one ring fluorine signal was observed at -105 ppm
which, together with its relative peak intensity value of two, confirmed the
symmetrical nature of the 2,6-disubstituted product. If the second site of nucleophilic
substitution had occured at the 5-position then two signals for the 3- and 6-ring
fluorine atoms, in the ratio 1:1, would have been recorded. The 13C NMR spectrum
for (37) showed a doublet of triplets splitting pattern for the 4-C centre which is
consistent with bromination at the 2- and 6-positions. This pattern can be attributed to
coupling between 4-C and the tertiary fluorine atom (2Jcg 22.5 Hz) and then to the

magnetically equivalent 3,5-F atoms (2J¢cg 13.3 Hz).
Mass spectra for molecular ions or fragment ions containing two bromine

atoms exhibit characteristic isotope patterns'®!: notably, the parent ions for compound

(37) (M+ 439, 441 and 443) displayed such an isotope pattern.
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" 6.2. Preparation of 6-Bfdﬁi})-perﬂﬂaro-ét-isopropylpyridiné;
A combination of AlBr3 (2 equivs.) and HBr (1 equiv.) 184 reacted with

compound (1) to afford the product, 6-bromo-perfluoro-4-isopropylpyridine (38),

exclusively.
CF(CF3), CF(CF3),
(38F T 0P Fr139)
i
~ ~
8nF N F Br N F(-85)
(1) (38)
58%

Reagents and conditions: i, AlBrs (2 equivs.), HBr (1 equiv.),
160°C, Hastalloy Autoclave, 48 h.
Figures in parentheses denote fluorine atom chemical shift (ppm).

Compound (38) was identified by considering its elemental analysis, NMR
and MS-data. A comparison of the 1F NMR chemical shift values and relative
intensities for the ring fluorines in (1) and (38), together with the data accrued for
model compounds (Section 2.3), enabled us to assign the ring fluorines and therefore
identify the 6-position as the site of bromination.

The mass spectrum of (38) exhibited the characteristic isotope pattern for a

191

molecule containing one bromine atom'”" giving two parent ions (M* 379 and 381).

6.3. Reactions involving 2,6-Dibromo-perfluoro-4-isopropylpyridine.

6.3.i. Hydrogenolysis.
The reduction of (37) occurred efficiently in the presence of a palladium
catalystl90 to afford 2,6-dihydro-perfluoro-4-isopropylpyridine (39).

CF(CF3), CF(CF3),
(-105)F o Fi105) i (122F X T122)
~ ~
Br™ "N~ 'Br H* N H
(37) (39)
62%

Reagents and conditions: i, Ho (4 atm), DCM, Pd(5%)/C, Et3N, 20 h.
Figures in parentheses denote fluorine atom chemical shift (ppm).

The elemental analysis, MS (molecular ion 283) and NMR results obtained for

(39) were all in agreement with the structure illustrated. Significantly, one ring
fluorine signal was observed at -122 ppm, in the 19F NMR spectrum, which, together
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with its relative peak 1nten51ty value of two, confirmed the syrflfnetrlcal nature of the

2,6-disubstituted product. Similarly, the 'H NMR spectrum for (39) gave one signal
at 8.5 ppm corresponding to 2- and 6-H.

Compound (39) exhibited basic properties forming a salt when anhydrous HBr
was bubbled through an ethereal solution.

(39) H Br

Reagents and conditions: i, HBr, Et50, r.t.

6.3.ii. Methoxylation.

Reaction of (37) with sodium methoxide (1.5 and 3.0 equivalents) led to the
displacement of ring fluorines to afford the methoxylated derivatives (40) and (41);
whilst excess methoxide ion gave the trimethoxylated compound (42).

CF(CF3),
MeO X F(-106)
w
Br N Br
(40)
, 61%
CF(CFa)/ CF(CFa),
(15~ F : MeO. . -OMe
_ g |
B N ‘g i Br” N7 TBr
(37) (41)
83%
CF(CF3),
MeO._\_-OMe
»
Br™ "N° "OMe
(42)
64%

Reagents and conditions: i, NaOMe (1.5 equivs.), MeOH, Reflux, 24 h;
ii, NaOMe (3 equivs.); iii, NaOMe (6 equivs.).
Figures in parentheses denote fiuorine atom chemical shift (ppm).
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"~ "The substitution of fluorine (instead of bromine) by methoxide ion in (37), to
give (40) and (41), was confirmed by NMR, MS and X-ray crystallographic analysis.
The selectivity observed can be attributed to the well known preference of hard
nucleophiles to attack hard centres (C-F) 189

The 19F NMR spectrum for (40) confirmed the presence of only one ring
fluorine. Significantly, the presence of the 3-methoxy-group, in (40), acts to hinder
rotation of the perfluoroisopropyl-group thereby increasing the barrier to rotation®>.
As a consequence it is possible to observe the rotamers (O) and (P), at room

temperature, in the corresponding !9F NMR spectrum.

4JFF 95.9Hz F,C st
R 3 3

Crystals of compounds (40) and (41) were grown from hexane and the X-ray
data obtained unequivocally confirmed our structural assignments. The
crystallographic results revealed products in which the perfluoroisopropyl-groups are
in front of and behind the aromatic plane® at room temperature.

Compound (40) Compound (41)
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" 6.3.iii. Amination.
Reaction of the dibromo derivative (37) with piperidine resulted in the
exclusive displacement of bromine to give compound (43).

CF(CF3), CF(CF3)2
105 F F (-120)F F-120)
(-105) | AN i X
~ ~
Br N N
Br” N ‘g
(37) (43) O
80%

Reagents and conditions:; i. Piperidine (2 equivs.), Acetonitrile, Refiux, 24h.
Figures in parentheses denote fluorine atom chemical shift value (ppm).

The preference for the substitution of bromine by piperidine was deduced by
considering the NMR, MS and elemental analysis data for compound (43). The !°F
NMR data confirmed the presence of two ring fluorines, whilst the MS data gave two
parent ions (M* 458, M+ 456), in the ratio 1:1, which is consistent with a one bromine
pattern (Section 6.2). The regioselectivity observed can be attributed to the well
known preference of soft nucleophiles to attack soft centres (C-Br)'%.

6.3.iv. Mono-Lithiation.

The reaction of compound (37) with n-butyl-lithium resulted in metal-halogen

192-194

exchange to give the 2-lithio-derivative shown. Quenching of the metalation

reaction with ethanol, at -78°C, afforded the monohydrido compound (44), whilst
independent trapping of the lithio-salt with trimethylsilyichloride and perfluoro-4-

isopropylpyridine (1) afforded the silylated (45) and bipyridyl (46) compounds
respectively.
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CF(CF3),
(89)F X F118)

~
Br N~ H
y‘ (44)
~ - ' 73%
CF(CF3), CF(CF3)2 CF(CF3),
z | N | N o
Br” N Br Br™ N L Br” 'N° SiMey
37) - 4. (45)
( { 46%
CF(CF3)5
(-126)F F¢-117)

F(117)
CF(CF3),
N. -~ —F(-98)
(46)
20%  F(83)

+

Intractables
62%

Reagents and conditions: i. nBuLi (1.2 equivs), THF, -78°C.
ii. Excess EtOH, -78°C-r.1.
iii. Me3gSiCl (4 equivs), -78°C-r.t.
iv. Compound (1) (4 equivs), -78°C-r.t.
Figures in parentheses denote fluorine chemical shift (ppm).

Products (44)-(46) were characterised by NMR, MS and elemental analysis. A
comparison of the 19F NMR chemical shift values for the ring fluorine atoms in (37)
and (44), (37) and (45), reveals a small substituent effect on the chemical shifts ortho
and para to the site of substitution. This observation, together with the data accrued
for model compounds (Section 2.3), enabled the assignment of the ring fluorine
atoms. Significantly, the 19F NMR spectrum for compound (46) showed one fluorine
atom (-83 ppm) ortho to the ring nitrogen, thus providing strong evidence for the
bipyridine shown. The monohydrido-derivative (44) gave a singlet at 8.3 ppm, in the
'H NMR spectrum, corresponding to 2-CH; whilst the monosilylated compound (45)
gave a singlet at 0.4 ppm which can be assigned to -CHj3. MS data for each product,
(44)-(46), revealed two parent ions (M* 361, M* 363; M+ 433, M+ 435 and M+ 660,
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M+ 662 respectively), in a ratio of 1:1, which is characteristic of compounds

containing one bromine atom (Section 6.2).

6.3.v. Methoxylation of Bipyridine (46).
Reaction between compound (46) and methoxide ion afforded the methoxy-

derivative (47), which was purified by column chromatography.

CF(CFj3), CF(CF3),

F(117) (-126)F F-117)
F(-117) i F(-117)
CF(CF3), — CF(CF3),

N._ ~—F(-98)

Br

N._~—F(-98)

(46) (47)

F(-83) 79% OMe

Reagents and conditions: i, NaOMe (1 equivs), MeOH, Reflux, 24h.
Figures in parentheses denote fiuorine chemical shift (ppm).

A comparison of the !9F NMR chemical shift values for the ring fluorine
atoms, in (46) and (47), reveals the absence of a resonance at -83 ppm, corresponding
to the 6-F ring atom. This observation, together with relative signal intensity values
for the remaining ring fluorines, allowed us to conclude that the reaction had
proceeded to afford the 6-methoxylated product shown. The elemental analysis and
MS (M+ 672 and M* 674) results obtained for (47) were in agreement with the

structure illustrated.

6.3.vi. Dilithiation.
Compound (37) was treated with 2.4 molar equivalents of n-butyllithium!
194 in THF at -79°C and then silylated to give the product (48) shown:

92-

CF(CF3), CF(CF3), CF(CFjy),
(105F < xF NP - (1P A Fer)
LT | d
Br™ N° Br Li N™ L Me,Si N™ SiMej
(37) - - (48)
41%
+
Intractables
29%

Reagents and conditions: i, nBuLi (2.4 equivs), THF, -78°C.
ii, Me3SiCl (4.9 equivs), -78°C-r.t.

Figures in parentheses denote fluorine chemical shift (ppm).
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The elemental analysis, MS (M+ 427) and NMR results obtained for (48) were
accordant with the compound shown. Significantly, one ring fluorine signal was
observed at -113 ppm in the '9F NMR spectrum which, together with its relative peak
intensity value of two, confirmed the symmetrical nature of the 2,6-disubstituted
product. Similarly, the 'H NMR spectrum for (48) gave one signal at 0.38 ppm
corresponding to -CHj.

6.3.vii. Alkyne Couplings.

At room temperature, 2,6-dibromo-perfluoro-4-isopropylpyridine (37)
underwent palladium mediated coupling reactions with pent-l-yne and
phenylacetylene, to give a mixture of 2- and 2,6-substituted products (49)-(52). When
the reactants were heated to 45°C it was possible to obtain the 2,6-disubstituted
products, (50) and (52), exclusively.
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CF(CF3),
(-105)F o F-105)

Br N Br

(50)
16.4%

Reagents and conditions: i,Pent-1-yne (2 equivs.),Cul,
Pd(OAc),, PPhg, EtaN, r.t., 3 days.

CF(CF3),
F(-102)
Br
CF(CF3)s
(105)F <X Fi-108) ;
~
Br N~ Br CF(CF3),
(37)

Reagents and conditions: i,Phenylacetylene (2 equivs.),Cul,
(Ph3P)2PdC|2, EtzN, r.t., 16h.
Figures in parentheses denote fiuorine atom chemical shift (ppm).

The 9F NMR spectra for compounds (50) and (52) showed only one ring
fluorine signal, at -112 ppm and -110 ppm respectively, which is consistent with the
symmetry of these 2,6-disubstituted products. A comparison of the chemical shift
values for the ring fluorine atoms in (37) and (49); (37) and (51), reveals a small
substituent effect on the chemical shifts ortho and para to the site of substitution.
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This feature, together with the data accrued for model compounds (Section 2.3),
enabled us to identify the chemical shifts of the individual ring fluorines.

The preference for substitution of the bromines at the 2- and 6-positions by the
alkynes was also deduced by mass spectroscopy. Thus compounds (49) and (51)
showed characteristic one bromine patterns (Section 6.2) (M* 427 and M+ 429; M+
462 and M+ 464 respectively): whilst the mass spectra for compounds (50) and (52)
showed no bromine patterns (M* 415 and M+ 483 respectively).

The mechanistic pathway for these coupling reactions most likely proceeds
via the oxidative addition of (37) to a Pd(0) species'®>-'%". This is then followed by
the formation of an intermediate "Py-Pdll-Alkyne" species, which undergoes

reductive elimination to afford the coupled product and the regenerated Pd(0)

catalyst.
CF(CF3)2 | CF(CFa)z
{Ph3P)oPd(0) F X F
I ~
Br N Br
CF(CF3)2 CF(CF3)2
FoAF Fo A
a m
PhaP-~ g N/ Br ProP- B4 N7,
PhgP” PhaP” 'Br
\\
CF(CF3)2
F H———R
EtsNHBr
Ph3P‘P Br
EtgN Pth

6.4. Pentasubstituted Pyridines Derived from 2,6-Dibromo-perfluoro-4-
isopropylpyridine.

Three pentasubstituted pyridine compounds (53)-(55) have been prepared by
methoxylation of the substrates (43), (49) and (51). The identities of these compounds
were confirmed by NMR, MS, elemental and in the case of (53) x-ray analysis.
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CF(CF3), CF(CF3)s

120)F <X Fi-120) i (M7F~_xOMe
< ~

Br™ "N” N Br” "N N
(43) (53)
78%

CF(CF3),

Reagents and conditions: i, NaOMe (1.7 equivs), MeOH, Reflux, 24h.
Figures in parentheses denote fluorine atom chemical shift (ppm).

The order of the substituents in compound (53) was confirmed by X-ray
structural data.

A comparison of the 19F NMR chemical shift values for the ring fluorines in
(51) and (54), and also in (49) and (55), reveals a small substituent effect on the
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chemical shift values meta to the site of substitution. This feature allowed us to
identify the 3-position in compounds (54) and (55) as the preferred site for
methoxylation. Moreover, the calculated fluorine chemical shifts for compounds
(54a) and (54b) and also (§5a) and (§5b), derived from substituent chemical shift
data, support formation of the 3-substituted products (54) and (55) rather than the 5-
substituted compounds.

Table 1.
CF(CF3),
F -\ OCHs  HsCO
7 IN/ Br
7 (54a)

Chemical shifts (ppm) for ring fluorine atoms in (54a), (54b), (55a) and (55b)

3 5
*Calculated -113.7 -
(54a)
*Calculated - -103.4
(54b)
Observed -114.0 -
*Calculated -110.8 -
(55a)
*Calculated - -102.3
(55b)
Observed -111.0 -

*Calculated using pentaﬂuoropyridineZS, 4—methoxytetraﬂuoropyridine95, perﬂuoro-4-isopropylpyridine90 and-

compounds (49) and (51) as reference compounds.

6.5. Conclusions.

In this chapter a convenient synthesis of the compound, 2,6-dibromo-
perfluoro-4-isopropylpyridine (37) has been achieved. Reactions of the dibromo
derivative (37) with hard nucleophiles resulted in the exclusive displacement of

fluorine, whereas softer nucleophiles gave exclusive displacement of bromine. We
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attribute this selectivity to the well known tendency of hard nucleophiles to react at
hard centres (C-F) and soft nucleophiles to react at soft centres (C-Br).

The reaction of (37) with butyllithium resulted in lithium bromine exchange to
give the mono or dilithium derivatives, depending upon the reaction stoichiometry.
Evidence for the lithiated species was provided by a series of trapping experiments
involving appropriate electrophiles.

The palladium mediated coupling reactions between (37) and alkynes
proceeded efficiently to give a mixture of 2- and 2,6-alkynylated products.

Efficient routes to a series of pentasubstituted pyridines were developed.
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Instrumentation and Reagents.
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Reagents and Solvents.

All starting materials were obtained commercially (Aldrich, Lancaster or
Fluorochem) unless stated otherwise. Solvents were dried using literature procedures

and then stored over molecular sieves (47\) or sodium wire.
Column chromatography.

Column chromatography was carried out on silica gel (Merck no. 109385,
particle size 0.040-0.063nm) and TLC analysis was performed on silica gel TLC
plates using the stated eluent .

Gas Liquid Chromatography.

Chromatographic analyses were performed on a Shimadzu GC8A system
using an SE30 column. Preparative scale GC was performed on a Varian Aerograph
Model 920 gas chromatograph, fitted with a 3m 10% SE30 packed column.

Distillation/ Boiling Points/ Melting Points.

Fractional distillations were performed using a Fischer Spaltruhr MS220
microdistillation apparatus. Boiling points were either recorded during distillation or
at atmospheric pressure (Siwoboloff's method) using a Gallankamp apparatus and are
uncorrected. Melting points were all carried out at tmospheric pressure using the

Gallankamp apparatus and are also uncorrected.
NMR Spectra.

'H (399.96 MHz), 13C (100.58 MHz) and !9F (376.29 MHz) spectra were all
obtained from a Varian VXR 400S spectrometer. All spectra were recorded with
TMS and/or CFCl; as internal references, and J values are given in Hz.

Mass Spectra.
Mass spectra were recorded on a Fisons VG-Trio 1000 Spectrometer coupled

with a Hewlett Packard 5890 series II gas chromatograph using a 25m HP1 (methyl -

silicone) column.
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Elemental Analyses.

Elemental analyses were obtained on an Exeter Analytical CE-440 elemental
analyser.

FT-IR Spectra.

Infrared spectra were recorded on a Perkin-Elmer 1600 FT-IR spectrometer,

using thin films between sodium chloride plates, as either neat liquids or Nujol mulls.
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Chapter VIL.

Experimental to Chapter II
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Synthesis of 2,3,5,6-Tetrafluoro-4-(1,2,2,2-tetrafluoro-1-trifluoromethyl-ethyl)-
pyridine (1) and 2,3,5-trifluoro-4,6-bis-(1,2,2,2-tetrafluoro-1-trifluoromethyl-ethyl)-
pyridine (2).

A stainless steel autoclave was charged with pentafluoropyridine (20.0 g, 0.12
mol) and tetrakis(dimethylamino)-ethylene (0.4 g, 2.0 mmol). The mixture was
degassed, by freeze-thawing under vacuum, before hexafluoropropene (16.5 g, 0.11
mol) was transferred into the autoclave. The autoclave was sealed and heated to 60°C
for 21 h in a thermostatically controlled rocking furnace. The product mixture (36.0
g) was shown, by GC-MS, to consist of 2,3,5,6-tetrafluoro-4-(1,2,2,2-tetrafluoro-1-
trifluoromethyl-ethyl)-pyridine 1) (57%), pentafluoropyridine (25%),
hexafluoropropene-dimers  (12%), 2,3,5-trifluoro-4,6-bis-(1,2,2,2-tetrafluoro-1-
trifluoromethyl-ethyl)-pyridine (2) (4%) and a mixture of 3,6-difluoro-2,4,5-tri-
(1,2,2,2-tetrafluoro-1-trifluoromethyl-ethyl)-pyridine and 3,5-difluoro-2,4,6-tri-
(1,2,2,2-tetrafluoro-1-trifluoromethyl-ethyl)-pyridine (2%). Fractional distillation
gave 2,3,5,6-tetrafluoro-4-(1,2,2,2-tetrafluoro- 1-trifluoromethyl-ethyl)-pyridine) (1)
(13.3 g, 38 %) as a colourless liquid bp 128-9°C (Found: C, 29.8; N, 4.3. CgF|N
requires C, 30.1; N, 4.4%) NMR spectrum no. 1; Mass spectrum no. 1; IR
spectrum no. 1; and 2,3,5-trifluoro-4,6-bis-(1,2,2,2-tetrafluoro-1-trifluoromethyl-
ethyl)-pyridine (2) (1.0 g, 4 %) as a colourless liquid bp 158-9°C (Found: C, 27.7; N,
2.9. C1F 7N requires C, 28.1; N, 3.0%) NMR spectrum no. 2; Mass spectrum no.

2; IR spectrum no. 2.

Reactions of (1) with Alkoxide Ions.

General Procedure:

(1) Under an atmosphere of dry nitrogen, sodium metal was added to a solution of
the alcohol in THF (20 cm3) and stirred until hydrogen evolution was complete.
2,3,5,6-Tetrafluoro-4-(1,2,2,2-tetrafluoro- 1 -trifluoromethyl-ethyl)-pyridine (1) (1.75
g, 5.5 mmol) was added to the solution which was stirred at reflux temperature for 24
h before water (25 cm3) was added. The mixture was continuously extracted with
DCM, dried (MgSOy4) and evaporated to yield crude material. The isolation of pure
products was achieved by column chromatography, using hexane and
dichloromethane (6:1) as the eluent.

(i1) 2,3,5-Trifluoro-6-methoxy-4-(1,2,2,2-tetrafluoro- 1-trifluoromethyl-ethyl)-
pyridine.(3).

Compound (1) in (i) and sodium methoxide (0.36 g, 6.5 mmol) gave crude
product (1.9 g) which after column chromatography, afforded 2,3,5-trifluoro-6-
methoxy-4-(1,2,2,2-tetraﬂuoro—]-triﬂuoromethyl-ethyl)-pyr{dine (3) (1.4 g, 77%) as a
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colourless liquid bp 173-173.5°C (Found: C, 32.3; H, 0.9; N, 4.2. CyH;3F(NO
requires C, 32.6; H, 0.9; N, 4.2%) NMR spectrum no. 3; Mass spectrum no. 3; IR
spectrum no. 3.

(111) 3,5-Difluoro-2,6-dimethoxy-4-(1,2,2,2-tetrafluoro- I -trifluoromethyl-ethyl)-
pyridine (4) .

Compound (1) in (i) and sodium methoxide (0.72 g, 13.1 mmol) gave crude
material (2.2 g) which after column chromatography, afforded 3,5-difluoro-2,6-
dimethoxy-4-(1,2,2,2-tetrafluoro-1-trifluoromethyl-ethyl)-pyridine (4) (1.44 g, 77%)
as a yellow liquid bp 217-8°C (Found: C, 34.7; H, 1.6; N, 4.3. C|gHgF9NO; requires
C, 34.9; H, 1.8; N, 4.1%) NMR spectrum no. 4; Mass spectrum no. 4; IR
spectrum no. 4.

Preparation of 3,5,6-Trifluoro-4-(1,2,2,2-tetrafluoro-1-trifluoromethyl-ethyl)-pyridin-
2-0l (5).

Potassium hydroxide (0.7 g, 12.5 mmol) was added to a solution of 2,3,5,6-
tetrafluoro-4-(1,2,2,2-tetrafluoro- 1 -trifluoromethyl-ethyl)-pyridine (1) (1.75 g, S.5
mmol) in 2-methylpropanol (25 cm3).and the mixture was stirred at reflux
temperature for 24 h. Dilute HCl was added until the solution was pH 1 and the
mixture was continuously extracted with DCM, dried (MgSQOy), and evaporated to
yield crude material (4.2 g). Column chromatography, using dichloromethane as the
eluent, yielded pure 3,5,6-trifluoro-4-(1,2,2,2-tetrafluoro- 1-trifluoromethyl-ethyl)-
pyridin-2-ol (5) (2.4 g, 60%) as a white solid mp 88.9-89.3°C (Found: C, 29.9; H,
0.4; N, 4.4. CgHFoNO requires C, 30.3; H, 0.3; N, 4.4%) NMR spectrum no. 5;

Mass spectrum no. 5; IR spectrum no. 5.

1v.  3,5,6-Trifluoro-2-(methoxyethanoxy)-4-[1,2,2,2-tetrafluoro- 1-(trifluoromethyl)-
ethyl]-pyridine (6).

Compound (1) in (i) and sodium metal (0.13 g, 5.5 mmol) which had been
reacted with 2-methoxyethanol (0.42 g, 5.5 mmol) gave crude material (2.2 g) which
after column chromatography afforded 3,5,6-trifluoro-2-(methoxyethanoxy)-4-
[1,2,2,2-tetrafluoro- 1-(trifluoromethyl)-ethyl]-pyridine (6) (0.79 g, 38%) as a yellow
oil bp 256.8-257°C (Found C, 35.1; H, 1.9; N, 3.9. CH7F¢NO; requires C, 35.2; H,
1.9; N, 3.7%) NMR spectrum no. 6; Mass spectrum no. 6; IR spectrum no. 6.

(v)2,6-Bis(2-methoxyethanoxy)-3,5-difluoro-4-[ 1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]-pyridine (7).
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Compound (1) in (i) and sodium metal (0.52 g, 22.1 mmol) which had been
reacted with 2-methoxyethanol (1.68 g, 22.0 mmol) gave crude material (2.5 g) which
after column chromatography afforded 2,6-bis(2-methoxyethanoxy)-3,5-difluoro-4-
[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-pyridine (7) (1.8g, 76%) as a clear
liquid bp >300°C (Found: C, 39.0; H, 3.2; N, 3.2. C4H4FoNO,4 requires C, 38.9; H,
3.2; N, 3.2%) NMR spectrum no. 7; Mass spectrum no. 7; IR spectrum no. 7.

(vi) 6-Cyclohexyloxy-2,3,5-trifluoro-4-{1,2,2,2-tetrafluoro- 1-(trifluoromethyl)ethyl |-
pyridine (8).

Compound (1) in (i) and sodium hydride (0.13 g, 5.3 mmol) which had been
reacted with cyclohexanol (0.55 g, 5.5 mmol) gave crude material (2.3 g), which after
column chromatography afforded 6-cyclohexyloxy-2,3,5-trifluoro-4-[1,2,2,2-
tetrafluoro-1-(trifluoromethyl)ethyl]-pyridine (8) (1.4 g, 64 %) as a colourless oil bp
>300°C (Found C, 41.8; H, 2.6; N, 3.5. C;4H{F(NO requires C, 42.1; H, 2.8; N,
3.5%) NMR spectrum no. 8; Mass spectrum no. 8; IR spectrum no. 8.

(vii) 2,6-dicyclohexyloxy-3,5-difluoro-4-(1,2,2,2-tetrafluoro- 1 -
(trifluoromethyl)ethyl]-pyridine (9).

Compound (1) in (i) and sodium hydride (0.26 g, 11.0 mmol) which had been
reacted with cyclohexanol (1.1 g, 11.0 mmol) gave crude material (2.9 g)which after
column chromatography afforded 2,6-dicyclohexyloxy-3,5-difluoro-4-[1,2,2,2-
tetrafluoro-1-(trifluoromethyl)ethyl]-pyridine (9) (1.7g, 65%) as a white solid mp
68.5-69.0°C (Found: C, 49.8; H, 4.5; N, 2.8. CooH»F9NO, requires C, 50.1; H, 4.6;
N, 2.9%) NMR spectrum no. 9; Mass spectrum no. 9; IR spectrum no. 9.

(viii) 2,3,5-Trifluoro-6-phenoxy-4-{1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethylpyridine. (10).

Compound (1) in (i) and sodium metal (0.13 g, 5.5 mmol) which had been
reacted with phenol (0.52 g, 5.5 mmol) gave crude material (2.6 g), which after
column chromatography afforded 2,3,5-trifluoro-6-phenoxy-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethylJpyridine (10) (1.42 g, 66 %) as a colourless oil bp 252.6-
253.0°C (Found C, 42.5; H, 1.2; N, 3.5. C4HsF(NO requires C, 42.7; H, 1.3; N,
3.6%) NMR spectrum no. 10; Mass spectrum no. 10; IR spectrum no. 10.

(ix) 3,5-Difluoro-2,6-diphenoxy-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]pyridine. (11).

Compound (1) in (i) and sodium metal (0.26 g, 11.7 mmol) which had been
reacted with phenol (1.1 g, 11.7 mmol) gave crude material (3.1g) which after column
chromatography afforded 3,5-difluoro-2,6-diphenoxy-4-[1,2,2,2-tetrafluoro-1-

94



(trifluoromethyljethvi]pvridine (11) (1.86 g, 72%) as a white solid mp 45.1-45.8°C
(Found C, 51.5: H, 2.1, N, 3.0. CooH oFyNO; requires C, 51.4; H2.1; N, 3.0%) NMR

spectrum no. 11; Mass spectrum no. 11; IR spectrum no. 11.

(x) 2,6-Bis—(3-melhoxyphenoxy)-3,5-dz'ﬂuor0-4-[1,2,2,2-teli‘aﬂz,¢0r0—/—[riﬂuoramelhyl-
ethyl]pyridine (13) and (12).

Compound (1) in (i) and sodium metal (0.26 g, 11.0 mmol) which had been
reacted with 3-methoxyphenol (1.36 g, 11.0 mmol) gave crude material (3.2 g) which
after column chromatography afforded 2,6-bis-(3-methoxyphenoxy)-3,5-difluoro-4-
[1,2,2,2-tetrafluoro-1-trifluoromethyl-ethyl Jpyridine (13) (2.0 g, 69 %) as a white
solid mp 54.1-54.8°C (Found: C, 50.2: H, 2.7, N, 2.7 CHyH4FgNOy requires C, 50.1;
H 2.7; N, 2.7%) NMR spectrum no. 13; Mass Spectrum no. 13; IR spectrum no.

13 and compound (12) (3%) which could not be obtained pure.

Reactions of (2) with Alkoxide Ions.

General Procedure:

(1) Under an atmosphere of dry nitrogen, sodium metal was added to a solution of
the alcohol (20 cm?) and stirred until hydrogen evolution was complete. 2,3,3-
trifluoro-4,6-bis-(1,2,2,2-tetrafluoro- | -trifluoromethyl-

ethyl)-pyridine (2) (1.2 g, 2.7 mmol) or 2,5-difluoro-3-methoxy-4,6-bis-(1,2,2,2-
tetrafluoro-1-trifluoromethyl-ethyl)-pyridine (14) (2.2 g, 4.5 mmol) was added to the
solution which was stirred at reflux temperature for 48 h before water (25 cm?) was
added. The mixture was continuously extracted with DCM, dried (MgSQ,) and
evaporated to yield crude material. The isolation of pure products was achieved by

column chromatography, using hexane and dichloromethane (8:1) as the eluent.

(11) 2,5-Difluoro-3-methoxy-4,6-bis-(1,2,2,2-tetrafluoro- 1 -trifluoromethyl-ethyl)-
pyridine (14).

Compound (2) in (i) and sodium metal (0.06 g, 2.7 mmol) added to methanol
gave crude material (1.32 g) which after column chromatography afforded 2,5-
difluoro-3-methoxy-4,6-bis-(1,2,2,2-tetrafluoro- 1 -trifluoromethyl-ethyl)-pyridine
(14) (0.8 g, 63 %) as a colourless liquid bp 187.1-188.5°C (Found: C, 29.9; H, 0.6; N,
2.9. C|»H3F ¢NO requires C, 29.9; H, 0.6; N, 2.9%) NMR spectrum no. 14; Mass

spectrum no. 14; IR spectrum no. 14.

(ti1)  5-Fluoro -2,3-dimethoxy-4,6-bis-(1,2,2,2-tetrafluoro- | -trifluoromethyl-ethyl)-
pyridine (15).
Sodium metal (0.1 g, 4.5 mmol) in methanol and 2,5-difluoro-3-methoxv-4,6-

bis-(1,2.2,2-tetrafluoro-1-trifluoromethyl-ethyl)-pyridine (14) (2.2 ¢, 4.5 mmol) gave
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crude material (2.4 g) which after column chromatography afforded 5-fluoro-2,3-
dimethoxy-4,6-bis-(1,2,2,2-tetrafluoro- 1 -trifluoromethyl-ethyl)-pyridine (15) (1.35 g,
60 %) as a colourless liquid bp 229.1-231.0°C (Found: C, 31.5; H, 1.1; N, 2.8.
C3HgF5sNO; requires C, 31.6; H, 1.2; N, 2.8%) NMR spectrum no. 15; Mass

spectrum no. 15; IR spectrum no. 15.
Reactions with Nitrogen Nucleophiles.

Methyl{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl J(2-
pyridyljamine (16).

Under an atmosphere of dry nitrogen, methylamine (11.2 g, 0.36 mol) was
added dropwise to a solution of 2,3,5,6-tetrafluoro-4-(1,2,2,2-tetrafluoro-1-
trifluoromethyl-ethyl)-pyridine (1) (60.0 g, 0.18 mol) in tetrahydrofuran (200 cm3)
and the mixture was then stirred at room temperature for 24 h before water (250 cm?3)
was added. The mixture was continuously extracted with DCM, dried (MgSO4) and
evaporated to yield crude material (62 g). Vacuum distillation gave methyl{3,5,6-
trifluoro-4-[1,2,2,2-tetrafluoro- 1-(trifluoromethyl)ethyl]-2-pyridyl}amine (16) (45.0
g, 73%) as a white solid bp 45°C at 8 mbar mp 36°C (Found: C, 32.6; H, 1.2; N, 8.5.
CoH4FoN; requires C, 32.7; H, 1.2; N, 8.5%) NMR spectrum no. 16; Mass

Spectrum no. 16; IR spectrum no.16.

Bis{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro- 1-(trifluoromethyl)ethyl]-2-
pyridyl}methylamine (17).

Under an atmosphere of dry nitrogen, at -78°C, n-butyllithium (5.8 g, 91
mmol) was added to a solution of methyl{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl](2-pyridyl) }amine (16) (30 g, 91 mmol) in THF (300 cm3) and
then stirred for 1 h before adding 2,3,5,6-tetrafluoro-4-(1,2,2,2-tetrafluoro-1-
trifluoromethyl-ethyl)-pyridine (1) (29.0 g, 91 mmol). The mixture was then stirred
for a further 3 h before water (200 cm3) was added. The organics were continuously
extracted with DCM, dried (MgSO,) and then evaporated to yield crude material (58
g). Distillation, under vacuum, afforded bis(3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]-2-pyridyl}methylamine (17) (29.8 g, 52 %) as a yellow solid
bp 95°C at 8 mbar mp 81.2-83°C (Found: C, 32.7; H, 0.6; N, 6.9. C;7H3FgN;
requires C, 32.4; H, 0.5; N, 6.7%); NMR spectrum no. 17; Mass spectrum no. 17;
IR spectrum no. 17.

{3,5-Difluoro-6-N-methylamino-4-[ 1,2,2,2-tetrafluoro- 1 -(trifluoromethyl)ethyl]-2-

pyridyl}methyl{3,5,6-trifluoro-4[1,2,2,2-tetrafluoro- 1-(trifluoromethyl)ethyl]-2-
pyridyljamine (18).
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Under an atmosphere of dry nitrogen, methylamine (1.24 g, 40.0 mmol) was
added to a solution of bis{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]-2-pyridyl ymethylamine (17) (10.1 g, 16 mmol) in THF (75
cm3) and the mixture was stirred at r.t for 20 h before water (100 cm3) was added.
The mixture was continuously extracted with DCM, dried (MgS0O4) and evaporated to
yield crude material (10.1 g) which after column chromatography, using hexane and
ether (3:1) as the eluent, afforded {3,5-difluoro-6-methylamino-4-[1,2,2,2-tetrafluoro-
1-(trifluoromethyl)ethyl](2-pyridyl)}methyl{3,5,6-trifluoro-4(1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl-2-pyridyljamine (18) (7.0 g, 68 %) as a yellow solid mp
60.2°C (Found: C, 33.5; H, 1.1; N, 8.7. C1gH7F9N4 requires C, 33.8; H, 1.1 N, 8.8%);

NMR spectrum no. 18; Mass spectrum no. 18; IR spectrum no. 18.

Bis{3,5-difluoro-6-(N-methylamino)-4-[ 1,2,2,2-tetrafluoro-1 -
(triflucromethyl)ethyl](2-pyridyljmethylamine (19).

Under an atmosphere of dry nitrogen, methylamine (0.6 g, 19.4 mmol) was
added to a solution of bis{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]-2-pyridyl }methylamine (17) (3.1 g, 4.9 mmol) in THF (100
cm3) and the mixture was stirred at room temperature for 20 h before water (100
cm3).was added. The mixture was continuously extracted with DCM, dried (MgSO0y)
and evaporated to yield crude material (3.3 g) which after column chromatography,
using hexane and DCM (2:1) as the eluent, afforded bis{3,5-difluoro-6-
(methylamino)-4-[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl ](2-
pyridyl)Jmethylamine (19) (2.2 g, 68 %) as a blue liquid bp 105°C at 8 mbar (Found:
C, 34.5; H, 1.7; N, 10.5. CjgH,FgNs requires C, 35.0; H, 1.7; N, 10.8 %); NMR

spectrum no. 19; Mass spectrum no. 19; IR spectrum no. 19.

Bis{6-(N,N-diethylamino)-3,5-difluoro-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]-2-pyridylJmethylamine (20).

Under an atmosphere of dry nitrogen, diethylamine (0.94 g, 13.1 mmol) was
added to a solution of bis{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]-2-pyridyl } methylamine (17) (2.0 g, 3.18 mmol) in THF (50
cm3) and the mixture was stirred at reflux temperature for 20 h before water (100
cm?) was added. The organics were continuously extracted with DCM, dried
(MgS0,4) and then evaporated to yield crude material (2.3 g) which after column
chromatography using hexane and ethylacetate (8:1) as the eluent afforded bis{6-
(N,N-diethylamino)-3,5-difluoro-4-[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl ] 2-
pyridyljmethylamine (20) as a yellow solid (1.2 g, 51 %) mp 74.6-76°C (Found: C,
40.8; H, 3.1; N, 9.4. Co5H3F 3N5 requires C, 40.8; H, 3.1; N, 9.4%); NMR spectrum

no. 20; Mass spectrum no. 20; IR spectrum no. 20.
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Reactions with Dioxygen nucleophiles.
Synthesis of 2,3,5-trifluoro-4-[1,2,2,2-tetrafluoro-1-(trifluoromethyl)-ethyl J-6-(3-
{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-(trifluoromethyl)-ethylJ(2-
p)-’ridyloxy)}phenonloxy)pyridine (21)and 2,3,5-trifluoro-6-(5-methyl-3-{3,5,6-
trifluoro-4-[1,2,2,2-tetrafluoro- 1-(trifluoromethyl)ethyl](2-pyridvloxy) }phenoxy)-4-
[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl jpyridine (24)

Under an atmosphere of dry nitrogen, either 1,3-bis-(trimethylsiloxy)benzene
(22) (1.8 g, 7.1mmol) or 1,3-bis-(trimethylsiloxy)-toluene (23) (1.9 g, 7.1 mmol) was
added to a solution consisting of caesium fluoride (2.5 g, 16.5 mmol), 2,3,5,6-
tetrafluoro-4-(1,2.2,2-tetrafluoro- I -trifluoromethyl-ethyl)-pyridine (1) (22.5 g, 70.5
mmol) and monoglyme (175 c¢cm3) and heated to reflux for 40 h, before water (250
cm?) was added. The mixture was continuously extracted into ether and dried
(MgS0O,) and the excess 2,3,5,6-tetrafluoro-4-(1,2,2,2-tetrafluoro-1-trifluoromethyl-
ethyl)-pyridine (1) present in the ether fraction was recovered by further extraction
into perfluorocyclohexane. The ether layer was evaporated to yield crude products
and the isolation of 2,3,5-trifluoro-4-[1,2,2,2-tetrafluoro-1-(trifluoromethyl)-ethyl]-6-
(3-{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro- 1 -(trifluoromethyl)-ethyl J(2-
pvridyloxy)]phenoxyloxy)pyridine (21) or 2,3,5-trifluoro-6-(5-methyl-3-{3,5,6-
trifluoro-4-[1,2,2,2-tetrafluoro- 1-(trifluoromethyl)ethylJ(2-pyridyloxy) ) phenoxy)-4-
[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl Jpyridine (24)
as white solids was achieved by recrystallisation in cyclohexane to give 2,3,5-
trifluoro-4-[1,2,2,2-tetrafluoro- 1-(trifluoromethyl)-ethyl ]-6-(3-{3,5,6-trifluoro-4-
[1,2,2,2-tetrafluoro-1-(trifluoromethyl)-ethylJ(2-pyridyloxy)phenoxvloxy)pyridine
(21) from (22) (3.5 g, 70%) mp 138.0-138.4°C (Found: C, 37.3; H, 0.5; N, 3.9.
CooHy4F2gN-2O» requires C, 37.3; H, 0.6; N, 3.9%); NMR spectrum no. 21; Mass
spectrum no. 21; IR spectrum no. 21., and 2,3,5-trifluoro-6-(5-methvi-3-{3,5,6-
trifluoro-4-[1,2,2,2-tetrafluoro- 1-(trifluoromethyljethyl J(2-pyridyloxy))phenoxy)-4-
[1,2,2,2-1etrafluoro-1-(trifluoromethylJethyl Jpyridine (24).from (23) (3.7 g, 72%) mp
161-161.5°C (Found: C, 38.0; H, 0.8; N, 3.9. Cy3H¢F79N,0> requires C, 38.2;: H, 0.8;
N. 3.9%), NMR spectrum no. 24; Mass spectrum no. 24; IR spectrum no. 24.

Cyclisation Reactions with (21) and (24). 4
Under an atmosphere of dry nitrogen, either 1,3-bis-(trimethylsiloxy)-benzene

(22) (0.36 g, 1.4 mmol) or 1,3-bis-(trimethylsiloxy)-toluene (23) (0.38 g, 1.4 mmol)

was added to a solution of caesium fluoride (0.35 g, 2.3 mmol 2,3,5-trifluoro-4-

[1,2,2,2-tetrafluoro-1-(trifluoromethyl)-ethylJ-6-(3-{3,5,6-trifluoro-4-1,2,2,2-

tetrafluoro-1-(trifluoromethyl)-ethyl](2-pyridvloxy)}phenoxyloxy)pyridine (21) (1.0 g,
[.4 mmol) or 2,3,5-trifluoro-6-(5-methyl-3-{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro- | -
(trifluoromethyl)ethyl](2-pyridyloxy) ) phenoxy)-4-[1,2,2,2-tetrafluoro-1 -
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file:///6-trifluoro-4-

(trifluoromethyDethyl]pyridine (24) (1.0 ¢, [ .4 mmol) in monoglyme (300 cm?) and
heated to reflux temperature for 40 h, before water (300 cm?) was added. The mixture
was continuously extracted into DCM, dried (MgSO,) and evaporated to yield crude
material. The isolation of pure products, as white solids, was achieved by column

chromatography. using dichloromethane as the eluent.

From compound (21) and (22), was obtained 26,28-diaza-5.17-bis[1,2,2,2-
terrafluoro-[-(triflucromethyvl)jethyl]-4,6,16,18-retrafluoro-2.8,14,20-
tetraoxapentacyclo[19.3.1.1<3,7>.1<9,13>.1<]5, 19> |octacosa-

1(25),3,3, 7(26'),’9,]],13 (27),15,17,19(28),21,23-dodecaene (25) (0.71 ¢, 64%) mp
118.7-118.9°C (Found: C, 43.0; H, 1.0; N, 3.6. CogHgF gN>0, requires C, 43.0; H,

1.0: N, 5.6%), NMR spectrum no. 25; Mass spectrum no. 23; IR spectrum no. 25.

From compound (22) and (24), was obtained 26,28-diaza-5,17-bis[1,2,2.2-

retrafluoro-1-(trifluoromethyl)ethyvl]-4,6,16, 18-terrafluoro-11-methvl-2,8, 14,20-

tetraoxapentacyclo[19.3.1.1<3,7>.1<9,13>.1<135,19>]octacosa-

](_v) /(76) 911,13 (27),15,17,19(28),21,23-dodecaene {26).(0.72 g, 64%) mp
43.9-144.3°C (Found: C, 43.7: H, 1.2; N, 3.4. CagH oFgN-O; requires C, 43.9 ; H,

1.3; N, 3.5%); NMR spectrum no. 26; Mass spectrum no. 26; IR spectrum no. 26.

(‘,)

From compound (23) and (24) was obtained 6,28-diaza-5,17-bis[1,2,2,2-tetrafluoro-
I-(trifluoromethyl)ethyl[-4,6,16,18-tetrafluoro-11,23-dimethvl-2,8,14,20-
tetraoxapentacvelof19.3.1.1<3,7>.1<9,13>.1<15.19>]Joctacosa-
1(25),3,5,7(26),9,11,13 (271,15,17,19(28),21,23-dodecaene (27) (0.72 g, 63%
230°C (Found: C, 44.9; H, 1.6; N. 3.4. C3gH ,F3N,O4 requires C, 44.7; H, 1

mp

)1
SN,
5%); NMR spectrum no. 27; Mass spectrum no. 27; IR spectrum no. 27.

Synthesis of 2,3 5-wrifluoro-4-[1,2.2,2-tetrafluoro-(trifluoromethyl)ethvl J-6-(-2-
[3.5,6-trifluoro-4-[1,2,2,2-rerrafluoro- 1 - (trifluoromethy! Jethvl J(2-

pyridvloxyv) }ethoxy)pyridine (28).

Under an atmosphere of dry nitrogen, 1,2-bis(trimethvisilyloxy)ethane (0.16
g, 0.79 mmol) was added to a solution of 2,35 6-tetrafluoro-4-( 1,2.2,2-tetrafluoro- 1 -
trifluoromethyl-ethyl)-pyridine (1) (5.0 g, 15.7 mmol) and caesium fluoride (0.12 g,
0.79 mmol) in monoglvme (50 cm?) and the mixture was stirred at reflux temperature
for 4 days before water (100 cm?) was added. The organics were continuously
extracted with DCM, dried (MgSOy) and then evaporated to yield crude material
(0.54 ¢) which lf[el column chromatography, using hexane and ethyl acetate (S:1) as
the eluent on a blllCd gel support. afforded 2.3.5-rrifluoro-4-[1.2.2.2-tetrafluoro-
(Irzﬂu(,)r()rnelh_\fl)é[/z_\'lj-é—(-2‘{3.5.6-!/'{//110/'0—4—// 2.2, 2-retrafluoro-1-

NESF AN

(trifluoromethyl)eth vl J(2-pyridyloxy) fethoxy)pyridine (28). as clear liquid (0.47
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g, 92%) bp >300°C (Found: C, 32.6; H, 0.6; N, 4.2. CgH4F20N,0 requires C, 32.7;
H, 0.6; N, 4.2%): NMR spectrum no. 28; Mass spectrum no. 28; IR spectrum no.
28.

A Cyclisation Reaction with (28).

Under an atmosphere of dry nitrogen, 1,2-bis(trimethylsilyloxy)ethane (0.31
g, 1.5 mmol) was added to a solution 2.3.5-trifluoro-4-[1,2,2,2-tetrafluoro-
(trifluoromethyl)ethyl]-6-(-2-{ 3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro- 1-
(trifluoromethyl)ethyl](2-pyridyloxy) }ethoxy)pyridine (28) (1.0 g, 1.52 mmol) and
caesium fluoride (0.23 g, 1.5 mmol) in monoglyme (50 cm3) and the mixture was
stirred at reflux temperature for 4 days before water (75 cm3) was added. The
organics were continuously extracted with DCM, dried (MgSO,) and then evaporated
to yield crude material (1.2 g) which after column chromatography, using hexane and
dichloromethane (4:1) as the eluent on a silica-gel support, afforded 19,20-diaza-
8,17-bis[1,2,2,2-tetrafluoro- 1-(trifluoromethyl)ethyl][-7,9,16,18-tetrafluoro-
2.5,11,14-tetraoxatricyclo[13.3.1.1<6,10>]icosa-1(18),6(20),7,9,15(19),16-hexaene
(29) as a white solid (0.85 g, 83%)
mp 207.6-209.0°C (Found: C, 35.1; H, 1.2; N, 4.3. CoHgF;gN;04 requires C, 35.2;
H, 1.2: N, 4.1%); NMR spectrum no. 29; Mass Spectrum no. 29; IR spectrum no.
29.

Synthesis of  2-{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro- 1-(trifluoromethyljethyl J(2-
pyridyl)oxy}-1-(2-{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro- I (trifluoromethyl)ethyl)
(2-pyridyloxy)jethoxy)ethane (30).

Under an atmosphere of dry nitrogen, 1-{2-[2-1,1-dimethyl-1-
(silacthoxy)ethoxylethoxy }-1,1-dimethyl-1-silaethane (3.92 g, 15.7 mmol) was added
to a solution of 2,3,5,6—tetraﬂuoro—4-(1,2,2,2—tetraﬂuoro—1—triﬂuoromethyl—ethyl)—
pyridine (1) (10.0 g, 31.3 mmol) and caesium fluoride (4.75 g, 31.3 mmol) in
monoglyme (100 cm?) and the mixture was stirred at reflux temperature for 4 days
before water (100 cm?) was added. The organics were continuously extracted with
DCM, dried (MgSOy) and then evaporated to yield crude material (11.5 g) which
after flash column chromatography, using dichloromethane as the eluent on a silica-
gel support, afforded 2-{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl](2-pyridyl)oxy)-1-(2-(3,5,6-trifluoro-4-[ 1,2,2,2-tetrafluoro-
](triﬂuorometh_yl)ethyl](2—pyridyloxy)/ethoxy)ethane (30) as a colourless liquid (9.17
g, 83%) bp 280-282°C (Found: C, 34.1: H, 1.1: N, 3.9. CooHgF2oN,03 requires C,
34.1; H, 1.1; N, 3.9%); NMR spectrum no. 30; Mass spectrum no. 30; IR
spectrum no. 30.



A Cyclisation Reaction with (30).

Under an atmosphere of dry nitrogen, [-{2-[2-1,1-dimethyl-1-
(silaethoxy)ethoxylethoxy }-1,1-dimethyl-1-silaethane (2.1 g, 8.4 mmol) was added to
a solution of 2-{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl](2-
pyridyDoxy }-1-(2-{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro- 1 (trifluoromethyl)ethyl](2-
pyridyloxy)}ethoxy)ethane (30) (6.0 g, 8.5 mmol) and caesium fluoride (3.2 g, 21.1
mmol) in monoglyme (150 cm?3) and the mixture was stirred at room temperature for
5 days before water (150 cm?3) was added. The organics were continuously extracted
with DCM, dried (MgSOy) and then evaporated to yield crude material (6.6 g) which
after flash column chromatography, using dichloromethane as the eluent on a silica-
gel support, afforded 25,26-diaza-11,23-bis[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]-10,12,22,24-tetrafluoro-2,5,8,14,17,20-
hexaoxatricyclo[19.3.1.1<9,13> Jhexacosa-1(24),9(26),10,12,21(25),22-hexaene (31)
as a white solid (5.8 g, 90%) mp 147.2-149.0°C (Found: C, 37.3; H, 2.0; N, 3.5.
CosH6F 18N, Qg requires C, 37.4, H, 2.1; N, 3.6%) NMR spectrum no. 31; Mass

spectrum no. 31; IR spectrum no. 31.
Reactions with Dinitrogen Nucleophiles.

Synthesis of Methvl[2-(methyl{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl J(2-pyridyl) Jamino)ethyl]{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-
I-(trifluoromethyl)ethyl](2-pyridyl)jamine (32) and 2,3-difluoro-5,8-dimethyl-4-
[1,2,2,2-tetrafluoro-1-(trifluoromethylethyl)]-5,6,7,8-tetrahydroguinoline (33).

Under an atmosphere of dry nitrogen, N,N'-dimethylethylene-diamine (2.76 g,
31.3 mmol) was added to a solution of 2,3,5,6-tetrafluoro-4-(1,2,2,2-tetrafluoro-1-
trifluoromethyl-ethyl)-pyridine (1) (20.0 g, 62.6 mmol) in THF (50 c¢m3) and the
mixture was stirred at r.t for 1 h before water (100 cm3) was added. The organic
material was continuously extracted with DCM, dried (MgSQOy) and then evaporated
to yield crude material (19.6 g) which after column chromatography, using hexane
and ethyl acetate (8:1) as the eluent, afforded methyl[2-(methyl{3,5,6-trifluoro-4-
[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl ](2-pyridyl) Jamino )ethyl]{3,5,6-trifluoro-
4-[1,2,2,2-tetrafluoro- 1-(trifluoromethyljethylJ(2-pyridyl) Jamine (32) (15.7 g, 73%)
as a brown oil bp >300°C (Found: C, 35.0; H, 1.4; N, 8.2. CyoHoF20N4 requires C,
349; H, 1.4, N, 82%); NMR spectrum no. 32; Mass spectrum no. 32; IR
spectrum no. 32 and 2,3-difluoro-5,8-dimethyl-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethylethyl)]-5,6,7,8-tetrahydroquinoline (33) (2.8 g, 12%) as a purple solid
mp 66.2-68°C (Found: C, 39.1; H, 2.7 N, 11.3. Cy,HgF9Njrequires C, 39.2; H, 2.7;
N, 11.4%), NMR spectrum no. 33; Mass spectrum no. 33; IR spectrum no. 33.



A Cyclisation Reaction with (32).

Under an atmosphere of dry nitrogen, N,N'-dimethylethylene-diamine (0.46 g,
5.2 mmol) was added to a solution of 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) Jamine (32) (1.0 g, 1.5 mmol)
in THF (50 cm3) and the mixture was stirred at r.t for 20 h before water (100 cm3)
was added. The organic material was continuously extracted with DCM, dried
(MgSO4) and then evaporated to yield crude material (1.98 g) which after
recrystallisation, using toluene, afforded 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[13.3.1.1<6,10> Jicosa-1(18),6(20),7,9,15,(19),16-hexaene. (34)
(0.6 g, 60%) as a white solid mp -299.3-300.0°C (Found: C, 39.0; H, 2.7; N, 11.3.
Co4HyoF 13N requires C, 39.2; H, 2.7; N, 11.4%); NMR spectrum no. 34; Mass

spectrum no. 34; IR spectrum no. 34.

Reaction of (17) with N,N' dimethylethylenediamine.

) Under an atmosphere of dry nitrogen, N,N'-dimethylethylene-diamine (0.28 g,
3.2 mmol) was added to a solution of bis{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl}-2-pyridyl}methylamine (17) (2.0 g, 3.18 mmol) in THF (50
cm3) and the mixture was stirred at reflux temperature for 40 h before water (100
cm3) was added. The organic layer was continuously extracted with DCM, dried
(MgS0y4) and then evaporated to yield crude material (2.1 g) which after column
chromatography, using hexane and ethyl acetate (8:1) as the eluent, afforded {7-
fluoro-1,4-dimethyl-8-[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl](1,2,3,4-
tetrahydropyridino(2,3-bpyrazin-6-yl))methyl{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-
I-(trifluoromethyl)ethyl](2-pyridyl}amine (35) (1.3 g, 60 %) as a yellow solid mp
112.4-113.0°C (Found: C, 37.2; H, 1.9; N, 10.4. C,;H3F3N5 requires C, 37.2; H,
1.9; N, 10.3%); NMR spectrum no. 35; Mass spectrum no. 35; IR spectrum no.
3s.

(ii) Under an atmosphere of dry nitrogen, N,N'-dimethylethylene-diamine (0.13 g,
1.48 mmol) was added to a solution of bis{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]-2-pyridylJmethylamine (17) (0.5 g, 0.79 mmol) in THF (50
cm3) and the mixture was stirred at reflux temperature for 40 h before water (100
cm3) was added. The organic layer was continuously extracted with DCM, dried
(MgSO,4) and then evaporated to yield crude material (0.6 g) which after column
chromatography, using hexane and ethylacetate (6:1) as the eluent, afforded bis{7-
fluoro-1,4-dimethyl-8-[1,2,2,2-trifluoromethyl)ethyl](1,2,3,4-tetrahydropyridino(2, 3-

blpyrazin-6-yl)}methylamine (36) as a green solid (0.38 g, 71 %) mp 169.3-170.2°C
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(Found: C, 41.4; H, 3.2; N, 13.5. Cy5H»FgN7 requires C, 41.4; H, 3.2, N, 13.5%);
NMR spectrum no. 36; Mass spectrum no. 36; IR spectrum no. 36.

Complexation Studies.

In order to determine the metal-ion transport ability of (27), (29) and (31)
across an aqueous-dichloromethane membrane, alkali metal picrates were used and
the distribution of these ions, in the aqueous phase, were measured at equilibrium.

Aqueous solutions containing picric acid (10.0 mM) and the alkali metal
fluoride (60.0 mM) were prepared. Into a plastic capped vial was placed 1.0 ml of the
metal picrate solution and 1.0 ml of a 10.0 mM dichloromethane solution of the
ionophore. The resulting two-phase system was then mixed together for 5 minutes
using a Fisons Whirlimixer. Phase separation was induced using a MSE Centaur 2
centrifuge for 10 minutes. A sample (10 pl) of the aqueous phase was then removed
and added to HPLC-grade acetonitrile (5.0 ml). The absorption spectrum of the
solution was then measured, in a 1 cm silica-cell, using a UV2 UV/VIS spectrometer.
When lithium picrate was used the absorbance of the solution was measured at 263
nm; for sodium picrate, 260 nm; for potassium picrate, 260 nm and for caesium
picrate 262 nm respectively. The % of metal picrate extracted by the macrocycle was

calculated by:
% Extraction = 100 (AbSpefore ~ AbSatter)/AbSpefore

where, Abspefore i the absorbance of a similarly diluted sample of the unextracted

alkali metal and Absafter is the absorbance of the alkali metal picrate after extraction.
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Exchange of Fluorine by Bromine Reactions
2,6-Dibromo-3,5-difluoro-4-(1,2,2,2-tetrafluoro-1-trifluoromethyl-ethyl)-pyridine
(37).

A Hastalloy autoclave (equipped with a copper gasket and an Inconel bursting
disc) was charged with aluminium bromide (34.1 g, 0.13 mol), 2,3,5,6-tetrafluoro-4-
(1,2,2,2-tetrafluoro-1-trifluoromethyl-ethyl)-pyridine (1) (19.2 g, 0.06 mol) and
hydrogen bromide (10.2 g, 0.13 mol). The autoclave was heated at 160°C for 48 h,
cooled, then excess gaseous hydrogen bromide was neutralised by release into a
sodium hydrogen carbonate solution. The autoclave was opened and ice water was
cautiously added to the solid contents. This mixture was then extracted with DCM,
and the dried extracts were distilled to give 2,6-dibromo-3,5-difluoro-4-(1,2,2,2-
tetrafluoro- I-trifluoromethyl-ethyl)-pyridine (37) (21.6 g, 81%) as a colourless liquid
bp 56°C (4mmHg) (Found: C, 21.8; N, 3.1. CgBr;FgN requires C, 21.8; N, 3.2%);
NMR spectrum no. 37; Mass spectrum no. 37; IR spectrum no. 37.

6-Bromo-2,3,5-difluoro-4-(1,2,2,2-tetrafluoro- 1 -trifluoromethyl-ethyl)-pyridine (38).

A Hastalloy autoclave (equipped with a copper gasket and an Inconel bursting
disc) was charged with aluminium bromide (67 g, 0.25 mol), 2,3,5,6-tetrafluoro-4-
(1,2,2,2-tetrafluoro- 1-trifluoromethyl-ethyl)-pyridine (1) (40.0 g, 0.13 mol) and
hydrogen bromide (10.2 g, 0.13 mol). The autoclave was heated at 160°C for 18 h,
cooled, then excess gaseous hydrogen bromide was neutralised by release into a
sodium hydrogen carbonate solution. The autoclave was opened and ice water was
cautiously added to the solid contents. This mixture was then extracted with DCM,
and the dried extracts were distilled to give 6-bromo-2,3,5-difluoro-4-(1,2,2,2-
tetrafluoro-1-trifluoromethyl-ethyl)-pyridine (38) (27.7 g, 58%) as a colourless liquid
bp 25-30°C (4mmHg) (Found: C, 25.4; N, 3.7. CgBrFoN requires C, 25.3; N, 3.7%);
NMR spectrum no. 38; Mass spectrum no. 38; IR spectrum no. 38.

Catalytic Hydrogenolysis Reaction of the Dibromocompound (37).
2,6-Dihydrido-3,5-difluoro-4-(1,2,2,2-tetrafluoro- 1 -trifluoromethyl-ethyl)-pyridine
(39).

A solution of 2,6-dibromo-3,5-difluoro-4-(1,2,2,2-tetrafluoro-1-
trifluoromethyl-ethyl)-pyridine (37) (12.0 g, 27.2 mmol) was stirred in DCM (80
cm3) with activated carbon and then filtered. A palladium catalyst (5% Pd/C) and
triethylamine were added to the filtrate and the mixture was hydrogenated on a Parr
apparatus, at 4 Bar, for 20 h. The mixture was filtered before water was added (40
cm3). The organic material was continually extracted with DCM, dried (MgSQO4) and
then evaporated to yield crude material (8.8 g) which after flash column

chromatography, using DCM as the eluent on a silica-gel support, afforded 2,6-
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dihydrido-3,5-difluoro-4-(1,2,2,2-tetrafluoro- I -trifluoromethyl-ethyl)-pyridine (39)
(4.8 g, 62 %) as a colourless liquid bp 132.3-133.1°C (Found: C, 34.1; H, 0.7; N, 4.9.
CgHoFgN requires C, 33.9; H, 0.7, N, 4.9%); NMR spectrum no. 39; Mass
spectrum no. 39; IR spectrum no. 39.

Reactions of the Bromo-fluoro-compound (37) with Sodium Methoxide.

General Procedure:

1) Under an atmosphere of dry nitrogen, sodium metal was added to methanol
(20 cm3) and stirred until hydrogen evolution was complete. 2,6-Dibromo-3,5-
difluoro-4-(1,2,2,2-tetrafluoro-1-trifluoromethyl-ethyl)-pyridine (37) (2.0 g, 4.5
mmol) was used in each experiment was added to the solution which was stirred at
reflux temperature for 24 h before water (25 cm?3) was added. The mixture was
continuously extracted with DCM, dried (MgSQy4) and evaporated to yield crude
material. The 1solation of pure products was achieved by column chromatography,

using dichloromethane and hexane (2:1) as the eluent.

2,6-Dibromo-3-fluoro-5-methoxy-4-(1,2,2,2-tetrafluoro- 1 -trifluoromethyl-ethyl)-
pyridine (40).

(1) Compound (37) in (i) and sodium methoxide (0.38g, 6.9 mmol) gave crude
product (2.21 g) which after column chromatography, afforded 2,6-dibromo-3-fluoro-
5-methoxy-4-(1,2,2,2-tetrafluoro- I-trifluoromethyl-ethvl)-pyridine (40) (1.26g, 61%)
as a colourless liquid bp 254-255.6°C (Found: C, 23.8; H, 0.6; N, 3.1. CgH3Br,FgNO
requires C, 23.8; H, 0.7; N, 3.1%); NMR spectrum no. 40; Mass spectrum no. 40;
IR spectrum no. 40.

2,6-Dibromo-3,5-dimethoxv-4-(1,2,2,2-tetrafluoro- 1 -trifluoromethyl-ethyl)-pyridine
(41). _

(111) | Compound (37) in (i) and sodium methoxide (0.76g, 13.9 mmol) gave crude
product (2.2 g) which after column chromatography afforded 2,6-dibromo-3,5-
dimethoxy-4-(1,2,2,2-tetrafluoro-1-trifluoromethyl-ethvl)-pyridine (41) (1.75g, 83%)
as a white solid mp 72.7-74.0°C (Found: C, 26.1; H, 1.3; N, 2.9. C,oH¢Br,F,NO,
requires C, 25.8; H, 1.3; N, 3.0%); NMR spectrum no. 41; Mass spectrum no. 41;
IR spectrum no. 41.

2-bromo-3,5,6-trimethoxy-4-(1,2,2,2-tetrafluoro- I -trifluoromethyl-ethyl)-pyridine.

(iv)  Compound (37) in (1) and sodium methoxide (1.5g, 27.5 mmol) gave crude
product (1.6 g) which after column chromatography afforded 2-bromo-3,5,6-
trimelhox)r'-fl-(],2,2,2-tetraﬂuar0—]—friﬂuorometh_vl—eth_v/)-pyridiﬁe (42) (1.2g, 64.0%)
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as a colourless liquid bp 260.5-262°C (Found: C, 31.6; H, 2.0; N, 3.3. C;HoBrF7NO;

requires C, 31.7; H, 2.2; N, 3.4%); NMR spectrum no. 42; Mass spectrum no. 42;
IR spectrum no. 42.

Reaction of the Bromofluorocompound (37) with piperidine.
6-bromo-3,5-difluoro-2-piperidyl-4-[1,2,2,2-tetrafluoro- 1
-(trifluoromethyl)ethyl Jpyridine (43).

A solution of 2,6-dibromo-3,5-difluoro-4-(1,2,2,2-tetrafluoro-1-
trifluoromethyl-ethyl)-pyridine (37) (1.0 g, 2.3 mmol) and piperidine (0.4 g, 4.5
mmol) in acetonitrile (15 cm3) was stirred under reflux for 24 hours. Water (30 cm?)
was added and the mixture was filtered and extracted into DCM. The DCM solution
was dried (MgS0O4) and evaporated affording a liquid (1.9 g). Flash-column
chromatography, using DCM as the eluent, yielded 6-bromo-3,5-difluoro-2-piperidyl-
4-[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]pyridine (43) (0.8 g, 80.2%) as a
yellow liquid bp 284.5-286.6°C (Found: C, 35.2; H, 2.0; N, 6.3. C3HoBrFyN>
requires C, 35.1; H, 2.2; N, 6.3%); NMR spectrum no. 43; Mass spectrum no. 43;
IR spectrum no. 43.

Lithiation reactions of the 2,6-dibromocompound (37) and Reactions with
Electrophiles:

A 2-Bromo-3,5-difluoro-4-(1,2,2,2-tetrafluoro-1-trifluoromethyl-ethyl)-6-
lithiopyridine.

(1) A solution of butyllithium (3.5 cm3, 5.5 mmol of 1.6 M solution in hexanes)
was added to a solution to 2,6-dibromo-3,5-difluoro-4-(1,2,2,2-tetrafluoro-1-
trifluoromethyl-ethyl)-pyridine (2.0 g, 4.5 mmol) in tetrahydrofuran (25 cm3) at -
78°C, with stirring, under an atmosphere of dry nitrogen.

(i1) 2-Bromo-3,5-difluoro-4-[1,2,2,2-tetrafluoro- I -trifluoromethyl-ethyl Jpyridine
(44).  Ethanol (30 cm?3) was added to a solution of 2-bromo-3,5-difluoro-4-(1,2,2,2-
tetrafluoro- I -trifluoromethyl-ethyl)-6-lithiopyridine as prepared in (i) and the mixture
was stirred for 0.5 h at -78°C, then warmed to room temperature. Water (30 cm3) was
added and the organic components were extracted into DCM. The DCM solution was
dried (MgSOy) and evaporated to give a residue which after column chromatography,
using hexane and dichloromethane (4:1) as the eluent yielded 2-bromo-3,5-difluoro-
4-[1,2,2,2-tetrafluoro- 1 -trifluoromethyl-ethylJpyridine (44) (1.2 g, 73%) as a

.o S

colourless liquid bp 180.6-182.2°C (1 atm) (Found: C, 26.4; H, 0.2; N, 3.8.
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CgHBrFoN requires C, 26.5; H, 0.3; N, 3.9%). NMR spectrum no. 44; Mass

spectrum no. 44; IR spectrum no. 44

2-{6-Br0mo-3,5-diﬂu0r0-4-[1,2,2,2-tetraﬂu0r0-1-triﬂuoromeihyl-ethyl](Z—pyridyl)/—
2-methyl-2-silapropane (45).

(iti)  Trimethylsilylchloride (2.4 g, 22.2 mmol) was added to a solution of 2-bromo-
3,5-difluoro-4-(1,2,2,2-tetrafluoro-1-trifluoromethyl-ethyl)-6-lithiopyridine as
prepared in (i) and the mixture was stirred for 0.5 h at -78°C, then warmed to room
temperature. Water (30 cm?3) was added and the organic components were extracted
into DCM. The DCM solution was dried (MgSO4) and evaporated to give a residue
which after column chromatography, using hexane and dichloromethane (6:1) as the
eluent yielded 2-{6-bromo-3,5-difluoro-4-[1,2,2,2-tetrafluoro-1-trifluoromethyl-
ethyl] Jpyridyl-2-methyl-2-silapropane (45) (0.9 g, 46%) as a colourless liquid bp
211.0-212.1°C (1 atm) (Found: C, 30.3; H, 2.0; N, 3.2. C,H¢BrFgNSi requires C,
30.4; H, 2.1; N, 3.2%); NMR spectrum no. 45; Mass spectrum no. 45; IR
spectrum no. 45.

2-Bromo-3,5-difluoro-4-{1,2,2,2-tetrafluoro- 1 -trifluoromethyl-ethyl]-6-{3,5,6-
trifluoro-4-[1,2,2,2-tetrafluoro-1-(trifluorometrhyl)ethyl](2-pyridyl) Jpyridine (46).
(v)y  2,3,5,6-tetrafluoro-4-(1,2,2,2-tetrafluoro- I -trifluoromethyl-ethyl)-pyridine (1)
(7.1 g, 22.2 mmol) was added to a solution of 2-bromo-3,5-difluoro-4-(1,2,2,2-
tetrafluoro-1-trifluoromethyl-ethyl)-6-lithiopyridine as prepared in (i) and the mixture
was stirred for 0.5 h at -78°C, then warmed to room temperature. Water (30 cm3) was
added and the organic components were extracted into DCM. The DCM solution was
dried (MgSO,) and evaporated to give a residue which after column chromatography,
using hexane and dichloromethane (4:1) as the eluent yielded 2-bromo-3,5-difluoro-
4-[1,2,2,2-tetrafluoro-I-trifluoromethyl-ethyl]-6-{3,5,6-trifluoro-4-[1,2,2,2-
tetrafluoro-1-(trifluoromethyl)ethyl](2-pyridyl)jpyridine (46) (0.6 g, 20%) as a white
solid; mp 68-69.5°C; (Found C, 29.1; N, 4.2. C4BrF 9N, requires C, 29.1; N, 4.2%);
NMR spectrum no. 46; Mass spectrum no. 46; IR spectrum no. 46.

Reaction of Compound (46) with Sodium Methoxide.
2-{6-Bromo-3,5-difluoro-4-[1,2,2,2-tetrafluoro- I -trifluoromethyl-ethyl ] 2-
pyridyl)}{3,5,-difluoro-6-methoxy-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl Jpyridine (47).

Under an atmosphere of dry nitrogen, sodium metal (0.02 g, 0.8 mmol) was
added to methanol (20 cm?) and stirred until hydrogen evolution was complete. 2-

Bromo-3,5-difluoro-4-[1,2.2,2-tetrafluoro- I -trifluoromethyl-ethyl]-6-{ 3,5,6-trifluoro-
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4-[1,2,2,2-tetrafluoro- [-(trifluoromethyl)ethyl](2-pyridy]) } pyridine (46) (0.5 ¢, 0.8
mmol) was added to the solution which was stirred at reflux temperature for 24 h.
Water (30 cm3) was added and the organic components were extracted into DCM.
The DCM solution was dried (MgSOy4) and evaporated to give a residue which after
column chromatography, using hexane and dichloromethane (4:1) as the eluent
yielded 2-{6-bromo-3,5-difluoro-4-[1,2,2,2-tetrafluoro-1-trifluoromethyl-ethyl](2-
pyridyl)}{3,5,-difluoro-6-methoxy-4-{1,2,2,2-tetrafluoro- | -
(trifluoromethyl)ethylipyridine (47) (0.4 g, 79%) as a white solid mp 79.8-81.6°C
(Found: C, 30.3; H, 0.4, N, 4.2. C7H3BrFgN; requires C, 30.3; H, 0.5; N, 4.2%);
NMR spectrum no. 47; Mass spectrum no. 47; IR spectrum no. 47.

B Preparation of 3,5-difluoro-4-(1,2,2,2-tetrafluoro- 1 -trifluoromethyl-ethyl)-2,6-
dilithiopyridine.

(1) A solution of butyllithium (7.0 cm®, 11.0 mmol of 1.6 M solution in hexanes)
was added to a solution to 2,6-dibromo-3,5-difluoro-4-(1,2,2,2-tetrafluoro-1-
trifluoromethyl-ethyl)-pyridine (37) (2.0 g, 4.5 mmol) in tetrahydrofuran (25 ¢cm?3) at -
78°C, with stirring, under an atmosphere of dry nitrogen.

(11) 2-{6-(1,1-Dimethyl-1-silaethyl)-3,5-difluoro-4-[1,2,2,2-tetrafluoro- 1 -
trifluoromethyl-ethyl](2-pyridyl)}-2-methyl-2-silapropane (48).
Trimethylsilylchloride (2.4 g, 22.2 mmol) was added to a solution of 2-bromo-
3,5-difluoro-4-(1,2,2,2-tetrafluoro- I -trifluoromethyl-ethyl)-6-lithiopyridine as
prepared in (1) and the mixture was stirred for 0.5 h at -78°C, then warmed to room
temperature. Water (30 cm3) was added and the organic components were extracted
into DCM. The DCM solution was dried (MgSOy4) and evaporated to give a residue
which after column chromatography, using hexane and dichloromethane (6:1) as the
eluent yielded 2-{6-(1,I-dimethyl-1-silaethyl)-3,5-difluoro-4-[1,2,2,2-tetrafluoro-1 -
trifluoromethyl-ethyl](2-pyridyl)}-2-methyl-2-silapropane (48) (0.8 g, 41%) as a
colourless liquid bp 138.0-140.0°C (1 atm) (Found: C, 39.9; H, 4.2; N, 3.3.
C14H8F9NSi; requires C, 39.3; H, 4.2; N, 3.3%); NMR spectrum no. 48; Mass

spectrum no. 48; IR spectrum no. 48.

Coupling Reactions of the 2,6-Dibromocompound (37) with Terminal Alkynes.
6-Bromo-3,5-difluoro-2-pent-1-ynyl-4-(1,2,2,2-tetrafluoro-1 -trifluoromethyl-ethyl)-
pyridine (49) and 3,5—difluoro-2,6-dipent-1—ynyl-4-(1,2,2,2-tetraflu0r0-1-
trifluoromethyl-ethyl)-pyridine (50).

A mixture of 2,6-dibromo-3,5-dif1uor0—4~(1,2,2,2-tetraf1uoro—l—
trifluoromethyl-ethyl)-pyridine (37) (1.0 g, 2.3 mmol), pent-1-yne (0.31 g, 4.5 mmol),
copper(l) iodide (0.01 g, 0.05 mmol), palladium(II) acetate (0.04 g),
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triphenylphosphine (0.08 g) and triethylamine (15 c¢m3) was stirred at room
temperature, under an atmosphere of dry nitrogen, for 3 days. Water (30 cm?3) was
added and the mixture was filtered and extracted into DCM. The DCM solution was
dried (MgSO4) and evaporated affording a solid (1.29g). Column chromatography,
using hexane/DCM (1:2) as the eluent, yielded 6-bromo-3,5-difluoro-2-pent-1-ynyl-4-
(1,2,2,2-tetrafluoro-1-trifluoromethyl-ethyl)-pyridine (49) (0.6 g, 62%) as white
crystals mp 55.2-56.5°C (Found: C, 36.5; H, 1.6; N, 3.2. C;3H7BrFgN requires C,
36.5; H, 1.6; N, 3.3%); NMR spectrum no. 49; Mass spectrum no. 49; IR
spectrum no. 49 and 3,5-difluoro-2,6-dipent-1-ynyl-4-(1,2,2,2-tetrafluoro-1-
trifluoromethyl-ethyl)-pyridine (50) (0.15 g, 16%) as a yellow oil (bp >300°C)
(Found; C, 52.2; H, 3.4; N, 3.3. C1gH4F9N requires C, 52.0; H, 3.4; N, 3.4%); NMR

spectrum no. 50; Mass spectrum no. 50; IR spectrum no. 50.

6-Bromo-3,5-difluoro-2-phenylethynyl-4-(1,2,2,2-tetrafluoro- 1 -trifluoromethyl-ethyl)-
pyridine (51) and 2,6-bis(2-phenylethynyl)-3,5-difluoro-4-(1,2,2,2-tetrafluoro-1-
trifluoromethyl-ethyl)-pyridine (52).

A  mixture of 2,6-dibromo-3,5-difluoro-4-(1,2,2,2-tetrafluoro-1-
trifluoromethyl-ethyl)-pyridine (37) (1.0 g, 2.3 mmol), phenylacetylene (0.5 g, 4.5
mmol), copper(I) iodide (0.01 g, 0.05 mmol), bis(triphenylphosphine)palladium
dichloride (0.04 g, 0.06 mmol) and triethylamine (10 cm3) was stirred at room
temperature, under an atmosphere of dry nitrogen, for 16 hours. Water (30 cm3) was
added and the mixture was filtered and extracted into DCM. The DCM solution was
dried (MgSOy4) and evaporated affording a solid (1.24 g). Column chromatography,
using hexane/DCM (1:2) as the eluent, yielded 6-bromo-3,5-difluoro-2-
phenylethynyl-4-(1,2,2,2-tetrafluoro-1-trifluoromethyl-ethyl)-pyridine  (51) (0.23 g,
22%) as white crystals mp 84.7-86.2°C (Found: C, 41.9; H, 1.1; N, 3.1. C|sHsBrFgN
requires C, 41.6; H, 1.1; N, 3.0%); NMR spectrum no. 51; Mass spectrum no. 51;
IR spectrum no. 51 and 2,6-bis(2-phenylethynyl)-3,5-difluoro-4-(1,2,2,2-tetrafluoro-
1-trifluoromethyl-ethyl)-pyridine (52) (0.86g, 78%) as white crystals mp 172.8-
173.2°C (Found: C, 59.5; H, 2.0; N, 2.8. Cy4H oF9N requires C, 59.6; H, 2.1; N,
2.9%); NMR spectrum no. 52; Mass spectrum no. 52; IR spectrum no. 52.

Preparation of Pentasubstituted Pyridines.
General Procedure.

Under an atmosphere of dry nitrogen, sodium methoxide (0.3 g, 5.9 mmol)
was added to methanol (35 cm3) and stirred. To the resulting solution either 6-bromo-
3,5-difluoro-2-piperidyl-4-[1,2,2,2-tetrafluoro- 1 -(trifluoromethyl)ethyljpyridine (43)
(1.5 g, 3.4 mmol), 6-bromo-3,5-difluoro-2-phenylethynyl-4-(1,2,2,2-tetrafluoro-1-
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trifluoromethyl-ethyl)-pyridine (51) (1.8 g, 4.0 mmol) or 6-bromo-3,5-difluoro-2-
pent-1-ynyl-4-(1,2,2,2-tetrafluoro- 1 -trifluoromethyl-ethyl)-pyridine (49) (1.7 g, 4.0
mmol) was added and then stirred at reflux temperature for 24 h before water (25
cm?3) was added. The mixture was continuously extracted with DCM, dried (MgSQOy)
and evaporated to yield crude material. The isolation of pure products was achieved

by column chromatography, using dichloromethane and hexane (1:1) as the eluent.

From compound (43) was obtained 4-/1-(trifluoromethyl)-1,2,2,2-tetrafluoroethyl]-2-
bromo-3-fluoro-5-methoxy-6-piperidylpyridine (53) (1.2 g, 78%) a white solid mp
81.1-83.0°C (Found; C, 36.6; H, 2.8; N, 6.0. C14H3BrFgN,O requires C, 36.8; H, 2.8;
N, 6.1%); NMR spectrum no. 53; Mass spectrum no. 53; IR spectrum no. 53.

Compound (51) gave 4-[I-(trifluoromethyl)-1,2,2,2-tetrafluoroethyl]-2-bromo-3-
methoxy-5-fluoro-6-(2-phenylethynyl)pyridine (54) (1.0 g, .54%) a yellow oil bp
>300°C (Found: C, 42.6; H, 1.6; N, 2.8. C;7HgBrFgNO requires C, 43.0; H, 1.7; N,
2.9%); NMR spectrum no. 54; Mass spectrum no. 54; IR spectrum no. 54.

Compound (49) gave 4-[I-(trifluoromethyl)-1,2,2,2-tetrafluoroethyl]-2-bromo-3-
methoxy-5-fluoro-6-pent-1-ynylpyridine (55) (1.5 g, 86%) a yellow oil; bp >300°C;
(Found; C, 38.5; H, 2.2; N, 3.2. C14HoBrFgNO requires C, 38.2; H, 2.3; N, 3.2%);
NMR spectrum no. 55; Mass spectrum no. 55; IR spectrum no. 55.
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Appendix A.
NMR. Data



2,3,5,6-tetrafluoro-4-(1,2,2,2-tetraflucro-1-triflucromethyl-ethyl)-pyridine (1)

f g
CF(CF3),
F-BP4-F
I ~
FTa'N e°F
Chemical Multiplicity Coupling Relative Assignment
Shift constants Intemsity
(ppm) (J /Hz)
IF
744 m 6 g
-86.8 brs 2 aande
-134.9 S 1 bord
-1374 s 1 bord
-180.2 m 1 f
13C
91.7 d sept 1Jep215.5 f
2Jcr36.3
119.2 dt 2Jer22.9 c
_ 2Jep11.9
119.6 qd 1](:]:288.4 g
2Jep 27.1
143.3 m bandd
145.8 m aande




2,3,5-trifluoro-4,6-bis-(1,2,2,2-tetrafluoro-1-triffuoromethyi-ethyl)-pyridine (2)

f g
CF(CF3),

F£2dF

—~_h i
F7a N~e CF(CF3),

Chemical Multiplicity Coupling Relative Assignment
Shift constants Intensity
(ppm) (J MHz)
19F
-75.7 m 6 g
-75.8 m 6 i
-82.3 m 1 a
-116.0 S 1 b
-123.0 s 1 d
-181.0 m 1 f
-181.4 m 1 h
13C
91.7 d sept 17cp209.8 fand h
2Jcr36.3
118.8 brs cande
119.6 qd 1Jcr295.6 g
2Jcr 14.9
119.9 qd 1Jcp288.4 i
2Jcr 14.6
126.9 brs b
147.7 d 1Jcr244.9 d
152.8 d 1Jcp277.4 a




2,3,5-trifluore-6-methoxy-4-(1,2,2,2-tetrafluoro-1-triflucromethyl-ethyl)-
pyridine (3)

f g
CF(CF3),

NG

h y
H,CO e N2~ F

Chemical Multiplicity Coupling Relative Assignment
Shift constants Intemsity
(ppm) (J /Hz)
Ly
-75.1 m 6 g
-91.2 and -92.4 brs 1 a
-134.9 and brs 1 d
-137.6
-146.9 and brs 1 b
-150.1
-179.9 m 1 f
g
4.0 ] 3 h
13C
55.2 s h
91.8 d sept Jcp214.4 f
2Jcp36.2
116.5 dt 2JCF 24.4 C
2Jcr 10.7
119.8 qd 1Jcr288.6 g
2Jcr 27.6
144.0-147.0 br m a,b,dande

A. 4.



2,3,5-trifluoro-6-methoxy-4-(1,2,2,2-tetrafluoro-1-triflucromethyl-ethyl)-
pyridine (a low temperature F-NMR experiment) (3)

f g
CF(CFy),
Fd”
|

h =
HsCO“ ¢ 'N"8°F

XP2-F

Chemical Multiplicity Coupling Relative Assignmemnt
Shift constants Intensity
(ppm) (J /Bz)
9%
(room temp.)
-75.1 m 6 g
-91.2 and -92.4 brs 1 a
-134.9 and brs 1 d
-137.6
-146.9 and brs 1 b
-150.1
-179.9 m 1 f
19%
(-39°C) *
-75.1 m 6 g
-91.7 dd 3Jpr21.8 1 a
5Jpr 30.4
-92.69 dd 3Jpp 23.3 1 a
5Jpr 29.4
-138.4 dd 4Jrr 90.3 1 d
3Jre 30.5
-135.7 m 1 d
-147.5 m 1 b
-150.6 dd 4Jep 84.2 1 b
3Jpr 14.3
-181.2 dd 4Jpp 84.5 1 ¢
4Jer 74.1




3,5-=d1'1ﬂu0m=2,6-dimethoxy=4=(]1,2,2,2-tetraﬂu0m=1=triﬂuommethyﬂ=ethyﬂ)=

pyridine (4)

f g

CF(CFy),
Fb’
-

h ~ i
H3CO a N“e OCHg3,

NF

Chemical Multiplicity Coupling Relative Assignment
Shift constants Intensity
(ppm) (J /MHz)
jbyn
-75.3 m 6
-145.9 brs 1 bord
-149.0 brs 1 bord
-179.9 m I f
1H
4.0 S 6 h and i
13C
54.2 s ‘ handi
92.0 d sept 1Tcp213.3 - f
2Jcp35.5
114.6 dt 2Jcp21.7 c
2Jcr 10.4
120.9 qd 1Tcp288.2 g
2Jer 271 .
134-141.0 brm bandd
147.6 m aande

A. 6.



3,5,6-trifluoro-4-(1,2,2,2-tetrafluoro-1-trifluoromethyl-ethyl)-pyridin-2-ol (5)

f g
CF(CF3),
Fd’ XL-F
I ~
HO © "N a™F
Chemical Multiplicity Coupling Relative Assignment
Shift constants Intensity
(ppm) (J /Hz)
9%
-71.3 m 6 g
-86.8 and -87.8 brs 1 a
-131.1 and S 1 d
-133.8
-141.6 and s 1 b
-144.8
-176.4 m 1 f
17
2.2 s 1 e
13C
95.5 d sept 1Jcp213.5 f
2Jcr36.0
120.7 m c
123.3 qd 1Jcr287.0 g
2Jcp 27.5
140.0-150.0 br m a,b,dande




3,5,6-trifluoroe-2-(methoxyethanoxy)-4-[1,2,2,2-tetrafluoro-1-(trifluoromethyl)-

ethyl]-pyridine (6)

f g
CF(CFa),
Fd’
|

j i h =
H3COH,CH,CO“® "N 2°F

XP-F

Chemical Multiplicity Coupling Relative Assigmment
Shift constants Intensity
(ppm) (J MHz)
19¢
| -75.0 m 6 g
| -90.4 and -91.6 brs 1 a
| -133.4 and brs 1 d
-136.1 _
-146.1 and brs 1 b
-149.1
-180.0 m 1 f
1H
34 S . 3 ]
3.8 dt 2Jy 5.2 S 2 i
3Jqr 1.2
4.5 dt 2Jun 5.2 2 h
3Jgu 1.2
13C
58.9 S j
63.7 s i
69.9 s h
91.6 d sept 1Jcp214.2 f
2Jcp33.9
116.4 dt 2Jcp24.4 c
2Jcr 12.9
119.9 qd 1Jcr281.6 g
2Jcr 27.6 '
143.6-146.1 br m a,b,dande




2,6-bis(2-methoxyethanoxy)-3,5-difluore-4-[1,2,2,2-tetraflusro-1-
(triflucromethyl)ethyl]-pyridine (7)

f g
CF(CF3)5
Fb < d-F
i i h l ~ k | m
H3COH,CH,CO“ 2 N"¢® OCH,CH,0OCH,4
Chemical Multiplicity Coupling Relative Assignment
Shift constants Intensity
(ppm) (J /Hz)
19¢
-75.6 m 6 g
-144.5 brs 1 bord
-147.6 brs 1 bord
-180.3 m 1 f
3 |
34 $ 6 jand m
3.7 dt ZJHH 5.2 4 iand1
3 1.2
4.5 dt 2Jyu 5.2 4 h and k
3y 1.2
13C
58.9 S jand m
66.5 S iandl
70.3 s handk -
91.9 d sept 1Jcp212.8 f
2Jcp35.8
114.8 dt 2Jcr22.1 c
2Jcpll1.1
119.9 qd 17-p288.6 g
2Jcr 28.7
134.0-140.0 brm bandd
146.2 brs aande

A9



6=cyc]l@hexylloxy-2,3,5=triﬂu0r0=4=[I,Z,Z,Z-tetmﬂuwm=1=(E__riﬂu0mmethyl)eihyﬂ]-=

pyridine (8)

Oh/
k m

f g
CF(CF3)s

Fg”

O N

XP-F

Chemical Multiplicity Coupling Relative Assignment
Shift constants Intensity
(ppm) (J /Hz)
Iy
-75.3 m 6 g
-90.8 and -91.9 brs 1 a
-134.1 and brs 1 d
-136.7
-147.5 and brs 1 b
-150.6
-180.0 m 1 f
IH
5.0 tt 3 un 17.9 1 h
3Juu 3.9
1.7 m 10 i-m
13C
23.6 ] jandl
254 ] k
314 S iand m
77.2 $ h
91.9 d sept 1Jcp214.0 f
2Jcr38.1
1164 dt 2Jcp22.5 c
, 2Jer9.2
119.9 qd 1J-F288.7 g
2Jcg 276
143.9-146.5 brm a,b,dande




2,6-dicyclohexyloxy-3,5-difluore-4-[1,2,2,2-tetrafluoro-1-(triflucromethyl)ethyl]-
pyridine (9) ‘

f g
CF(CFa)y
Fb®

XP-F

J.(Ijh/oaN/eOnop

q
r

Chemical Multiplicity Coupling Relative Assignment

Shift constants Intensity
(ppm) (J /Hz)

19%

-75.0 m 6 g
-145.4 brs 1 bord
-148.5 brs 1 bord
-180.0 m 1 f

1H
4.8 tt 3T 17.9 .2 handn
3Ty 3.9
1.6 m 20 i-m and o-s
13C

23.9 s jl,pandr

25.5 s kandq -

31.7 ] i,m,0 and s

75.8 s handn

91.9 d sept 1Jep212.8 f

2Jep35.7

114.3 dt 2Jcr21.6 ¢

2Jcp14.3

120.1 qd 1Jcr288.3 g

2cp 277
134.0-140.0 br m bandd
145.9 m aande

A 11



2,3,5=¢riﬂu@m=6-phemxy-4-[]1Q,Z,Z-ttetraﬂuorw1=(1rﬁﬂu0nj0methyﬂ)ethyﬂ]pyrﬁdﬁm

(10)
f g
CF(CF3),
F9 NE-F
oo =
©h/o SSNTEF
k m
i
Chemical Muitiplicity Coupling Relative Assignment
Shift constants Intensity
(ppm) (J /Hz)
19F
-74.9 m 6 g
-88.6 and -89.6 brs 1 a
-133.1 and brs 1 d
-135.8
-142.0 and br s 1 b
-145.0
-180.1 m 1 f
1H
7.1-7.6 m 5 i-m
13C
91.9 d sept 1Jcp214.3 f
2Jcp36.2
117.5 m ZJCF 10.7 C
119.9 qd Uer292.7 g
2Jcg 27.1
120.9 s iand m
125.9 ] k
129.8 s jand1
135.0-140.0 br m bandd
143.8 brs e
146.2 brs a
152.3 s h

A. 12.



3,5-diflucro-2,6-diphenoxy-4-[1,2,2,2-tetrafluoro-1-

(trifluoromethyl)ethyl]pyridine (11)

f g
CF(CF3),
Fb® 4-F
oo l = 0
Ji: hO a8'N"® O.n\/:p
k : m S . o}
Chemical Multiplicity Coupling Relative Assignmemnt
Shift constants Intensity
(ppm) (J /Hz)
19F
-75.0 m 6 g
-138.7 brs 1 b
-141.6 brs 1 d
-179.0 m 1 f
g
7.0-7.4 m 10 i-m and o-s
13¢C
92.1 d sept 1Jcg213.6 f
2Jcp35.8
115.9 dt 2Jcp20.7 c
2Jcp11.0
120.1 qd 1Tep291.7 g
’ 2Jep 272
120.8 s i,m,0 and s
125.1 s kand q
129.2 S jl,pandr
137.0-142.0 br m bandd
145.3 brs aande
152.3 $ handn




2,6-bis-(3-methoxyphenoxy)-3,5-difluorc-4-[1,2,2,2-tetrafluoro-1-
trifluoromethyl-ethyl]pyridine (13)

f g
CF(CF3)s
b NI-F
n i | ~ u
HaCOj : hO“a~N"eQ, o:j/OCHB
k r
Chemical Multiplicity Coupling Relative Assignment
Shift constants Intensity
(ppm) (J /Hz)
19F
-75.6 m 6 g
-138.5 and brs 2 bandd
-141.5
-180.0 m 1 f
1
3.7 S 6 n and u
6.6 m 4 im,pandt
6.7 m 3Tup8.4 2 kandr
7.2 m 3Tun 8.4 2 land s
13¢
55.4 s nandu -
92.2 d sept 1Jep212.8 f
2Jcr 57.6
106.9 S land s
1114 S jandq
112.9 s hando
119.5 dt 2Jcp22.1 c
2Jcr11.0
120.2 qd 1Tcr288.0 g
' 2JcF 26.5
129.9 s kandr
137.0-140.0 br m bandd
145.2 brs aande
154.0 s m and t
160.7 ] iand p




2,5-difluoro-3-methoxy-4,6-bis-(1,2,2,2-tetrafluoro-1-triflusromethyl-ethyl)-
pyridine (14)

g
. CF(CF3)2
J

HaCO-L I F

ZA_h i
F73N"E CF(CF;),

Chemical Multiplicity Coupling Relative Assignment
Shift constants Intemsity
(ppm) (J /Hz)
19g
-71.3 S 12 gandi
-72.4 m 1 a
-112.5 and m 1 d
-115.2
-175.4 m 1 f
-180.6 m 1 h
1y
4.15 and 4.17 s 3 j
13C
61.7 and 62.8 j
91.9 m fand h
120.1 qd 1Jcr287.0 g
2Jcr 9.5
120.3 qd 1Jcr286.0 i
_ 2Jcr 9.6
120.6 brm cande
144.0 dm 2Jcg 22.8 b
149.2 d 1Jcp245.5 d
155.7 d 1Jcp279.4 a

A.15.



5-fluore-2,3-dimethoxy-4,6-bis-(1,2,2,2-tetrafluoro-1-trifluoromethyl-ethyl)-

pyridine (15)

f g
CF(CFa),

k

HaCO~LANIF

j A h i
HsCO” 2 "N © "CF(CF3),

Chemical Multiplicity Coupling Relative Assignment
Shift constants Intensity
(ppm) (J /Hz)
g
-75.1 S 12 gandi
-125.7 m 1 d
-129.1 dd 4Jgr 107.6 1 d
4T 56.4
-177.9 d 4Jpr 107.2 1 f
-180.4 m 1 f
-184.6 and d 4Jrr 69.6 1 h
-184.9 d 4] e 56.4
1
3.95 s 6 jand k
13C
54.6 and 54.7 s j
61.0 and 61.8 s k
91.5 d sept 1Jcr231.6 f
2Jer 321
92.9 d sept 1Jcp211.7 h
2Jer 35.1
118.3 dd 2Jer 20.0 c
2Jer 9.6
1204 qd 1Jcr296.7 gandi
2]cr 27.1
123.8 dd 2Jcp24.3 e
’ 2Jcp 14.5
144.8 d 3Jcg 6.0 b
147.3 s b
149.0 and ] a
151.3
152.8 dd Jerp271.5 d
3Jcg33.1




Methyl{3,5,6-trifluore-4-[1,2,2,2-tetrafluoro-1 (mﬂmmmelthyll)ethyﬁ](2=

yrndyl)}amme (16)
f g
CF(CF3),
F-9PN\0-F
I =
Hl\'l e°N"2°F
CH,
h
Chemical Multiplicity Coupling Relative Assignment
Shift constants Intensity
(ppm) (J /Hz)
19F
-75.5 m 6 g
-91.3 and -92.5 brs 1 a
-139.3 and brs 1 d
-141.9
-156.1 and brs 1 b
-159.3
-180.3 m 1 f
1 N
2.96 d 3Ty 4.8 3 h
476 brs 1 h
13¢
28.2 s h
91.9 d sept 1Jcp215.2 f
2Jcp35.5
114.2 m c
120.1 qd 1Jcr285.7 g
2Jcg 27.1
132.0-149.0 brm a,b,dande




Bis{3,5,6-trifluoro-4-[1,2,2,2-tetraflucro-1-(triflucromethyl)ethyl]-2-

pyridyl}methylamine (17)

f g

CF(CF3),

c
Fbd FF

CF(CF3),

.
F72 "N"¢ N N
CHjy
h
Chemical Multiplicity Coupling Relative Assignment
Shift constants Intensity
(ppm) (J /Hz)
197
-75.5 m 12 g
-86.6 and -87.8 brs 2 a
-124.0 and brs 2 d
-126.3
-138.8 and brs 2 b
-141.8
-179.9 m 2 f
1
3.5 m 3 h
13C
37.8 S h
91.9 d sept 1Jcp213.7 f
2Jcp40.8
117.0 m C
119.9 qd 1Jcr293.8 g
2Jcg 27.1
137.0-149.0 brm a,b,dande




{3,5-difluoro-6-(methylamino)-4-[1,2,2,2-tetraflucro-1-(triftuoromethyl)ethyl](2-
pyridyl)}methyl{3,5,6-trifluoroe-4[1,2,2,2-tetrafluoroe-1-(trifluoromethyl)ethyl](2-
pyridyl) }amine (18) ‘

Chemical Multiplicity Coupling Relative Assignment
Shift constants Intensity
(ppm) (J /Hz)
97
-75.5 and -75.6 m 12 gand g'
-88.6 and -89.7 brs 1 a
-125.1 brs 1 dord'
-130.0- -148.0 m 3 b,b,dord
-180.0 brs 2 fand f
1H
2.9 m = 3 i
3.5 S 3 h
4.7 brs 1 i
3¢
27.7 S h
374 S i
91.8 d sept 1Jep215.1 fandf
2Jcr37.8
111.9 brs candc'
119.7 qd 1Jcr289.9 gand g
2Jcr 214
138.0-148.0 br m a,a,b,b,d,d,
e and e'




Bis{3,5-difluoro-6-(methylamino)-4-[1,2,2,2-tetraflucre-1-
(trifluoromethyl)ethyl](2-pyridyl) Jmethylamine (19)

f g f g
CF(CF3), CF(CF3),

¢ .FF_g {b'F

Fb"X
Db
HIN"2 N8 TN "N NH
CHg CH, CHj
i h i
Chemnical Multiplicity Coupling Relative Assignmenmnt
Shift constants Intensity
(ppm) (J /Hz)
19F
-75.6 m 12 gand g'
-140.0- -146.0 m 4 b,b',dand d'
-179.8 brs 2 fand f
1H
2.9 d 3Ty 3.2 6 iandf{
3.5 S 3 h
4.6 brs 2 iand i’
13C
27.8 s h
36.9 S iand{'
92.2 d sept 1Jcp211.8 fandf
ZJCF 35.1 o
111.9 brs candc'
120.3 qd 1Jcp288.4 gand g’
2Jer 27.1
139.5-144.5 brm a, a,b,b,d,d,
eande'




Bis{6-(diethylamino)-3,5-difluoro-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl] (2-pyridyl) jmethylamine (20)

f g f g
CF(CF3),  CF(CFj),

C

F-b \d
i a e
j /—)N N
Chemical Muitiplicity Coupling Relative Assignment
Shift constants Intensity
(ppm) (J /Hz)
19 .
-75.5 m 12 gand g’
-135.0 and brs 2 dandd'
-137.0
-139.0 and brs 2 band b’
-142.0
-179.4 brs 2 fand f
1H
1.16 m =12 jandj'
341 m 8 iandi'
3.48 S 3 h
13¢C
13.5 S jandj'
36.9 S h )
443 m iand{'
92.2 m fand f’
113.1 m candc'
120.2 qd 1Jcp288.6 gand g
2Jeg 27.2
136.0-148.0 br m a, a,b,b,d,d,
eande'




2,3,5-trifluor
trifluoro-4-[

0
1

-4-[1,2,2,2-tetraﬂu0ro-1-(triﬂuoromethyl)-ethyl]-6_-(3-{3,5,6-
,2,2,2-tetrafluoro-1-(trifluoromethyl)-ethyl](2-pyridyloxy)}

phenoxy)pyridine (21)

Chemical Multiplicity Coupling Relative Assignment
Shift constants Intensity
(ppm) (J /Hz)
19
-75.2 m 12 gand g'
-87.9 and -89.0 brs 2 aanda'
-132.8 and - brs 2 b and b’
135.3
-140.9 and - brs 2 dandd'
143.6
-180.3 m 2 fand f
1H
7.07 S l i
7.14 dd 3Ty 8.4 2 kand m
4Jyu 2.0
7.5 t 3y 8.4 I I
13C
91.9 d sept Jep212.9 fand f
2Jcr38.5
114.6 S i
118.0 m 2Jcr9.6 cand ¢’
118.4 S k and m
[19.9 qd 1Jcp289.6 gand g
2Jcr 26.7
130.9 S |
139.0-145 8 br m a,a, b, b d d,
e and e’
153.1 s h and |

e
1y
[}]



2,3,S-trifluoro-6-(5-methyl-3:(3,5,6-triflucroe-4-[1,2,2,2-tetrafluoro-1-
(triflucromethyl)ethyl](2-pyridyloxy)}phenoxy)-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]pyridine (24)

Chemical Multiplicity Relative Assignment
Shift Intensity
(ppin)
IR
-76.2 m * 12 gand g'
-90.8 and -91.9 brs 2 aand a'
-135.2 and brs 2 b and b'
. -137.7
-143.8 and brs 2 dand d'
-146.4 '
-180.8 m 2 fandf -
1H
24 s 3 n
7.1 m 3 i,kand m
13¢
20.7 s n
92.1 d sept 1Tcp213.2 fandf
2Jcr35.8
111.2 $ i
116.7 m candc'
119.0 s k and m
120.0 qd 17cr288.2 gand g
2Jcr 27.1
141.9 $ ' 1
142.0-144.0 brm a,a\b,b,d,d,
e and"
153.6 s h and j




26,28-diaza-5,17-bis[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl}-4,6,16,18-

tetrafluoro-2,8,14,20-

tetraoxapentacyclo[19.3.1.1<3,7>.1<9,13>.1<15,19>]octacosa-
1(25),3,5,7(26),9,11,13 (27),15,17,19(28),21,23-dodecaene (25)

CF(CF
. ( 2! 3)2
Chemical Multiplicity Coupling Relative Assignment
Shift constants Intensity
(ppm) (J Hz)
IV
-75.3 m 12 gand g'
-140.8 and - brs 4 b,b',d and d'
143.7
-180.1 m 2 fand f
g
6.69 S 2 iandi'
6.86 m 4 k, k', m and m'
7.27 t 3Jyy 9.6 2 land I
13¢C
91.9 d sept ep214.4 fand f
2Jcp24.8
116.2 S 1and i’
119.3 m candc'
119.5 S k, k', m and m'
119.9 qd 1Jcop288.6 gandg'
2Jeg 27.5
130.4 S land !l
139.0-146.0 br m a,a,b,b,d,d,
eande'
152.8 S h,h'jand '

A. 24.



26,28-diaza-5,17 -bis[1,2,2,2-tetraflu0r0-1-(triﬂuoromethyl)ethyl]-4,6,16,18-
tetrafluoro-11-methyl-2,8,14,20-
tetraoxapentacyclo[19.3.1.1<3,7>.1<9,13>.1<15,19>]octacosa-
1(25),3,5,7(26),9,11,13 (27),15,17,19(28),21,23-dodecaene (26)

Chemical Multiplicity Coupling Relative Assignment
Shift constants Intensity
(ppm) (J /Hz)
19g
-75.3 m 12 gandg'
-140.7 and - brs 4 b, b’, d and d'
143.6
-180.1 m fandf
g
2.25 S 3 n
6.67 S 2 iand i’
6.87 m 4 k, k', m and m'
7.29 t 3Ty 8.0 2 I'
13¢
21.1 S n
91.9 d sept Jcp214.0 fand f
2Jcp35.9
112.7 S i
116.1 S i'
119.4 m candc'
119.95 s k, k', mand m’'
119.99 qd 1Jcp288.3 gandg'
2Jcp 27.2
130.2 S 1
138.0-146.0 br m b,b',d and d'
141.0 I
146.0 brs a,a',eande'
152.7 S h and j
152.9 s h'and j'

A.25.



26,28-diaza-5,17-bis[ 1,2,2,2-tetraﬂuoro-1-(triﬂuoromethyl)ethyl]-4,6,16,18-
tetrafluore-11,23-dimethyl-2,8,14,20-
tetraoxapentacyclo[19.3.1.1<3,7>.1<9,13>.1<15,19>]0ctacosa-
1(25),3,5,7(26),9,11,13 (27),15,17,19(28),21,23-dodecaene (27)

Chemical Multiplicity Coupling Relative Assignment
Shift constants Intensity
(ppm) (J /Hz)
Ibyn
-75.3 m 12 gandg'
-140.7 and - brs 4 b,b',d and d'
144.0
-180.2 m 2 fand f
1H
2.3 S 6 n and n'
6.5 S 2 iand i’
6.7 m 4 k, k', m and m'
3¢
21.1 S n and n'
91.9 d sept 1Jcp213.6 fand f
2Jcp35.5
112.7 S iandi'
116.1 m candc'
119.8 S k, k', m and m'
119.9 qd 1Jep281.7 gand g'
2Jeg 28.1
136.0-140.0 br m b,b', d and d'
141.0 S land |'
146.0 brs a,a,eande'
152.6 S h,h'jandj'




2,3,5-trifluoro-4-{1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-6-(2-{ 3,5,6-
trifluoro-4-[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl|(2-
pyridyloxy)ethoxy } pyridine) (28)

Chemical Multiplicity Coupling Relative Assignment
Shift constants Intensity
(ppm) (J /Hz)
197
-75.6 m 12 gand g’
-90.6 and -91.8 S 2 aand a'
-134.2 and s 2 b and b’
-137.7
-145.4 and brs 2 dand d'
-148.3
-180.5 m 2 fandf
1H : ,
4.8 S 4 hand i
13¢
65.6 S handi
91.8 d sept er214.9 fand f
2Jcp38.2
117.0 m : candc'
120.3 qd lJcp288.5 gand g
2Jcg 27.1
132.0-146.2 brm a,a\b,b,d, d,
e ande'




19,20-diaza-8,17-bis[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-7,9,16,18-
tetrafluoro-2,5,11,14-tetraoxatricyclo[13.3.1.1<6,10>Jicosa-

1(18),6(20),7,9,15(19),16-hexaene (29)

f g
CF(CF3),
N
| F
a~NTe h
02N\ O
F |
NS
CF(CF3),
Chemical Multiplicity Coupling Relative Assignment
Shift constants Intensity
(ppm) (J /Hz)
IF
-75.3 m 12 g
-143.4 and - brs 4 b and d
146.4
-180.2 m 2 f
I
4.7 brs 8 h
13C
62.0 s h
90.0-92.0 m f
116.2 m c
120.1 qd 1Jcr288.7 g
2Jcp 272
130.0-144.0 br m a,b,dand e

Al 28.



2-{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl}(2-pyridyl)oxy}-
1-(2-{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1(triflucromethyl)ethyi](2-
pyridyloxy)}ethoxy)ethane (30)

f g
CF(CF3)5
C
b \d
| F
2
a N e Oj h
o] .
aI/N e' O hl
\F l
b' o d'
CF(CF3),
f g
Chemical Multiplicity Coupling Relative Assignment
Shift constants Intensity
(ppm) (J /Hz)
9F
-75.8 m 12 gandg'
-91.2 and -91.8 brs 2 aand a'
-134.5 and brs 2 band b’
-137.2
-146.6 and brs 2 dand d'
-149.9 .
-180.6 m 2 fand f
1H
3.9 t 3y 6.8 4 iand 1
4.5 t 3JHn 6.8 4 h and h'
13C
67.5 S iand i
69.2 S hand k'
91.9 d sept 1Jer213.5 fand f
2Jcr36.0
116.9 m candc¢'
119.9 qd 1Jop287.0 gand g
2Jcr 26.9
132.0-146.8 br m a,a\b, b, d,d,
eande'

A. 29.



25,26-diaza-11,23-bis[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-10,12,22,24-
tetrafluoro-2,5,8,14,17,20-hexaoxatricyclo{19.3.1.1<9,13>hexacosa-

1(24),9(26),10,12,21(25),22-hexaene (31)

f g
CF(CFs),
PN
| F
o]
0 N_©
F
NS
CF(CFy),
Chemical Multiplicity Coupling Relative Assignment
Shift constants Intensity
(ppm) (J /Hz)
19
-75.5 m C12 g
-144.4 and brs 4 bandd
-147.6
-180.2 m 2 f
g
3.9 t 3Jyn 5.6 4 i
4.6 t 3JHH 5.2 4 h
13C
65.8 S i
69.4 s h
92.1 d sept 1Jcp213.6 f
2Jcp35.5
115.2 dt 2Jcp22.1 c
2Jcr10.3
120.2 qd 1Jcr288.8 g
2Jcg 27.5
144.0-147.0 brm abdande

A. 30.



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 (32)

Chemical Multiplicity Coupling Relative Assignment
Shift constants Intensity
(ppm) (J /Hz)
9%
-75.6 m 12 gand g
-89.2 and -90.4 S 2 aand a'
-130.9 and - s 2 d and d'
133.1
-151.2 and - m 2 b and b’
154.6
-179.9 m 2 fand f
14
3.1 s 6 h and h'
3.6 s 4 iand
13C
38.5 s iand 1
49.8 S h and h'
922 d sept Jep212.8 fandf
2Jcr34.9
116.5 m candc'
120.1 qd 17cp289.1 gand g
2Jer 27.1
130.0-147.0 br m a,a,b,b,d,d,
e and ¢’

A 31.



2,3-difluoro-5,8-dimethyl-4-[1,2,2,2-tetrafluoro-1-(triflusromethyl)ethyi]-5,6,7,8-
tetrahydroquinoline (33)

f g
|h CF(CF3),
LN_OPbLF
j fil e N/a F
k
Chemical Multiplicity Coupling Relative Assignment
Shift constants Intensity
(ppm) (J /Hz)
9%
-70.0 and -80.0 broad 6 g
overlapping m
-94 .4 m 1 a
-155.7 brs 1 b
-179.7 m 1 f
1H
2.63 s 3 k
2.98 S 2 j
3.12 s 3 h
3.48 s 2 i
13¢
37.0 s k
42.9 s ]
454 s h
46.8 S i
90.0-94.0 br m f
119.0-120.5 brm c
120.7 qd 1Jcr288.2 g
_ 2Jcp 294
128.0-149.0  br overlapping : a,b,dande

m

A 32



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[13.3.1.1<6,10>]icosa-
1(18),6(20),7,9,15,(19),16-hexaene (34)

Chemical Multiplicity Coupling Relative Assignment
Shift constants Intensity
(ppm) (J /Hz)
IF
-76.1 m 12 gand g'
-144.8 and S 4 b,b’,dandd’
-147.8
-179.9 m 2 fandf
IH
2.8 m 12 iandi'
3.2 m 8 hand h'
13¢C
37.9 m h and h'
48.3 S iand i
88.0-92.0 broad m fandf
1139 m cand ¢’
120.6 qd 1JcR286.7 gand g
2Jcr 279
130.0-145.0 br m a,a,b,b,d d,
e and e’

A. 23



{7-fluoro-1,4-dimethyl-8-[1,2,2,2-tetrafluoro-1-(triflucromethyl)ethyl](1,2,3,4-
tetrahydropyridino[2,3-b]pyrazin-6-yl) }methyl{3,5,6-triflucro-4-[1,2,2,2-
tetrafluoro-1-(trifluoromethyl)ethyl](2-pyridyl}amine (35)

g
i CF(CF3),

ff g
CF(CF3),

Chemical Multiplicity Coupling Relative Assignment
Shift constants Intensity
(ppm) (J /Hz)
9F
-75.5 m 12 gandg'
-89.1 and -90.4 brs 1 a'
-125.6 and S 1 d
-126.5
-140.5 S 1 b’
-145.7 and s 1 d
-148.7
-179.0 brs 2 fandf
1H
2.6 S 3 i
2.92 S 2 j
2.98 S 3 1
3.38 m 2 k
3.44 m 3 h
13C
36.8 s i
37.5 s j
42.9 m k
45.7 m 1
47.0 m h
90.0-94.0 m fand f
119.0-119.5 m candc'
120.4 qd 1Jcr220.1 gand g'
2Jcg 29.8
128.4 a
138.0-148.0 brm a,b,b,d,d,e

and e'




Bis{7-fluoro-1,4-dimethyl-8-[1,2,2,2-trifluoromethyi)ethyl](i,2,3,4-
tetrahydropyridino[2,3-b]pyrazin-6-yl) }methylamine (36)

CF( (CFy), CF CF3)2 )

b\FFd\

CH 3 g
[ [
Chemical Multiplicity Coupling Relative Assignment
Shift constants Intensity
(ppm) (J /Hz)
iy
-70.8 and -80.0 br m 12 gand g'
-141.3 m 2 d and d'
-178.9 S 2 fand f
IH
2.6 S 6 i
2.99 S 4 j
3.1 S 6 1
3.44 S 4 k
3.51 S 3 h
13¢C
36.9 S iandt'
37.3 s jandj'
43.1 S handh' "’
45.6 m kand k'
47.5 m land I
943 d sept 1J-r181.9 fandf
2Jcr 339
117.4 dd 2Jcr 19.1 candc'
2Jcg 11.8
120.8 qd 1Tcp282.7 gand g
2Jcr 28.6
124.9 S aanda'
137.6 and S band b'
140.1
140.8 d 2Jcr 137 eande'
147.6 S dand d'

A. 35.



2,6-dibromo-3,5-difluoroe-4-(1,2,2,2-tetrafluoro-1-trifluoromethyl-ethyi)-pyridine

(37)
f g
CF(CF3),
F.b’ dF
~
Brr@a"N"€ Br
Chemical Multiplicity Coupling Relative Assignment
Shift constants Intensity
(ppm) (J /Hz)
1IF
-75.8 m 6 g
-103.7 and S 2 b and d
-105.8
-180.0 m 1 f
13C
91.5 dSCpt lJCF216.3 f
2Jcg36.0
114.1 dt 2Jcg 22.5 c
2Jer 133
119.7 qd 1Jcr288.7 g
2Jcr 27.1
124.0-126.2 broad aande
overlapping m
148.0-155.0 broad b and d

overlapping m




6-bromo-2,3,5-difluoro-4-(1,2,2,2-tetrafluoro-1-triflucromethyl-ethyl)-pyridine

overlapping m

(38)
f 9
CF(CF3),
Fb> d-F
P
Brr@a'™N"&°F
Chemical Multiplicity Coupling Relative Assignment
Shift constants Intensity
(ppm) (J /Hz)
19
-75.7 m 6 g
-84.3 and -85.4 br m 1 e
-106.8 and br m 1 b
-109.2
-131.3 and br m 1 d
-134.2
-180.4 s | f
13C
91.7 d sept 1Jcp215.1 f
2Jer37.3
117.2 m c
119.8 qd Jep291.7 g
2Jer 27.2
121.0-123.0 brs a
138.0-156.0 broad b,dande




2,6-dihydrido-3,5-difluoro-4-(1,2,2,2-tetrafluoro-1-triflucromethyl-ethyl)-

pyridine (39)
f g
CF(CF3),
F b2 d-F
»
H 2 N e 'H
Chemical Multiplicity Coupling Relative Assignment
Shift constants Intensity
(ppm) (J /Hz)
IF
-75.9 m 6 g
-120.4 and s 2 bandd
-123.3
-180.4 m 1 f
IH
8.5 S 2 aande
13C
91.6 d sept 1Jcp212.8 f
2Jcr36.3
112.1 dt 2Jcp21.4 c
2Jcp11.8
119.9 q d IJCF284.9 g
2Jcg 274
136.4 broad s aande
154.0-158.4 broad bandd

overlapping m




2,6-dibromo-3-fluoro-5-methoxy-4-(1,2,2,2-tetrafluoro-1-triflusromethyl-ethyl)-
pyridine (40)

f g
CF(CFj3),
h
HaCO~LAI-F
P
Br”2 N"€ Br
Chemical Multiplicity Coupling Relative Assignment

Shift constants Intensity
(ppm) _ (J /Hz)

19

-74.6 m 6 g
-104.3 s 1 d
-106.5 d 4Jpr 95.9 1 d
-176.3 d 4Jgp 94.5 1 f
-181.5 s 1 f

I

3.88 S 3 h
3.99 S 3 h

13C -

62.3 S h
63.2 S h
92.2 d sept 1Jcp215.8 f

2]cp34.7
119.9 Qd 1](:}:289.1 g
2Jcg 27.4

120.1 m a
124.4 m c
129.6 S e
134.1 s b
151.7 dd 1Jcp277.6 d

3R 2109
152.7 d 1Jcp 153.8 d

A. 30



2,6-dibromo-3,5-dimethoxy-4-(1,2,2,2-tetrafluoro-i-trifluoromethyl-ethyl)-

pyridine (41)
f g
CF(CF3)s
h i
HsCO-bAdOCHj,4
~
Br”a@ 'N"€ Br
Chemical Multiplicity Coupling Relative Assignment
Shift constants Intensity
(ppm) (J /Hz)
19¢
-73.9 m 6 g
-177.2 m 1 f
g
3.9 S 6 handi
4.0 s 6 hand i
13¢
62.3 S hand i
63.2 s h and i
93.3 d sept 1Jop212.6 f
2JCF 35.1 )
119.9 qd IJCF291-7 g
2Jeg 27.9
120.5 m a
126.4 d 2Jcr 19.8 c
129.4 S aande
133.1 S aande
152.0 m bandd
153.8 s band d




2-bromo-3,5,6-trimethoxy-4-(1,2,2,2-tetrafluoro-1-triflucromethyl-ethyl)-
pyridine (42)

f g
CF(CFy),
) .
H3C O~ X\9-OCH,

= j
Br @ N"¢€ OCHj4

Chemical Multiplicity Coupling Relative Assignment
Shift constants Intensity
(ppm) (J /Hz)
IF
-74.6 m 6 g
-176.7 m | f
-179.3 1 f
g
3.8 S 3 h
3.9 S 3 1
4.0 S 3 ]
13C
54.4 S h
54.6 S h
60.4 S i
61.5 S i
62.4 S ]
62.5 S ]
93.5 d sept 1Jcp210.5 f
2Jcp35.1
120.5 qd 1Jcp286.6 g
2Jcr 28.3
123.6 d 2Jcp 20.2 c
124.9 d 2Jcg 18.7 c
1254 S a
127.8 S a
141.2 m b
146.9 S d
152.6 S e

A. 41.




6-bromo-3,5-difluoro-2-piperidyl-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl}pyridine (43)

f g
CF(CF3)5
F b| 2 Nd-F
h
i a~py ~e
O\J N7 By
J
Chemical Multiplicity Coupling Relative Assignment
Shift constants Intensity
(ppm) (J /Hz)
19
-73.3 m 6 g
-117.6 and broad m 2 bandd
-122.8
-177.3 m 1 f
IH
1.6 S 3 iandj
3.99 S 2 h
13C
244 S ]
25.6 S h
492 s i
91.8 d sept 1Jcp214.3 f
2Jcr38.2
113.9 brs c
120.2 qd 1Jcp286.7 g
2Jcg 27.5
142.0-149.0 broad abdande

overlapping m




2-br0m0-3,5-diﬂu0r0-4-[1,2,2,2-tetraﬂu0ro-1-trifluor0methy!-ethyﬂ]pyridine (44)

f g
CF(CF3),
Fb® dF
l ~
Brra'N"e H
Chemical Multiplicity Coupling Relative Assignment
Shift constants Intensity
(ppm) (J /Hz)
19f
-71.2 m 6 g
-97.0 and s 1 b
-100.0
-116.0 and s 1 d
-119.0
-175.6 m 1 f
1H
8.27 S 1 e
13C
91.5 d sept 1Jcp214.4 f
2Jcp36.2
113.8 dt 2JCF 22.4 c
2Jcp12.3
119.8 qd 1Tcr290.6 g
2Jer 27.5
127.0 broad s e
1354 broad s a
150.0-158.0 broad bandd

overlapping m




2-{bromo-3,5-difluoro-4-[1,2,2,2-tetrafluoro-1-triflucromethyl-ethyl}(2-
pyridyl)}-2-methyl-2-silapropane (45)

f g
CF(CF3),

bC

Br AN s
AN

X¢-F

Chemical Multiplicity Coupling Relative Assignment
Shift constants Intensity
(ppm) (J /Hz)
19
-73.4 m 6 g
-100.4 and S 1 b
-103.0
-108.6 and S 1 d
-110.6
-177.3 m 1 f
1H
0.38 S 1 h
13C
-1.8 s h
91.8 d sept 1Jep214.1 f
2Jcr36.3
111.9 m c
120.1 qd 1Jcp288.9 g
2Jer 271
128.2 ° broad s e
151.8 broad s a
154.0-160.0 broad bandd

overlapping m




2-bromo-3,5-difluore-4-[1,2,2,2-tetrafluoro-1-trifluoromethyl-ethyl]-6-{3,5,6-
trifluoro-4-[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl](2-pyridyl) }pyridine (46)

f g m n
CF(CF3),CF(CF3),

Chemical Multiplicity Coupling Relative Assignment
Shift constants Intensity
(ppm) (J /Hz)
9f
-75.2 m 12 g and n
-82.9 and -83.8 br m 1 ]
-97.3 and -99.5 m 1 k
-115.0 and m 2 dandi
-119.8
-124.7 and m 1 b
-127.5 :
-179.6 m 2 fand m
13C
91.8 d sept Jep215.2 § fand m
2Jcr35.5
114.8 dt 2Jcr35.2 c
2Jcr14.1
117.2 m ]
119.8 qd TR 289.7 gandn
2Jcr 30.5 '
127.0- broad a,b,d,e,h,ik
159.0 overlapping m and |

A. 45,



2-{6-brome-3,5-difluoro-4-[1,2,2,2-tetrafluoro-1-triflucromethyl-ethyl}(2-
pyridyl) H3,5,-difluoro-6-methoxy-4-[1,2,2,2-tetrafluoro-1-

(trifluoromethyl)ethyl]pyridine (47)

f g m n
CF(CFa)CF(CFa),

Chemical Multiplicity Coupling Relative Assignment
Shift constants Intensity
(ppm) (J /Hz)
I
-75.4 m 12 gandn
-97.3 and -99.5 m 1 k
-115.2 and m 2 dandi
-119.6
-124.7 and m 1 b
-127.1
-179.9 m 2 fand m
H
4.0 S 3 0
13C
62.3 s 0
91.8 d sept 1Jcp214.9 fand m
2Jcp35.1
1144 dt 2Jcp34.9 ¢
2Jcp 143
117.2 m j
119.9 qd 1Jcp289.2 gandn
2Jer 30.1
127.0- broad a,b,d,e,h,ik
159.0 overlapping m : and 1

A. 46.



2-{6-(1,1-dimethyl-1-silaethyl)-3,5-difluoro-4-[1,2,2,2-tetrafluoro-1-
trifluoromethyl-ethyl](2-pyridyl)}-2-methyl-2-silapropane (48)

f 9
CF(CF3)s

GRS
| h

AN ~ /
—Si"@8°'N" ¢ §j—
/ N

Chemical Multiplicity Coupling Relative Assignment
Shift constants Intensity
(ppm) (J Hz)
19
-73.4 m 6 g
-111.4 and S 2 bandd
-114.3
-179.6 m 1 f
g
0.38 S 1 h
13C
-1.8 S h
92.1 d sept 1Jep212.6 f
2Jcr35.5
107.7 dt 2Jcr21.8 ¢
2Jcp13.3
120.4 qd 1Jcp288.9 g
2Jcp 27.2
158.6 broad s b and d
178.1 S aandb




6-bromo-3,5-difluoro-2-pent-1-ynyl-4-(1,2,2,2-tetrafluors-1-triflucromethyl-
ethyl)-pyridine (49)

Chemical Multiplicity Coupling Relative Assignment
Shift constants Intensity
(ppm) (J /Hz)
9%
-75.4 m 6 g
-101.2 and m 1 b
-104.2
-111.9 and m 1 d
-114.2
-179.8 m 1 f
1H
1.05 t 3Ty 6.2 3 |
1.67 q 3au 7.2 2 k
2.48 t 3un 7.2 2 ]
13¢
13.4 S 1
214 s jork
21.5 S jork
72.3 S i
91.5 d sept 1Jcp215.0 f
2Jcr36.2
101.4 s h
113.5 m : c
119.8 qd 1Jcr275.6 g
2Jcr 25.6
124.0-135.0 broad abdande

overlapping m

A. 48.



3,5-difluoro-2,6-dipent-1-ynyl-4-(1,2,2 2-tetrafluoro-1-trifluoromethyl-ethyl)-
pyridine (50)

Chemical Multiplicity Coupling Relative Assignment
Shift constants Intensity
(ppm) (J Mz)
197
-76.1 m 6 g
-111.2 and m 1 b and d
-113.7
-180.5 m 1 f
1H
0.95 t 3 7.2 3 1
1.57 q 3JHH 7.2 2 k
2.38 t 3Ty 6.8 2 j
13¢
12.9 S 1
21.2 S jork
213 S jork
72.7 S i
91.6 d sept Jer214.1 f
2Jcr35.8
99.1 S h
112.1 m c
119.8 qd 1Jcr288.7 g
2JcF 27.5
128.0-132.0 broad singlet aande
150.0-159.0 broad bandd

overlapping m

A. 49.



6-bromo-3,5-difluoro-2-phenylethynyl-4-(1,2,2,2-tetrafluoro-1-trifluoromethyi-
ethyl)-pyridine (51)

Chemical Multiplicity Coupling Relative Assignment
Shift constants Intensity
(ppm) (J /Hz)
195
-75.2 m 6 g
-100.2 and m 1 b
-103.0
-110.7 and m 1 d
-113.0
-179.7 m 1 f
1H
7.34 m 3 l and m
7.56 m 2 k
13C
80.1 m i
2Jcr35.8
98.6 m h
114.2 dt 2Jcp22.1 c
2Jep 133
119.9 qd Hcp290.0 g
2Jcr 27.1
121.0 S j
128.8 S |
1304 S m
132.5 S k
126.0-131.0 broad ab,dande

overlapping m

A.50.



2,6-bis(2-phenylethynyl)-3,5-difluoro-4-(1,2,2 2-tetrafluoro-1-trifluoromethyl-
ethyl)-pyridine (52)

Chemical Multiplicity Coupling Relative Assignment
Shift constants Intensity
(ppm) (J /Hz)
19%
-75.3 m 6 g
-108.5 and m 1 d
-110.9
-179.9 m 1 f
1H
7.33 m 3 land m
7.55 m -2 k
13¢ .
80.3 m i
91.8 d sept 1Jcp214.8 f
2Jcr35.9
97.4 m h
112.9 dt 2Jep22.1 c
2Jcp 13.1
120.2 qd 1Jcr305.8 g
2Jeg 27.5
1213 S j
128.8 S 1
130.2 S m
132.5 s k
128.0-133.0 broad a,b,dande

overlapping m

A.51.



4-[1-(trifluoromethyl)-1,2,2,2-tetrafluoroethyl]-2-bromo-3-fluoro-5-methoxy-6-

piperidylpyridine (53)

(g

CF(CFa),
h

HyCO~LANIF

1 e
O\JaNeBr

Chemical Multiplicity Coupling Relative Assignment

Shift constants Intensity
(ppm) (J /Hz)

9%

-13.4 m 6 g
-116.0 S 1 dconformerl
-118.4 d 4Jrr 89.9 1 dconformer2
-174.9 d 4Jgp 95.9 1 fconformer2
-179.3 S 1 feonformerl

g
1.6 S 6 jandk
33 s 4 i
3.7 S 3 h
13C
243 S k
25.8 s i
49.2 m ]
57.7 S heonformert
59.0 S Nconformer2
92.8 d sept 1Jcp210.9
2Jcp35.1
120.2 qd 1Jcp286.7 g
2Jcp 28.2

121.2 m c

142.0-149.0 broad a,b,dande

overlapping m




4-[1-(trifluoromethyl)-1,2,2,2-tetrafluoroethyl]-2-bromo-3-methoxy-5-fluoroe-6-
(2-phenylethynyl)pyridine (54)

Chemical Multiplicity Coupling Relative Assignment
Shift constants Intensity
(ppm) (J /Hz)
Iy
-72.9 m 6 g
-109.6 m 1 dconformer 1
-112.0 d 4Jrr 89.9 1 dconformer 2
-174.6 d 4Ter 89.9 1 feonformer 2
-179.6 S 1 feonformer 1
1H
3.91 brs 3 Nconformer 1
3.99 brs 3 Nconformer 2
7.34 m 3 land m
7.53 m 2 k
13¢C
62.8 brs n
63.7 brs n
80.8 m 1
92.6 d sept 1Jcp214.1 f
2Jcg35.5
98.1 m h
119.5 m c
120.3 qd 1Jcr288.9 g
2Jcg 27.5
121.3 s J
128.5 S 1
129.9 S m
132.2 S k
126.0-131.0 broad a,b,dande

overlapping m




4-[1-(trifluoromethyl)-1,2,2,2-tetrafluoroethyl]-2-bromo-3-methoxy-5-fluoroe-6-

pent-1-ynylpyridine (55)

Chemical Multiplicity Coupling Relative Assignment
Shift constants Intensity
(ppm) (J /Hz)
19
-74.9 m 6 g
-112.6 m 1 deonformer 1
-115.1 d 4Jrr 96.0 1 dconformer 2
-176.6 d 4Jrr 96.0 1 feonformer 2
-181.5 m 1 fconformer 1
|
0.99 t 3Ty 7.2 3 1
1.61 q 3Jan 7.2 2 k
2.41 t 3y 7.2 2 i
3.86 brs 3 m
3.96 brs 3 m
13C
13.5 S 1
21.48 S jork
21.51 S jork
62.36 brs Mconformerl
63.17 brs Mconformer?2
72.7 s i
92.5 d sept 1Jcp214.4 f
2Jcr38.1
100.5 brs h
118.9 dd 2Jcr 20.8 c
2Jcr 102
120.2 qd 1Jcr289.6 g
2Jer 27.1
124.0-135.0 broad a,b,dande

overlapping m

A. 54.



Appendix B.
IR. Data



Compound Number:

JUPAC Name:

1)

2)

)

4)

(3)

(6)

Q)

(8)

€))

(10)

11)

(13)

(14)

(15)

(16)

(17)

2,3,5,6-tetrafluoro-4-(1,2,2,2-tetrafluoro-1-
trifluoromethyl-ethyl)-pyridine
2,3,5-trifluoro-4,6-bis-(1,2,2,2-tetrafluoro-1 -
trifluoromethyl-ethyl)-pyridine
2,3,5-trifluoro-6-methoxy-4-(1,2,2,2-tetrafluoro- 1 -
trifluoromethyl-ethyl)-pyridine.
3,5-difluoro-2,6-dimethoxy-4-(1,2,2,2-tetrafluoro- 1 -
trifluoromethyl-ethyl)-pyridine
3,5,6-trifluoro-4-(1,2,2,2-tetrafluoro- 1 -trifluoromethyl-
ethyl)-pyridin-2-ol

3,5,6-trifluoro-2-(methoxyethanoxy)-4-[1,2,2,2-
tetrafluoro-1-(trifluoromethyl)-ethyl[-pyridine
2,6-bis(2-methoxyethanoxy)-3,5-difluoro-4-[1,2,2,2-
tetrafluoro-1-(trifluoromethyl)ethyl]-pyridine
6-cyclohexyloxy-2,3,5-trifluoro-4-[1,2,2,2-tetrafluoro-1 -
(trifluoromethyl)ethyl]-pyridine
2,6-dicyclohexyloxy-3,5-difluoro-4-[1,2,2,2-tetrafluoro-
1-(trifluoromethyl)ethyl]-pyridine
2,3,5-trifluoro-6-phenoxy-4-(1,2,2,2-tetrafluoro- 1 -
(trifluoromethyl)ethylpyridine
3,5-difluoro-2,6-diphenoxy-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]pyridine
2,6-bis-(3-methoxyphenoxy)-3,5-difluoro-4-[1,2,2,2-
tetrafluoro- 1-trifluoromethyl-ethyl [pyridine

2,5-diﬂuor0-3-méthoxy—4, 6-bis-(1,2,2,2-tetrafluoro-1-
trifluoromethyl-ethyl)-pyridine
5-fluoro-2,3-dimethoxy-4,6-bis-(1,2,2,2-tetrafluoro-1-
trifluoromethyl-ethyl)-pyridine
Methyl{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl](2-pyridyl)}jamine

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



(18)

(19)

(20)

(21)

(24)

(25)

(26)

27)

(28)

(3,5-difluoro-6-(methylamino)-4-[1,2,2,2-tetrafluoro- I -
(trifluoromethyl)ethylJ(2-pyridyl)Jmethyl{3,5,6-trifluoro-
4[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl](2-
pyridyl)jamine
Bis{3,5-difluoro-6-(methylamino)-4-[1,2,2,2-tetrafluoro-
1-(trifluoromethyl)ethyl](2-pyridyl) jmethylamine
Bis{6-(diethylamino)-3,5-difluoro-4-[1,2,2,2-tetrafluoro-
1-(trifluoromethyl)ethyl](2-pyridyl) Jmethylamine
3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro- 1-(trifluoromethyl)-
ethyl]-2-3-{3,5,6-trifluoro-4-[ 1,2,2,2-tetrafluoro- I -
(trifluoromethyl)-ethyl](2-pyridyloxy)}phenoxy)pyridine
2,3,5-trifluoro-6-(5-methyl-3-{3,5,6-trifluoro-4-[1,2,2,2-
tetrafluoro-1-(trifluoromethyl)ethyl](2-
pyridyloxy)}phenoxy)-4-[1,2,2,2-tetrafluoro- 1 -
(trifluoromethyl)ethylpyridine
26,28-diaza-5,17-bis[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]-4,6, 16, 18-tetrafluoro-2,8, 14,20-
tetraoxapentacyclo[19.3.1.1<3,7>

1<9,13>.<15,19> Joctacosa-
1(25),3,5,7(26),9(27),10,12,15, ]7,]9(28),2],23-
dodecaene

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

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> Joctacosa-
1(25),3,5,7(26),9(27),10,12,15,17,19(28),21,23-

dodecaene

2-1'2"-dioxyethyl-bis-3,5,6-trifluoro-4-(1,2,2,2-
tetrafluoro- 1-trifluoromethyl-ethyl)-pyridine

B.3.



(29)

(30)

(3D

(32)

(33)

(34)

(35)

(36)

(37)

(38)

(39)

(40)

6-(2-{3,5-difluoro-6-propoxy-4[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl](2-pyridyloxy)jethoxy)-3,5-
difluoro-4-1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethylpyridin-2-ol
2-{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl](2-pyridyl)oxy}-1-(2-{3,5,6-
trifluoro-4-[1,2,2,2-tetrafluoro-
[(trifluoromethyl)ethyl](2-pyridyloxy)}ethoxy)ethane
25,26-diaza-11,23-bis[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]-10,12,22,24-tetrafluoro-
2,5,8,14,17,20-

hexaoxatricyclo[19.3.1.1<9,13> [hexacosa-
1(24),9(26),10,12,21(25),22-hexaene
Methyl[2-(methyl{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-
1-(trifluoromethyl)ethyl](2-pyridyl) Jamino)ethyl]{3,5,6-
trifluoro-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl](2-pyridyl) Jamine
2,3-difluoro-5,8-dimethyl-4-[1,2,2,2-tetrafluoro- 1 -
(trifluoromethylethyl)]-5,6,7,8-tetrahydroquinoline
2,5,11,14,19,20-hexaaza-8, 1 7-bi:v[1,2,2,2-tetraﬂuoro-]-
(trifluoromethyl)ethyl]-7,9,16,18-tetrafluoro-2,5,11,14-
tetramethyltricyclo[13.3.1.1<6,10> Jicosa-
1(18),6(20),7,9,15,(19),16-hexaene
{7-fluoro-1,4-dimethyl-8-(1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl](1,2,3,4-tetrahydropyridino[2,3-
blpyrazin-6-yl)}methyl{3,5,6-trifluoro-4-[1,2,2,2-
tetrafluoro-1-(trifluoromethyl)ethyl](2-pyridyl}amine
Bis{7-fluoro-1,4-dimethyl-8-[1,2,2,2-
trifluoromethyl)ethyl](1,2,3,4-tetrahydropyridino[2,3-
blpyrazin-6-yl)}methylamine
2,6-dibromo-3,5-difluoro-4-(1,2,2,2-tetrafluoro-1-
trifluoromethyl-ethyl)-pyridine
6-bromo-2,3,5-difluoro-4-(1,2,2,2-tetrafluoro-1-
trifluoromethyl-ethyl)-pyridine
2,6-dihydrido-3,5-difluoro-4-(1,2,2,2-tetrafluoro-1-
trifluoromethyl-ethyl)-pyridine
2,6-dibromo-3-fluoro-5-methoxy-4-(1,2,2,2-tetrafluoro-
I-trifluoromethyl-ethyl)-pyridine



(41)

(42)

(43)

(44)

(45)

(46)

(47)

(48)

(49)

(30)

(1)

(52)

(33)

(54)

(35)

2,6-dibromo-3,5-dimethoxy-4-(1,2,2,2-tetrafluoro-1-
trifluoromethyl-ethyl)-pyridine
2-bromo-3,5,6-trimethoxy-4-(1,2,2,2-tetrafluoro-1 -
trifluoromethyl-ethyl)-pyridine
6-bromo-3,5-difluoro-2-piperidyl-4-[1,2,2,2-tetrafluoro-
I-(trifluoromethyl)ethyl]pyridine
2-bromo-3,5-difluoro-4-[1,2,2,2-tetrafluoro-1-
trifluoromethyl-ethylJpyridine
2-{bromo-3,5-difluoro-4-(1,2,2,2-tetrafluoro-1-
trifluoromethyl-ethyl](2-pyridyl)}-2-methyl-2-
silapropane
2-bromo-3,5-difluoro-4-[1,2,2,2-tetrafluoro-1 -
trifluoromethyl-ethyl]-6-{3,5,6-trifluoro-4-[1,2,2,2-
tetrafluoro-1-(trifluoromethyl)ethyl](2-pyridyl) }pyridine
2-{6-bromo-3,5-difluoro-4-{1,2,2,2-tetrafluoro-1-
trifluoromethyl-ethyl](2-pyridyl) }{3,5,-difluoro-6-
methoxy-4-[1,2,2,2-tetrafluoro-1-

(trifluoromethyl)ethyl Jpyridine
2-{6-(1,1-dimethyl-1-silaethyl)-3,5-difluoro-4-[1,2,2,2-
tetrafluoro-I-trifluoromethyl-ethyl](2-pyridyl)}-2-
methyl-2-silapropane
6-bromo-3,5-difluoro-2-pent-1-ynyl-4-(1,2,2,2-
tetrafluoro-1-trifluoromethyl-ethyl)-pyridine
3,5-difluoro-2,6-dipent-1-ynyl-4-(1,2,2,2-tetrafluoro-1-
trifluoromethyl-ethyl)-pyridine
6-bromo-3,5-difluoro-2-phenylethynyl-4-(1,2,2,2-
tetrafluoro- I -trifluoromethyl-ethyl)-pyridine
2,6-bis(2-phenylethynyl)-3,5-difluoro-4-(1,2,2,2-
tetrafluoro- 1-trifluoromethyl-ethyl)-pyridine
4-[1-(trifluoromethyl)-1,2,2,2-tetrafluoroethyl J-2-bromo-
3-fluoro-5-methoxy-6-piperidylpyridine
4-{1-(trifluoromethyl)-1,2,2,2-tetrafluoroethyl]-2-bromo-
3-methoxy-5-fluoro-6-(2-phenylethynyl)pyridine
4-[1-(trifluoromethyl)-1,2,2,2-tetrafluoroethyl J-2-bromo-
3-methoxy-5-fluoro-6-pent-1-ynylpyridine
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Appendix C.

Mass Spectrometry Data.



Compound Number:

JUPAC Name:

1)

2)

3)

C))

(5)

(6)

7

(8)

®)

(10)

(11)

(13)

(14)

(15)

(16)

a7

2,3,5,6-tetrafluoro-4-(1,2,2,2-tetrafluoro-1-
trifluoromethyl-ethyl)-pyridine
2,3,5-trifluoro-4,6-bis-(1,2,2,2-tetrafluoro-1 -
trifluoromethyl-ethyl)-pyridine
2,3,5-trifluoro-6-methoxy-4-(1,2,2,2-tetrafluoro-1-
trifluoromethyl-ethyl)-pyridine.
3,5-difluoro-2,6-dimethoxy-4-(1,2,2,2-tetrafluoro-1-
trifluoromethyl-ethyl)-pyridine
3,5,6-trifluoro-4-(1,2,2,2-tetrafluoro- 1-trifluoromethyl-
ethyl)-pyridin-2-ol

3,5,6-trifluoro-2-(methoxyethanoxy)-4-[1,2,2,2-
tetrafluoro- 1-(trifluoromethyl)-ethyl]-pyridine
2,6-bis(2-methoxyethanoxy)-3,5-difluoro-4-(1,2,2,2-
tetrafluoro- 1 -(trifluoromethyl)ethylJ-pyridine
6-cyclohexyloxy-2,3,5-trifluoro-4-[1,2,2,2-tetrafluoro-1 -
(trifluoromethyl)ethyl]-pyridine

2,6-dicyclohexyloxy-3, 5—d{fluoré;4-[ 1,2,2,2-tetrafluoro-
1-(trifluoromethyl)ethyl]-pyridine
2,3,5-trifluoro-6-phenoxy-4-{1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl[pyridine
3,5-difluoro-2,6-diphenoxy-4-[1,2,2,2-tetrafluoro-1 -
(trifluoromethyl)ethyl[pyridine
2,6-bis-(3-methoxyphenoxy)-3,5-difluoro-4-[1,2,2,2-
tetrafluoro- I-trifluoromethyl-ethylpyridine

2,5-difluoro-3-methoxy-4,6-bis-(1,2,2,2-tetrafluoro-1-
trifluoromethyl-ethyl)-pyridine
5-fluoro-2,3-dimethoxy-4,6-bis-(1,2,2,2-tetrafluoro-1-
trifluoromethyl-ethyl)-pyridine
Methyl{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl](2-pyridyl)}amine

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



(18)

(19)

(20)

(21)

(24

(25)

(26)

27

(28)

{3,5-difluoro-6-(methylamino)-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl](2-pyridyl)methyl{3,5,6-trifluoro-
4[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl](2-
pyridyl)}amine
Bis{3,5-difluoro-6-(methylamino)-4-[1,2,2,2-tetrafluoro-
1-(trifluoromethyl)ethyl](2-pyridyl) jmethylamine
Bis{6-(diethylamino)-3,5-difluoro-4-[1,2,2,2-tetrafluoro-
1-(trifluoromethyl)ethyl](2-pyridyl) jmethylamine
3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-(trifluoromethyl)-
ethyl]-2-3-{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)-ethyl](2-pyridyloxy)}phenoxy)pyridine
2,3,5-trifluoro-6-(5-methyl-3-{3,5,6-trifluoro-4-(1,2,2,2-
tetrafluoro-1-(trifluoromethyl)ethyl](2-
pyridyloxy)}phenoxy)-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]pyridine
26,28-diaza-5,17-bis[1,2,2,2-tetrafluoro-1 -
(trifluoromethyl)ethyl]-4,6,16, 18-tetrafluoro-2,8,14,20-
tetraoxapentacyclof19.3.1.1<3,7>
1<9,13>.<15,19>Joctacosa-
1(25),3,5,7(26),9(27),10,12,15,17,19(28),21,23-
dodecaene

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

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> Joctacosa-
1(25),3,5,7(26),9(27),10,12,15,17,19(28),21,23-

dodecaene

2-1'2"-dioxyethyl-bis-3,5,6-trifluoro-4-(1,2,2,2-
tetrafluoro-1-trifluoromethyl-ethyl)-pyridine



(29)

(30)

(31)

(32)

(33)

(34)

(35)

(36)

(37)

(38)

(39

(40)

6-(2-{3,5-difluoro-6-propoxy-4[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl](2-pyridyloxy))ethoxy)-3,5-
difluoro-4-1,2,2,2-tetrafluoro-1 -
(trifluoromethyl)ethyl]pyridin-2-ol
2-{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl](2-pyridyl)oxy}-1-(2-{3,5,6-
trifluoro-4-[1,2,2,2-tetrafluoro-
I(trifluoromethyl)ethyl](2-pyridyloxy)jethoxy)ethane
25,26-diaza-11,23-bis(1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]-10,12,22,24-tetrafluoro-
2,5,8,14,17,20-

hexaoxatricyclo[19.3.1.1<9,13> Jhexacosa-
1(24),9(26),10,12,21(25),22-hexaene
Methyl[2-(methyl{3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-
1-(trifluoromethyl)ethyl](2-pyridyl) jamino)ethyl](3,5,6-
trifluoro-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl](2-pyridyl)}amine
2,3-difluoro-5,8-dimethyl-4-[1,2,2,2-tetrafluoro- 1 -
(trifluoromethylethyl)]-5,6,7,8-tetrahydroquinoline
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[13.3.1.1<6,10> Jicosa-
1(18),6(20),7,9,15,(19),16-hexaene
{7-fluoro-1,4-dimethyl-8-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl](1,2,3,4-tetrahydropyridino(2,3-
bjpyrazin-6-yl)}methyl{3,5,6-trifluoro-4-{1,2,2,2-
tetrafluoro-1-(trifluoromethyl)ethyl](2-pyridyl}amine
Bis{7-fluoro-1,4-dimethyl-8-[1,2,2,2-
trifluoromethyl)ethyl](1,2,3,4-tetrahydropyridino(2,3-
b]pyrazin-6-yl)Jmethylamine
2,6-dibromo-3,5-difluoro-4-(1,2,2,2-tetrafluoro-1-
trifluoromethyl-ethyl)-pyridine
6-bromo-2,3,5-difluoro-4-(1,2,2,2-tetrafluoro-1-
trifluoromethyl-ethyl)-pyridine
2,6-dihydrido-3,5-difluoro-4-(1,2,2,2-tetrafluoro-1-
trifluoromethyl-ethyl)-pyridine
2,6-dibromo-3-fluoro-5-methoxy-4-(1,2,2,2-tetrafluoro-
-trifluoromethyl-ethyl)-pyridine



(41)
(42)
43)
(44)

(45)

(46)

47

(48)

(49)
(50)
(51)
(52)
(53)
(54)

(35)

2,6-dibromo-3,5-dimethoxy-4-(1,2,2,2-tetrafluoro-1-
trifluoromethyl-ethyl)-pyridine '
2-bromo-3,5,6-trimethoxy-4-(1,2,2,2-tetrafluoro-1-
trifluoromethyl-ethyl)-pyridine
6-bromo-3,5-difluoro-2-piperidyl-4-[1,2,2,2-tetrafluoro-
[-(trifluoromethyl)ethyl |pyridine
2-bromo-3,5-difluoro-4-[1,2,2,2-tetrafluoro-1-
trifluoromethyl-ethylJpyridine
2-{bromo-3,5-difluoro-4-[1,2,2,2-tetrafluoro-1-
trifluoromethyl-ethyl](2-pyridyl)}-2-methyl-2-
silapropane
2-bromo-3,5-difluoro-4-[1,2,2,2-tetrafluoro-1 -
trifluoromethyl-ethyl]-6-(3,5,6-trifluoro-4-[1,2,2,2-
tetrafluoro-1-(trifluoromethyl)ethyl](2-pyridyl) }pyridine
2-{6-bromo-3,5-difluoro-4-(1,2,2,2-tetrafluoro- 1-
trifluoromethyl-ethyl](2-pyridyl) }{3,5,-difluoro-6-
methoxy-4-[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]pyridine

2-{6-(1, 1-dimethyl-]-silaethyl)-j,5-diﬂu0ro-4-[1,2,2,2-
tetraﬂuoro—l-triﬂuoromethyl-ethﬂ 1(2-pyridyl)}-2-
methyl-2-silapropane
6-bromo-3,5-difluoro-2-pent-1-ynyl-4-(1,2,2,2-
tetrafluoro-I-trifluoromethyl-ethyl)-pyridine
3,5-difluoro-2,6-dipent- 1 -ynyl-4-(1,2,2,2-tetrafluoro-1-
trifluoromethyl-ethyl)-pyridine
6-bromo-3,5-difluoro-2-phenylethynyl-4-(1,2,2,2-
tetrafluoro-1-trifluoromethyl-ethyl)-pyridine
2,6-bis(2-phenylethynyl)-3,5-difluoro-4-(1,2,2,2-
tetrafluoro- I-trifluoromethyl-ethyl)-pyridine
4-[1-(trifluoromethyl)-1,2,2,2-tetrafluoroethyl]-2-bromo-
3-fluoro-5-methoxy-6-piperidylpyridine
4-[1-(trifluoromethyl)-1,2,2,2-tetrafluoroethyl]-2-bromo-
3-methoxy-5-fluoro-6-(2-phenylethynyl)pyridine
4-[1-(trifluoromethyl)-1,2,2,2-tetrafluoroethyl]-2-bromo-
3-methoxy-5-fluoro-6-pent-1-ynylpyridine




No. 1.

[FREXZPH 81 (1.517)
200 4
188 as 177929
LFS
319
a3 rd 15@ a1 @

ol T so . Loe 00 Tags "Tgm 19t Vol =90 7 90 _|pee
n/z 58 168 158 280 252 _ 360 "
PHEX2PM 91 (1.517) 4177920

................... b m o et e aeAma e e cmm o ae—mmm e =
Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass.. Rel Int
------------------- B it bt N it

20 0.00 82 0.08 124 3.95 193 0.61

26 0.01 84 0.08 125 0.18 200 100.00

24 0.47 86 3.82 126 0.04 201 7.06

i1 10.10 87 0.17 129 0.19 202 0.23

32 0.17 88 0.22 131 7.25 205 0.59

3& 0.04 89 0.01 132 0.29 212 3.38

38 0.10 90 0.02 133 0.01 213 0.17

39 0.01 93 7.84 136 2.82 217 0.08

40 0.01 94 0.24 138 0.36 218 0.52

43 0.07 95 0.08 139 0.02 224 0.01

44 0.02 96 0.04 141 0.01 231 6.47

45 0.03 98 2.38 143 0.58 232 0.35

47 0.04 100 10.49 144 0.03 236 0.03

48 0.05 101 0.37 145 0.01 243 0.01

50 2.45 102 0.01 148 0.72 250 15.69

55 1.96 104 0.63 150 4.24 251 0.86

57 0.05 105 3.90 151 0.17 255 0.01

58 0.02 106 0.19 155 2.65 262 0.40

60 0.02 107 0.09 156 0.04 263 g.02

62 1.67 110 0.10 162 8.04 269 g.06

63 0.03 112 1.96 163 0.38 281 0.31

67 0.28 113 0.07 167 0.63 282 0.01

69 89.80 114 0.17 169 2.13 300 10.88

70 0.63 115 0.15 174 0.12 301 0.64

74 2.99 117 15.88 176 0.02 319 36.86

76 0.75 118 0.80 179 0.02 320 2.97

11 0.10 119 0.30 181 10.49 Ja21 g.08

79 1.21 120 0.02 186 1.04

81 2.13 122 0.01 188 0.07

------------------- B R e BT PP

C. 6.
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Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
------------------- g g g S O
20 0.05 101 Q.08 182 0.58 268 0.03
26 0.01 105 2.60 186 1.31 274 0.60
28 2.12 106 0.12 187 0.08 275 0.05
29 0.03 107 0.08 188 0.19 281 20.23
31 4.89 110 0.31 191 0.04 282 1.69
32 0.52 112 1.14 193 5.91 283 0.07
3s 0.02 114 0.38 194 0.38 286 0.08
36 0.01 115 0.14 198 0.95 293 0.37
38 0.01 117 10.68 200 2.32 294 0.04
40 0.05 118 0.48 201 0.13 298 0.02
43 0.03 119 0.63 205 1.35 300 3.34
44 0.10 122 0.05 206 0.09 301 0.27
45 0.02 124 6.65 207 0.01 305 0.02
47 0.09 125 0.32 210 0.05 312 5.63
48 0.02 129 1.11 212 6.82 313 0.50
50 1.97 131 3.10 213 0.49 317 0.02
51 0.05 132 0.13 214 0.01 319 0.08
55 0.67 136 1.75 217 1.53 a3l 1.93
s6 0.03 137 0.07 218 0.10 332 g.22
57 0.05 138 g.51 219 0.15 336 g.01
58 0.02 139 0.02 224 5.80 343 0.04
80 0.01 141 0.57 225 0.46 350 89.09
62 0.50 143 1.92 226 0.03 as1 8.69
66 0.02 144 0.08 229 0.16 352 0.44
67 0.07 146 0.01 231 17.95 355 0.12
69 100.00 148 2.43 232 1.24 362 1.26
74 1.70 149 0.12 233 -0.04 363 0.13
76 0.58 150 Q.38 236 0.37 381 2.20
78 0.02 155 3.98 237 0.03 382 0.25
79 0.64 156 0.20 238 0.01 383 0.01
81 Q.77 160 0.21 243 1.61 400 32.50
82 0.05 162 6.42 244 0.14 401 3.64
84 0.02 163 0.36 248 0.13 402 0.18
86 1.34 167 3.01 250 8.64 412 0.03
88 0.13 168 0.16 251 0.62 431 0.07
91 0.01 169 0.63 252 0.03 450 25.91
93 6.99 172 0.02 255 0.38 451 3.13
94 0.15 174 1.36 256 0.03 452 0.17
95 0.02 175 0.09 262 16.59 469 14.77
96 0.02 176 0.03 263 1.25 470 1.73
98 1.01 179 1.48 264 0.05 471 0.10
100 3.10 181 9.32 267 0.36
------------------- B b T e R R et L LT L P



No. 3.

PHER1ILN 290 (3.534)
89

3
188 29887688
ZFS
3 jo0 21 : 2
3 33
Lo | %0 ot e 12
@ T —r— T ' v
sz 1@ 58 A69 586 50§
PHEX11PM 290 (4. 334) 208076¢
_____________________________________ o e e e e e oo
Mass Rel Int | Mags Rel Int | Mass Rel Int | Mass Rel Int
_____________________________________ o m—————— BB TR DT
20 0.34 79 0.51 134 0.98 188 1.41
21 0.02 81 3.20 135 0.56 189 0.12
24 0.12 82 1.70 136 0.97 190 6.0s
s g.11 83 0.34 137 1.05 191 0.07
26 1.41 85 0.55 138 1.06 193 1.086
27 0.71 88 1.92 139 0.13 133 2.01
28 11.47 87 g.26 140 0.18 194 Q.48
29 9.15 87 0.58 141 0.05 1395 Q.28
30 1.18 88 Q.56 142 1.89 196 Q.98
31 23.23 89 0.29 143 3.20 197 1.34
32 0.87 90 0.10 144 0.98 198 Q.22
33 1.35 91 3.20 145 0.41 200 3.54
34 Q.05 92 10.58 146 1.64 200 5.51
35 Q.79 93 7.23 147 2.10 201 g.55
e Q.73 94 0.33 148 ¢.31 202 0.29
17 0.52 35 0.49 149 1.01 203 0.406
s 1.12 96 0.21 150 2.09 205 Q.52
39 0.84 97 Q.08 151 0.41 205 1.81
40 0.40 98 0.48 152 0.12 206 0.21
41 0.56 99 2.78 154 ¢.05 207 0.05
42 0.58 100 6.94 155 1.92 1a9 9.04
. 43 1.38 101 Q.51 155 3.30 209 0.07
44 1.42 102 0.23 157 0.41 11 ¢.03
45 1.57 103 0.04 157 0.57 212 2.79
48 ¢.82 104 1.09 158 Q.09 212 5.56
47 3.48 105 2.3 159 0.03 13 1.70
48 0.17 106 0.82 1351 0.04 214 1.38
49 0.29 107 0.41 162 2.02 215 0.531
50 5.12 108 0.13 162 3.54 216 0.12
31 1.57 109 9.16 163 1.75 217 ¢.10
52 0.19 110 Q.20 164 1.76 19 0.92
33 0.05 112 1.53 165 0.84 219 1.14
S4 0.17 113 1.32 166 Q.34 2121 0.53
55 2.23 113 0.70 1687 0.38 221 0.40
56 0.45 114 1.33 189 5.46 222 0.0s5
57 0.85 115 0.62 183 10.63 224 0.26
58 0.13 116 1.75 170 1.09 224 0.35
59 0.11 117 3.08 171 0.21 225 9.07
60 3.13 113 1.38 172 9.85 28 1.92
62 1.61 119 2.28 174 0.65 31 0.31
[x] 0.37 120 0.43 174 1.18 132 1.43
64 0.79 121 g.13 175 0.33 233 3.40
85 1.17 122 0.18 176 Q.18 234 §.74
66 Q.26 123 2,01 178 1.39 234 6.99
87 Q.23 124 3.35 178 2.49 236 0,08
(3] 100.00 125 Q.40 179 0.23 238 0.89
71 0.34 128 g.22 181 1.5 240 Q0.098
72 0.27 127 9.07 181 5.12 242 ¢.23
73 g.19 128 0.05 182 4.23 243 2.09
74 6.84 129 Q.07 183 3.38 244 0.48
75 1.50 130 1.54 134 4.82 247 0.85
76 1.60 131 3.158 18S .63 250 2,20
77 0.09 132 1.66 186 0.63 251 0.51
78 Q.32 133 1.08 188 1.06 L 252 Q.16
_____________ DS SOl Y OOt SR -34S QL. SN 0. SRS
Mass Rel Int | Mass Ral Int | Mags Rel Inc | Mass Rel Int
------------------ 0S-SR
253 0.08 298 0.09 346 0.07 417 0.01
255 9.09 300 0.64 347 0.02 418 0.01
257 0.03 3oz 3.18 349 0.01 421 0.01
259 0.04 302 11.71 350 0.04 424 9.09
260 Q.04 303 1.69 353 0.01 425 0.023
261 4.16 104 g.11 3154 9.01 431 0,02
282 1.87 305 0.05‘ is7 0.02 436 0.02
263 0.82 308 0.03 iss8 0.02 443 0.0x
284 Q.75 310 0.10 360 0.03 445 0.01
265 Q.51 312 8.02 &2 0.20 450 0.02
269 Q.30 313 Q.79 363 Q.03 463 0.02
170 0.02 314 0.06 164 0.04 474 0.04
271 0.15 318 0.02 363 0.01 481 0.02
72 0.04 116 0.086 366 0.02 512 0.03
274 0.18 17 0.04 167 9.02 513 0.02
275 0.07 318 0.03 370 0.03 524 ¢.01
276 0.032 319 0.06 172 0.01 s31 g.01
278 0.17 124 0.02 374 0,03 543 0.01
279 0.03 328 0.01 375 ¢.01 574 0.03
281 0.45 128 0.28 178 0.01 583 Q.01
282 0.41 130 1.73 378 0.05 593 9.01
283 0.09 331 24.80 379 0.0 6§00 0.01
284 1.85 132 5.07 331 0.01 611 9.01
285 Q.96 333 0.39 3182 0.02 612 0.02
288 Q.70 134 0.97 385 0.01 613 ¢.02
289 0.04 333 0.02 386 Q.02 628 0.01
290 0.42 336 0.02 390 0.03 631 0.02
291 0.07 337 0.01 398 Q.01 643 0.09
292 0.24 a3s a.03 400 1.40 644 0.02
293 Q.38 340 0.01 401 0.13
294 Q.08 343 0.02 402 0.01
297 0.79 344 0.01 406 0.01
------------------ R ik D T T e P L
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Mass Rel Int | Mass Rel Int | Mass Rel Iat | Mass Rel Int
------------------- R e R A L L
20 0.24 [:3 3.25 119 0.38 199 0.12
24 0.14 82 0.84 140 0.12 200 5.75
25 0.18 84 9.75 141 0.06 201 0.37
26 a.89 85 0.73 142 0.11 202 0.72
27 0.40 86 0.90 143 3.85 203 5.35
28 6.15 a7 Q.35 144 1.43 204 0.21
29 14.80 a8 ¢.67 145 0.41 205 1.91
30 2.99 89 0.67 146 0.58 206 0.26
31 10.45 90 0.31 147 0.52 207 0.29
32 0.22 91 0.10 148 0.28 208 0.19
i3 Q.73 92 0.86 150 3.40 209 1.80
3s ¢.65 9 9.50 151 1.20 210 ¢.59
36 0.36 94 0.65 152 1.15 211 0.30
37 0.25 85 0.4l 153 1.98 212 4.50
38 0.s58 96 0.32 155 4.15 214 Q.53
a9 Q.80 97 0.21 156 0.44 215 0.45
40 0.34 98 0.36 157 0.35 216 6.15
41 0.38 99 0.139 159 1.56 217 0.81
42 1.35 100 8.55 160 0.64 218 0.08
43 2.353 101 1.84 162 4.10 219 1.09
44 0.94 102 1.13 163 0.63 220 0.08
45 0.74 101 1.05 164 1.30 221 Q.23
46 Q.32 104 1.78 1638 0.33 222 5.15
a7 3.25 105 1.66 166 2.48 224 2.75
48 0.10 106 '0.50 167 0.38 225 1.73
30 3.85 107 0.40 168 0.16 226 2.26
51 1.49 108 0.12 169 1.61 228 4.60
52 0.31 109 0.37 170 0.38 229 Q.24
53 0.13 110 0.18 171 0.26 230 0.30
54 0.50 112 1.61 172 0.68 231 6.10
53 1.35 113 0.68 174 2.78 233 0.13
356 1.65 114 0.84 178 0.95 234 1.90
57 0.78 115 0.39 176 0.50 238 Q.18
58 0.86 116 5.75 177 0.21 218 0.45
59 0.33 117 1.76 174 0.76 239 0.07
80 4.55 118 0.31 179 0.22 240 Q.45
61 0.14 119 1.91 180 4.41 243 9.40
62 0.91 120 0.44 181 2.20 244 1.80
63 0.40 121 0.24 182 2,58 245 1.40
64 0.44 122 0.14 1823 0.72 246 0.91
63 0.73 124 3.45 184 3.40 248 0.04
66 0.29 128 0.54 185 0.17 250 1.23
87 Q.14 126 0.41 186 0.15 282 0.26
89 100 ag 127 0.26 187 ¢.39 2583 ¢.15
70 7.30 128 0.30 188 4.75 254 0.85
71 0.98 129 0.35 189 0.17 255 1.49
72 1.75 131 3.50 190 0.26 257 0.10
73 0.38 132 0.75 191 Q.06 258 0.28
74 3.69 131 0.53 193 3.08 259 4.05
75 1.66 134 2.53 194 0.98 260 0.21
76 0.78 135 0.30 195 0.34 261 0.09
77 0.28 136 0.44 196 0.87 262 1.81
78 0.25 137 ¢.57 197 Q.72 263 0.40
79 0.27 138 3.75 198 ¢.13 266 3.00
------------------- LR L e kL e T e e L L R T
Mass Rel Int | Mass Rel Int | Mass Rel Inc | Mass - Rel Int
------------------- LR EELELE R Sttt T R ek e L L LR PP
263 0.06 286 90.22 \ 308 a.32 340 0.29
27¢ 0.29 287 0.18 a9 4.10 342 31.55
272 4.60 294 0.04 3i1a Q.24 343 310.90
273 0.64 293 0.09 312 .31 344 4.35
274 9.40 294 0.78 313 1.73 345 0.43 -
275 0.80 295 ¢.19 114 10.30 358 0.06
278 g.s8 296 0.85 315 Q.80 412 0.06
278 0.12 297 9.17 322 0.11 559 .07
279 0.04 298 0.29 324 3.75 586 0.07
280 0.12 299 0.33 325 0.34 609 0.06
281 0.15 300 14.00 326 0.21 636 0.06
282 0.04 30 0.58 127 Q.08 637 ¢.05
283 9.25 o2 a.10 324 a.70 655 0.05
234 0.20 303 0.07 329 0.08 667 0.03
285 0.08 304 0.39 311 0.05
..... P T b T L R L R L T
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------------------- R i e S L et T
Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
------------------- B it R e e
20 0.85 60 1.12 143 2.41 229 Q.58
24 0.88 62 0.41 147 1.08 230 0.92
25 1.41 63 0.38 150 2.00 231 0.62
26 8.92 69 46 .06 151 1.16 232 0.52
27 40.66 73 4.25 152 0.26 238 g.88
28 37.76 74 2.88 155 2.59 243 2.96
29 2.41 15 a.81 162 2.44 249 11.20
30 0.82 81 1.30 169 5.32 250 3.53
31 6.56 82 0.68 170 15.35 251 2.13
35 21.06 86 1.30 171 0.56 265 1.50
36 5.45 92 1.79 174 0.70 269 0.75
37 12.55 93 5.29 178 2.54 270 1.01
38 16.29 98 0.35 181 3.86 275 ¢.54
39 62.24 1a0 3.86 182 1.92 279 0.28
40 12.45 101 0.39 188 1.45 281 6.38
41 90.46 108 1.13 191 1.71 282 3.03
42 29.46 112 0.91 193 4.15 283 2.18
43 100.00 114 0.45 198 13.38 288 2.88
44 7.78 117 1.30 199 4.41 289 10.27
45 1.52 118 1.28 200 5.08 290 0.77
47 4.05 120 2.13 201 1.84 298 3.97
49 0.81 124 2.77 202 0.65 300 0.40
50 2.28 125 0.83 208 1.59 301 1.00
S1 1.26 131 2.67 207 1.30 317 49 .38
Ss 1.15 132 0.76 212 1.12 318 10.68
S6 0.70 133 1.07 219 2.20 344 1.47
S8 0.95 136 0.32 220 37.76 359 2.36
s9 27.39 138 0.51 . 228 0.93
------------------- B R it S e el ittt R P
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32 1.95 95 0.11 166 0.04 235 0.06
33 3.83 96 0.07 167 0.27 236 0.02
34 0.08 97 0.06 169 3.68 237 0.01
35 0.06 98 0.24 170 2.70 238 0.54
15 0.05 100 3.29 171 Q.16 240 0.03
37 Q.07 101 0.25 174 Q.41 242 0.11
38 0.03 102 0.08 175 0.08 243 0.79
39 0.58 105 1.01 176 0.12 244 0.10
41 5.61 106 0.23 177 0.02 246 0.62
42 4,53 107 0.08 178 0.66 247 0.27
43 38.27 108 0.02 179 0.06 249 3.24
45 92.59 109 0.02 181 4.42 250 L.72
46 4.73 110 0.02 182 1.33 251 0.17
47 1.53 112 0.63 183 0.43 252 0.06
48 0.04 113 0.20 184 0.50 255 0.07
50 - 0.89 114 0.27 136 0.13 256 0.09
51 0.51 117 1.50 187 Q.12 257 0.10
52 0.03 118 0.07 188 1.14 259 0.03
53 0.05 113 0.86 130 2.03 260 0.07
54 0.15 120 0.37 193 0.82 261 0.05
55 0.69 121 0.07 194 Q0.15 262 0.22
56 0.22 124 2.01 195 Q.06 263 0.09
58 85.19 125 4.32 196 0.15 264 0.11
59 100.00 126 9.07 198 1.65 266 0.04
60 13.58 127 0.06 199 0.78 267 .01
61 1.13 128 9.05 200 4.32 269 0.07
62 0.61 131 2.24 201 0.35% 270 0.12
63 0.69 132 0.37 202 0.07 271 0.02
64 0.14 133 Q.32 203 0.02 272 0.03
65 0.13 134 0.05 205 0.95 273 0.08
66 0.07 136 0.46 206 0.10 275 0.68
67 0.11L 137 0,21 207 0.05 276 0.08
69 37.88 138 Q.46 209 0.02 278 ¢.03
70 0.42 139 0.03 210 Q.03 279 0.02
73 .08 140 0.02 212 1.27 280 0.11
72 0.03 143 1.00 213 0.15 281 0.09
74 3.01 144 0.11 214 Q.46 282 0.05
75 0.57 145 0.03 215 Q.0S 283 0.18
76 0.62 146 0.06 216 ¢.02 284 0.03
77 0.12 147 Q.60 217 0.04 286 0.03
78 Q.17 148 0.13 219 a.56 288 0.77
79 0.12 149 0.14 220 6.28 299 1.15
a1 1.14 150 1.02 221 0.60 290 0.30
32 0.36 151 0.31 223 0.06 292 0.04
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Mass Rel Int | Mass Rel Int | Mass Rel Iac | Mass Rel Int
------------------- B ittt R R TP PR U S
20 9.15 78 0.01 144 0.05 209 0.01
24 Q.01 79 G.02 145 0.03 210 0.02
25 ¢.05 81 e.09 146 0.02 212 0.09
26 1.12 82 0.08 147 0.03 214 0.18
27 7.02 a3 0.02 148 0.01 215 0.08
28 14.29 a4 0.03 15Q 0.44 216 Q0.59
29 66.67 as 0.02 151 0.05 217 0.086
30 2.23 86 ¢.02 152 Q.07 218 ¢.62
31 52.86 87 0.02 153 Q.02 219 0.29
32 2.35 88 0.02 155 9.19 220 0.04
33 2.14 a9 0.03 156 0.03 221 0.02
34 0.95 90 0.03 157 0.02 222 0.03
3s 0.03 91 0.01 158 0.02 224 0.05
38 0.04 92 0.43 159 0.03 225 0.11
37 0.01 93 0.52 160 g.02 226 Q.03
is 0.03 94 0.04 182 Q.25 227 0.01
39 0.31 95 0.01 163 0.05 228 0.18
40 9.15 96 0.02 164 a.12 229 0.02
41 2.77 97 0.01 165 0.03 230 0.06
42 1.76 98 0.01 166 0.09 231 0.14
43 16.79 100 0.74 187 0.02 232 0.10
44 1.10 101 6.10 168 0.17 231 0.02
45 34.76 102 0.04 169 g.18 234 0.01
46 0.89 103 0.01 170 0.06 237 0.02
47 ¢.38 104 0.01 171 0.403 238 0.03
48 Q.03 105 a.03 172 0.02 239 0.04
49 0.02 106 g.02 174 0.18 240 0.03
S0 0.11 107 6.02 178 0.13 243 1.11
51 0.18 108 0.01 176 0.03 244 0.12
52 0.03 109 0.02 178 0.05 245 0.04
53 Q.03 110 Q.01 179 0.01 246 ¢.01
54 Q.10 112 Q.09 181 0.14 247 0.12
55 0.12 113 0.04 182 0.08 248 g.03
56 Q.10 114 0.02 183 0.02 249 ¢.01
57 0.77 115 0.01 184 0.02 250 0.05
58 7.32 116 0.11 188 0.02 252 0.03
59 100.00 117 0.05 137 0.07 253 0.03
60 8.10 1139 0.19 188 0.10 254 0.02
61 Q.66 120 9.0s 189 0.05 255 0.02
62 0.08 121 0.01 190 0.02 257 0.10
63 0.1l 124 0.22 191 0.01 258 0.02
64 0.07 125 0.04 193 0.15 259 0.04
65 0.03 126 0.02 194 0.06 ° 261 0.02
66 0.a3 128 0.02 195 0.01 262 ¢.01
67 0.03 130 0.02 196 0.036 264 0.01
69 3.63 131 .25 1397 g.08é 266 0.16
70 0.52 132 0.04 198 0.03 267 0.02
71 0.11 133 0.02 200 0.87 268 0.09
72 0.04 134 0.01 201 0.09 269 0.02
73 0.07 136 0.02 202 0.16 270 ¢.03
74 Q.28 137 .05 203 0.04 271 0,04
15 0.16 138 ©0.11 208 6.a7 272 0.07
76 0.06 139 0.02 207 0.05 273 0.05
77 a.02 143 0.19 208 Q.04 274 0.01
------------------- e R e L b2 ST T T L S SRS,
Mass Ral Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
------------------- DR e R et i it T papepu—
278 0.01 9% 0.04 324 g.02 356 0.27
279 Q.01 300 90.21 325 Q.01 157 0.03
280 0.02 301 0.q02 326 0.0s k11 0.04
281 0.01 303 0.0 327 Q.01 371 0.09
282 0.01 306 0.03 328 0.08 372 0.03
283 0.03 308 0.01 329 0.07 373 0.15
284 a.06 310 0.02 330 0.07 374 0.02
285 Q.03 311 Q.02 3le 0.01 380 0.02
286 0.22 312 0.23 337 0.01 386 0.01
287 0.17 313 0.14 339 g.28 397 0.07
288 0.03 314 0.08 340 Q.14 398 0.01
294 0.03 315 0.49" 341 0.47 431 1.26
298 0.01 316 a.1s 342 0.3s 412 0.18
296 9.02 317 a.02 343 0.04 433 g.02
297 0.05 322 0.13 353 0.01
298 0.01 323 0.02 354 0.06
D bl #emeemcecccancanaa memmmememem—esceaa P amcumuaa ~-
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------------------- B e R R e R e T T RipupE
Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
------------------- e i e ittt e et LTt T Tpuy
20 0.67 79 131 .65 ‘150 0.38 234 0.07
24 Q.58 80 3.37 151 0.26 238 0.47
25 1.35 81 17.20 ‘152 0.08 239 Q.11
26 3.51 a2 72.34 155 0.63 240 0.13
27 28.90 83 53.19 156 ¢.06 243 0.49
28 '16.13 84 3,28 159 0.12 244 Q.06
29 24.11 as 0.25 162 8.70 246 0.45
3a 0.72 :19 0.20 163 g.15 247 0.Q8
31 2.06 87 0.14 164 0.12 248 0.22
32 0.37 88 0.10 166 0.06 249 1.40
33 0.11 89 0.07 167 0.10 250 Q.84
35 0.11 91 0.24 169 2.19 251 Q.17
36 0.27 92 0.76 170 2.54 252 Q.06
37 2.24 93 0.93 171 0.22 58 ¢.12
38 4.43 94 0.21 174 0.23 259 Q.49
39 54.61 95 Q.19 1758 0.07 260 0.04
40 7.23 96 0.10 178 g.o08 262 Q.07
41 100.00 37 0.07 178 Q.45 266 a.as
42 9.22 98 0.12 181 0.36 269 0.27
43 6.38 929 1.00 182 0.40 270 g.21
44 0.83 100 0.90 183 0.17 271 Q.08
45 0.17 101 Q.16 184 Q.08 273 a.o08
46 a.27 102 0.03 186 0.14 275 3.09
47 0.33 103 0.05 188 0.66 278 0.07
48 Q.10 104 0.23 189 Q.11 279 0.11
49 0.44 105 0.48 19a a.22 280 9.22
50 4.08 106 0.16 133 0.47 281 0.13
51 7.05 107 Q.06 194 Q.07 288 1.19
52 3.%0 108 0.058 196 ¢.11 289 1.15
53 20.21 112 0.21 198 2.44 290 0.32
54 25.00 113 0.12 199 Q.29 298 0.74
55 87.23 114 0.11 200 2.23 299 8.20
56 4.74 115 0.10 201 0.46 300 0.58
57 a.70 117 0.64 202 0.10 301 Q.22
58 0.09 1138 Q.aa 208 0.45 302 0.24
59 0.09 119 0.41 206 0.07 314 0.09
61 0.15 120 Q.25 208 0.10 315 0.26
62 0.47 121 Q.06 209 ¢.12 318 0.67
[k} 1.12 124 0.84 212 0.34 317 1.41
84 0.28 125 9.15 213 Q.15 318 13.48
. . 1.
Q.
a.
0.
0.
g.
0.
0.
0.
2.
0.
0.
9.
Q.
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Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
..................................... S S
20 0.56 78 1.81 ‘134 0.03 209 a.02
24 Q.27 79 13.04 135 g.03 210 0.01
25 0.70 80 4.22 136 0.03 212 0.04
26 5.04 81 27.50 137 0.09 214 0.04
27 16.79 82 45.71 138 g.08 216 0.19
28 9.38 83 42.50 139 Q.03 218 3.68
29 8.84 84 2.75 140 0.03 219 0.41
30 0.32 85 g.11 141 0.02 220 0.13
£ A 0.88 86 Q.09 143 Q.11 221 0.06
32 0.28 87 0.09 144 0.04 222 0.03
a3 0.04 :£:] Q.04 145 Q.04 224 9.10
s 0.21 89 0.09 1486 Q.04 225 0.06
36 0.386 90 0.07 147 0.05 2286 0.11
37 1.72 91 Q.29 150 Q.30 227 0.32
i8 3.91 93 0.73 151 0.09 228 0.52
39 37.50 94 0.19 152 0.07 229 g.07
40 5.40 95 0.21 153 0.02 230 0.04
41 67.50 96 Q.07 155 0.12 231 0.11
42 5.00 97 0.15 156 0.04 232 ¢.03
43 5.49 98 Q.68 1s7 0.03 233 g.03
44 Q.71 99 3.86 158 0.02 236 0.04
45 0.13 100 0.90 160 0.03 237 0.04
46 0.12 101 0.1¢ 182 0.08 238 0.04
47 g.18 102 0.06 163 0.04 239 0.06
48 ¢.13 103 0.03 164 0.03 240 0.06
49 0.6 104 0.02 165 0.04 243 0.54
50 4.62 105 g.10 168 0.03 244 0.06
51 7.86 106 0.10 168 Q.34 248 0.56
s2 4.71 107 0.07 169 g.12 247 0.63
53 16.07 108 0.05 170 0.12 248 0.31
54 3i.07 109 0.09 171 0.03 249 Q.16
S5 100.00 110 0.02 174 0.11 250 0.05
19 5.31 112 0.10 175 0.07 251 0.05
57 0.84 113 0.Q7 176 0.03 252 0.08
1: 0.13 114 0.a05 178 0.03 255 0.02
59 0.17 115 0.07 131 0.08 256 0.02
(1] 0.08 116 0.07 182 0.08 257 0.07
61 0.22 117 0.09% 183 0.04 258 ¢.04
62 0.52 118 0.05 188 0.06 262 0.03
a3 1.42 119 Q.13 189 0.05 266 0.30
64 0.32 120 a.23 191 0.04 267 0.0§
65 4.53 121 0.06 133 0.12 268 0.16
68 3.57 122 0.04 194 0.05 2869 6.08
&7 £2.86 123 0.11 196 0.50 270 0.08
88 3.64 124 0.15 137 0.11 271 0.04
69 4.20 128 0.06 198 0.06 272 0.07
70 0.71 126 0.03 199 0.09 276 0,04
71 a.13 127 Q.08 200 0.78 277 0.47
72 ¢.05 128 0.04 201 0.11 278 0.16
73 0.08 129 0.03 202 0.15 279 Q.05
74 0.47 130 0.03 203 0.04 280 0.06
15 Q.50 131 Q.18 205 0.12 281 0.03
76 Q.21 132 0.0S 207 Q.04 284 0.07
7 5.18 133 0.04 208 0.06 288 1.4




No. 16.

PH33PM 683 (11.384)

2899968/
198 w7
393
XFS 296
51 9 365
sa| % |78 X QSB—T G 297 3ga] 392|794
39 dals — 2‘Jr4 2 f, ¥ - U " e
n/z | tp 109 158 390 358 408 450
----------------- U g g g U U
Mass Rel Intc | Mass Rel Int | Mass Rel Int | Mass Rel Inc
___________________ s i s
26 0.04 a6 0.26 ‘141 0.58 199 0.24
27 0.28 87 0.07 142 0.07 200 4.45
28 0.25 88 0.11 143 1.36 201 1.26
29 0.01 89 0.04 144 0.14 202 0.55
31 0.25 90 Q.04 145 0.20 203 0.05
32 0.08 91 0.10 146 0.17 204 0.22
37 0.20 92 1.32 147 0.33 205 21.61
38 0.92 93 2,22 148 0.14 206 1,04
19 3.78 94 0.25 149 0.17 207 4.77
40 0.18 95 0.17 150 1.11 208 2.44
41 0.05 96 0.46 151 1.00 209 0.30
42 0.02 97 0.04 152 0.62 210 0.03
43 0.01 98 0.15 153 0.48 211 0.10
44 0.02 99 0.12 154 0.31 212 0.25
45 0.02 100 1.84 155 1.59 213 0.23
46 0.13 101 0.11 156 0.16 214 0.32
47 0.14 102 0.05 157 0.13 215 0.05
48 0.01 103 1.46 158 0.50 216 0.04
49 0.27 104 6.15 159 0.06 217 0.06
50 8.02 105 0.61 161 0.13 218 0.14
51 34.80 106 0.12 162 2.26 219 3.53
52 1.63 107 0.14 163 0.24 220 1.45
53 0.36 108 0.12 164 0.09 221 2.17
54 0.03 109 0.03 165 0.11 222 0.14
55 0.17 110 0.03 166 0.04 222 2.07
56 0.03 111 0.03 167 0.21 224 6.25
57 Q.05 112 0.47 168 0.19 225 1.02
58 0.02 113 0.37 169 5.76 226 31.71
59 g.o01 114 0.25 170 1.45 227 4.56
60 0.03 115 0.02 171 0.22 228 1.07
61 0.31 116 0.07 172 0.07 229 0.13
62 1.19 117 1.0s 173 0.02 230 0.04
63 3.28 118 0.08 174 0.56 231 0.85
64 1.82 119 0.57 175 0.19 232 0.26
65 5.86 120 0.12 176 2.22 2313 0.08
66 0.49 122 0.28 177 0.87 234 0.04
67 0.05 123 0.21 178 0.37 235 0.10
58 0.23 124 1.69 179 0.09 236 0.40
69 13.84 125 0.26 180 0.13 237 0.06
70 0.22 126 0.19 181 2.33 238 1.17
7 0.03 127 0.68 182 1.57 239 0.15
73 0.49 128 0.18 183 0.26 242 0.04
74 4.41 129 0.05 184 0.22 243 1.23
75 3.32 130 0.06 18§ 0.05 244 0.40
76 3.53 131 1.84 186 0.28 245 0.34
77 100.00 132 0.33 187 0.18 246 4.94
78 8.02 133 0.10 188 1.40 247 0.62
79 0.34 134 0.18 189 0.23 248 0.03
a0 Q.97 13§ 0.03 190 0.03 249 0.13
a1 0.57 136 0.49 193 1.79 250 0.93
a2 0.10 137 1.54 194 0.55 251 1.03
83 0.08 138 0.32 195 0.23 252 0.16
84 0.02 139 0.05 196 16.10 254 2.26
EH 0.04 140 0.0s 198 0.31 255 0.86
------------------- L D R L et e et
Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Inc
................... e mddeecedeacaacmamaseasmm—adhiammeseoaase e —a
256 2.26 284 0.09 315 0.21 353 0.03
257 1.47 285 0.17 17 0.07 354 Q.27
258 0.64 286 0.10 319 1.54 355 6.08
259 0.10 288 . 0.30 320 0.21 364 10.73
262 0.28 289 0.05 323 3.00 165 24.58
263 0.03 290 3.21 324 3.28 366 3.07
264 0.05 291 0.16 315 0.49 367 0.21
265 0.16 293 0.01 326 1.24 373 0.23
266 0.09 294 0.08 327 0.18 374 3.71
269 10.45 295 0.66 134 0.0S 375 a.52
270 2.68 2396 47.46 335 0.02 3176 0.07
271 0.23 297 5.79 338 ¢.06 392 4.56
272 0.0S 298 0.36 339 0.94 393 58.76
273 3.50 299 0.02 340 0.09 394 7.63
274 0.87 300 0.36 341 Q.02 395 Q.61
275 0.14 301 0.10 343 0.02 396 0.0S
276 10.88 304 1.09 344 0.95 442 a.03
277 1.87 308 1.69 345 0.23 444 0.02
278 6.20 306 0.58 346 2.54 470 0.12
281 0.13 307 0.13 347 0.30 471 0.02
282 0.02 3Jos 0.04 348 0.02
283 0.15 314 0.11 3s2 ¢.33
------------------- R et L T T R e T
18



No. 11.
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Mass Rel Int | Mass Rel Int | Mass Rel Inc | Mass  Rel Int
------------------- R aettaih L R R T L T T T pupupup—
21 0.01 104 0.46 165 0.61 229 Q.48
26 0.02 105 4.11 166 0.52 230 0.28
27 0.36 106 0.38 167 1.04 231 0.37
28 0.36 107 0.18 168 1.53 232 0.33
29 0.01 108 0.20 169 0.46 234 1.06
31 Q.09 103 0.06 170 0.45 235 0.13
32 0.09 110 0.02 171 0.10 236 0.25
17 Q.10 111 0.05 172 0.12 238 0.88
i8 0.60 112 0.29 174 1.17 238 0.40
39 3.47 113 0.11 177 16.97 240 0.17
40 ¢.17 114 0.15 178 1.86 243 31.57
41 0.04 115 0.88 180 11.27 244 1.68
42 0.02 116 0.17 181 1.90 245 0.07
43 a.02 117 0.18 182 0.73 246 0.73
44 0.05 119 1.96 183 0.29 247 0.34
47 0.03 120 0.34 184 9.09 248 Q.11
51 31.02 121 0.0%9 185 0.12 250 2.29
52 1.22 122 0.27 187 0.19 251 2.30
53 0.25 123 0.12 187 Q.06 252 0.45
54 Q.01 124 ¢.53 188 0.38 253 0.76
5SS 0.05 125 0.15 189 Q.37 254 0.32
57 0.06 126 Q.33 190 ¢.06 255 0.31
63 2.87 127 1.63 193 1.20 256 0.36
65 7.80 128 Q.35 194 0.53 257 1.08
66 0.57 129 0.07 195 0.99 258 Q.95
69 4.38 131 1.17 196 2.33 259 .28
70 0.23 132 0.17 137 0.38 26Q Q.08
74 1.93 133 0.06 198 0.54 261 Q.15
75 2.36 134 0.186 200 2.91 262 0.08
77 10Q.00 135 0.08 201 0.83 264 0.69
78 7.21 136 9.07 202 0.13 265 Q.52
79 0.38 137 0.06 204 0.42 266 Q.37
81 0.20 138 0.22 208 1.37 267 0.27
82 0.06 139 0.41 208 Q.25 268 0.20
83 0.05 141 Q.99 207 0.83 269 0.20
as Q.03 143 0.80 208 1.58 270 0.85
13 0.07 144 0.16 209 0.35 271 0.98
a7 0.03 146 0.45 210 0.19 272 Q.44
as 0.03 146 0.27 211 0.09 273 0.64
a9 0.05 147 0.05 212 0.09 274 0.54
90 0.12 148 0.03 214 1.31 278 0.95
91 0.67 150 2.66 213 0.78 277 1.60
S2 0.94 151 3.74 218 0.23 279 3.28
93 3.70 152 3.12 17 0.17 280 0.63
924 1.87 153 j.o1 219 1.44 281 0.41
95 0.32 154 6.48 22¢ 0.39 282 0.22
96 Q.27 155 1.89 221 0.27 283 0.10
97 0.03 156 0.07 222 1.12 284 0.09
98 0.04 157 .06 223 Q.35 286 0.16
99 ¢.22 158 0.42 224 0.66 287 0.03
100 1.47 159 Q.07 2258 0.15 288 0.04
101 0.17 162 0.65 228 Q.78 289 0.04
102 0.36 163 0.11 227 0.56 290 0.07
103 0.45 184 0.39 228 0.27 292 1.96

321 3ss 402 467 57.66
322 0.89 362 15.98 403 0.02 468 11.27
323 0.18 363 1.98 406 Q.03 469 30
324 0.11 364 0.36 408 Q.02 470 13
328 1.27 365 0.04 410 4.88 518 02
327 0.23 368 0.02 411 0.86 544 10
328 0.08 369 0.14 412 0.07 545 Q93
329 Q.04 370 0.66 413 0.13
------------------- R kLR S L e an L e DR e R R LR
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[PHGGL 1216 (21.995) - . ]
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Mass  Rel Int | Mass Rel Int | Mass Rel Int | Mass. Rel Int Mass Rel Int | Mags Rel Int | Mass Rel Inc | Mass Rel L
-------------------  daidebdnteiieie il deiiaieh de il bttt ik et b Al D L LD R L bt bbb b bbb AL LR R R bt e R T T DD i R
20 0.03 83 0.86 139 1.23 194 0.88 252 0.53 os 0.51 382 0.44 417 Q.
24 0.03 84 0.14 140 0.9 195 0.73 253 0.41 309 0.40 363 0.25 418 a.
25 0.07 8s 0.30 141 0.90 198 0.52 254 0.47 310 0.63 364 0.57 419 [
26 0.33 86 0.37 142 0.3¢ 197 0.50 258 0.52 311 0.24 3865 0.24 420 3.4
28 4.45 a7 0.33 143 0.59 198 1.45 256 0.61 312 0.18 366 9.37 421 0.
23 1.41 88 0.29 144 0.62 199 0.23 257 0.43 313 0.15 36?7 0.23 422 9.
30 0.62 89 0.56 145 0.39 200 0.90 258 0.57 314 0.42 368 0.17 423 0.:
3 1.86 90 0.74 146 0.15 201 0.61 259 9.18 315 0.23 369 0.16 424 0.:
32 0.88 92 67.02 147 0.11 202 0.52 260 0.17 316 0.32 370 0.44 425 0.:
33 0.04 91 7.91 148 Q.33 203 0.10 261 0.21 317 0.1 371 0.20 426 Q.1
34 0.02 94 3.77 148 1.13 208 0.44 262 0.12 318 0.22 372 0.37 427 0.:
le 0.17 95 6.72 150 0.86 207 3.27 264 5.59 319 0.33 373 0.25 428 Q.!
a7 1.89 96 0.88 151 0.83 208 Q.69 265 0.39 329 0.42 374 0.28 429 0.1
ia 4.52 97 0.23 152 1.51 209 0.23 266 0.39 321 0.52 376 2.71 430 0.1
as 9.71 98 0.46 153 0.80 210 0.34 267 0.20 322 1.20 377 0.62 431 0.¢
40 1.21 99 0.58 154 0.70 211 0.35 268 0.30 323 0.43 378 0.41 432 0.4
41 3.86 100 1.46 155 1.93 212 0.64 269 0.37 324 0.33 379 0.15 433 0.¢
42 0.77 101 0,28 156 0.54 213 0.59 270 0.24 325 ¢.15 380 0.16 434 Q9.1
43 1.1 102 0.34 157 0.47 214 1.11 271 0.27 326 0.89 381 0.10 435 0.0
44 1.35 103 2.04 158 0.38 215 0.35 272 Q.37 327 0.31 382 0.21 436 0.3
45 0.50 104 0.34 159 0.44 216 0.22 274 0.22 328 0.28 383 0,08 437 0.1
a6 0.34 105 2.18 160 0.11 217 0.09 275 0.18 29 0.16 384 0.36 438 0.2
47 0.63 107 20.21 161 0.21 218 0.26 276 0.45 330 0.31 is8s 1.65 439 0.2
48 0.42 108 4.85 162 0.54 219 0.33 277 0.56 331 0.27 386 0.49 440 0.2
49 0.53 109 0.585 163 0.40 220 0.32 278 0.33 332 0.34 387 0.17 441 0.1
50 10.51 110 0.41 164 0.52 221 Q.34 279 0.34 333 0.39 388 0.17 442 0.1
51 1.1 111 0.55 165 0.34 223 0.41 280 0.69 334 0.64 389 0.25 443 0.1
S2 11.24 112 0.46 166 0.26 224 .44 281 0.86 335 0.52 3so 0.50 444 0.1
s3 6.85 1113 0.31 167 0.69 225 0.86 282 0.20 336 0.84 3%y 0.28 445 g.0
54 0.73 114 0.25 168 1.15 226 0.87 283 0.27 337 0.34 352 1.31 446 0.0
55 2.66 115 0.69 169 1.25 227 0.25 284 0.12 338 0.52 393 0.28 447 9.0
56 Q.38 116 a.27 170 4.86 228 0.30 285 0.21 339 0.60 394 0.17 448 0.2
57 0.85 117 0.53 171 0.62 229 0.34 286 0.33 340 0.33 33s 0.13 449 0.1
58 0.05 118 0.36 172 0.25 236 0.19 287 g.30 341 0.09 19¢ 0.14 450 0.1
59 1.06 118 0.83 173 0.17 231 0.31 288 1.13 342 0.55 397 0.18 451 .U
80 0.13 120 0.62 174 0.44 232 0.56 289 0.24 343 0.21 338 0.21 452 Q.
61 1.98 121 0.95 175 0.27 233 0.12 290 0.17 344 0.25 399 0.12 453 0.01
62 4.45 122 ¢.62 176 0.63 234 0.26 2591 0.25 345 0.18 400 0.29 454 0.1:
63 25.00 123 1.20 177 0.37 235 0.39 292 1.33 346 0.53 401 0.19 455 0.0¢
64 314,04 124 4.99 178 0.12 236 0.16 293 0.15 347 0.238 402 0.34 456 0.3
65 9.11 125 0.79 179 0.25 237 0.37 294 0.61 348 0.34 403 0.32 457 0.1
66 3.59 126 0.56 180 0.57 238 1.68 295 0.43 349 0.53 404 1.40 458 0.11
7 .1.20 127 0.89 181 1.28 239 0.83 296 .38 350 0.25 4085 1.03 459 0.0%
69 17.29 128 0.76 182 1.1 240 0.54 297 0.23 351 1.61 406 0.32 460 0.1¢
70 0.73 125 0.34 183 1.40 241 0.43 298 0.31 is2 0.44 407 0.11 461 0.04
71 0.38 130 0.13 184 0.94 243 5.98 299 0.29 353 0.16 408 0.17 462 0.08
74 3.62 131 0.85 185 0.31 244 1.04 300 0.1s 154 0.25 409 0.1¢ 463 0.45
75 5.32 132 0.37 186 0.18 245 0.39 301 0.62 355 0.13 410 0.26 464 0.44
77 100.00 133 0.83 187 0.51 246 0.17 302 0.23 156 1.70 411 Q.09 465 0.12
78 9.51 134 0.48 188 0.50 247 0.20 3ol 0.47 as7 0.43 412 0,10 466 0.12
79 6.91 135 1.16 189 0.27 248 0.08 304 0.54 3is8 1.83 413 0.11 467 0.19
80 4,06 136 0.28 190 0.22 249 0.10 308 Q.26 359 0.43 414 0.13 468 0.30
81 3.41 137 0.68 192 Q.68 250 Q.48 106 Q.61 360 0.32 415 0.12 463 0.10
0
471 0.04 486 0.C4 507 1.50 541 0.03
472 0.03 458 0.18 508 1.80 542 0.03
473 C.04 489 0.13 509 0.42 576 0.01
474 0.02 490 0.12 510 0.48 578 0.02.
475 0.10 492 0.34 511 0.10 580 0.03
476 0.15 483 0.08 512 0.59 592 0.03
477 0.11 454 g.08 513 ¢.12 €03 0.04
478 0.22 495 0.12 515 0.04 604 0.42
479 0.20 436 0.52 526 1.50 605 0,13
480 0.34 497 0.18 527 21.28 606 0.04
481 Q.16 498 0.47 528 5.92 634 0.16"
482 0.12 499 0.84 529 0.95 635 0.04
484 0.57 500 0.16 530 0.09
485 0.12 506 0.18 540 0.02
---------------- Lt ke R b Bl bl bl d il A e S R R R R R R e e R
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PHI1G6 391 (8.517)
189 g2 41412 4218898
89
=FS 1
462
155 ZTB a 263 319 363 413 T
. M N, g ol el | T e
n/z 59 199 150 288 25@ 368 3@ = 468 asg
------------------- R et i i it ke h S R PR,
Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
------------------- R b it R R T P I S I R
28 1.52 129 Q.24 224 3.37 312 2.64
29 Q.49 131 2.06 225 Q.45 313 0.62
30 0.06 132 0.17 226 0.69 314 0.42
31 0.64 136 0.97 228 1.93 322 0.20
32 1.06 138 2.90 229 0.35 324 3.19
33 1.97 139 0.21 231 6.43 325 0.31
36 Q.07 141 0.13 232 3.88 328 20.39
40 0.10 143 2.96 233 1.30 329 1.84
43 Q.08 l44 0.83 234 0.18 330 0.10
44 0.45 145 0.08 236 2.81 331 0.70
45 0.07 148 2.70 237 0.31 332 2.85
47 0.93 149 0.38 238 0.19 333 0.46
S0 0.61 150 Q.51 240 0.66 334 0.10
51 0.33 155 6.01 241 0.24 340 Q.57
54 0.17 1Se Q.46 243 2.20 342 0.31
55 0.11 159 0.20 244 5.40 343 0.09
57 0.07 162 4.43 245 0.69 344 0.38
60 0.06 163 1.88 250 12.74 350 5.52
65 Q.17 164 0.44 251 0.88 351 0.52
é9 54 .37 167 7.83 255 3.79 355 0.13
70 0.69 168 0.74 256 0.44 359 0.14
71 0.52 169 1.03 259 1.53 360 2.32
74 Q.63 174 1.56 260 1.15 362 97.09
75 0.13 175 1.02 262 6.25 363 10.56
76 Q.20 176 0.23 263 7.40 364 0.88
77 Q.06 178 1.33 264 1.32 365 g.19
79 0.1ls 179 1.71 265 ~0.17 374 0.24
81 Q.59 181 5.70 267 Q.97 378 4.19
82 Q.07 182 1.11 272 0.40 379 Q.39
86 0.39 183 Q.27 274 2.21 381 0.09
87 g.06 186 4.43 275 0.28 382 Q.36
93 3.13 187 0.38 278 0.18 390 0.28
94 0.13 188 2.37 278 2.41 383 1.87
95 0.24 193 3.55 279 0.14 394 0.26
98 0.58 194 Q.79 281 3.56 400 0.97
99 0.49 195 0.31 282 2.32 410 0.80
100 1.40 196 0.19 283 ¢.55 412 100.00
101 Q.13 198 1.11 284 0.11 413 12,20
102 Q.05 199 0.49 286 0.41 414 0.91
105 g.89 200 17.48 287 0.17 428 10.80
1086 0.22 201 1.02 288 0.34 429 1.26
107 g.12 204 Q.67 290 1.38 430 0.11
110 0.11 205 7.71 291 0.26 432 0.33
112 0.63 206 1.40 292 0.19 434 0.16
113 0.39 207 0.36 293 0.97 438 0.21
114 0.89 209 0.27 294 1.53 443 0.16
117 7.34 210 0.21 295 0.28 447 0.19
118 0.49 212 6.25 296 0.08 462 33,74
119 2.32 213 3.88 300 6.25 463 4.55
120 0.13 214 0.84 301 0.51 464 0.36
121 0.14 217 4.19 305 1.50 481 47.33
124 2.96 218 0.33 306 0.13 482 6.49
125 0.26 219 0.19 309 0.34 483 0.47
126 0.10 222 0.20 310 1.53
------------------- it R Rt et
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70 1.79 139 0.31 200 12.58 262 7.48
71 31.94 140 0.36 201 0.60 263 2.58
72 0.25 141 2.41 202 0.28 264 6.56
74 0.96 143 11.03 204 1.09 265 1.43
75 0.37 144 1.06 205 9.80 266 §.79
76 0.99 145 q4.75 206 3.55 267 2.10
77 0.18 146 g.28 207 1.33 268 0.52
78 0.25 148 1.43 208 0.75 269 0.51
a1 1.51 149 0.36 209 3.99 270 0.25
82 0.32 150 1.95 210 64.51 271 0.62
83 0.33 151 0.34 211 2.30 272 1.08
84 0.77 152 0.31 212 18.13 273 0.20
86 0.26 154 1.87 213 2.51 274 2.37
97 0.26 155 5.40 214 2.04 275 1.68
88 0.38 156 1,33 1s 1.08 276 1.70
89 0.13 157 1.10 216 1.79 278 7.33
90 0.57 158 0.49 217 3.07 279 1.01
92 6.17 159 0.38 218 0.81 281 2.10
93 5.56 160 3.49 219 1.70 282 2.84
94 0.39 161 0.27 221 0.80 283 2.60
95 0.49 162 a.95 222 1.21 294 1.64
96 0.23 163 1.54 224 4.28 285 0.51
97 0.20 164 1.72 225 1.87 286 1.39
98 0.32 165 0.69 216 $.32 287 0.97
100 5.79 166 2.12 227 0.72 288 0.63
------------------- e s LEEELEL R ik R i et
290 3.97 335 0.12 380 3.05 432 2.12
291 0.52 336 1.16 381 §.02 433 15.35
292 1.52 337 0.52 382 2.91 434 7.56
293 2.33 338 0.59 383 1.45 43s 0.77
294 8.64 340 9.95 384 0.56 438 0.32
295 2.03 341 1.31 386 0.5 440 1.37
296 2.43 342 1.89 3a8 0.18 441 0.19
297 2.18 343 0.18 389 0.53 442 1.49
298 Q.79 344 6.87 390 3.76 443 1.37
300 8.95 345 1.68 391 Q.59 444 5.63
301 0.81 346 3.59 392 0.55 445 3.88
302 0.91 347 2.1% 394 9.03 446 0.93
303 0.17 348 0.77 39s 1.47 447 5.02
304 0.62 350 0.75 396 20.06 448 1.31
305 3.99 351 0.34 197 2.08 449 0.09
306 1.62 352 0.91 398 0.38 450 14.35
307 0.63 353 0.24 400 0.26 451 1.50
308 0.48 354 0.48 402 0.44 454 0.13
309 0.62 355 1.60 404 . 2.82 455 0.11
310 5.17 356 2.22 405 1.35 458 3.36
312 11.65 357 0.32 406 4.01 459 12.27
313 2.66 358 2.66 407 0.40 460 1.47
314 5.40 359 0.55 408 1.16 461 0.16
315 0.95 360 1.68 409 0.90 462 14.20
316 1.83 361 1.25 410 1.60 463 6.64
317 0.34 362 9.88 411 0.24 464 18.906
318 0.27 363 2.14 412 2.58 463 2.03
320 0.20 364 4.56 413 1.30 466 Q.09
21 0.20 365 1.93 414 2.33 472 0.31
322 0.50 366 8,95 415 2.01 474 56.48
324 5.71 367 0.93 416 2.47 475 7.56
325 1.10 368 0.25 417 0.23 476 1.70
326 2.31 370 0.47 420 0.13 477 0.21
327 0.79 371 Q.30 422 0.583 478 31.79
328 5.56 372 0.58 424 66.36 479 3.78
329 0.60 374 22.84 42s 7.56 480 0.36
330 0.41 3715 3.53 426 0.80 492 8.72
331 0.80 376 8.02 428 0.66 493 93.83
332 7.02 377 0.72 429 0.61 494 12.81
333 1.35 378 21.30 430 4.63 498 1.15
334 1.23 379 2.35 431 0.48
------------------- Aah bl il Ll L R e e AL e T
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Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
------------------- R it b R I v g QY
26 0.22 81 3.71 140 0.12 195 0.24
27 0.60 82 3.29 141 1.46 196 0.25
28 26.42 83 0.51 142 0.48 200 2.23
29 7.96 84 0.82 143 2.03 201 0.89
340 100.00 86 2.42 144 2.31 202 0.20
31 11.03 87 1.14 145 0.83 203 0.19
32 3.07 g8 1.30 146 1.27 2058 1.53
33 1.67 89 0.61 147 0.18 207 0.76
37 0.33 90 0.50 148 0.83 208 0.27
38 0.36 91 1.37 149 0.39 209 0.33
39 0.53 93 12.38 150 1.43 210 8.20
40 1.89 94 2.43 151 1.27 211 4.36
41 4.25 95 1.02 152 0.50 212 1.39
42 45.05 96 1.05 153 0.28 213 0.80
43 1.44 97 0.31 155 4.30 214 1.83
44 2.39 98 1.27 156 0.60 215 0.27
45 0.97 99 1.78 157 0.40 220 6.49
46 3.69 100 10.26 158 0.17 221 0.80
47 0.15 101 2.09 159 0.36 222 0.28
48 0.53 102 0.49 160 2.09 223 0.16
50 2.45 1383 0.20 161 0.87 224 0.20
51 2.15 104 0.26 162 4.60 227 0.64
52 0.74 105 5.19 163 1.49 231 0.48
53 1.15 106 2.11 164 3.30 232 1.30
55 1.71 107 1.25 165 1.09 233 1.37
56 0.78 108 0.72 167 Q.79 234 0.79
57 1.06 111 0.35 168 0.45 239 0.28
S8 0.76 112 2.20 169 2.87 241 3.77
59 0.45 113 2.02 170 5.72 242 2.76
60 1.58 114 2.27 171 0.97 243 1.22
61 0.23 115 1.02 172 0.84 244 0.20
62 1.49 117 7.72 173 0.45 246 0.21
63 0.65 118 0.91 174 0.71 250 0.55
64 1.78 119 1.90 175 0.44 251 0.33
65 0.41 120 2.62 176 1.05 260 9.61
66 0.50 121 0.72 177 2.45 261 3.29
67 0.85 122 0.42 181 2.84 262 0.40
69 94 .34 124 5.90 182 4.66 270 0.22
70 3.55 125 1.19 183 1.53 284 0.17
71 0.87 126 0.88 184 0.78 289 0.26
72 2.03 127 0.83 186 0.83 291 0.57
73 0.46 131 5.13 187 Q.44 301 1.15
74 4.60 132 3.05 188 0.53 302 2.37
75 3.43 133 1.34 189 0.19 311 4.95
76 2.59 134 1.31 190 0.35 312 0.55
77 0.80 136 1.30 191 2.03 329 7.31
78 0.56 137 1.65 192 2.00 330 13.56
79 0.84 138 0.69 193 1.50 331 1.27
80 0.54 139 0.30 194 Q.72
------------------- D R D e T
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Q. a. . 0.
0. 0. . 1.
Q. 0. . 2,
1. 0. . 1.
Q. 0. . 0.
q. 2, . Q.
0. 0. . c.
a. Q. . 0.
0. Q. . q.
0. 0. . Q.
Q. 0. . 0.
Q. Q. - 3.
0. Q. . Q.
Q. 0. . 9.
Q. a. . 0.
0. Q. . 1.
50 0.21 117 1.52 184 Q.66 24§ 0.32
31 0.5¢ 118 0.09 186 0.94 248 Q.06
52 0.07 119 0.41 187 0.49 250 1.27
53 0.03 118 0.23 188 1.07 251 .61
35 0.17 121 0.04 189 0.28 252 0.14
56 0.07 122 0.07 190 0.30 253 0.10
57 Q.13 124 1.02 191 0.72 255 1.12
58 0.02 125 0.20 193 1.29 256 0.10
59 0.07 126 0.22 194 0.82 257 ¢.14
60 0.63 129 Q.06 19S 2.81 258 4.3¢
82 0.21 111 1.15 196 0.44 260 17.79
63 0.06 132 1.85 197 Q0.08 261 1.63
64 0.21 132 0.84 198 0.04 162 0.39
65 0.08 133 0.40 200 3.83 263 0.23
66 0.03 134 0.08 201 0.41 264 1.29
87 a.13 13e 0.34 202 0.14 265 0.09
&9 35.18 137 0.50 203 0.09 267 0.05
70 0.55 138 Q.49 205 3.1s 268 0.04
71 0.09 1338 0.17 206 1.22 263 0.15
72 .14 13138 0.05 207 1.068 270 0.13
74 0.64 141 Q0.38 208 Q.20 271 Q.09
75 0.41 141 0.17 209 0.61 272 0.23
76 0.560 143 0.55 210 5.48 274 0.21
77 Q.05 144 a.77 211 0.34 275 Q.15
78 0.14 144 0.59 212 2.24 278 0.51
73 0.06 146 0.24 213 1.32 arn 0.08
81 0.7Q 14§ 0.06 214 1.63 279 ¢.08
82 0.56 148 0.16 215 0.32 280 0.05
83 0.07 15¢ 0.56 217 0.23 281 0.33
84 0.07 151 9.41 219 0.83 282 0.40
83 .03 1s2 0.17 220 ¢.54 283 2.81
86 0.37 152 0.08 221 0.35 284 0.21
87 4.08 155 2.31 222 0.28 286 0.12
88 0.20 156 0.26 224 0.41 287 0.08
89 0.08 157 0.22 225 0.14 288 8.69
90 0.06 158 0.09 226 1.59 289 0,24
91 0.06 180 0.88 227 0.17 291 0.90
93 2.57 162 3.51 228 0.02 292 0.10
................... e e e e agpemdcceeccamcemac—pemeeemmemneeaen———.
Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Inc
------------------- R D R e e L e LT T,
293 0.27 345 0.06 413 0.07 490 0.11
294 Q.36 148 0.03 414 0.02 491 0.36
295 0.12 348 0.02 419 0.04 492 0.08
296 0.¢7 150 0.16 420 0.04 493 0.02
298 0.05 is1 0.10 421 0.20 500 0.02
3a0 2.43 152 0.24 422 0.17 501 0.02
301 12.50 3s3 0.16 423 0.02 502 0.02
302 6.63 3ss 0.06 424 g.03 503 Q.02
303 0.63 356 0.03 425 0.04 509 0.37
3os 0.13 357 0.25 428 0.18 510 0.11
306 .10 358 0.08 427 0.04 513 0.086
307 0.36 362 0.11 431 0.10 514 0.03
308 0.10 63 0.05 ! 432 0.04 519 0.41
08 8.79 364 0.04 433 0.02 520 0.13
310 0.65 369 0.07 434 0.03 521 0.09
311 0.05 3790 0.04 438 0.05 522 0.21
312 Q.19 171 0.28 440 4.07 523 4.04
314 27.869 372 0.25 441 Q.43 526 0.04
31s 3.32 373 0.04 442 0.08 527 0.02
16 0.2Q 174 0.07 443 0.05 532 0.03
317 0.07 37§ 0.13 444 0.09 540 0.36
119 .10 317§ 0.44 445 4.09 541 9.69
320 4.0S in 0.08 450 0.10 542 0.12
321 0.12 381 0.18 451 Q.08 559 0.37
322 0.18 3a2 g.11 452 0.09 560 .29
324 0.11 3a3 0.07 453 0.13 561 0.05
325 0.16 384 0.06 454 0.02 577 0.04
126 Q.45 386 Q.03 457 4.08 582 0.43
327 1.6 388 0.19 459 0.05 583 0.02
329 100.00 3ay 0.04 460 0.19 588 9.086
BRI 9.52 3190 d.06 461 0.04 590 0.08
331 0.69 i1 0.28 463 0.08 591 0.04
332 3.24 392 Q.02 469 0.22 601 0.02
133 g.12 193 0.11 470 Q.07 608 0.02
334 0.17 394 0.07 471 0.21 610 4.57
136 0.07 i9s 0.04 472 0.24 611 0.87
n7 0.03 400 0.10 473 0.08 612 0.07
338 0.25 401 0.10 474 0.02 628 0.85
339 0.08 402 0.15 476 0.17 629 6.83
340 0.06 403 0.15 477 0.03 630 1.39
341 0.17 407 0.16 481 0.07 631 9.13
343 0.15 408 0.03 482 0.04
344 0.11 412 0.05 486 0.02
P R R T R el $mmme—a vmme—a R L LR TR L e
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Mass  Ral Int | Mass Rel Int | Mass Rel Int | Mass Rel Int Mass Rel Int | Mass Rel Int
___________________ B e e e e e e g
20 0.37 79 0.77 134 1.04 187 1.83 242 §.20 296 3.01
21 g.02 80 0.70 135 0.20 188 1.48 243 20.06 297 3.65
24 0.10 81 3.06 136 6.74 189 1.17 244 4.06 298 5.71
25 0.13 82 1.72 137 1.34 190 1.64 245 1.77 299 §.79
26 2.24 83 0.57 138 1.22 191 1.65 246 1.56 300 7.41
27 5.38 84 0.89 139 0.72 192 0.59 247 0.68 301 5.32
28 21.50 8s 1.88 140 0.48 193 1.67 248 0.59 302 2.67
29 3.65 86 1.58 141 3.52 193 1.14 249 0.46 303 6.79
30 56.79 87 1.11 142 0.40 194 1.90 250 3.91 304 0.51
31 12.86 88 1.13 143 1.72 195 1.80 251 2.49 305 2.13
32 2.19 89 0.77 144 2.34 196 .73 252 2.06 306 1.32
33 1.83 30 0.44 145 1.70 197 1.43 253 1.22 307 0.66
35 0.18 91 0.68 146 1.58 198 0.35 254 0.60 308 0.67
16 0.36 93 9.05 147 1.08 199 0.26 255 1.77 308 1.59
37 0.48 94 1.45 148 0.66 200 4.84 256 2.26 310 5.71
38 2.75 95 1.07 149 0.45 201 1.70 257 2.73 31 12.04
b¥:] 2.91 96 2.78 150 1.39 202 3.22 258 1.59 312 11.73
40 3.24 97 0.64 151 1.39 203 1.21 259 1.26 313 17.18
41 5.04 98 0.92 152 1.75 208 2.93 260 10.19 314 7.30
42 19.75 99 1.34 153 0.89 206 0.62 261 1.88 315 1.14
43 1.59 100 9.57 154 0.66 207 3.42 262 1.70 318 2.42
44 2.29 101 1.65 155 2.73 208 0.96 263 0.98 317 0.62
45 1.38 102 0.89 155 2.19 209 1.65 264 1.34 318 0.42
46 1.72 103 0.56 157 0.95 210 2.78 265 1.28 319 0.96
47 1.90 104 0.24 158 0.79 211 0.67 266 1.12 320 27.98
48 0.44 105 2.39 159 0.95 12 3.65 267 1.04 322 0.60
S0 5.81 106 1.14 160 0.94 213 1.29 268 0.22 323 1.83
51 4.55 107 0.95 161 1.57 214 4.78 269 4.19 324 10.19
52 1.24 108 0.59 162 3.58 215 2.21 270 3.1 325 32.10
53 1.03 109 0.32 162 2.96 216 7.51 271 8.44 326 6.69
54 0.39 110 0.37 164 2.49 217 1.35 272 3.24 327 3.09
55 3.11 111 0.22 165 2.31 219 2.49 273 0.31 328 1.67
56 1.54 112 1.47 165 1.22 220 0.96 274 0.56 329 30.86
57 2.75 113 1.25 167 0.9 221 2.88 275 g.85 330 4.58
54 0.74 114 1.70 167 0.86 222 1.09 276 0.82 33 0.82
59 0.36 115 1.43 169 2.24 223 3.32 277 g.51 332 0.58
§0 5.04 116 2.96 169 1.54 224 2.42 278 1.55 313 0.44
61 0.51 117 3.50 170 1.75 225 2.26 279 2.47 334 0.46
62 1.28 118 0.39 171 1.05 226 2.67 280 0.67 335 Q.26
63 0.96 119 1.95 172 1.42 227 1.28 281 Q.95 336 1.00
64 2.06 120 0.93 173 1.48 228 1.93 282 1.11 337 0.52
65 0.53 121 0.51 174 1.98 229 3.47 283 2.62 3318 6.02
66 0.97 122 0.77 175 1.72 230 6.40 284 12.24 339 2.15
67 1.63 123 0.39 176 2.11 231 2.587 285 4.81 340 42.38
69 100.00 124 3.81 177 1.53 232 2.52 286 1.59 341 6.40
70 2.70 125 a.81 178 0.71 233 2,31 287 1.03 342 9.82
71 0.95 126 1.11 179 0.79 234 1.67 288 0.92 343 0.40
72 1.28 127 1.64 180 0.21 235 0.87 289 0.99 344 0.37
73 0.46 128 0.63 181 6.56 236 8.02 290 0.53 345 0.40
74 3.34 129 0.66 182 4.96 237 2.26 291 3.65 346 0.55
75 4.22 110 0.38 183 1.50 238 1,31 292 1.55 347 a.17
76 2.78 131 3.86 184 2.03 239 1.00 293 2.55 348 0.31
77 0.70 132 1.64 185 0.2% 240 1.712 294 4.01 349 0.17
78 0.38 133 0.66 186 1.41 241 9.16 295 0.85 3s¢ g.34
i R it LR R L T S R R R B el L LT R S P D B L e L LR RS R R e ]
Mass Rel Int | Mams Rel Int | Mass Rel Iat | Mass Rel Iat
.................. oo e e mammumaeebmamam - e cmm——m -
459 0.19 504 0.33 549 0.09 594 0.05
460 0.48 505 0.14 550 0.20 595 0.03
461 0.48 506 0.21 551 1.85 596 0.03
462 0.31 507 0.14 552 1.33 597 0.17
463 0.46 508 0.41 553 0.36 598 2.39
464 0.32 509 0.31 554 0.16 599 0.75
465 0.19 510 1.34 555 0.32 600 0.32
466 0.16 511 0.83 556 0.50 601 1.45
467 1.25 512 0.27 557 0.18 602 2.08
468 0.32 513 0.33 558 0.907 603 0.69
469 0.25 514 0.35 559 0.19 604 0.16
470 0.28 51§ 0.21 560 0.51 605 0.24
471 0.68 516 0.10 561 0.25 606 0.16
472 0.49 $17 0.48 562 0.22 607 0.09,
473 0.26 518 0.14 563 0.19 608 0.05
474 0.27 519 0.13 564 1.04 609 0.34
475 0.11 520 0.30 565 0.99 610 0.30
476 0.25 521 0.23 566 0.18 611 0.17
477 g.20 522 0.60 567 0.07 612 g.98
478 0.11 823 0.29 568 0.05 613 0.19
479 0.13 524 0.26 569 0.09 619 0.51
430 0.11 525 0.07 570 0.42 620 1.48
481 0.66 526 0.13 571 1.34 621 11.01
482 0.82 527 0.13 572 0.47 622 2.52
483 0.66 528 0.19 573 0.16 623 0.92
484 0.26 529 0.69 574 0.20 624 0.21
485 0.17 $30 0.47 575 0.05 628 3.34
486 0.20 531 9.38 576 0.03 626 Q.76
487 0.23 532 0.35 577 0.15 §17 0.08
438 0.16 533 0.44 578 0.72 §37 0.12
439 0.22 534 0.18 579 3.70 638 0.78
as¢ 0.34 535 0.15 580 1.50 639 2.73
491 0.62 536 Q.16 581 0.41 640 44,86
492 6.30 5317 0.42 $82 0.21 641 16.67
493 0.18 538 0.12 583 0.48 642 2.11
494 0.11 539 0.10 584 Q.30 643 0.20
495 0.54 540 0.35 585 0.13 653 0.08
496 0.35 s41 0.53 586 0.06 654 0.04
497 0.09 542 0.21 587 0.23 680 0.02
498 0.08 543 0.19 588 0.09 689 0.02
499 6.15 544 0.06 589 0.05 709 0.05
500 g.:.s 545 0.08 590 0.12 863 0.03
0.
Q.
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Rel Int | Mass  Rel Int | Mass Rel Int | Mass Rel Int Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
-------------- B it e i e it Rt et b T R T Uy A
4.41 86 1.63 140 1.41 194 5.42 248 3.96 303 0.68 357 0.41 412 0.28
6 0.37 87 2.36 141 13.47 195 4.24 249 2.66 304 0.85 358 0.43 413 0.33
] 55.56 88 1.35 142 4.63 196 §.88 250 13.54 305 7.85 359 0.33 414 0.21
9 7.50 89 1.11 143 6.18 197 4.93 251 5.07 306 6.25 360 0.41 415 0.21
) 84 .44 90 1.00 144 6.32 198 4.01 252 3.89 307 2.60 361 0.56 416 0.27
X 5.97 91 1.28 145 4.72 199 1.18 253 3.25 308 2.01 362 0.56 417 0.39
) 10.00 92 1.01 146 5.30 200 5.90 254 2.97 309 2.20 363 0.50 418 0.23
] 11.04 93 7.64 147 1.67 201 5.56 255 3.83 310 5.14 364 0.44 419 0.23
6 0.57 94 1.60 148 1.42 202 7.57 256 6.11 311 16.88 365 0.45 421 0.39
8 Q.80 95 1.42 149 1.51 203 8.13 257 4.44 312 15.97 366 .43 421 0.47
9 1.91 96 15.49 150 3.82 204 4.25 258 4.17 313 13.26 367 0.59 422 0.34
o 3.70 97 2.67 151 3.45 205 5.90 259 3.91 314 2.08 368 0.42 423 0.20
1 5.42 98 1.20 152 4.65 206 2.59 260 2.10 15 1.79 369 Q.30 424 0.23
2 53.06 99 1.37 151 5.49 207 4.44 261 2.10 316 2.92 370 0.27 425 0.21
3 31.32 100 10.76 154 6.88 208 3.85 262 2.05 118 5.07 371 0.29 426 0.1
4 7.43 101 1.61 155 9.38 209 4.72 283 2.03 318 5.63 372 0.55 427 0.49
5 2.7 102 2.03 156 3.33 210 9.17 264 2.17 319 1.75 373 0.35 428 0.25
6 4.25 103 1.49 157 2.48 211 5.42 265 2.60 320 12.2% 174 0.43 429 0.31
7 0.62 104 1.44 158 2.50 212 4.79 266 2.10 321 2.59 378 0.30 430 0.31
8 0.78 108 3.40 159 3.63 213 2.76 267 3.51 322 1.25 376 0.38 431 ¢.31
Q 2.81 106 1.37 1860 3.45 214 7.92 268 2.52 323 2.60 377 9.33 432 0.79
1 7.50 107 1.55 161 2.86 215 6.81 269 4.65 325 15.69 378 9.53 433 0.33
2 1.48 108 1.61 162 5.56 216 10.21 270 6.74 325 100.00 379 0.43 434 0.20
k] 1.49 109 1.22 163 4.44 217 4.72 271 8.13 326 75.56 380 0.42 436 0.22
4 1.35 110 1.75 164 6.74 218 2.17 272 3.98 327 25.56 381 0.50 437 0.25
S 2.80 111 1.34 165 6.46 219 3.59 273 2.38 328 3.1 382 0.38 438 Q.38
6 1.41 112 1.81 166 “3.39 220 2.78 275 0.88 329 0.73 383 0.39 440 Q.30
7 5.00 113 2.85 187 13.47 221 7.85 276 1.28 33¢ 0.55 384 0.52 442 1.01
8 0.86 114 4.58 168 4.65 222 10.63 277 1.32 331 0.60 38s 0.50 442 1.37
0 14.72 115 4.11 169 5.42 223 8.26 278 1.88 332 0.63 3186 Q.26 443 0.40
1 0.395 116 5.42 170 5.07 224 §.680 279 12.50 333 0.51 388 0.19 444 0.19
2 0.686 117 2.26 171 5.90 225 5.14 280 4.34 334 0.62 ias 0.16 445 0.44
3 0.59 118 1.01 172 7.64 226 3.89 281 2.97 335 0.62 190 0.21 446 0.21
2.69 119 3.30 173 6.6Q 227 4.72 282 2.24 336 2.05 3ol 0.22 447 0.46
5 0.91 120 2.31 174 5.69 228 6.11 283 2.60 337 0.98 392 Q.45 448 0.34
6 1.58 121 1.94 175 4.79 229 7.57 284 13.19 338 10.07 393 0.57 449 Q.25
7 4.24 122 2.17 176 4.51 230 14.44 285 3.99 339 14.03 394 0.46 451 0.37
9 56.11 123 2.45 177 3.70 231 3.91 286 2.22 340 38.33 395 0.36 452 0.27
0 3.72 124 3.28 178 2.62 232 3.92 287 1.01 331 6.53 3196 0.33 453 0.21
1 1.89 125 1.75 178 4.44 233 3.14 288 0.76 342 1.08 397 0.16 458 0.28
2 1.94 126 3.56 180 3.086 234 4.25 289 Q.85 343 0.82 398 Q.28 459 0.25
3 1.81 127 5.14 ig1 4.86 235 4.27 230 1.11 344 0.41 399 Q.19 460 0.386
4 1.53 128 1.96 182 8.19 236 10.42 291 6.32 345 0.41 400 0.21 461 0.22
5 3.44 129 1.55 183 5.90 237 4.43 292 3.07 346 0.46 401 Q.40 462 0.62
6" 2.76 130 0.93 184 8.40 238 4.08 293 3.99 347 0.52 402 0.35 463 Q.84
7 1.16 131 3.70 185 4.01 239 4.06 2134 5.69 348 0.51 403 g.28 464 0.23
8 1.290 132 2.27 186 2.97 240 5.90 295 3.09 349 0.30 404 0.34 465 0.3§
9 0.60 133 1.67 187 4,51 241 14.31 296 2.92 350 0.57 405 0.42 467 0.20
0 1.41 134 3.19 188 3.7 242 15.28 297 4.22 351 0.88 408 0.26 472 0.28
1 1.46 135 1.48 189 4.65 243 37.78 238 6.53 352 1.11 407 0.30 473 Q.17
2 3.73 136 1.46 190 6§.67 244 6.88 299 23.33 353 0.318 408 0.23 478 ¢.37
3 1.48 137 3.19 191 6.25 245 2.92 300 5.14 354 .47 409 0.19 480 g.27
4 4.86 138 2.33 192 4.72 246 2.44 301 0.95 3ss 0.36 410 0.26 481 0.33
5 1,25 139 0.99 193 4.43 247 2.15 302 1.02 3ise 0.43 411 0.30 482 1.27
-------------- adntaiadedeindatedeldedededdededed ddedndedede e ddileddfedededede et b b R b R R el b e Ay L U
s Rel Int | Mass Rel Int | Mags Rel Int | Mass Rel Int
-------------- B R R R R L L e
3 .37 541 0.688 590 1.74 630 0.22
3 0.28 542 0.82 591 0.51 631 0.31
0 0.29 553 0.29 592 0.22 632 1.96
1 0.36 554 0.19 601 2.62 633 0.41
2 0.33 555 0.69 602 0.64 636 0.31
6 0.27 556 0.38 603 0.22 649 0.35
2 ¢.31 562 0.30 609 1.0 650 0.82
1 0.27 570 0.38 610 0.47 651 9.24
2 2.26 575 Q.60 612 0.56 652 1.94
3 0.68 576 0.43 613 0.18 653 0.21
S 0.22 582 1.51 616 0.36
2 0.29 583 0.67 617 0.41 f
5 0.25 589 9.23 619 0.24
-------------- R e R L R
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135 24 189 sS4 243 35 297 50 354 4.44 410 28
136 33 150 72 244 73 298 93 3ss 1.08 411 14
137 59 191 38 245 64 299 35 356 0.14 412 12
138 33 192 36 246 37 301 17 357 0.51 413 24
139 30 193 30 247 44 302 33 358 0.49 4l4 21
140 43 194 55 248 66 303 49 360 8.33 415 09
141 95 195 44 249 S5 304 86 362 1.60 416 22
142 28 196 51 250 53 305 67 363 0.77 417 18
143 25 197 23 251 66 306 94 364 0.54 418 24
144 95 198 32 252 51 307 06 365 0.46 419 23
145 59 199 16 253 64 308 30 366 2.01 420 20
146 .42 200 .39 254 .81 309 .54 367 2.92 421 .18
147 .30 201 .52 255 .48 310 .07 368 4.27 422 .28
148 .16 202 .60 256 .09 311 .42 369 0.56 423 .17
149 .38 203 .56 257 .07 312 .26 370 0.24 424 .20
150 .50 204 .25 258 .44 313 .86 1711 0.33 425 .22
151 .68 205 .63 259 .00 314 .89 372 0.25 426 .21
152 .56 206 .37 260 .62 315 .69 373 0.13 427 .25
153 .36 207 .45 261 .27 316 .40° 374 0.25 428 .11
154 .52 208 .25 262 .62 317 .08 375 0.21 429 .19
155 71 209 47 263 ag 318 34 376 0.25 430 21
156 34 210 46 264 88 319 77 377 0.23 431 29
157 40 211 kL 265 83 320 69 378 0.22 432 27
158 59 212 25 266 89 321 76 379 0.43 433 25
159 43 213 27 267 01 322 47 130 0.61 434 31
160 25 214 26 268 §3 323 20 381 0.25 43§ 28

-




PHA4PN 1861 (17.568%)

No. 21.

186
%FS
2152 a :
768
169 481 2268073 3‘7[3 292 .
@ Jl L"Ll L ﬁ/_. Llis%"u.\l_zg? h-{/2_$rai m } 3 3.1./#, - ; . fz{i
Wz 188 266 2306 48@ 596 -0 768

................... am e e ma e bmememmem e ma e e eedm e memmemmemman
Mass Rel Inc | Masa Rel Int | Mass Rel Int | Mass Rel Int
------------------- F T e T A L L

20 2.24 a7 0.50 ‘163 0.54 254 1.56
21 0.10 88 0.35 164 0.13 254 1.83
24 Q.35 90 0.47 167 0.81 256 0.97
25 Q.53 92 20.77 169 5.08 257 Q.25
28 2.57 33 8.01 170 1.45 262 0.81
27 1.43 9¢ 0.72 171 0.26 262 0.71
28 10.83 95 2.02 174 0.81 264 ¢.33
29 1.04 98 0.20 1758 0.18 268 0.23
31 22.18 98 0.81 1748 1.29 263 Q.90
32 0.82 99 1.22 178 0.46 270 Q.52
T 33 0.17 100 4.82 181 5.19 272 0.98
35 0.63 101 0.47 182 .83 273 .71
38 0.41 102 0.62 183 1.31 273 12.06
37 2.02 103 0.08 184 0.15 274 2.31
a8 4.67 105 2.51 186 0.25 278 2.42
39 4.93 106 Q.57 188 0.91 276 1.30
40 0.24 107 0.50 189 0.08 277 0.21
41 0.19 108 0.23 133 2.16 279 0.40
42 0,22 109 0.13 124 1.56 281 1.8%5
43 Q.35 110 0.29 195 1.07 282 0.39
44 Q.57 111 0.17 193 0.81 283 1.43
45 0.37 112 1.26 200 6.87 285 0.12
46 0.75 113 0.43 201 Q.48 288 0.81
47 0.67 114 0.16 202 0.26 289 1.34
48 Q.28 117 3.85 205 1.56 290 1.63
S0 15.76 118 0.26 206 1.54 291 0.15
51 §.17 119 Q.80 207 Q.53 292 0.34
52 3.04 120 0.40 210 0.05 295 5.90
53 1.85 121 0.24 212 2.11 196 0.61
55 2,51 124 3.48 213 0.26 299 0.24
56 0.65 125 0.51 214 0.41 300 3.68
57 1.05 126 0.13 219 1.02 Jjo 0.31
61 1.06 128 0.32 220 1,81 302 ¢.a7
62 4.71 129 0.14 220 1.41 303 Q.76
63 16.37 131 2.90 221 0.95 304 3.74
64 22.27 132 0.48 223 2.93 308 0.40
65 4.12 133 0.14 223 2,684 i1l 0.81
66 1.23 136 0.85 225 2.44 312 0.33
67 0.64 137 0.45 228 6.07 314 0.67
69 100.00 138 0.49 227 0.50 317 0.90
70 1.20 140 Q.13 231 0.98 318 ¢.13
71 0.25 143 1.58 232 Q.31 320 0.88
74 7.66 144 0.44 233 0.72 321 0.72
75 19.37 145 Q.28 236 0.24 322 1.61
76 15.40 147 0.50 238 0.88 323 16.73
77 1.45 148 0.41 239 0.17 324 2,13
79 1.61 149 0.18 242 0.24 325 0.50
80 1.50 150 1.50 243 1.87 328 .28
81 2.55 151 Q.52 244 1.00 333 Q.23
82 0.93 152 0.35 245 1,50 3318 0,72
83 6.50 158 2.05 249 0.24 3139 1.17
84 0.49 156 0.24 250 3.0 340 0.09
85 0.77 0 0. .
86 1.45 3 Q.

Mass Rel Int

154 2.02

156 0.08

3s1 0.56

363 0.92

364 4.67

365 0.87

370 0:.11

373 6.51

174 ' 0.89

380 ¢.43

189 0.17

391 1.1

392 5.35

393 0.86

394 0.12

403 0.14

408 2.79

409 0.69

418 0.22

C. 25.



Rel Int

0.67
8.40
49.24
10.29

85.86

PHO1P 1192 (18.368) NO 24
.
188 as :
3 ?/‘18 722
BFS
1
422
- 685
s (53
° i HJ ] l A { 538 _5973°%° 793
Y 1
m/z 4098 558 698 786
................... i e R e ot T TPy S G
| Mass Rel Int | Mass Rel Int | Mass Rel Int Mass Rel Int | Mags Rel Int | Mass Rel Iat | 4ass
................... B bk et e R N et Tt AUy Sy UMy AP Ep ISy g U S S U

87 4.17 141 0.34 197 2.13 251 2.59 306 0.80 364 0.64 421
a8 6.19 142 1.53 198 3.72 252 1.04 307 1.8% 365 0.37 422
89 100.00 143 7.45 199 1.53 253 6.82 308 14.77 366 1.61 423
90 49.24 144 1.80 200 19.70 255 0.98 309 39.39 167 1.07 424
91 4.29 145§ 0.8% 201 2.95 256 2.38 3190 5.37 368 1.63 425
92 3.50 146 0.94 202 2,57 257 2.79 311 0.56 369 0.42 427
93 8.52 147 2.30 203 0.48 258 6.94 312 0.44 370 0.28 428
94 1.61 148 0.57 204 0.27 259 17.93 313 0.60 371 0.15 429
95 0.78 149 0.64 205 7.77 260 2.43 314 1.28 372 0.12 431
96 0.56 150 3.94 206 3.13 261 0.52 313 0.60 374 0.68 432
97 0.43 151 2.15 207 4.23 262 1.83 318 1.33 375 1.33 433
98 0.39 152 1.75 208 10.73 263 1.80 317 5.74 376 1.04 434
99 0.57 153 0.46 209 14.90 264 3.95 318 12.18 377 5.18 436
100 5.93 154 13.13 210 1.77 265 1.09 319 2.00 378 29.04 437
101 1.33 155 6.19 211 1.09 266 1.12 320 1.14 379 4.42 438
102 0.86 156 0.90 212 5.43 267 4.73 321 0.34 380 0.60 439
103 1.40 157 0.69 213 4.80 268 6.50 322 0.39 381 0.12 440
104 1.55 158 1.53 214 2.87 269 5.37 323 0.37 382 0.17 441
105 23.23 159 0.94 215 0.57 270 7.13 324 0.52 383 0.41 444
106 21.46 150 0.22 216 0.51 271 1.94 325 1.22 384 0.43 445
107 2.73 162 9.72 217 1.08 272 0.77 327 11.30 385 0.28 446
108 0.79 163 2.23 218 3.s8 273 0.67 328 1.37 386 3.74 447
109 14.39 154 2.89 219 6.25 274 1.03 329 0.26 387 61.36 448
110 1.14 163 1.56 220 32.83 275 1.06 330 6.10 388 10.04 449
111 0.28 166 1.99 221 11.49 276 1.33 331 0.09 389 1.44 450
112 1.75 167 1.39 222 1.18 277 1.03 332 0.61 390 0.31 451
113 0.82 168 1.10 223 0.88 278 1.77 333 1.36 391 0.30 455
114 1.47 169 15.47 224 2.02 279 0.54 334 1.06 192 0.31 456
115 1.10 170 8.71 225 3.66 280 0.69 335 4.92 393 0.25 457
116 4.29 171 2.30 226 2.34 281 1.44 336 7.89 394 1.82 458
117 3.77 172 0.39 227 0.60 282 1.96 337 28.54 395 0.39 459
118 0.84 173 0.25 228 6.12 283 3.19 338 6.06 396 0.15 460
119 3.19 174 2.38 229 0.95 284 2.35 339 1.47 397 0.23 463
120 1.53 175 1.61 230 1.45 285 1.14 340 0.82 398 0.22 464
121 1.94 176 1.88 231 4.48 286 5.74 341 0.31 399 0.17 465
122 0.51 177 0.87 232 3.41 287 39.39 342 0.42 400 0.14 466
123 0.41 178 2.59 233 1.96 288 10.35 343 0.23 401 g.14 467
124 4.48 179 0.43 234 1.04 289 12.56 344 0.19 402 0.32 468
125 1.25 181 18.94 235 1.20 290 13.57 345 0.15 403 0.68 469
126 0.82 182 6.44 236 6.44 291 1.63 346 0.27 404 2.45 470
127 2.51 183 3,31 237 22.73 292 3.28 347 0.79 405 13.45 471
128 0.65 184 0.68 238 17.42 293 1.06 348 0.53 406 55.56 475
129 0.28 185 0.23 239 16.92 294 2.87 349 0.35 407 8.78 477
130 0.47 186 1.22 240 20.20 295 Q.75 350 0.40 408 1.20 478
131 7.13 187 1.63 241 2.70 296 .1.42 352 3.14 409 0.24 480
132 1.64 188 7.45 242 2.38 297 2.35 353 5.62 410 0.08 481
133 0.98 189 10.10 243 6.69 298 1.69 354 1.26 412 0.17 482
134 1.20 190 10.42 244 3.44 299 Q.65 355 0.36 413 0.22 483
135 1.58 191 1.39 245 1.47 300 7.58 356 0.36 414 0.12 484
138 1.45 192 0.62 246 1.39 01 5.81 157 0.36 416 0.17 485
137 1.00 193 7.07 247 1.89 302 5.74 358 3.39 417 0.39 486
138 2.08 194 3.29 248 1.42 303 2.57 359 2.7% 418 0.21 487
139 0.56 195 3.33 249 3.96 304 0.58 361 35.10 419 0.28 488
140 1.22 196 2.18 250 9.03 305 1.03 363 0.45 420 0.37 489

586 0.56
587 0.21
588 0.13
590 0.09
591 0.08
595 0.06
597 3.55
598 1.94
599 0.34
602 0.38
603 0.09
604 Q.07
605 5.11
606 1.1
607 0.20
610 0.05
613 0.08
614 Q.23
615 0.12
620 0.10
623 8.40
6§26 2.05
6§27 0.36
613 0.62
634 0.86
835 -0.29
636 0.07
638 0.13
639 0.05
646 .10
647 0.11
648 0.3%
649 0.20




PHAIPM 1435 (24,6085 \
1887 697° No. 25.
64
N 243
%FS 778
a2
2e 100 249 292
7 268 ‘-TL 381 753
9 < -2 -, 389 N
B 0 =) A Y o eser
n/z 193 299 360 409 509 115 798 -
------------------- B EEREEREAS Dbl Al b bl Getatainiint Sl il de el dedededeind e R R Rl L A
Mass Rel Int | Mass Int | Mass Rel Int | Mass Rel Int Sl fae | Mass Rel Int | Mass Rel Imt
------------------- bommm - B ettt R R R R e e R R R e e el R R PP PR
20 4.69 86 1.07 1.23 214 5.11 275 1.08 333 1,76 390 1.38 519 0.3"
24 0.93 87 1.15 145 2.15 215 1.37 276 2.34 134 .31 391 0.27 533 0.4«
25 T 0.95 88 D.91 14§ 0.63 216 0.90 277 1.15 335 1.30 392 0.31 534 0.3¢
26 3.18 89 1.67 148 0.27 219 4.62 278 0.3S 136 L.69 394 0.91 516 a.2t
27 1.81 90 5.68 150 6.68 220 2.11 279 1.27 337 2.39 395 0.67 541 0.3
28 21.02 91 4.76 151 1.58 221 1.74 280 1.01 338 8.72 196 0.34 545 0.2¢
29 1.37 92 5.28 152 1.65 222 0.48 281 1.90 339 1.78 397 0.18 553 0.8t
31 13.54 93 2.16 153 0.60 223 2.29 282 1.60 340 L.1§ 398 0.36 561 0.2
32 0.33 94 2.93 154 0.75 224 1.30 283 . 1.09 341 $.67 399 0.19 562 0.2
35 5.04 95 9.66 155 2.97 225 1.74 284 0.36 342 101 405 0.18 564 1.0
36 1.94 96 0.83 156 0.97 226 3.25 285 1.44 343 2.40 405 0.87 565 0.4!
37 2.65 98 9.59 157 0.53 227 1.46 286 1.33 344 5.60 406 0.55 566 o.u
18 4.76 98 9.29 159 0.52 228 1.38 287 0.39 345 .55 407 0.26 581 1.6
39 3.59 99 1.92 162 2.01 229 0.66 288 1.97 346 1.33 408 0.56 582 Q.34
40 0.24 100 11.36 163 1:12 230 0.44 289 z.01 347 5.82 409 0.58 584 0.4
41 0.54 101 1.92 164 1.01 231 1.31 290 0.52 348 2.79 410 0.28 585 Q.2
42 0.26 102 5.75 165 0.50 232 1.21 292 15.34 149 c.s8 415 0.81 592 Q.3
43 1.19 103 1.14 166 1.69 233 0.69 293 2.89 is0 V.44 416 0.43 605 0.5
44 2.04 104 9.90 167 1.33 235 0.82 294 1.53 351 5.29 417 0.41 612 0.2
45 L 0.39 105 1.67 268 1.86 237 1.86 295 1.00 352 2.26 418 0.62 613 0.5
47 2.52 106 9.99 169 1.88 238 2.52 296 1.15 353 3.25 419 0.57 614 9.4
48 0.49 107 1.37 170 1.62 139 3.55 297 0.89 354 L.62 422 2.77 620 0.6
50 19.32 108 5.22 171 0.87 240 2.18 298 1.60 355 i.84 423 0.73 633 1.3
51 4.76 109 ”.30 172 0.25 243 58.24 299 2.13 356 3.46 424 0.51 634 0.5
52 4.69 110 1.29 174 2.88 244 6.04 300 1.44 357 1.33 425 g.39 635 Q.2
53 1.06 111 9.70 175 0.60 245 1.09 301 1.2a 358 9.41 432 0.32 641 Q.4
54 0.51 112 2.04 176 -3.05 246 1.62 302 . 0.80 EEE] 0.39 435 0.58 §42 0.2
S5 2.50 113 1.13 177 2.20 247 0.78 304 2.81 360 1.50 436 0.79 645 0.3
56 0.42 114 c.58 178 0.71 249 0.94 305 1.42 361 4.51 437 0.48 652 Q.4
57 1.23 115 2.90 181 2.18 250 5.54 306 0.31 362 i.85 439 0.38 653 2.8
59 0.23 116 1.58 182 1.11 251 2.68 307 1.03 363 0.68 446 0.72 654 0.7
61 1.51 117 .80 183 1.03 252 2.31 308 0.99 364 2.65 447 0.54 661 0.8
62 4.15 118 0.93 184 0.59 153 0.96 309 0.50 365 3.33 448 0.17 662 Q.6
63 39.20 119 3.09 185 0.139 254 2.10 310 0.92 166 5.66 463 0.71 €65 9.6
64 59.09 120 0.82 187 1.99 255 0.92 311 0.31 367 1.23 464 0.56 673 0.3
65 10.72 121 v.32 188 1.63 256 2.22 312 0.35 368 n.69 465 0.31 674 0.3
66 3.59 122 0.20 189 0.44 257 1.94 313 6.53 369 0.32 467 0.47 675 Q.3
67 . 1.23 124 4.31 192 1.14 258 1.30 314 0.58 370 9.54 472 9.25 681 4.2
69 95.45 125 L.21 193 4.62 259 2.22 315 0.54 371 0.59 475 0.32 682 1.3
70 4.46 127 L.88 194 4.69 260 0.98 316 0.92 372 0.67 477 0.32 683 0.6
71 2.54 127 0.96 195 1.21 261 0.45 317 0.31 373 1.56 484 0.28 689 0.4
73 2.75 128 1.63 196 1.23 262 0.95 318 1.76 374 2.59 487 0.22 690 Q.5
74 17.58 129 2.19 187 1.99 263 2.18 319 31.46 375 .69 489 0.38 693 0.5
75 71.88 130 .88 198 0.51 264 4.90 320 3.04 37§ 9.54 491 4.30 701 0.4
76 100.00 131 3.55 200 9.94 265 0.96 321 £1.90 377 0.54 492 0.73 702 0.4
71 18.75 132 0.21 201 1.76 266 3.80 322 0.§5 378 9.40 493 ¢.30 703 1.9
78 3.02 133 0.2 202 1.17 267 3.66 323 0.93 380 0.47 495 0.44 704 0.4
79 5.68 136 2.19 204 0.60 268 1.11 324 0.51 381 9.24 505 0.51 709 1.1
80 4.40 137 9.78 208 3.04 269 4.24 325 0.92 382 n.30 507 0.90 710 0.4
81 5.40 138 2.86 206 Q.50 270 4.55 326 1.40 383 3.32 508 0.36 711 Q.4
82 0.93 139 7.32 207 2.86 271 2.89 327 0.75 384 v.15 509 0.28 713 Q.2
83 0.88 140 L.46 208 1.03 272 1.19 328 0.49 386 n.24 512 0.31 721 1.5
84 0.43 141 a.47 209 1.92 273 1.88 330 0.37 387 i.44 516 0.41 722 2.2
85 2.45 143 3.39 212 1.28 274 0.77 332 1.28 389 3.10 517 0.33 723 0.6
e eme At et e, —— - e B E T L e e L R D S e R Al ket et it e R BT ) D R R e ik ettt R e i e T T R R
Mags Rel Int | Mass ei Inc | Mass Rel Int | Mass Rel Int
R R AR T N B ] R e L L Dl Sl b ettt bl it de el
729 0.28 740 .44 759 6.18 779 15.91
730 c.34 741 6.30 760 2.02 780 2.81
731 2.41 749 1.23 761 0.25
732 0.81 750 5.40 777 0.47
739 0.20 751 L.76 778 48.86

................... P LR T e T T e TR

1

C.27.




[PHBECR 1967 (24.452)
188 No. 26.

88
%rS] | 63| 88
59
82446 7?2
ol iln O 2 see SN
i/ i 168 2906 363 ASD 559 509 1] 869
------------ Rt e it e L T TS U
Rel Int | Mass Rel Int | Mass Rel Int Rel Int | Mass Rel Int | Mass Rel Int
------------ R et e e R D i et L D
5.78 B4 0.61 139 0.86 389 0.27 451 0.12
Q.09 85 2.04 140 0.56 381 0.23 452 .07
0.85 a6 1.36 141 0.82 382 0.22 453 0.06
1.23 87 1.80 142 0.57 183 0.07 458 0.06
3.97 89 41.76 143 1.55 384 0.10 460 0.12
2.68 90 23.14 144 0.34 386 0.18 460 0.07
100.00 91 10.90 145 0.46 187 0.32 461 0.14
3.78 92 13.30 146 0.21 a8 0.12 463 0.03
0.52 93 12.97 147 0.14 k1:3:] 0.34 465 g.06
16.02 94 56 1438 Q.17 399 0.32 466 0.05
5.32 95 47 149 g.55 391 0.06 476 0.09
0.55 96 as 150 2.24 392 0.07 478 0.26
2.54 97 45 151 1.45 393 0.4 478 ¢.20
2.34 98 55 152 2.43 394 0.08 481 ¢.09
3.18 29 11 153 1.30 395 0.16 485 Q.07
4.39 100 52 154 0.38 396 3.19 486 0.08
12.23 101 13 155 1.21 398 0.05 489 Q.08
2.34 102 a6 156 ¢.19 401 ¢.22 493 0.05
0.84 103 15 157 0.14 402 0.28 498 Q.08
0.88 104 46 158 0.35 403 0.39 503 0.15
0.96 108 72 159 0.32 404 0.15 505 0.42
4.65 106 52 160 0.14 405 0.13 506 0.17
5.05 107 75 181 0.19 406 0.05 507 0.13
0.36 108 28 162 0.84 407 0.09 508 0.07
4.16 109 19 183 0.70 408 0.20 509 0.07
0.50 110 .70 164 1.16 409 0.14 510 ¢.12
16.16 2111 .48 165 1.948 4140 C.14 511 0.05
11.70 112 .45 166 0.74 412 0.07 519 0.07
10.84 113 .47 167 0.26 413 0.04 521 0.09
3. Q. Q.
2. a. Q.
0. Q. 0.
1. 0. Q.
Q. a. a.
0. Q. 0.
Q. Q. 0.
1. 0. Q.
3§. Q. Q.
23. Q. 0.
8. 0. Q.
5. Q. 0.
2. 0. 0.
9. 0. 0.
2. 0. 0.
1. 0. 0.
. 0. 0.
0. 0.
Q. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0.06
625 0.18 - 670 0.07
626 0.19 673 0.08
627 0.24 674 Q.08
628 0.12 675 0.44
629 0.06 6786 0.26
630 0.04 677 0.09
631 0.40s 679 0.12
632 Q.06 680 0.07
634 0.06 684 0.09
635 Q.08 685 0.05
637 0.06 687 0.0§
639 0.08 688 0.04
645 0.10 694 0.07
646 0.08 695 0.93
647 0.61 696 0.32
648 0.37 697 0.09
649 0.13 698 0.08§
652 0.08 699 0.05
634 a.06 703 0.18
655 0.18 704 0.22
656 0.14 705 0.11
657 Q.09 707 0.12
658 0.07 708 0.08
659 G.09 715 0.09 792 12.37
661 ¢.05 7186 0.17 793 4.45
665 0.08 717 0.52 794 0.79
666 0.11 718 0.18 795 Q.a8
667 1.16 721 0.12
----- Lt e R R L L L DR Rl Sk e DR TR TR PR et bl L T PR
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Mass Rel Int | Mass Rel Int | Mass Rel Int | Masa Rel Int
------------------- e R R R e
41 2,125 103 2.07 183 1.55 263 0.73
42 0.90 104 2.25 188 2.07 264 1.45
43 2.13 105 14.58 189 1.50 265 0.92
44 12.04 106 11.07 190 2.62 266 2.29
45 1.16 107 2.70 191 1.90 267 9.92
47 3.45 109 6.51 192 0.68 268 1.37
49 1.06 112 1.82 193 4.30 269 0.85
50 15.04 115 1.37 194 1.82 270 0.87
51 27.60 116 4.23 195 2.23 276 1.14
52 30.21 117 1.17 200 10.29 277 1.55
53 7.36 119 2.34 201 0.84 278 4.02
55 4.12 121 1.51 202 1.30 283 1.50
56 0.79 124 2.54 205 1.97 286 2.29
57 0.92 127 1.47 208 0.86 287 0.92
61 Q.55 128 0.90 207 1.14 289 0.64
62 .01 131 4.49 208 2.20 290 1.73
63 50.78 132 2.75 209 1.17 294 0.81
64 14,13 133 1.19 211 0.54 296 1.06
65 7.42 138 Q.92 213 1.69 308 1.71
66 12.83 141 0.89 218 1.46 3Qe 8.40
67 3.34 143 3.66 219 3.39 307 1.40
69 72.92 150 8.07 220 3.11 318 Q.70
70 2.02 151 2.29 221 1.55 318 1.81
74 5.440 152 4,30 225 1.51 333 Q.69
15 8.07 153 1.99 226 1.28 334 1.12
77 §5.21 155 3.34 228 2.78 346 Q.85
78 56.25 158 1.14 232 0.85 347 1.64
79 8.07 159 1.33 236 1.58 348 1.11
81 4.00 162 2.65 237 1.35 lés 1.48
82 1.79 163 0.93 238 1.51 17s 2.21
83 0.87 164 1.89 239 1.50 387 1.06
86 1.66 165 4.15 240 1.68 403 1.87
87 1.33 166 1.66 243 37.24 661 0.68
89 100.00 167 1.09 24§ 1.09 681 1.02
90 78 .13 169 2.08 249 0.69 778 0.75
9L 40.89 174 2.78 251 1.48 787 0.68
92 3.69 176 1.69 252 0.90 306 6.77
93 15,30 178 1.37 256 3.11 307 2.44
94 2.13 179 1.00 257 0.67
100 9.31 181 1.76 258 1.99
1031 0.88 182 1.7¢6 259 1.12
--------------- Rt R R R el DLl D R Rl St et it dde it i dd et g
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Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
------------------- R R e el Dt e LR L L LDt
27 7.75 138 3.53 200 6.49 250 3.20
28 8.53 143 4.57 204 3.70 254 1.82
29 1.88 146 1.92 205 1.92 255 1.70
31 2.15 147 5.59 207 0.74 256 1.82
32 0.35 148 1.79 211 1.89 270 5.29
43 4.15 149 2.84 212 2.01 274 1.37
44 1.04 150 3.09 219 1.43 275 3.44
69 22.36 151 1.71 220 15.87 276 0.94
92 1.47 155 7.15 221 2.21 288 1.22
93 4.87 162 5.47 224 2.55 289 4.99
100 5.05 - 169 10.10 227 1.31 290 1.13
101 4.27 170 8.11 229 1.23 296 3.80
105 2.99 174 2.19 230 1.53 298 4.51
117 4.03 178 7.27 231 4.81 300 1.11
119 2.34 178 2.82 232 2.85 302 1.62
120 2.16 181 12.62 233 1.02 317 22.84
121 3.55 182 5.41 235 2.21 318 17.79
124 5.53 188 3.31 236 1.47 319 1.29
125 1.86 193 2.55 238 1.40 324 0.55
127 2.24 196 1.67 243 1.55 330 1.35
131 5.47 197 2.82 246 1.68 344 100.00
132 1.95 198 15.38 248 3.85 345 11.96
133 1.01 199 3.23 249 8.53 660 1.20




[PAZISCH 12095 (21.5859
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------------------- R R i s S SN
Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
------------------- R i ey I
20 0.05 S7 0.15 159 0.08 224 1.49
26 0.41 98 0.20 160 0.15 225 2.09
27 6.37 100 14.60 162 3.91 226 0.82
27 9.99 101 2.00 163 0.65 228 2.80
28 6.83 102 0.99 164 0.99 229 0.46
29 1.05 103 0.14 165 0.24 230 0.80
30 0.37 105 0.47 166 5.61 231 1.15
31 0.79 105 0.30 167 0.31 232 0.43
32 Q.36 107 0.69 168 2.95 233 0.10
33 Q.12 108 0.30 168 1.75 234 Q.07
39 0.18 109 0.23 169 3.11 236 0.44
40 0.23 110 0.19 170 1.10 238 0.44
41 1.20 112 3.34 171 0.50 239 0.75
42 2.94 113 0.71 174 2.61 240 0.83
43 9.35 114 0.34 174 1.47 243 24.30
44 1.46 116 10.08 175 4,15 244 4.26
45 2.16 117 1.85 176 0.46 245 1.47
46 Q.73 118 0.19 178 1.58 247 8.24
47 2.13 119 6.37 179 0.32 248 1.33
50 0.42 120 0.98 181 2.47 249 1.05
51 0.77 121 0.55 182 0.77 250 0.87
52 0.07 122 0.06 183 0.26 251 0.62
53 0.52 124 3.86 184 0.14 253 2.10
54 1.04 125 0.78 186 0.19 254 1.65
55 0.98 126 0.35 188 3.34 256 1.20
56 0.32 127 0.47 189 1.49 257 1.07
57 0.20 128 1.24 190 0.38 258 0.47
58 0.10 129 0.21 191 0.31 259 0.26
59 0.14 130 0.66 193 1.78 260 0.14
60 0.09 131 5,26 193 1.61 264 0.18
65 0.38 132 0.88 194 1.12 266 6.07
69 35.05 133 0.52 196 2.19 267 1.15
70 7.18 134 0.09 197 2.44 268 1.45
71 2.09 135 0.30 198 1.11 269 1.26
72 0.45 136 0.32 200 21.03 270 3.40
74 1.87 137 0.96 201 2.28 271 2.48
75 1.14 138 3.91 202 1.30 273 9.23
76 0.40 139 0.48 203 0.44 274 0.82
77 0.30 140 0.19 205 1.45 275 0.08
78 0.12 141 0.17 206 0.22 276 0.14
81 0.82 143 4.26 207 0.9 278 0.27
82 0.61 144 0.90 208 1.01 280 0.54
83 0.19 145 1.18 209 0.26 281 0.56
84 0.09 146 1.24 210 0.35 282 1.39
85 0.12 147 1.05 212 0.80 284 1.94
86 0.15 148 0.52 213 0.21 286 9.99
87 0.20 150 12.38 214 1.05 287 2.61
88 0.79 151 1.27 218 40.42 288 0.42
89 0.92 152 1.08 218 18.22 292 0.12
90 0.68 153 g.30 219 5.61 294 2.44
93 8.64 155 3.91 220 0.98 295 0.33
94 0.78 156 0.67 221 0.82 296 0.70
95 0.47 157 Q.38 222 0.31 297 0.47
96 1.18 158 0.32 223 1.39 299 0.56
------------------- R e it i e T P
Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
------------------- R e R i R L kL T R,
299 1.23 316 17.06 331 0.28 354 0.14
300 Q.45 317 Q.92 338 0.20 366 0.25
303 0.33 318 0.28 339 0.45 368 50.00
304 0.28 322 16.12 340 5.49 369 5.96
308 0.15 323 2.19 341 91.59 370 0.54
310 0.44 324 0.30 342 100.00 538 0.08
312 0.86 328 0.42 343 9.93 663 0.10
313 7.18 326 0.19 344 0.93 682 1.27
314 3.02 328 0.23 349 0.37 683 0.30
315 5.90 330 0.14 350 0.11
................... R e R e et e e e L T TR DTS
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186 PH22BCR 1187 (18.451) No. 30.
108 18341
sa1
ZFS ais %¥S STB 784
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1
43 g8 249 275 345 wm/z 406 - 680 AR
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------------------- T T e R pup U
Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
------------------- e R ik PR
20 0.30 86 0.39 169 3.37 251 0.37
24 0.10 87 0.11 170 1.70 256 1.80
25 0.28 88 0.11 171 0.09 257 0.17
26 1.75 92 1.03 174 0.39 260 0.06
27 5.11 93 1.97 175 0.58 262 0.29
28 5.72 94 0.17 176 0.12 263 0.07
29 3.84 95 0.10 178 0.99 264 0.05
30 0.66 96 0.06 180 0.48 266 0.10
31 2.79 98 0.18 181 1.88 268 0.02
32 0.21 100 2.00 182 1.36 269 0.15
33 0.07 101 0.20 183 0.24 270 0.25
35 0.06 102 0.05 184 0.06 271 0.05
36 0.10 105 0.78 186 0.08 272 0.07
37 0.05 106 0.13 186 0.08 273 0.08
38 0.09 107 0.36 188 0.81 275 7.63
39 0.12 109 0.23 189 0.04 276 0.48
40 0.07 - 110 0.05 193 0.55 278 0.18
41 0.96 112 0.56 194 0.18 279 0.16
42 1.39 113 0.32 196 0.25 280 0.68
43 5.49 114 0.22 198 1.75 281 0.09
44 2.49 117 1.09 199 0.59 282 0.10
45 5.13 118 0.04 200 3.46 283 0.06
46 0.29 119 0.60 201 0.48 284 0.03
47 0.48 120 0.36 202 0.26 286 0.07
48 0.04 121 0.05 205 0.73 288 0.99
50 0.57 124 1.59 206 0.14 289 1.56
51 0.23 125 0.32 207 0.09 290 0.30
54 0.07 126 0.08 208 0.09 291 0.04
55 0.20 127 0.07 210 0.12 296 0.19
56 0.10 129 0.06 212 0.81 297 0.27
57 0.58 131 1.56 213 0.12 298 0.11
58 0.31 132 0.40 214 0.14 299 0.38
59 0.04 133 0.13 216 0.14" 300 1.94
62 0.25 134 0.12 217 0.03 301 0.81
63 0.06 136 0.34 220 6.02 302 1.94
64 0.04 137 0.32 221 0.50 303 0.12
65 0.08 138 0.30 223 0.05 304 0.06
66 0.05 143 0.68 224 0.15 306 1.05
67 0.04 144 0.12 225 0.79 310 0.06
69 16.90 147 0.89 226 0.10 314 0.09
70 1.54 148 0.07 227 0.07 315 0.65
71 0.91 148 0.12 228 0.73 316 2.96
72 0.30 149 0.27 230 1.19 317 5.34
73 1.49 150 0.67 231 0.67 318 39.44
74 1.09 151 0.21 232 0.48 322 0.03
75 0.30 152 0.10 233 0.89 325 1.83
76 0.23 155 1.24 234 0.12 326 0.40
77 0.06 156 0.19 238 0.69 327 0.03
78 0.06 157 0.04 243 1.00 328 0.08
79 0.14 158 0.07 244 0.07 33ag 0.96
81 0.65 162 1.57 246 0.34 331 0.12
82 0.22 163 0.29 247 1.05 339 0.12
83 0.06 164 0.09 © 249 11.50 341 0.09
85 0.35 167 0.17 250 2.20 342 0.57
------------------- B et St et R R .
Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
------------------- B e b R et e e o T T P
344 100.00 361 0.55 375 0.04 642 0.21
345 10.09 362 0.04 388 0.65 704 0.12
a52 0.05 363 0.05 389 0.09 708 0.05
360 0.07 374 0.10 641 1.25
------------------- B el ittt L L L LT L L L L PP
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188 341 No. 31.
srs{ 97 218
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w/=z 3 278 366 488 S8a 788
------------------- R e T bt it T U Y
Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass  2el Int
cfmmmmmmacmmm———— Fomme e e m——— e
. 144 0.89 204 a.12
. 145 0.76 208 1.08
. 146 1.34 206 1.47
. 147 1.16 207 1.40
. 148 0.36 208 .41
. 150 4.61 209 Q.12
. 151 1.27 210 0.37
2. 152 1.1§ 211 0.08
11 6.98 87 153 0.29 212 0.67
32 .80 88 155 2.83 213 0.19
kk] 0.47 B89 156 0.58 214 1.06
as 0.52 90 157 0.27 215 0.69
36 1.08 91 158 0.29 216 45.06
37 0.62 92 159 0.1S 217 3.29
a8 1.00 93 160 0.11 218 7.85
35 1.67 94 162 1.96 219 3.25
40 1.54 95 163 0.90 220 0.92
41 13.30 96 164 0.93 221 0.35
42 9.81 97 166 5.81 223 0.42
43 51.16 99 168 1.11 224 1.47
44 15.19 100 168 1.62 235 1.78
45 $9.30 101 169 1.29 226 0.42
46 1.11 102 170 Q.67 227 0.21
47 1.85 103 171 0.50 228 2.47
48 0.27 105 172 0.18 228 0.22
49 0.32 106 173 0.15 230 Q.53
50 1.69 107 174 1.10 231 1.31
51 2.27 108 175 5.01 232 0.53
32 0.52 109 176 0.34 233 0.07
583 0.51 110 178 1.20 234 0.04
54 1.62 112 179 0.14 238 Q.05
S5 1.54 113 180 0.11 236 0.29
56 0.97 114 181 2.05 237 0.186
57 1.62 116 182 1.24 238 0.54
58 0.40 117 183 0.58 239 0.87
59 Q.51 119 184 a.28 240 0.91
60 0.17 120 186 0.186 242 0.45
61 0.18 121 187 0.40 243 12.72
€2 0.40 124 188 1.64 244 5.74
63 0.38 125 189 1.22 245 0.94
€4 0.56 126 190 0.30 247 4,38
65 0.54 127 193 0.13 248 1.47
(17 0.19 128 192 0.12 249 a.30
67 0.212 129 193 1.42 250 0.65
69 33.14 131 154 1.33 251 0.35
70 8.79 132 195 0.30 252 0.54
71 14.68 133 196 2.02 253 0.78
72 1.40 135 197 1.36 254 0.77
73 1.69 137 198 0.97 255 0.33
74 2.23 138 199 0.35 256 0.42
75 2.54 139 200 11.56 257 1.51
76 0.64 140 201 1.67 258 0.33
77 0.29 141 202 4.02 260 0.16
78 0.28 143 203 0.32 262 0.04
------------------ R L L L T L L T
Mass Rel Int | Mass Rel Int | Mass ©Rel Int | Mass Rel Int
------------------ D h R L T O T L
264 0.17 296 0.64 129 0.28 383 0.07
266 5.52 297 0.91 330 0.28 384 1.87
267 0.44 298 0.38 338 0.68 38s 2.63
268 1.15 299 1.64 338 0.36 386 4.00
270 1.91 00 2.28 339 1.73 387 0.41
270 3.13 3Q1 0.17 340 4.65 392 0.06
272 2.43 302 0.32 341 100.00 403 0.24
272 Q.96 303 1.22 342 82.56 410 1.20
273 4.22 304 0.66 343 7.19 412 1.31
274 0.66 307 0.09 344 0.69 413 0.15
275 0.15 308 0.28 348 0.45 430 0.20
276 0.07 310 0.68 349 0.26 663 0.13
a7 0.13 311 0.14 is0 0.16 707 0.49
278 g.21 312 2.03 352 0.15 708 0.12
280 0.36 313 10.61 ' 354 2.91 726 1.84
281 0.21 314 1.37 355 0.62 727 0.49
282 0.12 315 7.19 is6 0.43 732 0.07
184 4.36 16 17.30 iss 0.07 750 0.14
288 2.58 317 1.07 359 0.21 751 0.47
286 8.72 318 0.35 363 0.26 152 0.17
287 31.34 322 6.90 165 0.52 770 5.96
288 0.37 323 2.31 368 §5.892 771 2.47
289 0.05 324 0.88 367 0.67 772 0.56
292 0.15 325 1.12 368 20.64 773 0.08
293 0.39 326 2.34 169 2.33
294 3.7¢ 327 Q.36 370 0.26
295 0.61 328 1.47 3s2 0.07
AL bR Al Al Rl dmm—mmaa e mssmmer - pmm—mma- Al Dt i bocavwscsvonrccuans .-
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264 0.34 291 0.12 320 0.03 358

265 0.15 292 Q.05 322 0.04 359 0.03
266 0.10 293 Q.06 323 9.30 361 0.02
267 9.50 294 Q0.05 324 5.39 367 0.03
268 0.42 296§ 0.15 328 1.09 368 0.03
269 0.67 297 0.40 326 0.12 k11 0.16
270 0.17 298 0.08 327 1.04 385 0.04
271 0.22 299 0.07 328 0.64 617 0.01
272 .~ 1.17 300 2.34 329 1.61 647 0.01
273 0.60 301 5.07 3¢ 1.22 667 0.03
274 47.89 302 0.83 331 0.21 686 0.14
275 5.46 303 0.35 332 ~0.03 687 0.04
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109 367
%FS 352
228 <93 338| |[758
] 219 283 3isl
4
/= =) 199 159 208 250 399 350 _4e®

2 3.50 i 78 0.73 132 1.01
21 3.06 79 Q.49 133 0.70
24 9.45 80 0.37 134 0.77
25 1.05 81 1.54 13§ 0.55
25 9.00 82 1.13 136 0.73
27 20.93 33 0.35 137 1.49
23 39.77 84 1.32 138 1.20
29 9.19 8s 0.3s 139 1.04
30 7.86 as 0.54 140 1.38
1 8.33 87 q.38 141 2.04
32 0.99 88 0.82 142 0.77
3 6.44 39 0.25 143 1.51
35 1.99 90 0.36 144 2.53
3§ 2.34 91 0.57 145 1.70
37 1.40 92 g.12 145 2.7
38 3.39 93 2.23 147 1.54
39 4.81 94 0.73 148 1.30
40 5.49 95 0.81 149 1.58
43 12.37 96 0.49 150 1.80
a2 78.41 97 0.33 151 1.27
a3 §.51 99 1.08 152 0.84
a4 3.13 100 2.72 153 2.15
as 1.23 101 0.97 154 4.36
46 1.42 102 0.79 155 2.01
47 1.08 103 0.32 155 4.45
43 a.34 105 1.02 156 1.33
43 0.3% 105 0.67 157 1.94
50 3.08 106 0.57 158 2.13
51 7.57 107 0.54 159 1.82
52 2.08 103 0.51 150 3.02
53 1.40 109 0.31 151 1.04
54 5.55 110 0.22 162 2.34
55 8.52 111 0.1: 183 1.51
55 7.95 112 0.43 164 3.87
57 3.43 113 0.72 165 2.58
58 2.49 114 2.15 166 1.133
59 9.48 115 1.33 167 §.32
60 2.13 118 1.08 168 5.75
51 0.38 117 0.72 169 3.08
52 0.93 118 0.57 170 1.87
53 1.01 119 0.69 171 3.22
54 1.96 120 0.34 172 4.00
§3 a.56 121 0.39 173 2.39
56 1.44 122 0.31 173 4.31
§7 2.13 123 1.06 175 1.37
69 53.79 124 1.33 176 2.75
10 1.59 125 0.63 177 2.79
7L 1.00 126 1.31 178 2.49
72 0.19 127 0.91 179 1.66
73 0.06 128 1.45 180 1.73
74 0.91 129 0.47 181 2,72
75 2.46 129 0.80 182 7.58
76 1.38 130 0.24 133 34.47
77 0.53 131 1.87 185 4.19
................... D S P
Mass Rel Iat | Mass Rel Iat | Mass Rel Int
................... S SR S
240 0.9% 274 0.41 308 ¢.33
241 2.34 275 e.30 309 q.29 .
242 2.89 276 0.89 310 0.315
243 2.25 277 0.45 J1: 2.32
244 2.11 278 2.06 312 2.08
245 0.78 279 0.67 313 0.3¢
246 1.04 280 1.73 314 0.22
247 2.53 281 5.52 315 0.29
248 4.40 282 6.72 316 0.43
249 §.16 283 9.56 317 0.59
250 5.80 284 1.34 318 0.96
251 1.08 285 0.31 319 0.50
152 0.25 286 Q.09 320 1.07
253 0.57 287 2.29 32 0.24
254 2.30 298 0.08 322 0.16
253 3.34 289 0.06 323 5.04
256 4.00 290 0.03 324 1.44
257 5.00 291 0.38 328 9.09
258 1.08 292 0.58 32§ 1.00
259 0.59 293 0.36 327 ¢.38
50 0.36 294 G.71 328 Q.65
251 0.33 295 0.2% 129 0.32
262 4.486 296 1.34 330 0.28
263 25.00 297 4.38 331 1.:2
254 5.28 298 2.60 332 2.46
265 0.77 299 0.72 3 4.64
266 1.40 300 0.36 334 o 0.42
67 2.08 301 Q.06 338 1.02
268 5.18 302 Q.25 1315 2.30
269 2.56 303 0.06 337 1.66
270 4.50 304 0.18 338 6.32
271 .33 305 0.32 339 0.94
G. Q. g.
9.1 1. 9.
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Mass Rel Int Rel Int | Mass Rel Int | Mass Rel Int

0.86 354
260 6.17 0.92 355 10.48 672 0.04
261 0.26 0.83 356 0.84 676 0.04
262 0.61 0.90 358 1.53 677 0.04
263 0.83 1.96 360 12.13 678 0.02
264 1.73 4.08 361 1.84 679 0.04
265 0.94 2.03 362 4.68 682 0.02
266 1.07 2.73 363 0.66 683 0.03
267 6.92 1.53 364 2.20 690 0.13
268 1.0% 0.33 366 §.55 691 0.11
269 1.95 1.66 3187 37.28 694 0.10
270 1.82 0.73 372 0.37 695 0.08
71 0.90 1.74 373 0.60 696 0.14
72 1.21 1.96 374 ~1.38 €97 0.14
an 0.62 1.24 375 0.59 €98 0.08
274 0.31 0.69 376 0.27 699 0.12
275 0.32 1.37 378 1.94 700 0.05
276 0.56 2.58 380 31.74 701 0.05
Fyad 0.86 18.01 381 4.12 702 0.08
278 1.08 4.04 382 1.07 713 0.04
279 0.91 7.00 383 0.17 714 0.73
280 0.53 1.08 384 0.05 718 2.00
281 0.95 0.78 386 0.08 716 0.82
282 0.67 0.48 387 0.11 717 0.20
283 7.19 0.38 388 0.05 718 0.04
284 1.87 0.75 389 0.21 719 0.04
285 2.92 1.76 392 0.44 720 0.10
286 1.11 1.38 393 1.77 721 0.03
287 0.59 2.81 394 0.51 732 0.06
288 0.40 1.78 395 0.10 733 0.29
289 0.20 9.28 398 0.19 734 5.43
290 6.38 3.44 400 0.08 738 1.94
291 2.88 5.05 407 0.08 736 0.31
292 1.45 5.38 409 0.22 737 0.04
------------------- D e R e e L L E T T,

C.36.
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Mass Rel Iatc | Mass Rel Int | Mass  Rel Inc | Mass Rel Int Mass Rel Iat | Mass Rel Int | Mass Rel Inc | Mass Rel Inc
------------------- B i e R b D e b e e il e i R R it T SN
20 0.31 82 a.1§ 136 .82 190 2.92 244 9.66 293 1.32 358 0.73 409 0.69
26 0.77 83 4.59 137 4.30 191 31.98 245 9.82 299 1.15 356 0.69 410 0.60
27 5.84 84 7.95 138 5.03 192 2.94 246 5.60 300 9.58 357 1.08 411 0.41
28 13.96 85 1.34 139 4.14 193 4.06 247 2.68 301 3.25 358 0.81 412 0.44
29 5.44 86 0.94 140 2.25 194 5.44 248 3.15 302 4.44 359 3.25 413 0.46
30 7.39 87 0.68 141 4.91 195 6.98 249 3.59 303 1.83 360 0.8 414 0.38
31 2.23 88 1.15 142 2.03 196 6.09 250 13.31 304 3.04 361 3.38 413 Q.56
32 1.04 89 1.09 143 6.90 197 4.63 251 6§.17 308 6.90 362 17.21 416 0.44
i3 2.92 90 1.14 144 4.61 198 6.49 252 16,88 306 3.88 363 2.92 417 0.37
36 0.16 91 1.93 145 5.19 199 2.19 253 4.18 307 3.39 364 0.70 418 0.42
37 0.10 92 2.70 146 5.05 200 10.9¢6 254 4.24 308 1.89 365 0.60 419 0.45
38 0.28 93 4.83 147 1.10 201 2.48 255 2.29 309 1.02 366 0.61 420 0.59
is 1.54 94 1.50 148 2.74 202 1.97 256 1.83 310 0.98 367 0.56 421 g.43
40 2.60 95 2.7¢ 149 4.50 203 3.10 257 2.78 311 0.80 368 0.48 422 0.66
41 8.77 96 6.49 150 8.36 204 3.08 258 23.05 312 1.70 369 0.56 423 0.55
42 100.00 97 1.59 151 4.81 208 7.22 259 5.52 313 1.62 370 0.70 424 Q.57
43 9.66 98 2.01 152 3.49 206 2.84 260 14.04 314 11.12 37 0.65 425 Q.33
44 21.75 99 1.44 153 3.61 207 5.11 262 3.13 315 2.58 372 0.59 426 0.40
45 2.17 100 5.60 154 5.44 208 1.83 262 5.76 318 3.23 373 Q.72 427 0.52
48 1.16 101 3.o00 155 6.57 209 4.42 263 5.52 317 2.62 374 0.72 428 0.34
47 0.68 102 1.93 156 1.680 210 18.34 264 13.31 318 3.49 375 0.74 429 0.31
48 0.15 103 1.24 157 2.82 211 4.40 265 §.09 319 7.39 376 0.84 430 Q.31
50 1.58 104 1.68 158 2.48 212 8.44 286 5.84 320 6.17 377 4.96 431 0.38
51 3.27 105 4.20 159 2.68 213 3.59 267 5.68 321 3.558 378 0.47 432 0.30
52 1.64 106 1.93 160 2.41 214 3.43 2688 1.60 323 1.321 379 0.53 433 0.386
53 1.63 107 1.54 161 2.01 215 2.494 269 1.97 - 324 1.88 380 0.47 434 0.56
54 9.01 108 3.21 162 9,33 216 2.60 270 2.70 325 0.98 381 ‘0.61 435 0.70
55 12.01 109 4.89 163 6.09 217 3.67 271 2.48 326 1.186 kY:¥ Q.46 436 Q.46
56 15.02 110 5.03 164 7.39 218 2.96 272 4.69 327 9.09 383 0.45 437 0.31
57 9.25 111 2.80 165 4.87 219 4.67 273 5.28 328 3.43 384 0.66 438 0.38
58 6.33 112 1.50 166 3.33 220 5.68 274 2.44 329 18.67 3as Q.64 439 Q.32
59 1.18 113 2.80 167 5.15 221 3.04 275 1.72 330 l.81 386 0.56 440 0.38
80 6.30 114 3.41 168 1.59 222 5.19 276 2.56 331 6.09 387 0.34 441 Q.41
61 0.41 115 1.66 169 7.06 223 8.20 277 3.47 332 34.09 388 0.48 442 0.490
62 0.45 116 0.72 170 5.60 224 6.01 278 6.66 333 8.20 389 0.53 443 0.36
63 0.46 117 1.72 171 2.07 225 5.93 279 9.58 334 5.19 390 g.53 444 0.31
84 1.26 118 1.11 172 2,686 226 4.00 280 4.48 33s l.61 k338 0.70 445 0.43
85 0.81 119 2.84 173 1.23 227 2.84 281 1.93 336 9.98 392 0.47 446 0.38
66 2.62 120 3.42 174 2.41 228 2.07 282 1.56 337 1.79 393 0.37 447 0.36
67 7.22 121 3.25 178 3.00 229 2.29 283 1.77 339 62.866 394 0.54 448 0.38
68 7.22 122 4,30 176 5.36 230 3.96 284 1.20 341 2.19 395 0.58 449 Q.45
69 75.32 123 6.82 177 4.20 231 7.22 285 1.12 342 1.91 396 0.61 450 0.48
70 3.94 124 6.98 178 6.33 232 8.60 288 1.99 343 1.81 337 0.55 451 0.52
71 4.55 125 2.70 179 4.50 23] 4.28 287 3.69 344 0.72 358 0.50 452 0.34
72 1.12 126 4.08 180 1.81 234 3.79 288 2.29 345 1.78 199 Q.34 453 0.32
73 0.77 127 1.56 181 17.13 235 3.73 289 2.64 346 2.76 400 0.53 454 0.63
74 0.79 128 1.44 182 12.74 236 6.49 290 2.29 347 9.17 401 0.36 455 0.43
75 1.99 129 3.49 183 4.73 237 8.52 291 4.46 348 2.58 402 0.38 456 0.36
76 2.23 130 2.35 184 6.57 238 5.84 292 3.06 349 1.60 403 0.48 457 9.32
77 1.04 131 4.14 185 3.33 239 4.59 293 3.90 350 2.48 404 0.66 458 Q.51
78 1.14 132 6.82 186 1.68 240 2.44 294 3.13 351 0.74 405 0.55 459 Q.38
79 1.03 233 3.5 187 1.38 241 4.30 285 0.92 352 0.68 406 0.41 460 0.63
80 0.95 134 2.01 148 4.48 242 1.97 296 2.01 353 a.67 407 0.51 461 Q.41
81 2.84 135 3.38 189 2.90 243 3.27 297 1.18 354 0.70 408 0.64 462 0.47

505 0.40 553 Q.46 614 0.11 6§77 20.78
506 g.22 554 Q.35 615 0.30 678 5,01
507 0.20 §55 0.13 616 0.12 §79 ¢.81
508 Q.43 556 Q.10 8§17 0.30
5G9 0.29 $57 0.14 618 0.38
------------------- B e e LR TR L R R R el et
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134 0..68 188 1.67 242 1.43 296 1.10 350 1.23 404 0.24
135 1.43 189 1.87 243 1.18 297 0.70 351 0.39 405 0.22
136 1.30 130 2.08 244 2.78 298 1.18 3s2 0.81 406 0.19
137 2.08 191 2.12 245 3.04 299 1.32 353 0.82 407 ¢.20
138 1.45 192 2.05 246 2.19 300 1.95 154 . 1.13 408 0.21
139 1.26 193 2.16 247 1.50 301 1.45 385 2.65 409 0.24
140 1.17 194 2.73 248 1.71 302 1.92 356 0.86 410 0.23
141 1.28 195 1.96 245 1.92 303 1.09 357 0.94 411 0.24
142 1.04 196 2.69 250 4.07 304 1.33 358 0.87 412 0.22
143 1.51 197 1.95 251 2.91 308 2.55 359 1.57 413 0.20
144 1.39 198 4.51 252 7.89 306 2.13 360 0.79 414 0.18
145 1.66 199 1.66 253 2.22 307 2.58 361 2.31 415 0.18
146 1.26 200 2.34 254 0.77 308 1.28 362 7.84 416 0.19
147 1.19 201 1.28 PEL] 1.09 109 0.88 3a3 19.84 417 0.18
148 1.02 202 1.12 256 0.76 310 0.77 364 1.10 418 0.18
149 2.37 203 1.60 257 0.83 311 0.78 365 0.33 419 0.16
150 3.10 204 2.717 158 3.92 312 0.91 366 0.27 420 0.18
151 2.44 205 2.02 259 2.85 313 1.36 367 0.46 421 0.19
152 1.65 206 1.43 260 2.34 314 1.88 368 0.34 422 0.24
153 1.74 207 2.02 261 1.08 315 1.10 369 0.29 423 0.25
154 1.61 208 2.41 262 2.52 316 1.80 370 0.25 424 0.24
155 1.65 209 2.01 263 2.22 317 1.08 371 0.34 - 42§ 6.20
156 1.07 210 6.05 264 5.41 318 2.44 372 0.45 426 0.20
157 1.28 211 2.24 °© 265 3.22 319 3.08 373 0.64 427 0.19
. 158 1.36 212 2.18 266 3.01 320 3.22 374 0.75 428 Q.21
159 1.24 213 1.40 267 4.96 321 1.76 378 0.56 429 0.22
160 1.46 214 1,83 268 1.80 322 1.35 376 0.98 430 0.19
161 ‘1,43 215 1.41 269 0.99 323 0.88 377 1.29 431 0.19
162 2.42 216 1.51 270 1.48 324 0.84 378 0.78 432 0.21
163 2.64 217 1.88 271 1.23 325 0.87 379 0.35 433 0.18
164 3.37 218 1.67 272 1.87 326 0.91 380 9.28 434 0.19
165 2.35 219 1.64 273 1.88 327 1.30 381 0.25 435 0.18
166 2.13 220 1.20 274 1.56 328 2.08 381 0.28 436 Q.25
167 2.57 221 1.76 275 1.83 329 2.29 383 6.28 437 Q.21
168 1.96 222 1.91 276 1.40 130 1.43 384 0.27 438 0.32
169 2.89 223 2.52 277 1.80 331 1.35 388 0.25 439 0.20
170 2.00 224 1.50 278 3.57 332 4.71 386 0.28 440 0.20
171 1.71 225 2.22 279 4.61 333 3.47 187 0.34 441 0.19
63 1.48 118 0.40 172 1.40 226 1.53 250 2.64 334 5.41 388 0.44 442 0.23
64 1.75 118 1.05 173 1.26 227 1.19 281 1.23 335 2.17 389 0.43 443 0.19
65 1.10 120 0.95 174 1.39 228 1.28 282 0.89 336 17.06 390 0.24 444 0.17
66 1.13 121 1.08 178 1.76 229 Q.70 283 0.84 33 2.85 391 9.25 445 0.16
§7 4.12 123 1.88 17§ 1.24 230 1.92 284 0.73 339 0.87 392 Q.22 446 Q.16
68 8.04 123 1.77 177 1.80 231 1.49 285 1.00 339 0.91 393 0.23 447 0.19
§9 30.56 124 1.64 178 4.12 232 2.46 286 1.09 340 1.23 394 0.35 448 0.20
70 3.32 123 1.00 179 2.70 233 1.40 287 1.82 341 1.35 395 0.24 449 0.13
71 1.29 126 1.20 180 1.26 234 1.64 288 1.32 342 3.17 396 0.23 430 0.20
72 0.42 127 0.91 181 2.23 238 1.61 189 1.34 343 1.98 397 0.24 451 0.19
73 0.36 128 0.92 182 3.08 236 2.53 290 1.38 344 3.19 398 0.30 452 0.25
74 0.57 129 1.22 183 1.98 237 3.27 291 1.76 348 1.67 399 0.24 453 0.19
73 2.96 130 0.51 184 .77 238 2.22 292 1.97 346 2.06 400 0.23 454 0.20
76 1.14 131 1.31 185 1.74 239 1.76 293 2.68 347 4.37 401 0.22 4S5 0.17
77 0.81 132 0.69 186 1.31 240 1.38 294 1.59 348 4.61 402 0.33 456 0.27
78 0.51 133 0.68 187 1.39 243 1.34 295 1.04 349 3.82 403 0.24 457 0.20
kbl ELIE LIPS ST TS LR L LR TR T cm- e hea=e - wmteecescumnann.
pss  Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int Mass ©Rel Inc | Mass Rel Int | Mass Rel Int | Mass Rel Int
...... e e aea—mne——————— p mvm——— memceaee - eceemmanana.
0.19 513 0.13 566 .09 620 0.12 674 0.12 685 1.09 696 0.45 711 2.15
0.14 513 0.09 867 0.06 621 0.12 €75 Q.19 686 0.40 697 9.21 712 0.40
Q.15 514 0.07 568 0.09 622 0.12 676 +  0.30 687 0.19 698 0.07 713 0.07
0.17 518 0.10 569 0.07 623 0.08 677 0.24 638 0.08 639 0.08 723 0.20
0.18 516 0.12 570 0.08 624 0.11 678 0.42 689 0.08 704 0.08 724 0.38
0.20 517 0.10 571 0.12 623 0.12 ° 679 0.24 630 0.38 708 0.41 728 12.60
0.15 518 0.10 972 0.12 626 6.18 €80 1.18 691 0.73 706 0.57 726 3.32
0.18 s19 0.10 573 0.09 627 0.13 681 0.46 692 0.29 707 0.24 727 0.57
0.17 520 0.23 574 0.09 618 0.21 €82 0.16 693 0.19 708 0.33 728 0.06
0.16 521 0.28 575 0.06 629 .0.10 683 0.13 694 0.37 709 0.27
0.15 532 0.22 576 0.09 630 0.06 684 0.13 695 0.52 710 g.42
0.15 523 0.14 577 0.10 631 0.09 - + e -
0.15 524 0.14 578 0.12 632 0.06
0.16 528 . 0.10 579 0.11 633 0.11
0.15 526 0.17 580 0.11 634 0.09
0.11 527 g.11 581 0.08 635 6.13
0.15 528 0.09 582 0.09 636 0.12
0.14 529 0.10 583 0.09 637 0.12 °
0.16 530 0.10 584 0.09 638 6.09
0.16 531 ¢.11 585 0.13 639 0.13
0.18 832 0.10 586 0.16 640 0.20
0.16 333 0.06 s87" 0.08 641 0.13
0.15 534 0.09 588 0.07 642 0.12
0.16 535 6.08 589 0.06 643 0.08
0.17 536 0.23 590 0.09 644 0.06
0.17 537 0.16 591 0.13 643 0.11
0.14 $38 0.12 592 L 0.17 646 0.10
0.16 539 0.09 593 0.11 847 0.13
0.23 540 0.13 594 0.10 648 0.21
0.14 541 0.16 395 0.08 649 0.14
0.18 542 0.13 396 9.09 650 0.14 °
0.12 543 0.11 897 6.14 651 0.18
0.13 S44 0.08 598 0.23 652 0.13
0.17 548 0.09 599 0.15 653 0.24
0.17 546 e.07 €00 0.12 654 0.16
0.17 547 0.07 §01 0.08 655 0.17
0.13 548 0.07 602 0.08 656 0.18
0.16 549 9.07 603 0.08 657 0.12
0.17 550 0.09 604 0.08 658 0.06
0.16 551 0.10 608 0.09 659 0.08
0.17 552 0.12 608 0.16 660 0.13
0.15 5§53 0.09 607 0.10 661 0.12
0.4 554 0.10 608 0.08 662 0.20
0.13 555 0.08 609 0.08 663 0.14
0.16 556 0.17 610 0.13 664 0.13
0.12 357 0.11 611 0.18 €65 0.29
0.16 558 6.08 612 0.22 666" 0.30
0.13 559 0.10 613 0.11 667 0.21
0.23 360 0.09 614 0.06 668 0.12
0.18 561 0.06 615 0.08 669 0.09
0.16 562 0.08 616 9.09 §70 0.32
0.14 563 0.05 617 0.08 671 0.17
0.15 564 0.05 618 0.08 6§72 0.11
0.15 565 0.08 619 0.08 673 0.10
......... e e et e A e e e e e e e e e m e camdc e A — . - - ———
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28 0.14 117 10.50 193 18.54 274 3.23
_31 7.53 118 0.55 194 1.26 275 0.25
32 0.19 119 2.55 195 0.02 277 0.07
s 0.02 120 0.48 196 0.22 279 0.04
36 0.37 122 2.89 198 1.32 281 5.06
37 0.04 123 0.19 200 1.43 282 0.41
38 0.31 124 20.07 201 a.18 284 0.26
9 0.03 125 1.23 203 0.56 286 0.20
40 0.02 126 0.06 208 1.89 291 1.81
43 0.20 127 0.08 206 0.06 292 0.13
44 0.05 129 7.78 208 0.06 293 1.72
45 6.02 131 14.46 210 2.17 294 0.14
48 0.14 132 0.51 211 0.06 298 0.02
50 1.72 134 0.43 212 14.46 303 0.03
s1 0.06 136 1.36 213 1.12 304 0.03
s5 1.61 137 0.20 215 2.05 305 0.03
56 0.03 138 1.73 216 0.08 310 2.786
57 0.22 139 0.11 217 2.42 311 0.20
60 0.19 141 0.74 218 0.13 312 2.72
62 3.40 143 9.35 220 0.07 313 0.21
63 0.17 144 0.59 222 7.40 315 0.07
67 0.66 146 1.16 223 0.39 317 0.08
69 100.00 148 2.93 224 7.70 320 27.04
70 1.18 149 0.13 225 0.56 321 1.69
72 0.02 150 1.13 227 0.64 122 48.30
74 4.55 151 0.18 229 0.69 323 3.27
75 0.17 153 2.37 231 3.32 124 24.15
76 1.12 155 4.38 232 0.13 325 1.57
77 0.04 156 0.22 234 0.27 326 0.086
79 5.23 158 0.15 236 1.13 327 0.15
80 0.32 160 3.02 237 6.06 329 0.08
81 5.40 161 0.44 241 8.80 332 0.04
82 0.35 162 32.14 242 0.54 334 0.09
86 4.89 163 2.05 243 9.31 336 0.03
87 0.23 165 1.25 244 0.64 341 11.22
88 0.08 167 3.02 246 0.30 342 0.94
91 0.92 168 0.17 248 0.33 343 10.63
93 18.03 169 0.34 249 0.02 344 0.95
94 0.77 170 0.09 250 6.23 345 0.05
95 0.08 172 0.80 251 0.10 351 0.66
96 0.17 174 2.07 253 0.95 352 0.05
98 2.93 175 0.18 255 1.11 353 1.23
99 0.13 177 2.02 256 8.05 354 0.10
100 6.76 179 2.42 260 2.44 355 0.61
101 0.30 180 0.09 261 0.13 156 0.05
103 0.09 181 2.60 262 3.87 360 2.93
105 4.08 182 0.15 263 0.28 361 0.28
106 0.24 184 0.80 265 5.57 362 2.85
107 0.24 186 5,82 266 0.29 363 0.29
108 0.09 187 0.33 267 5.57 370 4.72
110 0.54 188 0.09 268 0.32 371 0.33
112 12.24 189 0.07 270 0.09 372 9.06
113 0.70 191 4.04 | 272 3.36 - 373 0.73
115 0.23 192 0.09 273 0.22 374 4.51
------------------- R e R e R L e PR P TR R i PR R T RN
Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
------------------- Ll R R AR R L LR R Ll L L L EEEEY R ARl LR R el L T
375 0.37 405 0.03 425 0.09 444 2.63
389 0.03 420 0.84 439 48.30 445 0.15
351 0.05 421 0.09 440 4.04 508 0.02
393 0.03 422 1.59 441 81.63 510 0.03
401 0.03 423 0.18 442 6.21
403 0.05 424 0.79 443 32.65
------------------- R Rt R it L E L L L LT B
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20 0.46 93 7.29 153 0.13 224 9.37
24 0.05 94 0.34 154 0.38 229 0.09
26 Q.54 35 0.05 155 1.54 231 1.53
28 6.55 98 0.a7 156 0.10 232 0.25
29 0.26 99 1.13 159 0.09 236 0.08
31 11.46 100 4.76 160 0.43 241 q.15
32 1.23 101 0.22 161 1.75 242 0.06
35 0.29 104 0.31 162 7.59 243 0.20
36 Q.37 108 1.47 163 0.66 244 0.10
37 Q.26 106 Q.13 164 0.04 246 0.03
33 0.36 107 0.20 165 0.13 2438 9.02
39 0.06 110 0.11 166 0.15 250 1.58
40 0.07 111 0.38 167 0.70 251 0.11
41 0.04 112 1.62 168 0.07 255 0.04
42 0.06 113 0.34 169 0.23 260 18.01
43 0.24 114 0.09 172 0.04 261 0.66
44 0.49 116 0.89 173 0.65 262 19.05
45 0.15 117 3.98 174 0.24 263 1.19
47 Q.22 118 0.33 175 0.03 265 0.07
48 0.09 119 0.36 176 0.02 267 0.07
50 2.46 122 0.10 177 Q.08 272 0.15
51 0.48 123 0.58 178 0.02 274 0.16
52 Q.03 124 2.48 179 0.09 281 4.26
S5 1.07 125 0.17 180 1.45 282 0.48
56 Q.16 126 Q.02 181 8.04 291 0.76
57 0.17 128 0.11 182 1.09 293 0.77
60 Q.07 129 Q.48 183 ~0.07 294 0.04
82 2.06 130 1.79 184 0.04 300 1.21
63 0.30 131 7.89 1385 0.11 301 0.54
64 0.04 132 0.53 186 0.53 310 2.62
66 0.12 133 0.03 187 0.02 311 g.14
67 0.33 135 0.26 188 0.07 312 2.59
69 100.00 136 1.13 190 0.03 313 0.23
70 1.12 137 0.23 191 0.13 341 0.15
74 2.11 138 0.36 193 1.17 343 0.14
75 0.51 140 0.0 194 ¢.13 360 1.15
76 0.91 141 0.07 198 0.04 361 0.09
77 Q.05 142 0.15 200 2.42 362 0.84
79 2.88 143 0.70 201 0.14 363 0.10
a1 6.99 144 0.25 205 0.95 379 14.14 —
a2 0.53 146 0.07 206 Q.08 380 4.84
83 ¢.04 147 ¢.07 210 Q.29 381 9.38 —
86 2.33 148 0.30 212 5.13 382 0.91
87 0.20 149 0.13 213 0.53 410 0.06
88 Q.30 150 0.47 215 0.21 412 Q.06
a9 Q.03 151 Q.06 217 .30 448 0.27
1 Q.17 152 Q.03 222 0.28 450 0.138
------------------- D e e e L LD PP L At S DL LR S R Rt D
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20 0.03 73 0.06 124 0.94 187 1.62
24 0.01 74 1.17 125 0.26 188 0.10
25 0.02 75 2.63 126 1.22 193 0.09
26 0.05 76 0.83 127 0.09 194 0.56
27 0.04 77 0.04 130 0.38 195 4.40
28 1.09 79 0.66 131 0.34 196 0.34
29 0.02 80 0.98 132 0.10 197 0.02
31 4.36 81 0.33 133 0.20 199 0.44
32 0.34 82 0.36 134 0.01 200 0.05
33 0.03 83 0.03 137 5.39 205 0.02
36 0.08 84 0.06 138 0.36 206 0.16
37 1.79 86 0.53 139 0.01 207 0.05
a8 0.20 87 3,21 140 0.04 212 0.13
39 0.09 88 0.24 141 0.01 214 38.49
40 0.18 89 0.03 144 7.48 215 3.25
41 0.01 90 0.25 145 1.50 216 0.13
44 1.93 91 0.02 146 0.22 217 0.12
45 0.16 93 2.75 148 0.16 218 0.26
46 0.21 94 0.86 149 1.08 219 0.04
47 0.02 95 0.40 150 0.30 224 0.17
48 0.07 96 0.06 151 0.06 225 0.03
49 0.32 99 8.84 152 0.08 226 0.13
50 1.14 100 1.25 155 0.15 232 0.23
51 1.80 101 0.08 156 0.43 233 Q.36
52 0.77 102 0.02 157 0.09 234 0.03
53 0.04 105 0.36 158 0.01 237 0.58
55 0.51 106 1.15 162 0.29 238 0.04
56 1.08 107 0.12 164 100.00 244 1.37
57 0.33 108 0.02 165 9.50 245 0.34
58 0.12 110 0.04 166 0.36 246 0.02
59 0.04 111 0.08 168 3.45 262 0.03
61 0.52 112 0.15 169 0.30 264 22.86
62 0.22 113 0.85 170 0.04 265 1.95
63 0.56 114 2.84 175 1.20 266 0.08
64 1.41 115 0.16 176 1.30 283 58.55
65 0.05 117 1.43 177 0.11 284 6.33
68 2.71 118 1.59 179 0.03 285 0.24
69 31.91 119 0.43 181 0.02 332 0.02
70 0.87 120 0.12 182 0.51 352 0.06
71 0.36 121 0.01 183 0.08 447 0.03
------------------- R b bt e e

C. 41.




15382 | 1. .681)
186 8s 158 204672 No. 40.
U%FS
=FS ‘“T
E T T 3 3
m/z 456 453
18@ 454~
131 22?2 T l
@ Lk . l.!. lL]‘n? i?ﬁ ir?ﬂ; ‘1 l Y i, . I\
: y
m/= 53 1566 158 7@@ 253 308 358 48 454
................... e e e e e Ammmmm e mm e fmeemmmee———aamm—————
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___________________ Mmoo e
26 0.10 86 3.40 144 2.34 205 2.68
27 0.24 87 0.19 145 0.41 206 9.73
28 0.36 88 0.25 146 0.62 207 0.12
29 3.01 89 0.08 147 0.21 208 0.17
30 0.71 90 0.25 148 0.88 208 0.186
31 4.39 91 2.04 149 0.28 210 1.12
32 0.12 93 14.74 150 0.70 211 0.14
33 1.21 94 2.44 151 0.18 212 2.40
36 0.13 95 1.35 153 3.91 213 0.61
37 0.08 96 0.60 155 7.02 214 0.13
38 6.57 98 1.78 156 0.47 215 3.04
39 0.13 99 1.35 157 0.13 116 0.39
40 0.10 100 9.62 159 0.13 217 3.37
41 0.10 101 0.76 160 2.69 218 0.39
42 0.17 102 0.31 163 0.12 219 0.08
43 0.63 103 0.08 162 5.61 220 0.16
44 0.16 105 3.97 163 0.71 221 0.10
45 0.122 106 1.10 164 6.16 222 2.719
48 0.04 107 1.35 165 0.42 223 0.50
47 0.51 108 0.37 166 0.11 224 5.42
48 0.09 109 1.68 167 0.95 225 0.99
49 0.09 110 0.36 168 0.54 226 0.44
50 1.05 111 0.24 169 0.35 227 0.45
51 0.87 112 4.78 170 0.20 228 0.13
52 0.33 113 1.05 172 0.41 229 0.65
53 0.14 114 0.23 173 0.25 230 0.11
54 1.63 115 0.26 174 1.27 231 1.15
s5 2.34 116 0.36 175 1.60 232 0.17
56 0.31 117 6.70 176 0.44 233 0.05
57 0.37 118 0.56 177 0.79 234 4.17
58 0.06 119 2.05 179 0.91 238 0.52
60 0.37 120 0.31 181 7.92 236 4.78
€1 0.14 121 0.74 182 0.67 237 1.63
62 2.66 122 0.68 184 2.88 238 2.05
63 0.18 123 0.35 185 6.23 239 0.41
64 0.18 124 7.18 186 3.11 240 1.87
65 0.11 125 0.76 187 0.68 241 1.68
66 0.15 126 0.51 188 0.23 242 10.77
67 0.48 127 0.27 189 0.18 243 2.63
69 100.00 128 0.33 190 0.38 244 10.51
70 1.57 129 3.62 191 1.48 245 0.91
71 2.18 130 0.54 192 0.12 246 0.30
72 0.23 131 9.74 193 4.13 247 0.23
74 2.56 132 0.54 194 3.94 248 9.37
75 1.55 133 0.21 195 0.31 249 0.21
76 0.93 134 0.78 196 1.20 250 8.46
77 0.13 135 0.15 197 0.25 251 0.79
78 0.37 136 3.14 198 0.48 252 0.28
79 31.33 137 0.23 199 0.25 253 1.81
80 1.08 138 0.31 200 2.95 254 0.83
81 7.63 139 0.10 201 0.28 255 1.87
82 1.33 140 0.43 202 0.07 256 0.82
83 0.18 141 0.14 203 0.30 287 0.25
84 0.63 143 1.97 204 0.44 258 0.23
................... s S ST S S Y
Mass Rel Int | Mass Rel Iat | Mases Rel Int | Mags Rel Int
................... Amem e am e nn e e am e dmam . e amm———— oo hmam————————
260 10.26 300 0.40 340 1.59 400 0.19
261 0.72 301 0.07 341 2.00 401 0.03
262 11.41 302 1.82 342 0.64 402 0.10
263 7.28 303 34.36 343 1.28 408 2.72
264 1.01 304 4.87 344 0.57 409 0.21
265 1.39 305 31.28 345 0.10 410 4.84
266 0.20 306 3.40 346 0.04 411 0.44
267 1.29 107 0.18 348 0.18 412 2.44
268 0.11 310 0.53 349 0.06 413 0.21
269 0.40 311 0.06 350 0.28 417 0.71
270 0.54 312 0.53 351 0.22 418 0.07
271 0.27 313 0.15 352 0.28 419 1.38
mn 2.15 314 0.09 353 0.81 420 0.14
273 2.92 315 0.326 354 0.23 621 0.72
274 2.02 316 0.8 355 0.62 422 0.07
275 2.98 317 0.19 356 0.14 423 0.03
276 0.41 318 0.10 357 4.74 415 0.02
277 0.29 319 0.22 358 0.94 432 1.05
278 0.40 320 1.45 359 4.52 433 0.10
279 0.67 321 0.26 360 1.35 434 2.05
280 0.07 322 2.82 361 0.09 438 0.20
281 0.54 323 0.25 362 0.51 436 1.35
282 0.13 324 1.52 363 0.14 437 0.14
283 0.08 325 0.17 365 0.23 438 0.74
284 0.60 326 0.05 367 0.14 439 0.09
285 0.13 327 0.05 369 0.04 440 0.35
286 0.57 329 1.15 370 0.14 441 0.05
288 13.46 330 0.19 37 0.09 451 20,51
289 2.31 131 3.14 372 0.32 452 2.04
280 12.82 332 0.44 373 0.10 453 31.41
291 3.46 333 2.05 374 0.19 454 2.92
292 0.93 334 0.30 375 0.04 495 14.10
293 1.76 335 0.14 382 0.12 456 1.23
294 0.73 336 0.08 384 0.22 457 0.09
295 0.14 337 0.05 386 0.11
296 0.05 338 1.66 391 0.03
298 0.20 339 0.83 398 0.10
------------------- R R D N e et
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20 0.18 79 3.93 138 2.22 193 15.98
24 0.08 80 2.53 139 1.83 194 6.86
25 g.12 81 11.75 140 1.71 195 3.35
26 1.41 82 2.53 141 1.31 196 3.35
27 4.61 83 1.585 142 0.86 197 1.28
28 5.31 84 0.63 143 8.88 198 6.18
29 19.26 8s 0.22 144 4.54 199 1.79
30 5.19 86 2.03 145 4.34 200 6.18
31 9.84 87 0.89 146 2.22 201 0.94
32 1.51 88 1.03 147 3.38 202 1.73
33 5.12 89 0.80 148 1.65 203 18.99
34 0.13 90 1.62 149 1.13 204 2.49
35 0.06 91 7.75 150 11.48 205 28.14
36 g.85 93 22.13 151 1.79 206 7.96
7 1.24 94 3.62 152 5.57 207 2.08
38 5.60 95 5.81 153 7.27 208 1.52
39 1.91 96 2.53 155 12.87 209 L.12
40 0.84 97 0.44 156 2.25 210 18.99
41 0.80 98 1.48 157 2.29 211 1.62
42 1.84 99 3.07 158 1.31 212 4.13
43 11.20 100 16.80 159 0.97 213 1.35
44 0.64 101 2.25 160 9.29 214 0.63
45 1.16 102 2.49 161 6.55 215 10.52
46 0.14 103 0.31 162 14.34 216 1.62
47 1.65 105 5.16 163 4.17 217 10.79
48 Q.20 106 3.24 164 2.07 218 2.02
48 0.45 107 11.20 165 7.51 219 4.58
50 2.66 108 1.77 186 1.06 220 1.50
51 3.65 109 10.11 167 3.38 221 24.04
52 2.73 110 0.38 168 1.25 222 4.61
53 1.42 111 0.30 169 2.46 223 1.06
54 9.97 112 4.85 170 0.67 224 6.18
55 2.66 113 5.60 171 0.83 228 2.97
56 1.14 114 1.51 172 2.15 226 4.88
57 1.12 115 1.54 173 0.64 227 1.40
59 35.52 117 9.56 174 5.16 228 1.47
&0 1.17 118 1.34 175 3.83 229 2.90
61 0.48 119 12.84 176 3.1 230 Q.37
62 4,54 120 2.23 177 6.93 231 §.313
63 2.66 121 6.18 178 3.48 232 3.64
64 1.28 122 1.36 179 4.37 233 2.66
65 0.99 124 10.93 180 0.45 234 6.97
&6 0.69 125 1.57 181 5.02 238 5.64
67 0.98 126 1.55 182 9.15 236 11.61
69 100.00 127 0.66 183 2.66 237 a.74
70 1.55 128 0.78 184 1.53 218 2.22
71 13.93 129 2.94 188 0.53 239 0.41
72 1.07 131 14.21 186 3.07 240 1.23
73 0.05 132 2.19 187 16.12 241 1.52
74 3.18 133 8.20 188 1.96 242 11.48
75 4.37 134 2.49 189 6.62 243 2.56
76 1.59 135 0.43 190 1.76 244 12.16
17 2.60 136 7.45 191 2.56 248 0.86
78 10.38 137 11.75 192 0.67 246 5.33
Mags Rel Int | Mags Rel Int | Mass Rel Iit | Mass Rel Int
R e L L P L L PP pocumenan EL LR bommenm cmaa—aa.
247 1.82 296 0.38 345 0.34 399 Q.05
248 7.68 297 0.38 346 0.20 400 0.09
249 0.88 298 2.06 347 0.08 401 0.10
250 3.42 299 0.35 348 0.26 402 0.08
252 0.78 300 4.00 349 0.83 403 0.09
252 1.18 301 1.02 350 1.83 410 9.08
283 10.52 302 3.11 351 2.19 412 0.07
254 2.83 343 1.20 352 1.81 414 Q.29
55 10.28 304 2.73 53 2.18 418 0.06
256 7.82 308 0.933 354 2.19 416 0.47
357 3.24 306 1.78 358 1.03 417 0.63
258 5.84 307 0.53 356 2.02 418 0.29
259 2,60 308 0.80 57 0.35 419 1.08
260 36.07 309 0.42 , 138 0.87 420 9.56
261 .21 310 2.29 159 9.07 421 1.3¢0
262 3.91 311 0.58 360 1.43 422 17.62
263 0.86 312 1.99 381 0.29 423 1.85
264 0.65 313 0.6% 362 0.83 424 8.67
265 1.47 314 0.74 363 1.14 428 Q.73
266 2.36 1s 66.12 364 0.37 426 0.05
287 1.72 316 5.05 165 1.96 429 31.59
268 2.02 317 60.66 366 0.43 430 0.33
69 0.67 318 4.71 g7 1,08 431 6.86
170 2.39 319 0.51 3es 0.27 432 0.72
271 0.89 320 1.38 389 0.88 433 3.38
72 4.88 321 0.38 370 0.19 434 4.50
273 2.46 322 2.36 37 0.85 435 0.13
4 3.9¢ 313 0.48 372 0.21 436 0.09
275 4.10 324 1.20 374 0.08 437 0.04
276 1.36 325 0.29 377 80.04 444 0.88
277 0.93 326 16.80 379 0.38 445 Q.10
278 0.49 3a7 1.26 380 0.06 446 1.75
279 0.99 328 15.57 38l Q.81 447 0.21
280 0.34 3z 1.25 3is2 a.24 448 0.96
281 0.34 330 0.26 a3 0.46 445 0.17
282 0.78 i 0.48 384 0.48 450 0.18
283 0.38 332 0.40 ias 0.24 451 0.12
284 2.60 333 0.65 386 0.57 452 0.09
285 3.96 334 0.47 387 0.13 453 0.06
286 3.2 335§ 2.56 38g 0.57 463 51.91
287 3.96 336 1.44 g9 0.11 464 4.92
288 1.73 337 2.32 a9 0.17 465 69.95
289 1.10 338 2.87 91 0.16 466 6.93
290 1.31 339 3.07 392 0.12 467 28.96
291 1.49 340 1.92 393 0.10 468 3.04
292 1.23 341 3.04 394 0.17 469 ¢.33
293 0.68 342 0.40 136 6.18
294 1.24 343 0.47 397 6.02
295 0.36 344 G.19 398 0.12
------------------- B R R Rt Rk D Ly g gy A g SR g U
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Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
------------------- R it R LR LR LT L S D P
20 0.27 77 5.52 131 .50 185 0.54
24 0.06 78 9.18 132 2.34 186 1.39
25 0.06 79 2.94 133 7.15 187 37.61
26 0.87 80 2.21 134 2.32 188 4.50
27 4.79 81 9.91 135 2.35 189 1.07
28 17.57 82 3.60 136 1.98 190 3.60
29 15.77 83 2.7 137 11.20 191 2.10
30 4.45 84 1.87 138 2.03 192 2.58
31 7.21 85 0.40 139 1.41 193 13.40
32 5.24 86 0.93 140 2.66 194 12.73
33 5.29 87 0.61 141 2.51 195 2.53
34 0.17 88 7.15 142 1.31 196 3.51
3s ¢.10 89 1.17 143 10.70 197 1.56
36 0.35 90 1.00 144 3.08 198 4.05
37 0.65 91 2.06 145 2.08 199 2.08
as 1.69 92 1.52 146 2.01 200 8.73
39 2.48 93 9.52 147 2.06 201 1.91
40 2.22 94 3.66 148 1.72 202 2.21
41 3.45 95 3.94 149 1.49 203 8.22
42 8.78 96 2.07 150 13.01 204 1.80
43 14.3¢ 97 - Q.94 151 5.41 205 10.42
44 1.38 98 0.91 152 7.77 206 4.50
45 S.41 99 1.46 153 4.67 207 2.55
46 0.33 100 16.67 154 1.00 208 2.46
47 2.27 101 2.28 155 14.64 209 4.73
48 0.08 102 3.10 156 2.25 210 4.28
49 0.22 103 0.39 157 2.44 211 0.79
50 1.46 104 0.21 158 2.00 212 2.17
51 4.28 105 3.55 159 1.93 213 1.28
52 2.06 106 3.66 160 3.2 214 1.42
53 2.39 107 12,50 161 1.28 215 2.3s
5S4 31.76 108 1.90 162 5.80 216 4.11
55 2.79 109 10.75 i63 2.91 217 2.55
56 3.83 10 0.63 184 3.58 218 2.56
57 1.84 111 0.47 165 5.80 219 4.05
58 1.27 112 4.67 166 9.74 220 2.60
g9 24.717 113 4.05 187 2.0y 221 21.85

5.12

1.41

4.50

1.28

2.94

0.87

1.96

2.36

1.04

2,22

2.44

1.22

5.80

1.75

2.39

100.00

7.49

Rel Int

0.14

0.12

0.15

1.49

243 2.17 284 1.31 328 0.24 387 0.43

244 9.68 285 1.03 326 1.38 368 2.08

245 1.35 286 1.48 327 0.30 369 2.31

248 3.7 287 1.01 328 1.45 370 1.22

247 2.74 288 4.67 329 0.26 in 1.8%

248 8.78 289 0.77 330 0.49 172 41.44

249 2.42 2%0 15.99 331 25.90 373 3.53

250 72.07 291 11.88 332 2.10 374 37.84

251 5.35 292 1.83 333 25.00 375 3.55

252 4.00 293 0.58 334 2.32 376 0.36

253 2.55 294 9.56" 318 1.07 380 0.49

254 1.14 295 5.74 316 0.58 isl 14.41

255 1.79 296 0.60 337 0.33 3is2 2.51

256 1.68 297 1.96 338 0.79 383 14.30

257 1.49 298 1.86 339 e.73 384 2.90

258 2.08 299 1.98 340 1.75 38s 0.53

259 1.45 300 3.1 341 0.76 86 6.36

260 7.43 301 1.56 342 1.91 387 0.83

261 6.42 302 2.90 343 0.29 3ss 5.24

262 20.27 303 2.25 344 21.62 lag 0.58

263 2.11 304 1.03 345 1.79 396 0.13

264 1.34 305 0.97 346 20.08 %8 0.37

265 0.88 306 3.83 347 1.69 399 0.23

266 0.86 307 0.86 348 0.23 400 12,95

267 30.18 3os 1.35 3150 0.386 401 1.51

268 2.89 309 0.23 351 0.88 402 12.11

269 1.32 310 0.9%0 352 1.53 403 1.37

270 Q.72 311 0.27 353 1.00 404 0.11

271 1.48 312 0.90 354 2.04 414 1.55

272 2.80 313 0.84 388 1.32 415 92.79

273 1.53 314 0.67 356 1.63 416 10.42

274 1.83 315 18.69 357 1.24 417 69.37

275 1.20 316 2.88 358 0.79 418 7.77

278 2.04 317 18.02 359 1.25 419 0.84
277 0.74 318 2.14 360 0.15
274 20.0S 319 0.45 sl 1.15
279 2.03 320 0.62 362 0.17
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Mass  Rel Int | Mass Rel Int | Mass Rel Iat | Mass Rel Int
------------------- D e et T ettt
20 0.15 82 4.21 137 1.38 191 2.67
25 0.11 83 3.20 138 1.27 192 2.81
26 3.80 84 46.52 139 1.23 193 9.97
27 30.70 as 3.11 140 1.70 194 6.96
28 27.22 86 6.92 141 1.66 195 2.717
29 25.00 87 0.45 142 0.56 136 1.76
30 3.44 88 0.64 143 3.36 197 1.12
3 2.51 89 0.40 144 6.17 198 1.36
32 1.31 20 0.42 145 2.02 199 1.70
13 1.46 91 0.14 146 0.65 200 3.22
36 0.13 92 6.20 147 0.60 201 1.70
37 0.37 93 4.55 148 1.86 202 1.56
38 1.68 94 1.74 149 1.78 203 1.56
39 39.24 95 1.58 1sQ 2.57 204 1.09
40 9.97 96 0.87 151 1.42 205 2,12
41 96.20 97 0.48 152 1.12 206 1.40
42 37.66 98 0.66 153 1.94 207 1.92
43 6.25 93 1.21 154 0.86 208 2.67
44 1.94 100 8.15 155 3.66 209 3.08
45 0.36 101 1.62 156 1.02 210 1.31
46 0.57 102 0.63 157 1.14 211 0.63
47 9.30 103 0.12 158 1.00 212 8.23
48 0.19 105 0.89 159 0.88 213 4.49
50 1.66 106 1.13 160 0.90 214 4.13
51 3.44 107 1.14 161 0.65 21§ 2.83
52 2.27 108 1.05 162 10.92 216 0.77
53 10.52 109 0.48 163 5.38 217 2.47
54 10.05 110 0.20 164 2.83 218 0.70
55 §7.51 111 0.31 165 1.17 219 1.14
56 27.88 112 2.71 166 0.76 220 2.63
57 13.53 113 3.11 167 3.96 221 3.03
58 ¢.90 114 1.90 168 3.98 222 4.73
59 0.61 115 0.32 169 2.14 223 0.95
60 0.19 116 0.18 170 2.23 224 4.47
61 0.14 117 3.24 171 3.62 235 1.03
62 0.55 118 0.57 172 1.66 226 3.09
63 0.84 119 2.00 173 0.86 227 2.16
64 1.40 120 0.89 174 3.62 228 2.06
65 3.44 121 1.36 175 2.81 239 2.63
66 1.86 122 0.59 176 3.01 230 1.74
§7 15.27 123 0.30 177 2.02 231 3.03
€8 5.85 124 5.38 178 1.19 232 3.94
69 100.00 125 1.10 179 1.92 233 1.50
70 12.82 126 1.46 180 0.91 234 1.70
71 1.38 127 3.78 181 3.01 235 1.08
72 0.35 128 0.64 182 1.96 236 1.80
74 0.85 129 2.02 183 0.87 237 0.81
75 1.19 130 0.42 184 1.26 238 0.7L
76 2.69 131 5.46 188 0.96 239 1.92
77 0.49 132 1.31 186 4.53 240 15,27
78 0.74 133 0.57 187 2.39 241 6.41
79 1.23 134 0.64 188 2.06 242 6.65
80 1.84 135 0.65 189 2.95 243 §.88
81 2.02 136 1.36 190 12.18 244 5.93
___________________ SRR St SRy Y-S U PN
Mass Rel Inc | Mass Rel Int | Mmasa Rel Int | Mass Rel Inc
------------------- R R R i e el i bt
248 1.48 292 6.09 339 9.21 isa 7.67
246 1.78 293 2.87 340 0.13 189 14.48
247 1.34 294 5.93 341 0.66 390 8.31
248 3.32 295 6.42 342 0.75 391 12.28
249 1.38 296 4.02 343 0.76 392 1.29
250 1.56 297 1.84 344 1.02 395 0.76
251 0.85 298 1.62 345 1.58 396 0.73
252 0.98 299 0.54 346 4.47 397 1.96
253 3.16 300 0.65 347 1.09 398 0.95
254 3.07 301 1.38 348 3.44 399 1.2
255 3.82 302 0.79 349 1.33 400 0.76
256 1.05 303 1.44 3s0 0.27 401 8.78
257 1.22 304 0.44 351 0.90 402 2.14
258 0.91 308 0.72 382 0.19 403 16.61
259 7.12 306 1.42 353 0.42 404 2.59
260 1.70 307 0.77 354 0.12 405 8.62
261 0.62 308 1.88 3s5 0.61 406 1.04
262 3.40 309 1.36 356 0.36 407 0.18
263 2.02 310 2.16 357 0.73 409 0.10
264 0.62 311 2.27 158 0.70 412 0.20
265 €.88 12 1.22 359 0.39 413 0.38
266 1.48 313 1.94 360 3.24 414 0.41
267 10.28 314 0.38 361 20.25 415 21.52
268 2.23 315 1.26 362 7.44 416 2.9
269 2.55 316 0.47 363 19.94 417 20.17
270 4,11 17 1.80 364 5.46 418 2.67
271 1.98 318 1.07 365 10.60 419 0.23
272 5.22 319 0.70 366 1.62 423 0.24
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Mass Rel Int | Mass Rel Int | Rel Int | Mass Rel Int
------------------- B ittt ikt e S
20 0.48 82 1.45 143 7.49 192 0.67
24 0.15 86 5.34 144 13.77 193 4.18
25 0.32 87 1.97 145 1.10 194 5.47
26 1.97 88 0.22 146 0.14 198 0.61
27 1.59 89 0.35 147 0.31 198 0.12
28 16.90 91 Q.18 148 .95 199 0.19
29 1.35 93 12.25 149 1.18 204 0.16
31 12.96 94 3.64 150 Q.40 205 0.22
32 4.68 95 6.30 151 0.3¢ 206 0.07
35 0.21 9S8 2.35 152 0.23 212 1.16
36 0.35 239 3.16 153 0.52 213 1.31
37 2.43 100 2.73 154 0.58 214 0.52
k}:] 1.72 104 0.40 155 1.20 217 1.04
39 1.57 105 1.58 156 0.43 222 0.67
40 0.73 106 1.95 159 0.09 224 1.00
41 0.74 107 0.17 160 0.18 2312 3.59
42 .49 110 0.09 161 1.30 237 0.14
43 0.79 111 0.58 162 6§.88 242 21.46
44 5.64 112 6.88 183 8.60 243 0.64
45 0.683 113 12.25 164 2.13 244 23 .48
47 2.05 114 Q.84 165 0.62 245 1.21
48 0.25 116 3.04 166 0.78 262 0.54
49 0.63 117 5.36 167 1.95 263 3.42
50 3.37 118 1.61 168 0,96 264 0.50
51 4.50 119 1.16 169 0.19 267 0.11
52 0.18 120 0.66 170 0.12 273 0.69
53 0.24 121 0.14 173 0.28 275 0.66
S5 1,21 122 0.16 174 0.95 282 5.39
56 1.67 123 1.25 175 1.13 283 1.08
57 0.17 124 2.86 176 0.24 292 4.66
62 0.93 125 0.32 177 0.22 293 0.21
63 7.49 126 0.08 178 0.15 294 4.68
66 0.46 128 0.53 179 .21 3ol 0.17
66 .20 129 1.20 180 - 0.08 303 0.12
69 100,00 130 1.33 181 1.06 323 0.14
74 1.51 131 2.10 is2 . 1.92 32s 0.16
74 4.91 132 0.58 183 0.12 342 2.68
75 2.43 135 0.80 18S 0.49 344 2.68
76 Q.39 136 2.94 185 1.77 361 18.02
79 3.09 137 2.48 187 1.72 362 0.72
80 2.28 133 0.36 188 0.09 363 17.91
81 3.95 142 0.60 191 0.17 364 1.03
------------------- T L e L L L LT S LT T
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Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
..................................... O S SR s IO
20 0.05 86 0.98 152 0.33 215 0.82
25 0.01 87 0.85 153 ¢.81 217 1.37
26 0.21 88 1.65 154 Q.14 218 9.56
27 1.05 89 0.85 155 2.35 219 2-%0
28 1.43 91 0.76 156 0.44 220 3.26
29 1.36 93 4.63 157 0.64 21 0.34
30 9.07 94 Q.81 154 Q.66 222 0.81
31 1.2% 95 0.88 159 0.61 224 3.99
32 Q.19 96 4.25 160 0.18 22S 0.59
a3 0.14 99 2.50 161 0.94 228 0.14
3s 0.01 100 2.74 182 2.07 227 0.75
37 0.09 101 1.10 163 8.66 218 4.1a
38 0.10 102 0.36 185 0.27 229 0.66
39 7.07 143 0.14 166 0.35 232 16.22
40 0.29 105 2.47 167 0.75 233 1.01
42 0.65 106 1.35 168 Q.50 234 0.22
43 2.63 107 1.15 170 16.34 235 0.12
43 3.32 108 .97 174 1.01 236 0.33
44 2.26 109 0.93 175 0.72 237 0.31
45 2.2 111 0.37 176 0.28 238 1.20
47 2.90 112 1.59 177 0.75 239 7.47
47 5.06 113 1.36 179 1.95 240 0.47
48 1.90 114 0.24 180 0.19 241 Q.62
49 4.45 115 0.19 182 2.44 242 1.07
50 0.61 117 2.56 182 1.85 243 1.98
51 1.33 118 0.19 183 0.40 244 1.34
52 0.28 119 1.84 184 <0.75 245 g.21
53 1.32 120 1.36 185 g.38 246 0.13
54 q.45 121 0.11 138 .21 247 0.21
55 0.75 122 0.24 187 0.45 248 0.78
56 0.45 124 5.27 188 4.18 249 4.60
57 1.12 125 Q.90 189 2.77 250 1.04
58 1.12 126 0.59 190 1.43 151 5.09
59 0.25 127 0.44 192 Q0.83 252 Q.51
81 0.80 129 1.95 193 2.44 253 0.13
62 1.75 130 0.28 194 1.07 54 0.585
83 3.48 131 2.32 195 0.20 255 0.58
64 0.54 132 9.93 196 0.0% 256 0.50
63 0.42 133 Q.37 198 1.27 257 1.86
(13 0,24 134 0.38 199 9.59 258 2.16
67 0.67 136 1.39 200 0.47 259 0.45
€9 17.07 137 2.62 201 0.36 281 Q.37
70 0.77 138 0.52 202 0.14 262 0.33
72 27.44 138 3.17 203 0.41 263 0.37
73 31.71 140 0.31 208 1.22 264 9.32
74 3.69 141 4.18 206 0.42 265 1.01
75 3.20 143 7.44 207 0.22 266 0.40
77 100.00 144 1.65 208 2.68 267 1.08
78 6.16 145 0.82 209 0.36 268 3.11
. 0.21 210 0.26 270 11.34
0.35 211 0.26 271 1.18
1.14 212 3.29 272 0.69
2.84 213 1.00 273 0.11
0.78 214 Q.39 274 9.85
------------------- Rl e Rl Dk T S Ry Ry
Rel Int | Mass Rel Imc | Mass 8el Int
.................. e memmmeemtmae e facaacammar—a————
Q.04 147 .10 3s0 0.28
1.95 348 0.21 391 0.03
0.18 349 2.44 392 0.06
1.89 350 0.41 398 0.04
0.07 351 2.53 399 0.06
Q.03 3152 Q.29 401 0.05
0.1¢ 354 3.90 402 0.02
0.38 155 0.49 403 0.0s5
¢.33 3156 0.14 404 0.07
0.41 157 Q.48 408 0.06
0.24 358 0.04 406 0.07
0.04 359 0.48 413 0.24
0.52 360 Q.17 413 0.a7
19,31 361 0.05 414 0.30
0.14 362 Q.17 415 0.05
0.34 163 0.08 416 0.28
0.1s 364 0.140 417 0.40
0.04 365 0.03 418 14.88
0.20 l6¢ g.08 419 1.35
0.22 3e7 0.02 420 14.27
0.18 368 0.06 421 2,04
1.18 370 ¢.07 422 Q.55
0.2¢ i72 0.02 432 0.12
1.88 374 0.01 433 0.25
0.35 76 0.01 434 Q.15
0.13 kl:F) 0.02 43S 4.24
0.12 384 0.04 436 0.04
0.Q3 386 0.08
0.12 388 0.23
---------- eceememeccamaceceedeccemccamcecenanan

C.47.




PHIESCR 629 (19.709)
83

13@ N0.46.
BFS
255 32343
2.
sl i P2 275 293 |33 398 , u,i]
/=2 88 2068 3B 486 588

0.46

NOMHNOOONOG
HhUPUIDWON

QCO000o0O0OHOOH

[=X-R-¥ N~}
rUunNp g
R RN

2.17

o
N
0

1.04

N
a
"

0.06
0.07
1.51
0.09
0.31
g.13
.88
1.87
Q.10

NWOWORHFON
n «
w

(=]
-
o

C. 48.
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Mass Rel Int | Mass Rel Int Rel Int | Mass Rel Int Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel I
------------------- B T T T e e e e S e e T e e e e e e e e e e e e e e e e e b e e me e asdemAcfeamc e e a.maa— o m—a————————
28 0.41 105 1.34 1.02 236 4.31 299 0.86 366 0.19 423 1.39 478 0.:
29 Q.45 106 0.32 4.06 237 2.20 300 0.48 387 2.67 424 2.33 479 1.
30 0.17 107 0.24 0.60 238 1.13 301 Q.22 368 0.76 425 2,94 480 0.:
31 0.43 108 0.14 0.40 239 0.31 302 0.19 369 0.58 426 0.80 481 8.¢
1z 0.19 109 0.19 0.80 240 0.15 303 0.63 370 0.20 427 1.22 482 1.:
13 0.13 110 0.24 0.27 241 1.33 308 5.00 371 0.75 428 0.37 483 0.:
39 0.06 111 0.28 3.23 242 0.25 306 1.81 372 1.23 429 0.70 484 1.6
40 0.0s 112 0.73 0.32 243 8.06 307 0.57 373 0.12 431 2.42 485 0.¢
41 0.07 113 0.32 1.59 244 1.05 308 0.78 374 5.19 432 0.37 486 2.¢
43 0.48 114 6.33 0.65 245 0.13 309 0.21 375 3.11 433 8.26 487 0.8
44 0.24 115 0.15 0.54 246 0.36 310 2.08 376 0.77 434 1.23 488 0.¢
45 0.13 116 1.14 0.74 248 9.25 312 0.36 T 0.83 435 1.38 483 0.3
47 0.33 117 3.19 5.13 249 1.05 312 §.94 378 0.20 436 3.38 490 0.1
50 0.86 118 0.38 1.39 250 1.03 313 1.00 379 0.82 437 1.67 491 1.
51 0.48 118 1.09 1.22 251 0.27 315 0.47 380 0.22 438 0.7¢ 492 0.1
54 6.30 120 0.16 0.60 253 60.71 317 3,78 381 1.27 433 0.31 493 1.5
55 0.33 122 0.19 1.03 254 0.22 2118 1.00 382 0.18 440 0.65 494 2.4
56 0.17 124 1.61 0.38 255 9.44 319 0.65 384 0.68 441 1.80 495 0.7
57 0.23 124 5.69 7.44 256 1.83 320 0.27 388 0.56 442 0.29 496 0.6
60 0.58 125 4.45 0.96 257 1.1 321 0.40 386 3.00 443 2.63 437 0.2
61 4.03 126 0.17 0.48 258 0.54 322 0.88 387 l1.48 444 1.19 498 0.5
62 .15 129 1.06 0.22 260 1.92 324 3.41 388 9.68 445 0.52 499 0.0
63 0.07 130 0.75 1.91 261 0.75 325 2.50 389 0.42 446 Q.46 500 0.2
65 0.25 131 2.44 0.59 262 7.32 326 0.91 390 0.62 447 Q.19 502 0.3
67 0.14 132 0.20 2.72 263 0.86 327 0.78 391 1.92 448 0.77 503 1.5
69 100.00 133 0.23 0.44 264 ¢.41 323 1.78 392 0.26 449 0.15 504 0.5
71 0.17 134 0.24 -2.59 265 1.06 330 0.55 393 3.8 450 0.51 505 3.5
73 0.11 136 1.75 0.50 267 4.06 331 Q.85 394 1.17 451 0.09 506 1.2
74 4.06 137 0.58 4.50 268 1.27 332 0.66 395 0.52 452 0.25 507 1.8
75 0.58 138 0.65 1.41 269 1.73 334 0.93 396 0.61 453 1.02 508 0.8
76 1.17 139 0.26 1.28 270 0.34 336 6.25 398 1.67 454 0.64 509 4.3
79 0.72 141 1.23 0.79 271 0.80 337 2.28 399 0.57 455 4.75 510 2.1
80 0.13 143 5.00 2.97 272 0.90 339 0.49 400 0.45 456 1.92 511 0.3
81 1.64 144 Q.46 0.73 274 .78 340 0.43 401 0.34 457 1.20 512 1.3
82 0.21 145 0.13 3.78 275 1.80 341 1.00 403 1.25 458 1.13 513 0.3
a3 0.23 146 0.36 0.79 276 1.17 343 6.69 404 1.22 459 1,28 514 0.3
84 0.22 1438 2.94 1.66 277 0.73 344 1.11 405 4.50 460 0.71 515 0.3
86 1.47 149 0.43 7.00 277 1.69 345 0.25 406 2.83 461 0.17 516 Q.3
87 0.20 150 1.22 2.58 279 4.13 346 0.28 407 1.11 462 0.68 517 Q.3
88 0.14 151 0.17 1.61 280 a.95 348 2.28 408 0.91 463 1.77 518 [ 8
89 0.08 153 1.03 0.32 281 1.55 349 0.34 409 0.45 464 0.38 519 0.7
92 0.34 155 7.56 0.18 282 1.13 350 ¢.50 410 0.61 465 0.94 520 Q.1
.92 3.87 156 0.75 1.45 284 1.38 351 0.30 411 0.10 466 0.50 521 Q.6
93 5.50 157 0.23 0.29 286 6.75 352 0.20 412 5.00 467 1.31 522 0.2:
94 0.41 158 Q.25 7.32 287 2.33 353 0.97 413 0.49 468 0.80 523 4.8
95 0.24 160 0.92 1.06 2828 0.87 1354 Q.55 414 0.19 469 0.79 524 13.81
96 0.11 162 3.64 0.42 289 0.57 355 4.63 415 1.16 470 0.13 525 7.5
97 0.19 163 0.81 1.14 290 0.35 356 2.00 416 0.41 471 0.54 526 1.8
98 0.40 164 0.30 3.95 291 0.94 357 1.16 417 2.25 472 0.63 527 0.91
99 1.38 165 0.73 1.20 293 11.38 358 0.75 418 0.71 471 1.48 528 0.64
100 2.44 167 2.31 2.86 294 1.50 3e0 0.86 419 0.87 474 1.66 529 0.2¢
102 Q0.84 168 1.03 0.77 298 4.25 1381 Q.17 420 0.18 47S 2.69 530 0.3:
103 0.12 169 1.53 0.21 296 0.13 3&2 4.56 421 0.75 476 1.14 531 0.3¢
104 0.48 170 0.54 1.00 298 3.80 265 0.73 422 1.20 477 1.56 532 0.0¢
................... B T T A L L L L L LT e tepamp RS pRC LB L DL LR R L i L T P o S U U RS
Mass Rel Int | Mass Rel Int Rel Int | Mass Rel Iat
------------------- S dubalain bbb A R b bl b Al Db b b iabalnb bl Soh ol bk b b b )
533 0.77 561 0.19 a.21 630 0.06
534 6.79 562 0.82 0.08 631 0.38
535 1.47 563 3.09 1.69 632 0.06
536 1.1 564 0.71 0.41 633 0.12
537 0.80 565 9.38 0.04 635 0.08
538 0.61 566 ¢.11 0.09 638 2.30
519 0.14 567 0.13 a.12 619 0.43
540 0.34 569 0.51 0.12 640 t2.23
541 Q.65 570 0.11 0.12 641 0.59
542 a.12 571 0.5§ 0.95 642 1.50
$43 9.78 572 0.32 Q.77 643 7.88
544 0.25 573 1.81 1.27 644 2.77
545 1.03 574 3.33 0.80 648 7.81
546 2.78 57S 2.58 0.35 646 1.21
547 0.48 576 2.86 0.17 647 0.07
548 2.53 577 1.06 0.11 6§53 7.00
549 0.42 578 2.58 0.10 654 1.44
550 0.69 579 0.57 0.39 655 7.00
551 0.15 580 g4.08 0.07 656 1.42
5§52 0.34 581 0.14 0.39 657 Q.32
553 4.13 583 0.96 0.07 6§59 0.17
554 1.13 584 0.71 0.96 671 13.75
555 5.75 585 1.03 [ -1 672 25.75
556 1.33 586 a4.76 1.80 613 16.50
557 1.58 587 0.16 0.84 674 23.50
§58 0.39 588 0.57 0.89 675 4.13
559 0.62 589 Q.08 ~0.34 676 0.41
560 0.95% 590 0.52 0.41
--------- R it L e e S L L L e S L L R T P
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- %a No. 48.
AFS
}77
81 442
T s t
S ba t . T r T pagaine prodedanny e
n/z 9 8 159 268 258 369 2 460
------------------ e e et D RETEPU L R
Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
"""""""""" R el e At L LR R R LR T Py
27 0.04 83 0.54 137 Q.21 191 0.08
28 0.34 84 0.29 138 0.17 192 0.08
29 0.12 BS 0.43 139 0.28 193 0.29
30 0.01 88 0.20 140 0.22 194 0.25
1 0.08 87 0.77 l4a1 0.11 19s 0.22
32 Q.22 88 0.68 142 0.08 196 4.37
33 0.02 a9 0.61 143 0.49 197 0.32
36 .02 90 0.17 144 0.26 198 0.15
37 0.02 91 0.34 145 0.58 199 0.11
38 .03 92 0.13 146 Q.25 200 0.18
39 0.37 93 Q.53 147 a.30 201 0.10
40 0.07 94 0.21 148 0.13 202 0.11
41 0.09 95 0.31 149 0.23 203 0.06
42 0.25 96 0.14 150 0.27 204 0.07
43 3.08 97 0.13 151 0.19 205 4.07
44 1,70 98 0.19 152 0.12 206 0.07
45 11.7% 98 0.80 153 0.25 207 0.09
46 0.82 100 0.61 154 0.10 208 0.09
47 3.10 101 1.46 155 0.22 209 0.08
48 0.18 102 0.38 156 0.13 210 0.52
49 3.31 103 0.18 157 0.34 211 0.15
50 0.32 104 0.41 158 0.17 212 0.16
51 0.57 108 0.47 159 0.20 213 0.21
52 ¢.13 106 0.34 160 0.10 214 0.18
53 0.48 io7 0.22 161 0.21 215 0.18
54 0.31 108 0.26 182 0.28 216 Q.41
SS Q.57 109 9,21 163 Q.72 217 0.13
56 0.26 110 0.09 164 0.20 218 0.08
57 1.02 111 0.12 165 0.20 219 0.14
58 1.25 112 0.29 166 0.74 220 0.23
59 Q.89 113 Q.48 167 0.18 221 0.10
60 0.11 114 ¢.17 168 0.14 222 e.07
61 0.18 115 0.23 169 0.81 223 0.09
62 Q.51 116 0.13 170 1.08 224 0.62
63 2.08 117 0.31 171 0.20 225 0.13
64 0.25 118 0.48 172 0.06 226 0.20
€5 0.18 119 Q.29 173 0.06 227 Q.18
66 0.10 120 g.25 174 0.23 228 0.20
67 0.25 121 0.12 175 0.22 229 0.12
68 0.11 122 0.18 176 0.44 230 0.12
69 4.01 123 0.22 177 Q.13 231 0.26
70 0.47 124 0.48 178 Q.08 212 0.83
71 G.54 125 0.36 179 0.24 233 0.15
72 2.66 126 0.15 180 G.24 234 0.19
73 100.00 127 0.17 181 0.27 235 0.10
74 10.07 128 ¢.08 182 0.15 236 0.09
75 5.18 129 g.08 183 0.13 237 0.04
76 1.80 13¢ 0.14 184 ¢.29 238 8.10
77 31.34 131 0.23 185 0.33 239 0.05
78 2.43 132 0.26 186 0.21 240 0.09
79 1.27 133 0.27 187 g.1s 241 0.07
ac 0.47 134 ¢.28 188 0.20 242 0.27
81 8.96 135 0.17 189 0.29 243 0.13
82 0.75 L 136 0.36 190 0.24 244 0.08
..................................... eSS Gbag U Wt UL S
Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
------------------- i e b L T LR
245 g.12 278 0.06 314 0.57 350 Q.38
246 a.72 279 .13 318 0.21 3s1 1.03
247 0.863 280 0.1 316 0.83 as2 0.15
248 0.18 281 0.23 37 0.17 3153 0.19
249 0.06 282 0.13 3i8 ¢.11 154 1.39
250 0.12 283 0.06 320 Q.44 is5 0.24
251 g.19 284 0.11 321 0.11 356 Q.97
252 Q.07 285 0.21 322 0.05 3587 0.02
253 0.05 86 0.07 324 0.18 358 0.02
254 0.28 287 0,02 325 0.04 368 0.04
255 0.12 238 0.11 326 0.06 369 0.01
256 0.06 289 g.02 327 ¢.24 laz 0.09
257 0.06 290 0.05 323 0.24 383 0.03
258 0.33 291 0.02 329 0.14 384 0.04
259 0.13 292 0.06 330 1.63 s 0.03
260 0.24 293 0.28 331 4.34 396 0.62
261 0.32 294 0.10 332 0.88 397 Q.13
262 1.49 295 0.04 333 0.27 398 0.06
263 0.35 296 0.11 334 1.35 408 0.24
264 Q.26 297 0.05 a3s 6.34 409 Q0.05
265 0.46 298 0.02 336 .24 410 g.320
266 1.86 299 ¢.01 337 0.49 411 0.14
67 9.48 300 0.10 38 0.12 412 14.37
268 0.14 301 0.06 339 0.17 413 3.15
269 Q.09 302 0.06 340 0.11 414 1.09
270 0.24 303 0.03 341 0.10 415 0.17
71 a.09 304 G.03 342 ~0.18 416 0.03
72 .08 306 0.09 343 1.20 426 0.21
273 2.04 o7 0.03 344 0.30 427 0.07
274 0.17 o8 0.03 345 0.12 428 0.03
. 0.03
Q.38
0.13
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Q.19

0.31
0.08
0.53
5.98
8.56
2.11
3.91
0.58
0.59
1.53
4.85
0.36
1.09
0.15
4.51
4.78

3.21

| Mass Rel Int | Mass Rel Int | Mass
79 3.58 134 1.94 188
80 11.23 135 4,34 189
81 21.12 136 6.58 13¢
82 3.68 137 5.25 151
a3 1.76 138 2.84 192
84 0.56 139 1.99 133
as 3.44 140 2.03 194
86 5.75 141 2,61 195
87 4.95 142 .78 196
88 4.01 143 7.12 197
89 1.04 144 3.38 198
90 0.48 145 2.00 199
91 0.78 146 1.28 200
92 4.28 147 2.44 201
93 10.56 148 1.78 202
94 2.27 149 5.08 203
95 1.15 150 18.98 204
96 0.67 151 13.90 2058
97 0.37 152 11.786 206
98 3.07 153 4.01 207
99 13.50 154 8.46 208
100 9.63 155 3.09 209
101 2.03 156 2.97 210
102 0.57 157 1.86 211
103 1.24 158 5.15 212
104 5.05 159 5.758 213
105 10.29 160 .78 214
106 6.92 161 7.19 215
107 2.91 162 6.25 216
108 1.33 163 5.75 217
109 2.34 164 5.68 218
110 1.69 165 1.56 219
i1 4.85 166 0.53 220
112 7.42 167 6.0S8 221
113 2.94 168 7.89 222
114 1.07 169 4.61 223
115 0.47 170 3.34 224
11§ 2.17 171 0.96 225
117 10.16 172 0.36 226
118 3.54 173 6.12 227
119 2.91 174 .9.09 228
320 0.83 175 3.24 229
121 0.46 176 4.78 230
123 20.18 177 3.58 231
124 13.10 178 3.98 232
125 3.48 179 13.64 233
126 1.40 180 §.56 234
127 1.38 181 26.47 235
128 0.78 182 10.43 236
129 4.41 183 4.34 237
130 15.11 184 1.60 238
131 11,36 185 4.41 239
132 3.88 186 8.39 240
133 3.94 187 10.83 241
pemme—aa vemenew B L L L L Ry SR
| Mass Rel Int | Mass Rel Int | Mass
cmacrmeemmmacmean
287 4.99 332 12.83 378
288 1l.44 333 2.37 379
289 1.09 334 0.44 380
2350 1.23 335 0.16 381
291 0.78 336 0.23 382
292 2.21 337 0.14 3a3
293 13.37 338 1.45 38s
294 2,12 339 1.33 386
295 12,03 340 1.26 387
296 , 1.41 341 1.52 388
297 0.40 342 0.88 389
298 1.34 343 §2.41 390
99 1.62 344 6.15 391
300 3.11 345 48.66 392
301 4.48 346 6.12 393
302 1.14 347 1.51 394
303 0.56 348 2.6 395
304 0.9 349 0.91 396
3os 0.69 350 0.51 397
306 3.64 351 0.53 3sa
307 3.34 352 0.08 399
308 3.14 353 0.04 400
309 3.58 354 0.18 401
310 3.41 355 0.22 402
311 0.86 356 1.32 403
312 2.71 357 9.09 406
313 0.74 358 6.08 407
314 1.17 359 8.82 408
315 0.56 360 5.1% 409
316 1.458 361 1.8) 410
317 1.28 62 Q.54 412
318 2.17 363 1.34 413
319 5.41 364 0.36 414
320 1.15 165 0.06 415
321 1.30 366 0.04 416
322 0.33 368 0.26 424
323 0.23 389 0.03 425
324 2.05 370 0.24 426
325 0.29 371 0.14 \ 427
326 1.97 372 0.08 ; 428
327 Q.33 373 g.08 429
328 3.51 374 0.76 430
329 9.76 375 1.47 431

343

o3
9 /23.9 a:ﬁ@ 3
an 1

4492
444
£
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PHISS 979 (16.295)
1838

Zrsg

2.38

26.99
2.38

1.00

11.24

335 0.28
36 0.42
137 0.09
338 .43
339 0.23
340 0.47
341 0.19
342 0.26
343 0.55
344 3.31
345 8.37
346 3.51
347 0.88
348 0.53
343 0.32
350 0.20
351 0.17
352 0.37
353 0.26
354 0.31
355 0.09
3s6 0.45
357 5.62
358 34.39
359 7.64
360 1.58
361 0.27
362 0.32 )
363 107 |
364 0.30
365 0.14

3717 0.12
378 0.14
379 0.97
380 0.85
381 0,25
382 0.42
383 0.19
334 9.66
385 4.10
386 65.08
387 72.49
388 11.38
389 1.08
190 0.11
394 0.27
395 0.68
396 4.10
397 0.98
98 1.66
399 0.43
400 72.49
401 11.77
402 1.01
403 .08
412 0.22
413 0.37
414 24.21
415 100.90
416 15.34
417 1.36
418 0.12

445 No. 50.
466
387l
Tz 289 ST 35: N 418
348
2?.&?] ﬁ .5 L ﬂ' | , . ey
357 466 453 586
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FHI1Z9P 185 217.25'1)
a1 No. 51.

129
244
=FS :
283
1494 194 243 293343 484
‘Tz I 4 344 382

@ STWPLY nlll‘L,.. 1l'lll'_l Saspaa d B urm.?l.—/L..’ . 41{2{ .

n/z__ 59 BA i58 = 266 259 300 355 27} 45 e

------------------- ittt e e L E P PP PP PR
Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int

------------------- R it ettt T T T
36 2.43 107 7.38 167 9.04 242 5.19
17 1.03 108 2.11 168 9.11 243 9.77
38 2.99 109 3.09 169 2.3%4 244 66.22
39 9.31 110 4.26 170 1.70 245 11.50
40 3.717 111 6.85 171 17.29 246 1.58
41 1.56 112 5.39 172 18.09 247 1.04
43 1.04 113 6.18 174 3.38 248 1.56
44 6§.18 114 0.95 175 8.58 249 0.80
49 0.73 115 1.11 176 1.43 254 1.21
50 8.91 116 7.18 178 0.55 255 2.18
51 12.717 117 16.6%9 179 1.70 256 0.89
52 4.72 118 11.30 181 0.90 260 0.82
§5 1.56 119 3.27 182 3.71 281 1.10
56 0.78 120 1,16 185 3.47 262 26.86
57 1.99 122 8.44 186 15.89 263 32.98
61 3.24 123 13.03 187 8.11 264 5.39
62 5.52 124 7.91 188 0.98 265 2.81
63 12.83 125 1.86 191 1.94 266 1.16
64 1.93 127 8.51 192 4.19 267 2.86
65 Q.84 128 4.85 193 8.0s 268 2.31
67 0.83 129 4.72 194 19.68 273 3.31
69 68.09 130 4.92 195 3.44 274 1.89
70 l.o8 131 9.77 197 2.58 275 4.79
71 ¢.97 132 6.45 198 2.83 276 0.65
73 1.86 133 0.84 199 5.39 282 4.12
74 14,63 134 0.98 200 1.48 283 .83
75 12.9¢ 135 4.79 204 1.63 288 3.89
76 6.98 135 - 6,05 205 2.38 287 3,19
77 6.45 137 1.43 206 3.31 291 0.77
18 1.00 139 0.66 207 1.91 292 1.18
79 3.39 140 1.78 209 1.00 293 30.32
80 4.92 141 4.65 210 0.9%4 294 12.83
81 6.32 142 4.79 211 4.65 295 1.91
82 1.60 143 6.45 212 4.45 305 0.58
84 2.14 144 23.94 213 23.40 311 0.78
85 5.59 145 3.54 214 3.592 312 7.58
a6 11.30 147 7.98 215 2.84 313 26.13
87 8.91 148 4.53% 216 3.04 14 4.26
88 3.64 149 1.48 217 12.03 315 1.85
89 1.40 150 2.83 218 6.91 317 1.76
91 0.49 151 10.17 219 1.11 322 5.39
92 9.31 152 1.83 220 0.48 323 3.26
93 15.89 153 1.56 222 .89 324 5.85
94 8.24 154 4.14 223 2.31 325 3.14
95 2.1 155 4.45 124 11.44 332 1.36
96 0.89 156 2,23 225 3.72 341 0.57
927 1.99 158 2.39 229 0.80 342 14,89
98 10.17 159 1.989 31 15.36 343 3.26
93 12.63 160 1.89 232 16.42 344 15.16
100 11.24 161 3.24 235 3.03 345 2.39%
101 3.53 162 3.76 236 6.98 383 3.11
103 1.25 163 5.05 237 9.57 354 0.78
104 6.38 165 1.89 238 1.48 3585 2.86

105 8.38 166 2.63 241 0.45 356 0.85 .

------------------- e et it i T L L P TP P P

| Mass
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160 ag2 No. 52,
242
=Fs
4 434
237 2
168 :
77 2N 4sany | 1972 :r\L 257 igss 344 584
@ 887 Lncastip i b A 874V 324 | 394 454
n/Z 53 189 158 266 255 268 53 AGH 45 o
------------------- D e e it R R
Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
------------------- R R il St iL e S LT TR E PP L
20 ¢.05 91 0.15 147 7.086 203
26 0.09 92 1.09 148 3.81 204
27 0.34 93 2.55 149 3.06 205
28 1.09 94 0.30 150 1.54 206
23 0.04 85 0.31 151 2.46 207
31 0.14 96 0.21 152 1.04 208
32 1.28 37 0.11 153 0.74 209
36 0.15 98 1.82 154 0.32 210
37 0.07 99 2.48 155 1.35 211
38 0.27 100 2.67 156 9.71 212
19 1.97 101 1.04 158 3.56 213
40 0.29 102 0.37 159 5.08 214
41 Q.15 103 0.19 160 1.19 215
42 0.08 104 0.98 162 2.87 216
43 0.06 105 1.49 162 2.50 217 1
44 0.73 106 0.51 163 1.44 218
45 0.06 107 0.28 164 0.58 19
49 0.08 108 0.24 165 0.68 220
50 1.69 109 0.41 166 0.85 221
51 2.72 110 0.84 167 4.52 222
52 1.38 111 1.47 168 11.69 223
53 0.13 112 0.593 169 46 224
55 0.11 113 1.64 170 0.32 225
56 0.09 114 0.49 171 4.12 228
§7 0.28 115 0.23 172 6.66 227
59 0.03 116 1.54 173 8.28 228
61 0.22 117 1.79 174 1.65 229
82 0.60 118 1.59 175 2.81 230
63 2.25 119 0.62 176 0.56 221
64 0.27 220 0.87 177 9.50 232
65 0.07 121 1.21 178 0.93 234
87 0.05 122 0.49 179 1.18 235
68 0.10 123 2.31 180 1.52 236
69 3.14 124 0.71 181 7.37 237 1
70 0.29 125 0.84 182 30.08 218
7L 0.06 127 9.45 184 0.58 239
73 0.23 128 1.99 185 1.79 240
74 2.02 129 1.51 186 8.94 242 7
Q.
2,
0.
0.
Q
0.
0.
0.
Q.
4.
2.

0.

0.

0.

0.

0.

0.

0.
267 2.55 303 Q.17 339 0.09 387 0.11
268 5.59 304 0.61 340 0.12 388 0.05
269 1.94 305 0.58 3a1 0.19 391 0.07
270 0.45 306 ' 0.85 342 1.91 392 0.24
271 0.46 307 0.24 343 1.49 393 0.95
272 0.44 308 0.08 344 13.21 394 3.14
273 0.66 309 0.14 348 5,64 395 1.65
274 0.94 310 0.29 346 1.03 396 0.31
275 1.63 311 0.80 347 0.19 397 0.0S
276 0.50 312 1.11 348 0.24 411 0.06
277 0.22 313 2.58 349 0.23 412 0.36
278 0.30 314 1.27 350 0.08 413 0.93
279 0,51 31s 0.50 353 0.12 414 1.68
280 0.40 316 0.54 354 0.22 415 0.54
281 0.40 317 1.51 355 0.60 416 0.10
282 0.26 318 1.24 356 0.52 431 0.04
283 0.16 319 0.84 157 0.15 432 0.07
284 0.29 320 0.24 360 0.11 444 0.07
285 0.58 321 0.09 361 0.18 445 0.55
286 2.36 322 0.53 362 ~1.45 446 0.12
287 7.16 323 0.63 363 2.35 464 3.711
298 1.28 324 4.17 364 5.79 465 1.14
289 0.30 328 1.56 365 1.30 466 0.22
290 0.20 326 2.27 366 0.27 482 0.39
291 0.49 327 0.53 367 0.14 483 100.00
292 0.99 328 0.17 368 0.12 484 21.34
293 4.78 329 0.17 369 0.05 488 2.63
294 3.18 330 0.20 372 0.08 486 0.22

0.67
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Neo. 53.

188 443 s 181525
441 ,
89 a4
xFS 459
=S 439 444 455
IFQ s N
8 R e L r ke ey
n/z 440 453 468 444
J AN 438
o o P SINIPOR..... U et AP .
w/z (s} 166 156 266 259 268 359 488 _ 458
___________________ oo o oo A e e ia et geceam—eecccaamma.
Mass  Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
------------------ bbbttt i R Rt it At S i il Al b e T
20 2.14 80 3.59 139 0.26 193 1.00
24 0.61 81 4.22 140 0.64 134 1.32
25 1.63 82 6.81 141 0.33 195 1.03
26 11.04 84 65.77 142 0.26 196 .81
27 27.03 85 3.83 143 1.28 197 a.99
28 37.39 86 a.72 144 1.18 198 9.61
29 24.32 87 0.26 145 0.71 199 0.35
30 4.73 a8 9.52 146 0.39 200 0.89
31 6.14 89 0.36 147 Q.24 201 0.38
32 2.79 90 0.44 148 0.68 202 0.36
33 2.11 81 0.42 149 Q.78 203 0.66
34 0.06 93 3.66 150 1.34 204 0.61
35 1.20 94 2.34 151 0.62 208 .87
6 1.75 95 1.49 152 0.68 206 0.46
37 1.84 96 1.48 153 1.48 207 0.49
38 3.49 97 0.73 154 0.63 208 0.52
g 29.05 98 0.64 155 1.9%4 209 1.03
40 5.91 100 4.62 156 .50 210 1.1
41 100.00 103 0.7 157 0.43 211 0.41
42 37.84 102 0.36 158 0.28 212 1.22
43 6.76 103 Q.20 159 0.87 213 0.39%
44 2.42 105 0.84 180 0.48 214 1.17
45 0.70 106 1.07 161 .44 215 1.13
46 0.41 107 1.08 162 1.38 216 1.34
47 2.00 108 0.94 163 0.78 217 1.59
48 0.27 109 1.14 164 0.80 218 0.67
50 3.20 110 0.50 165 1.27 219 0.89
51 4.00 111 0.15 166 0.91 220 .40
52 2.87 112 0.90 167 0.682 221 1.01
53 9.91 113 0.84 168 0.84 222 1.22
54 13,68 114 0.48 169 1.37 223 0.96
55 52.25 115 0.21 170 0.85 224 1.28
56 15.09 117 0.84 171 0.51 225 1.06
57 4.28 118 0.20 172 0.53 226 0.63
58 .60 118 0.94 173 Q.49 227 0.51
59 0.49 120 0.26 174 0.86 228 Q.44
60 0.39 121 0.78 178 1.13 229 a.76
61 0.23 122 0.57 176 1.41 230 0.30
62 1.01 123 0.72 177 0.90 231 0.89
63 1.25 124 1.24 178 Q.53 232 0.73
64 0.83 125 0.24 179 g.38 233 0.54
65 4.28 126 0.70 180 0.25 234 0.93
66 3.38 127 0.34 181 1.2§ 238 0.27
€7 22.75 123 0.34 182 0.80 218 1.42
a3 70.27 129 0.63 183 0.57 237 2.67
70 4.867 130 0.59 184 0.79 238 0.57
71 1.68 131 1.82 185 0.38 239 0.30
72 0.33 132 Q.50 186 0.82 240 1.28
74 1.24 133 0.43 187 0.49 241 0.38
15 2,07 134 0.40 188 0.69 242 1.30
76 1.86 135 0.25 189 .55 243 0.86
77 0.38 136 0.88 190 0.72 244 1.86
78 1.10 137 0.99 191 9.74 245 3.03
79 2.31 138 0.71 182 0.33 246 0.40
................... A m e e e aemecccafumemcemeeemamace—edmmmomemeem—teemmaan
Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
------------------- Rt R L R L L Rl Ll T T PP PR,
247 0.65 297 0.65 347 1.10 399 3.13
248 0.35 298 0.70 348 0.80 400 1.65
249 0.96 299 0.38 349 0.39 401 3.35
250 1.08 300 0.32 350 9.14 402 1.34
251 1.30 301 0.94 351 0.43 403 0.80
252 1.31 302 0.43 352 0.60 404 0.17
253 0.9 303 5.01 353 ¢.72 405 0.08
154 0.83 304 0.70 3154 9.75 406 0.13
255 1.55 304 2.65 3ss 9.70 407 0.26
256 0.52 306 1.07 3156 0.5§ 408 Q.17
257 0.59 307 0.59 357 1.04 409 Q.45
258 0.60 308 0.29 3ss 1,68 410 0.16
259 0.73 309 0.27 359 1.44 411 0.9§
260 1.31 310 0.60 360 1.37 412 0.45
261 0.67 31 0.38 k138 1.63 413 4.45
262 1.93 312 0.56 82 0.96 414 0.89
263 1.91 313 1.17 363 ¢.36 415 4.05
264 3.42 314 1.04 365 0.64 416 Q.67
265 2.46 315§ 1.17 36é 0.32 417 Q.55
266 5.41 316 2.66 367 1.80 418 0.23
267 0.87 317 1.21 368 0.47 418 0.25
268 0.46 318 2.66 369 1.37 420 0.12
269 0.57 31 2.89 37¢ 0.30 421 1.75
270 0.39 320 Q.59 371 1.55 422 1.44
271 0.91 321 2.15 an 1.00 423 1.69
272 0.s8 322 Q.56 373 2.04 424 1.34
273 1.52 323 Q.57 374 a4.9%0 425 0.88
274 1.28 324 0.88 375 1.03 426 0.17
275 | 0.93 325 0.99 376 0.38 427 1.51
276 0.57 326 0.93 377 3.3§ 428 0.29
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------------------- R it e R R R S P
Mass Rel Inc | Mass Rel Int | Mass Rel Inc | Mass Rel Iat
------------------- i R R btk R
37 0.68 116 6.96 174 3.86 231 2.62
38 1.99 117 7.29 175 9.95 232 1.99
39 11.69 118 2.32 176 3.29 234 12.50
40 2.22 119 0.88 177 3.60 235 1.96
43 1.00 121 0.46 178 1.83 236 13.84
44 31.26 122 1.92 179 2.13 237 6.52
50 7.06 123 3.70 180 1.58 238 1.32
51 9.41 124 4.70 181 3.38 241 0.73
52 3.97 125 1.3% 182 44.82 242 1.23
55 0.81 126 B.13 183 5.98 243 1.77
57 G.51 127 37.63 184 18.95 244 4.07
61 1.76 128 20.16 185 3.13 245 2.38
62 4.64 129 8.06 186 20.70 246 0.96
63 14.38 130 3.80 187 5.04 247 1.87
64 1.86 i3 7.33 1848 1.87 249 0.75
65 1.28 132 7.53 189 0.92 250 1.01
89 36.02 133 1.92 191 1.42 251 1.73
71 2.10 134 2.45 192 1.94 253 1.42
73 1.17 135 2.72 193 7.16 254 0.82
74 5.78 136 10.48 194 9.01 258 4.47
75 2.79 137 3.23 195 11.186 256 2.55
76 3.02 138 4.23 196 5.04 257 4.17
77 8.87 139 3.70 197 4.54 258 1.76
78 1.10 140 9.41 198 1.92 260 1.11
a1 1.23 141 9.14 199 4.07 262 7.93
84 ¢.93 142 7.33 200 3.09 263 2.79
85 1.34 143 5.81 201 5.48 264 1.42
86 8.5 144 4.37 202 1.60 265 0.88
87 6.25 143 1.53 203 1.55 266 1.30
88 4.33 146 1.41 204 1.50 267 9.92
89 2.10 147 3.80 205 4.33 268 1.24
90 0.57 148 1.83 206 4.74 265 0.93
91 2.49 149 1.31 207 2.07 274 1.36
92 0.70 150 2.89 208 7.43 275 2.69
93 3.16 151 6.28 209 1.94 276 6.32
54 1.7 153 3o.11 210 1.44 277 11.42
97 0.50, 154 8.23 211 1.89 278 4.33
98 2.15 155 53.76 212 1.64 279 1.26
99 4.60 156 11.83 213 12.50 280 0.81
100 11.29 158 1.85 214 2.10 281 1.72
101 4.87 159 1.36 215 7.80 282 5.98
102 5.38 160 0.95 216 0.87"° 283 1.28
103 1.65 161 1.45 217 8.33 285 0.66
104 1.20 162 3.60 218 2.22- 286 1.19
105 9.27 163 4.30 219 1.55 287 3.09
106 3.02 164 1.63 220 1.52 288 1.09
107 1.55 165 2.01 223 0.86 289 1.50
109 1.82 166 2.25 224 6.45 290 1.21
110 1.97 167 6.45 a2 6.65 291 0.70
111 4.07 168 11.56 226 11.56 293 0.97
112 5.44 169 4.54 227 8.74 294 2.58
113 23.52 170 5.21 228 9.14 298 2.22
114 4.44 171 2.76 229 2.09 296 2.72
115 28.90 172 0.92 230 0.92 297 6.45
................... T T T = u P S AP UI SRRSO
Mass Rel Int | Mass Rel Int’ | Mass Rel Int | Mass Rel Int
------------------- R T L R b
298 1.42 337 1.79 377 1.69 436 0.57
301 1.68 338 1.16 178 1.69 439 3.80
303 36.02 339 0.76 379 6.22 440 2.01
304 4.54 342 Q.94 3180 1.35 441 3.93
305 37.63 344 1.086 383 Q.94 442 1.81
iae 5.28 346 4.44 384 5.51 444 1.33
307 3.39 347 1.97 385 2.13 446 1.58
308 2.15 351 2.07 386 5.58 448 0.43
309 2.42 352 0.70 387 1.47 452 1.69
1o 5.48 353 1.41 394 2.96 453 1.42
311 1.22 354 1.34 395 0.66 454 2.86
312 0.34 355 1.65 396 1.95 455 1.686
313 0.44 356 2.15 398 3.33 456 1.39
319 Q.73 as7 0.84 402 1.54 458 0.39
324 3.19 358 1.82 403 4.33 459 0.40
ils 4.50 361 3.09 404 6.82 460 0.41
326 1.92 362 0.70 40S 5.04 461 0.40
327 1.98 363 2.86 4086 5.31 472 13.44
329 1.83 364 2.15 407 0.92 473 32.66
a3 0.79 365 0.68 430 4.44 474 18.55
332 Q.61 366 1.89 431 0.76 478 31.18
334 1.14 374 2.08 432 4.74 476 6.22
318 1.65 375 1.80 433 1.23 477 0.57
336 2.15 376 2.49 434 1.22
-------------- bbbt bl 4 S dadaded bl it Al L L L L L R bl Lt S A L L L 1]
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PHISOP 1939 (17.818)

433 No. 55,
188 441
4
247
“FS
89
143\ 164 493 249262 3 412
123 ia8- i 344 381 442
29 54 93-88 J 224 363 3 5/
w2 5@ 168 150 G = 303 358 488 456 S66
------------------- e e mm e e sceamocmem o adaamaenma— o —m——— o
Mass Rel Int | Mass Rel Int | Mass Rel Int | Mags Rel Int
------------------- i e e s St R
26 0.34 82 1.73 136 5.14 190 €.50
27 1.58 83 1,40 137 6.00 191 5.39
28 1.36 84 0.32 138 8.06 192 15.30
29 6.74 85 1.96 139 2.58 193 31.09
0 0.31 86 1.93 140 2.18 194 12.50
1 0.69 87 2.92 141 2.58 195 3.91
32 0.21 88 5.88 142 1.28 196 7.61
33 0.24 89 1.17 143 30.59 197 5.43
36 0.05 90 0.69 144 6.74 198 3.82
37 0.19 91 1.03 145 6.21 199 28.95
38 0.52 92 3.08 146 5.55 200 12.99
39 3.66 93 10.69 147 §.51 201 10.28
40 Q.64 94 2.44 148 8.88 202 s.30
41 4.32 95 2.21 149 8.39 203 2.51
a2 1.26 96 2.00 150 22.37 204 2.60
43 0.93 97 0.62 151 24 .84 205 9.91
44 0.40 98 1.59 152 6.31 206 11.35
45 0.24 99 13.65 153 6.04 207 7.94
46 0.26 100 6.74 154 3.54 208 7.28
47 1.31 101 4.24 155 10.03 209 2.31
48 Q.15 102 1.89 156 6.33 210 4.19
a9 0.36 103 1.10 157 3.50 211 7.57
50 1.70 104 3.08 158 7.57 212 13.98
S1 6.21 105 10.07 159 7.20 213 €.29
52 2.01 106 7.24 160 13.851 214 §.87
53 3.99 107 3.95 161 31.09 215 4.32
54 5.10 108 3.25 162 8.39 216 3.50
55 2.17 109 3.25 163 9.42 217 2.30
56 0.85 110 0.96 164 8.63 218 18.09
57 4.48 111 3.04 165 4.61 219 22.86
58 0.19 112 6.21 166 2.61 220 8.88
59 Q.89 113 2.84 167 4.44 221 13.98
€0 1.10 114 1.31 168 11.18 222 6.21
61 2.05 115 0.387 169 17.60 223 5.26
62 2.51 11§ 1.21 170 12.83 224 4.07
63 4.40 117 5.06 171 4.52 225 3.33
64 2.53 118 2.96 172 9.42 226 4.93
3] 4.85 119 5.96 173 6.87 227 6.91
66 3:21 120 4.98 174 11.84 228 11.68
67 3.41 121 4.19 17§ 5.84 229 4.28
68 2.12 122 4.11 176 11.51 230 5.51
69 40.13 123 15.95 177 7.44 231 4.07
70 1.59 124 9.95 178 12.83 232 12.01
71 2.71 125 6.37 179 8.92 233 7.01
72 0.27 126 11.51 180 7.52 234 10.53
73 0.63 127 5.26 181 10.69 235 3.62
74 3.91 128 1.93 182 11.84 236 4.56
75 7.98 129 2.80 183 7.03 237 3.7¢
76 5.18 130 7.65 184 5.63 238 10.86
77 4.69 13 7.20 185 3.29 239 3.50
78 2.63 132 5.88 186 3.91 240 4.28
79 0.88 133 12.83 187 12.83 241 4.77
80 3.7 134 5.76 188 18.75 242 5.02
81 7.52 135 | 3.99 189 5.14 243 7.28
___________________ bommmmmimeme L ool Tt Lt
Mass Ral Inc | Mass Rel Int | Mass Rel Int | Mass Rel Int
------------------- R R e et L ettt
244 3,21 292 2.43 340 3.91 388 0.17
245 2.33 293 1.07 341 2.75 389 0.20
246 19.24 294 1.59 342 4.07 390 2,47
247 54.61 293 1.01 343 2.26 391 0.43
248 23.85 296 4.07 344 5.35 392 2,50
249 24.67 297 4.36 348 .41 393 0.46
250 4.85 298 1.58 346 1.60 394 0.68
251 6.00 299 2.67 347 0.21 395 1.20
252 2.96 300 2.47 348 0.78 396 12.01
253 2.42 301 5.06 349 0.36 397 5.43
254 1.46 302 1.41 350 0.28 199 12.01
255 2.15 303 7.61 351 0.35 399 4.36
256 5.67 304 2.15 351 0.43 400 0.87
257 2.75 305 2.75" 353 0.25 401 0.14
258 3.45 306 1.27 354 1.42 403 0.09
259 2.06 307 3.17 355 1.04 404 1.11
160 8.63 308 1.61 356 2.60 405 5.10
261 7.89 309 3.25 357 1.01 406 1.70
262 22.53 310 2.24 is8 0.85 407 5.10
263 7.65 311 1.28 359 0.54 408 0.81
264 3.28 312 5.76 360 1.75 409 7.89
265 2.01 313 2.92 361 Q.79 410 23,52
266 8.31 314 5.02 362 0.21 411 19,24
267 1.28 315 2.55 363 0.68 412 23.68
268 21,71 316 22.37 364 0.26 413 11.18
269 1.3 317 14.31 3865 0.30 414 1.59
270 1.715 318 3.82 366 0.22 415 0.18
271 2.29 319 - 0.97 367 0.11 418 0.08
272 2.80 320 0.61 368 2.53 420 1.49
273 1.92 321 2.13 369 0.44 421 0.27
274 1.37 322 0.91 370 2.59 422 1.79
275 9.25 323 1.69 371 0.45 423 1.10
276 21.71 324 1.17 372 1.43 424 70.39
277 5.10 328 3.13 373 g.10 425 9.79
278 1.88 328 5.26 374 1.33 426 62.50
279 1.93 327 4.07 378 0.25 427 8.59
280 1.57 328 4.28 376 2.37 428 0.69
281 1.18 329 3.66 377 0.69 429 0.08
282 2.04 330 11.18 378 2.38 437 0.2
283 2.06 331 2.54 379 0.82 438 7.85
284 0.82 332 0.59 330 9.50 439 100.00
285 1.00 333 0.29 381 15.13 440 20.39
286 1.49 334 0.24 382 2.23 441 80.92
287 1.52 115 .0.49 383 14.80 442 11.51
288 8.47 336 0.61 384 2.52 443 1.08
289 14.47 337 0.52 i8S 0.42
290 6.70 338 0.76 386 0.64
291 7.11 333 0.53 g7 0.33
------------------- R R e D R R i ittt T P




Appendix D.

Crystallographic Data



Compound Number: Name:

(27) 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-tetraoxapentacvclof19.3.1.1
<3,7>.1<9,13>.1<15,19> Joctacosa-
1(25),3,5,7(26),9(27),10,12,15,17,19(28),21,23-

dodecaene




Table 1. Crystal data and structure refinement for (27)

Identification code 103s

Empirical formula Cio Hiz Fis N2 Os

Formula weight 806.42

Temperature 120.0(2) K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group Cc

Unit cell dimensions a=13.4733) A o= 90°.
b = 23.261(5) A B= 113.78(3)°.
c=11.0792) A y = 90°.

Volume 3177.2(11) A3

Z 4

Density (calculated) 1.686 Mg/m?

Absorption coetticient 0.182 mm!

F(000) 1600

Crystal size 0.46 x 0.40 x 0.20 mm?

Theta range for data collection 1.75 to 25.50°.

Index ranges -l6< =h< =16, -28< =k< =28, -13<=1<=13

Reflections collected 15431

Independent retlections 5778 [R(int) = 0.0281]

Completeness to theta = 25.50° 100.0 %

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 0.9644 and 0.9208

Refinement method Full-matrix least-squares on F?

Data / restraints / parameters 5778 /2 / 408

Goodness-of-fit on F2 1.095 '

Final R indices [1> 2sigma(I}] R1 = 0.1168, wR2 = 0.2795

R indices (all data) Rl = 0.1322, wR2 = 0.3100

Absolute structure parameter 0.1(18)

Largest dift. peak and hole 0.745 and -0.645 . A"



Table 2. Atomic coordinates ( x 10%) and equivalent isotropic displacement parameters (A2x 10°)

for (27) U(eq) is defined as one third of the trace of the orthogonalized U¥ tensor.

Atom X y z U(eq)
o(l) 8676(4) 8924(2) 4069(5) 42(1)
0(2) 10025(6) 7507(2) 1959(7) 57(2)
0@3) 11385(35) 8909(3) 61(6) 53(2)
o) 9668(5) 10316(3) 1763(6) 50(1)
N(1) 9165(5) 5628(3) 2904(6) 35(D)
N(2) 10697(6) 8216(3) 1005(6) 46(2)
C(l) 9541(6) 8590(3) 4038(7) 40(2)
C(2) 10543(7) 8662(3) 4992(8) 47(2)
C(3) 11430(7) 8341(4) 5011(9) 50(2)
C4 11217(8) 7964(4) 3959(9) 54(2)
C(5) 10187(8) 7902(3) 2986(8) 49(2)
C(6) 9339(8) 8207(3) 2997(8) 46(2)
c 12584(9) 8416(5) 6116(14) 77(3)
C(8) 10254(7) 7683(4) 959(10) 50(2)
C(9) 10063(8) 7340(4) -107(9) 60(2)
C(10) 10310(9) 7489(5) -1185(10) 67(3)
C(11) 10736(9) 8023(5) -1077(8) 59(2)
C(12) 10927(7) 8378(4) -6(8) 48(2)
C(13) 11393(7) 9291(4) 1042(8) 43(2)
C(14) 12396(7) 9392(5) 2091(9) 58(2)
C(15) ' 12474(7) 9796(5) 3070(10) 59(2)
C(16) 11542(7) 10100(4) 2943(9) 50(2)
cQ17 10568(6) 9984(3) 1909(8) 41(2)
C(18) 10468(6) 9580(3) 943(7) 39(2)
C(19) 13524(16) 9908(10) 4211(19) 145(8)
CQ0) 9034(6) 10135(3) 2397(7) 38(2)
c@zn 8283(7) 10529(4) 2476(8) 45(2)
C(22) 7638(6) 10380(4) 3116(8) 45(2)
C(23) 7778(6) 9823(3) 3650(8) 40(2)
C(24) 8560(6) 9457(3) 3530(7) 37(2)
C(25) 6777(9) 10785(5) 3232(11) 65(2)



C(26) 5790(18) 10502(9) 3180(20) 65(5)
F(6) 5840(11) 10428(6) 4342(14) 78(3)
C(26") 5730(20) 10673(11) 2300(30) 77(6)
F(6") 5836(10) 10773(6) 1096(13) 73(3)
c@27) 7286(15) 11189(8) 4410(20) 50(4)
F(9) 7717(9) 10898(5) 5411(11) 61(3)
C(27) 7133(17) 11347(9) 3740020) 59(4)
F(9") 6916(12) 11662(6) 2615(15) 88(4)
C(28) 10132(11) 7108(6) -2368(14) 83(3)
C(29) 9042(10) 7197(5) -3448(12) 76(3)
C(30) 10935(16) 6932(9) -2770(20) 56(4)
F(16) 10773(12) 6412(6) -3303(14) 67(3)
E(17) 11877(11) 7024(6) -1781(14) 78(3)
F(18) 10795(14) 7328(7) -3730(20) 95(4)
C(30") 10689(11) 6543(6) -2045(13) 31(3)
F(16") 11146(10) 6335(5) -2824(12) 53(3)
F(17") 11551(8) 6535(4) -824(10) 51(2)
F(18") 9977(10) 6207(6) -1936(12) 61(3)
F(12) 9740(11) 6477(6) -2041(13) 72(3)
F(12") 10993(11) 7381(6) -2984(15) 73(3)
F(1) 8231(4) 11061(2) 1969(5) 54(1)
F(2) 7197(4) 9621(2) 4312(5) 55(1)
F(3) 6373(11) 11170(6) 1958(14) 77(3)
F(3") 6761(11) 10555(6) 4645(14) 77(3)
F(4) 4975(9) 10995(5) 2507(11) 128(3)
F(5) 5402(7) 10128(4) 2319(9) 97(2)
F(7) 6609(6) 11580(3) 4488(7) 82(2)
F(8) 8135(6) 11477(3) 4349(8) 91(2)
F(10) 11029(6) 8252(3) -2037(7) 78(2)
F(11) 9619(6) 6802(3) “77(7) 81(2)
F(13) 8294(7) 7093(4) -2963(9) 108(3)
F(14) 8832(7) 6853(4) -4469(9) 104(2)
F(15) 8919(6) 7744(3) -3864(8) 87(2)
D.5.



Table 3. Bond lengths [A] and angles [°] for (27)

O(1)-C(24) 1.358(9) C(2)-C(3) 1.402(12) C(13)-C(14) 1.403(13)
O()-C(1) 1.414(10) C(3)-C(4) 1.393(13) C(14)-C(15) 1.406(14)
0(2)-C(8) 1.329(11)  C(3)-C(7) 1.552(15)  C(15)-C(16) 1.397(12)
0(2)-C(5) 1.409(10) C(4)-C(5) 1.379(14)  C(15)-C(19) 1.491(19)
0(3)-C(12) 1.368(11)  C(5)-C(6) 1.349(13)  C(16)-C(17) 1.377(12)
0(3)-C(13) 1.400(9)  C(8)-C(9) 1.361(12) C(17)-C(18) 1.389(11)
0(4)-C(20) 1.374(9)  C(9)-F(11) 1.392(13) C(20)-C(21) 1.394(10)
O&d)-C(17) 1.392(9)  C(9)-C(10) 1.406(16) C(21)-F(1) 1.348(10)
N(1)-C(20) 1.287(10) C(10)-C(11) 1.355(16) C(21)-C(22) 1.370(12)
N(1)-C(24) 1.326(9)  C(10)-C(28) 1.518(17) C(22)-C(23) 1.405(12)
N(@2)-C(12) 1.331(11) C(11)-F(10) 1.382(12) C(22)-C(25) 1.540(14)
N(2)-C(8) 1.369(11) C(11)-C(12) 1.383(12) C(23)-F(2) 1.355(9)
C(1)-C(2) 1.348(12) C(13)-C(18) 1.380(11) C(23)-C(24) 1.401(10)
C(1)-C(6) 1.394(11)

C(24)-0(1)-C(1) 116.2(6) N(2)-C(12)-0(3) 117.5(7)
C(8)-0(2)-C(5) 117.4(6) N(2)-C(12)-C(11) 121.8(9)
C(12)-0(3)-C(13) 118.5(6) 0(3)-C(12)-C(11) 120.6(8)
C(20)-0(4)-C(17) 117.5(6) C(18)-C(13)-0(3) 121.6(7)
C(20)-N(1)-C(24) 119.7(6) C(18)-C(13)-C(14) 121.4(8)
C(12)-N(2)-C(8) 118.1(7) 0(3)-C(13)-C(14) 117.0(7)
C(2)-C(1)-C(6) 121.9(8) C(13)-C(14)-C(15) 119.9(8)
C(2)-C(1)-0(1) 119.1(7) C(16)-C(15)-C(14) 118.4(9)
C(6)-C(1)-0(1) 118.9(7) C(16)-C(15)-C(19) 120.2(12)
C(1)-C(2)-C(3) 121.5(8) C(14)-C(15)-C(19) 121.3(12)
C4)-C3»-C2) 115.9(8) C(17)-C(16)-C(15) 120.0(8)
C(4)-C(3)-C(7) 122.2(9) C(16)-C(17)-C(18) 122.5(7)
C(2)-C(3)-C(7) 121.9(9) C(16)-C(17)-0(4) 118.8(8)
C(5)-C(4)-C(3) 121.5(8) C(18)-C(17)-0(4) 118.5(7)
C(6)-C(5)-C(4) 121.8(8) C(13)-C(18)-C(17) 117.7(7)
C(6)-C(5)-0(2) 119.6(8) N(1)-C(20)-0(4) 120.0(6)
C(4)-C(5)-0(2) 118.7(8) N(1)-C(20)-C(21) 123.5(7)
C(5)-C(6)-C(1) 117.4(8) 0(4)-C(20)-C(21) 116.5(7)
0(2)-C(8)-C(9) 121.1(8) F(1)-C(21)-C(22) 120.7(7)



0(2)-C(8)-N(2)
C(9)-C(8)-N(2)
C(8)-C(9)-F(11)
C(8)-C(9)-C(10)
F(11)-C(9)-C(10)
C(11)-C(10)-C(9)
C(11)-C(10)-C(28)
C(9)-C(10)-C(28)
C(10)-C(11)-F(10)
C(10)-C(11)-C(12)
F(10)-C(11)-C(12)

119.5(8)
119.5(9)
116.1(9)
124.4(10)
119.5(8)
112.9(8)
121.6(11)
125.5(11)
121.9(8)
123.3(9)
114.7(9)

F(1)-C(21)-C(20)
C(22)-C(21)-C(20)
C(21)-C(22)-C(23)
C(21)-C(22)-C(25)
C(23)-C(22)-C(25)
F(2)-C(23)-C(24)
F(2)-C(23)-C(22)
C(24)-C(23)-C(22)
N(1)-C(24)-0(1)
N(1)-C(24)-C(23)
0(1)-C(24)-C(23)

119.7(7)
119.5(8)
116.5(7)
123.0(8)
120.5(8)
117.5(7)
122.6(6)
119.9(6)
121.1(6)
120.8(7)
118.0(6)



Table 4. Anisotropic displacement parameters (A2x 0% for (27) The anisotropic

displacement factor exponent takes the form: -2m2[ h? a*2U'l + ..

+2hka*b*x U2

Atom utt U2 Uy U yn e
o(l) 45(3) 39(3) 47(3) 8(2) 24(2) 42)
0(2) 90(5) 37(3) 61(4) -4(3) 47(4) -2(3)
0(3) 74(4) 57(4) 41(3) 5(3) 38(3) 11(3)
0(4) 55(3) 53(3) 53(3) 18(3) 35(3) 15(3)
N(1) 46(3) 36(3) 32(3) -3(2) 23(3) 2(2)
N(2) 70(4) 47(4) 31(3) -5(3) 31(3) 5(3)
c(1) 40(4) 47(4) 35(4) 7(3) 19(3) -3(3)
C() 71(6) 41(4) 37(4) 0(3) 31(4) 2(4)
C@3) 44(4) 57(5) 47(5) 10(4) 15(4) 4(4)
C(4) 82(7) 43(4) 55(5) 10(4) 46(5) 0(4)
C(5) 76(6) 34(4) 42(4) 2(3) 29(4) -2(4)
C(6) 67(5) 40(4) 33(4) 1(3) 21(4) -16(4)
C7) 55(6) 81(7) 91(8) 1(6) 24(6) 6(5)
C(8) 58(5) 39(4) 60(5) -5(4) 29(4) 10(4)
C(9) 63(6) 58(6) 48(5) -14(4) 12(4) 12(4)
C(10) 65(6) 66(6) 51(5) -11(5) 3(5) 35(5)
c(1 82(6) 76(6) 24(4) 2(4) 28(4) 24(5)
C(12) 59(5) 52(5) 32(4) 2(3) 16(4) 17(4)
c(13) 48(5) 53(5) 38(4) 2(3) 27(4) -3(4)
C(14) 46(5) 87(7) 52(5) 4(5) 31(4) 12(4)
C(15) 38(5) 77(6) 63(6) 8(5) 20(4) 6(4)
C(16) 47(5) 57(5) 45(5) -8(4) 18(4) -4(4)
c(17) 43(4) 46(4) 47(4) 10(3) 32(4) 5(3)
C(18) 41(4) 45(4) 31(3) 9(3) 17(3) 1(3)
C(19)  113(14) 174(18) 102(13) -38(13) 3(11) -33(13)
C(20) 32(4) 46(4) 38(4) 1(3) 16(3) 103)
cQ@1) 54(5) 43(4) 37(4) 2(3) 18(4) 11(4)
C(22) 33(4) 60(5) 37(4) -17(4) 9(3) 1(3)
C(23) 27(4) 53(4) 46(4) -7(3) 213) -6(3)
C(24) 31(4) 43(4) 37(4) 0(3) 14(3) 203)




Table 5. Hydrogen coordinates ( x 10%) and isotropic displacement parameters (A 10 3

for (27)

Atom X y z U(eq)
HQ2A) 10651 8937 5667 56
H(4A) 11795 7745 3910 64
H(6A) 8632 8163 2322 56
H(7A) 12560 8698 6761 116
H(7B) 13079 8551 5728 116
H(7C) 12840 8047 6555 116
H(14A) 13022 9188 2142 70
H(16A) 11581 10387 3571 60
H(18A) 9788 9506 238 46
H(19A) 13419 10203 4779 217
H(19B) 14062 10041 3887 217
H(19C) 13780 9552 4717 217

D.Y.



Compound Number: Name:

(29) 6-(2-{3,5-difluoro-6-propoxy-4[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl](2-pyridyloxy)}ethoxy)-3,5-
difluoro-4-1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl Jpyridin-2-ol




Table 1. Crystal data and structure retinement for (29)

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent retlections
Completeness to theta = 30.31°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Largest dift. peak and hole

s139

C20 Hs Fis N: O
682.28

120.0(2) K
0.71073 A
Monoclinic

P2l/c

Il

14.2011(3) A
8.4725(3) A
9.4479(3) A
1111.45(7) A3

2

2.039 Mg/m?

0.240 mm!

672

0.32 x 0.26 x 0.06 mm?
1.47 to 30.31°.

a

b

i

I

C

-19<=h< =19, -1l <=k< =11, -13<=1<=12

12347

3089 [R(int) = 0.0516]

92.9 %

None

0.9858 and 0.9273
Full-matrix least-squares on F?
3089 /0/ 215

1.022

R1 = 0.0429, wR2 = 0.0997
Rl = 0.0643, wR2 = 0.1101
0.538 and -0.284 e A"

a= 90°.
B= 102.114(1)°.
y = 90°.



Table 2. Atomic coordinates ( x 10%) and equivalent isotropic displacement parameters ([\Zx 109

for (29) U(eq) is detined as one third of the trace of the orthogonalized UV tensor.

Atom X y z Uleq)
o 5187(1) 1383(2) 2974(1) 20(1)
012) 2922(1) 79(2) -1180(1) 20(1)
N(I) 4077(1) 651(2) 900(2) 17(D)
C(l) 4288(1) 942(2) 2305(2) 16(1)
C(2) 3599(1) 861(2) 3161(2) 16(1)
C(3) 2634(1) 558(2) 2521(2) 16(1)
C4) 2441(1) 264(2) 1036(2) 18(1)
C(5) 3174(1) 324(2) 264(2) 17(1)
C(6) 3676(1) 154(2) -1991(2) 19(1)
C() 5900(1) 1479(2) 2079(2) 18(1)
C(8) 1861(1) 516(2) 3421(2) 18(1)
C(9) 1717(1) -1189(2) 3917(2) 22(1)
C(10) 877(1) 1305(2) 2694(2) 23(1)
F(I) 3899(1) 1097(1) 4594(1) 22(1)
F(2) 1545(1) -65(1) 314(1) 24(1)
F(3) 2167(1) 1377(1) 4671(1) 22(1)
F(4) 2533(1) -1675(1) 4793(1) 28(1)
F(5) 1518(1) -2171(1) 2797(1) 29(1)
F(6) 1018(1) -1274(2) 4652(1) 35(1)
F(7) 282(1) 311(2) 1870(1) 311
F(8) ' 1034(1) 2539(1) 1901(1) 31(1)
F(9) 445(1) 1825(2) 3727(1) 33(1)



Table 3. Bond lengths {A] and angles [°] for (29)

O(1)-C(1)
0(1)-C(7)
0(2)-C(5)
0(2)-C(6)
N()-C(1)
N(1)-C(5)
C(1)-C(2)
C(2)-F(1)

C(1)-0(1)-C(7)
C(5)-0(2)-C(6)
C(1)-N(1)-C(5)
N(D)-C(1)-O(1)
N(1)-C(1)-C(2)
O(1)-C(1)-C(2)
F(1)-C(2)-C(1)
F(1)-C(2)-C(3)
C(1)-C(2)-C(3)
C(#)-C(3)-C(2)
C(4)-C(3)-C(8)
C(2)-C(3)-C(8)
F(2)-C(4)-C(5)
F(2)-C(4)-C(3)
C(5)-C(4)-C(3)
N(1)-C(5)-0(2)
N(1)-C(5)-C(4)
0(2)-C(5)-C(4)
0(2)-C(6)-C(T)#1

1.354(2)
1.450(2)
1.352(2)
1.442(2)
1.321(2)
1.326(2)
1.396(2)
1.346(2)

C(2)-C(3) 1.401(2)
C(3)-C(4) 1.394(2)
C(3)-C(8) 1.524(2)
C4)-F2) 1.342(2)
C(4)-C(5) 1.392(3)
C(6)-C(N#1 1.518(3)
C(7)-C(6)#1 1.518(3)
C(8)-F(3) 1.379(2)

116.60(13)  O(1)-C(7)-C(6)#1

117.43(13)  F(3)-C(8)-C(3)

119.24(15)  F(3)-C(8)-C(9)

120.93(15)  C(3)-C(8)-C(9)

122.31(15)  F(3)-C(8)-C(10)

116.73(15)  C(3)-C(8)-C(10)

117.64(15)  C(9)-C(8)-C(10)

122.36(15)  F(6)-C(9)-E(5)

120.00(15)  F(6)-C(9)-F(4)

115.75(15)  F(5)-C(9)-F(4)

123.02(15)  E(6)-C(9)-C(8)

121.21(15)  F(5)-C(9)-C(8)

118.36(15)  F(4)-C(9)-C(8)

120.92(16)  E(7)-C(10)-F(9)

120.71(16)  E(7)-C(10)-E(8)

121.05(15)  F(9)-C(10)-E(8)

121.88(16)  F(7)-C(10)-C(8)

117.05(15)  F(9)-C(10)-C(8)

109.66(15)  F(8)-C(10)-C(8)

C(8)-C(9)
C(8)-C(10)
C(9)-F(6)
C(9)-F(5)
C(9)-F(4)
C(10)-F(7)
C(10)-F(9)
C(10)-F(8)

108.49(14)
109.30(14)
105.81(14)
110.35(15)
103.96(14)
115.19(14)
111.61(15)
108.99(15)
107.78(15)
108.13(15)
111.74(16)
111.26(15)
108.81(15)
107.85(15)
109.24(15)
108.04(16)
112.66(15)
108.97(15)
109.96(15)

Symmetry transformations used to generate equivalent atoms:

#l-x+1,-y,-z

o
9%}

|

.546(3)
570(3)
327(2)
329(2)
340(2)
324(2)
331(2)
332(2)



Table 4. Anisotropic displacement parameters (A2x 10%) for (29) The anisotropic

displacement factor exponent takes the form: -2z?[ h? a**U'' + . + 2hka*b* U'*|

Atom yi U 33 us U U2
o) 16(1 25(1) 18(1) -6(1) 3(1) -3(1)
0(2) 17(1) 30(0) 4 -3(1) 4(1) L)
N() 18(1) 15(1) 18(1) -1(h) 4(D) och
C(h 17(1) 13(1) 17(1) -1(1) () o)
C(2) 19(1) 17(1) 14(1) -1() 4(1) O(h
C3) 15(1) 13(1) 17(1) I(1D (1) 1(1)
C4) L6(1) 18(1) 19(1) -1(1) 3(1) oD
C(5) 19(1) 17(1) 15(1) o(l) 3(1) 1(1)
C(6) 19() 23(D) 15(1) 1(1) 3D 0(1)
C 15(1) 21(H) 18(1) -2(1) () -3(1)
C(8) 18(1) 20(1) 16(1) 2(D) 41 oL
cH 22(1) 23(1) 21(1) 3D 6(1) 2()
C(1o) 21 29(1) 21 2(h) 1e)) 6(1)
F(1) 21(1) 311 15(1) -4(h 4D -2(H
F(2) 16(n) 34(1) 20(1) -3(1) 3 -3(D
F(3) 23(1) 26(1) 19(1) -6(1) (1) o
F(4) 30(1) 25(1D) 26(1) (D 1]l t(n)
F(5) 33(1) 23(1) 29(1) 21 3(1) -
F(6) 32(1) 35(1) 40(1) 10(1) 21D -4(1)
F(7) 17(1) 47(1) 28(1) -3 2(1) o)
F(8) 33(1)y 31(L) 3D LD LI(D 12(1)
F(9) 26(1) 48(1) 27(1) -1¢1) 12(1) 14(1)

e



Table 5. Hydrogen coordinates ( x 10%) and isotropic displacement parameters (A2x 10 3) for (29)

Atom X y z U(eq)
H(71) 6386(15) 2160(20) 2580(20) 12(5)
H(72) 5601(14) 1870(20) 1150(20) 13(5)
H(61) 3343(17) 480(30) -2930(30) 28(6)
H(62) 4180(16) 870(30) -1550(20) 24(6)

Table 6. Torsion angles [°] for (29)

C(5)-N(1)-C(1)-0O(1) -175.33(15) | C(DH-O)-CNH-C(6)#1 | -84.91(18)
C(O)-N(DH-C(D-C(2) 2.5(2) C(4)-C(3)-C(8)-F(3) -158.50(15)
C(M)-0(1)-C(1)-N(1) -1.8(2) C(2)-C(3)-C(8)-F(3) 23.1(2)
C(N)-0(1H)-C(1)-C(2) -179.69(15) | C(4)-C(3)-C(8)-C(9) 85.5(2)
N(1)-C(1)-C(2)-F(1) 176.55(15) C(2)-C(3)-C(8)-C(D) -92.86(19)
O(1)-C(1)-C(2)-F(1) -5.6(2) C(#)-C(3)-C(8)-C(10) -41.9(2)
N(1)-C(1)-C(2)-C(3) -4.0(3) C(2)-C(3)-C(8)-C(10) 139.66(17)
O(1)-C(H-C(2)-C(3) 173.85(15) F(3)-C(8)-C(9)-F(6) 64.55(19)
F(1)-C(2)-C(3)-C(4) -177.09(15) | C(3)-C(8)-C(9)-F(6) -177.33(14)
C(1)-C(2)-C(3)-C( 3.5(2) C(10)-C(8)-C(9)-F(6) | -47.9(2)
F(1)-C(2)-C(3)-C(8) 1.4(3) F(3)-C(8)-C(9)-F(5) -173.38(13)
C(1)-C(2)-C(3)-C(8) -177.95(16) | C(3)-C(8)-C(9)-F(5) -55.3(2)
C(2)-C(3)-C(4)-F(2) 178.94(15) C(10)-C(8)-C(9)-F(5) 74.18(19)
C(8)-C(3)-C(4)-F(2) 0.5(3) F(3)-C(8)-C(9)-F(4) -54.35(18)
C(2)-C(3)-C(4)-C(5) -1.8(2) C(3)-C(8)-C(9)-F(4) 63.77(18)
C(8)-C(3)-C(4)-C(5) 179.70(16) C(10)-C(8)-C(9)-F(4) -166.79(14)
C(1)-N(1)-C(5)-0(2) 177.46(15) F(3)-C(8)-C(10)-F(7) -152.64(15)
C(1)-N(1)-C(5)-C4) -0.6(2) C(3)-C(8)-C(10)-F(7) 87.81(19)
C(6)-0(2)-C(5)-N(1) 1.2(2) C(9)-C(8)-C(10)-F(7) -39.0(2)
C(6)-0(2)-C(5)-C(4) 179.43(15) F(3)-C(8)-C(10)-F(9) -32.99(19)
F(2)-C(4)-C(5)-N(1) 179.64(15) C(3)-C(8)-C(10)-F(9) -152.55(16)
C(3)-C(4)-C(35)-N(1) 0.4(3) C(9)-C(8)-C(10)-F(9) 80.61(19)
E(2)-C(4)-C(5)-0(2) 1.5(2) F(3)-C(8)-C(10)-F(8) 85.25(17)
C(3)-C(4)-C(5)-0(2) -177.80(15) | C(3)-C(8)-C(10)-F(8) -34.3(2)
C(5)-0(2)-C(6)-C(M#1 | 91.13(18) C(9)-C(8)-C(10)-F(8) -161.15(15)

Symmetry transtormations used to generate equivalent atoms:

#l -x+1,-y,-z



Compound Number:

Name:

(31)

25,26-diaza-11,23-bis[1,2,2,2-tetrafluoro-1 -
(trifluorometiyl)ethyl]-10,12,22,24-tetrafluoro-
2,5.8.14.17,20-
hexaoxatricvelof19.3.1.1<9,13> Jhexacosa-

1(24),9(26),10,12,21(25),22-hexaene

FS



Table 1. Crystal data and structure refinement for (31)

Identification code s138

Empirical formula Caq Hig Fig N2 Og

Formula weight 770.39

Temperature 120.02) K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group P2,/c

Unit cell dimensions a=11.0542(4) A o= 90°.
b=14.1784(5) A B=102.96(1)°.
c=18.7552(6) A y = 90°,

Volume 2864.64(17) A3

Z 4

Density (calculated) 1.786 Mg/m?

Absorption coefficient 0.202 mm-1

F(000) 1536

Crystal size 0.36 x 0.32 x 0.32 mm3

Theta range for data collection 1.89 to 30.20°.

[ndex ranges -14<=h<=14, -19<=k<=19, -26<=1<=26

Reflections collected 33009

Independent reflections 7801 [R(int) = 0.0287]

Completeness to theta = 30.20° 91.6 %

Absorption correction None

Max. and min. transmission 0.9382 and 0.9308

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 7801/0/515

Goodness-of-fit on F2 1.053

Final R indices [I>2sigma(I)] R1=10.0439, wR2=0.1101

R indices (all data) R1=0.0532, wR2=0.1175

Largest diff. peak and hole 0.674 and -0.314 ¢.A-3




Table 2. Atomic coordinates ( x 10%) and equivalent isotropic displacement parameters (A2x 10%) for (31) U(eq)

is defined as one third of the trace of the orthogonalized U tensor.

Atom X y z U(eq)
o(1) 4876(1) 7654(1) 7477(1) 25(1)
0(2) 3569(1) 8946(1) 6412(1) 27(1)
0(3) 5317(1) 10202(1) 5903(1) 26(1)
0O(4) 5381(1) 10492(1) 8395(1) 24(1)
0(3) 3611(1) 9417(1) 8971(1) 25(1)
0(6) 4436(1) 7757(1) 9876(1) 24(1)
N(1) 4659(1) 7656(1) 8676(1) 20(1)
N(2) 5308(1) 10370(1) 7146(1) 20(1)
C(1) 5162(1) 7696(1) 9383(1) 20(1)
C(2) 6447(1) 7669(1) 9647(1) 22(1)
C(3) 7243(1) 7654(1) 9160(1) 22(1)
C(4) 6678(1) 7644(1) 8420(1) 23(1)
C(5) 3379(1) 7649(1) 8200(1) 21(1)
C(6) 3538(2) 7753(1) 7273(1) 25(1)
C(7) 3209(2) 7995(1) 6472(1) 27(1)
C(8) 3416(2) 9271(1) 5683(1) 25(1)
C(9) 3974(1) 10243(1) 5711(1) 22(1)
C(10) 5907(1) 10207(1) 6616(1) 21(1)
(1 7184(1) 10060(1) 6767(1) 23(1)
C(12) 7892(1) 10086(1) 7481(1) 23(1)
C(13) 7234(1) 10234(1) 8025(1) 23(1)
C(14) 5947(1) 10361(1) 7835(1) 20(1)
C(15) 4050(1) 10649(1) 8214(1) 23(1)
C(16) 3579(2) 10414(1) 8887(1) 23(1)
C(17) 3044(2) 9108(1) 9540(1) 25(1)
C(18) 3153(1) 30438(1) 9592(1) 25(1)
C(19) 8658(1) 7613(1) 9419(1) 25(1)
C(20) 9087(2) 6579(1) 9584(1) 32(1)
@21 9224(2) 8277(2) 10073(1) 35(1)
C(22) 9307(2) 10057(1) 7648(1) 29(1)
C(23) 9794(2) 11049(2) 7493(1) 35(1)
C(24) 9881(2) 9255(2) 7239(1) 39(1)
F(1) 6909(1) 7653(1) 10374(1) 29(1)
F(2) 7323(1) 7617(1) 7891(1) 32(1)
F(3) 9207(1) 7907(1) 8867(1) 34(1)
F(4) 8741(1) 6071(1) 8980(1) 39(1)
F(5) 8595(1) 6193(1) 10100(1) T41(1)
F(6) 10326(1) 6529(1) 9802(1) 48(1)
F(7) 9275(1) 7867(1) 10717(1) 49(1)
F(8) 10387(1) 3501(1) 10051(1) 50(1)
F(9) 8572(1) 9069(1) 10043(1) 46(1)
F(10) 7726(1) 9914(1) 6199(1) 32(1)
F(11) 7798(1) 10295(1) 8740(1) 37(1)
F(12) 9775(1) 9909(1) 8384(1) 40(1)
F(13) 9440(1) 11676(1) 7937(1) 47(1)
F(14) 9341(1) 11326(1) 6310(1) 37(1)
F(15) 11031(1) 11060(1) 7620(1) S3(1)
F(16) 10078(1) 9513(1) 6612(1) 43(1)
F(17) 9149(1) 8501(1) T164(1) S1(1)
F(18) 10981(1) 9005(1) 7676(1) 61(1)

D.1s.



Table 3. Bond lengths [A] and angles [°] for (31)

O(1)-C(3)
O(1)-C(6)
0(2)-C(7)
0(2)-C(8
0(3)-C(10)
0(3)-C(9
O(4)-C(14)
O(4)-C(15)
0(5)-C(16)
0(5)-C(17)
0(6)-C(1)
0(6)-C(18)
N(1)-C(1)
N(1)-C(5)
N(2)-C(14)
N(2)-C(10)
C(H-C(2)
C(2)-F(1)

1.3456(18)
1.4497(19)
1.4165(19)
1.4173(19)
1.3503(18)
1.4476(18)
1.3504(17)
1.4511(18)
1.4215(18)
1.4225(17)
1.3555(17)
1.4581(18)
1.3202(19)
1.3219(19)
1.3259(19)
3326(18)
1.396(2)
1.3444(17)

C(2)-C(3)
C(3)-C(4)
C(3)-C(19)
4)-F(2)
C(4)-C(3)
C(6)-C(7)
C(8)-C(9)
C(10)-C(11)
C(11)-F(10)
C(11)-C(12)
C(12)-C(13)
C(12)-C(22)
C(13)-F(11)
C(13)-C(14)
C(15)-C(16)
C(17)-C(18)
C(19)-F(3)

D. 19.

1.403(2)
1.388(2)
1.531(2)
1.3473(17)
1.402(2)
1.505(2)
1.507(2)
1.391(2)
1.3504(16)
1.392(2)
1.394(2)
1.526(2)
1.3489(17)
1.398(2)
1.506(2)
1.510(2)
1.3768(18)

C(19)-C(20)
C(19)-C(21)
C(20)-F(4)
C(20)-F(5)
C(20)-F(6)
C(21)-F(9)
C(21)-F(7)
C(21)-F(8)
C(22)-F(12)
C(22)-C(23)
C(22)-C(24)
C(23)-F(14)
C(23)-F(15)
C(23)-F(13)
C(24)-F(17)
C(24)-F(16)
C(24)-F(18)

1.551(2)
1.563(2)
1.325(2)
1.329(2)
1.3409(19)
1.329(2)
1.3302)
1.333(2)
1.3776(19)
1.555(3)



) (3) C(9
C(14)-0(4)-C(15)
C(16)-0(5)-C(17)
C(1)-0(6)-C(18)
C(1)-N(1)-C(5)
C(14)-N(2)-C(10)
N(1)-C(1)-O(6)
N(1)-C(1)-C(2)
O(6)-C(1)-C(2)
F(1)-C(2)-C(1)
F(1)-C(2)-C(3)
C(1)-C(2)-C(3)
C(4)-C(3)-C(2)
C(4)-C(3)-C(19)
C(2)-C(3)-C(19)
F(2)-C(4)-C(3)
F(2)-C(4)-C(5)
C(3)-C(4)-C(5)
N(1)-C(5)-0(1)
N(1)-C(5)-C(4)
O(1)-C(5)-C(4)
O(1)-C(6)-C(7)
0(2)-C(7)-C(6)
0(2)-C(8)-C(9)
0(3)-C(9)-C(8)
N(2)-C(10)-0(3)
N(2)-C(10)-C(11)
O(3)-C(10)-C(1 1)
F(10)-C(11)-C(12)
F(10)-C(11)-C(10)
C(12)-C(11)-C(10)
C(11)-C(12)-C(13)
C(11)-C(12)-C(22)
C(13)-C(12)-C(22)
F(11)-C(13)-C(12)
F(11)-C(13)-C(14)
C(12)-C(13)-C(14)
N(2)-C(14)-0(4)
N(2)-C(14)-C(13)

115.63(12)
114.23(12)
119.12(11)
117.50(11)
112.65(11)
116.45(11)
119.80(13)
118.63(13)
120.51(13)
121.36(13)
118.13(13)
118.94(13)
120.58(13)
120.47(14)
116.27(14)
121.06(13)
122.63(14)
122.84(14)
117.39(14)
119.77(14)
120.33(13)
122.21(14)
117.45(13)
106.80(13)
106.61(13)
107.74(12)
111.14(13)
121.99(13)
121.67(13)
116.32(13)
120.62(13)
118.18(13)
121.18(13)
115.78(14)
121.74(13)
122.19(14)
122.42(14)
117.52(13)
120.02(13)
121.17(13)
122.59(13)

O(4)-C(14)-C(13

O(4)-C(15)- (16}
O(5)-C(16)-C(15)
O(5)-C(17)-C(18)
0(6)-C(18)-C(17)
F(3)- C(19) C(3)

F(3)-C(19)-C(20)
C(3)-C(19)-C(20)
F(3)-C(19)-C(21)
C(3)-C(19)-C(21)
C(20)-C(19)-C(21)
F(4)-C(20)-F(5)

F(4)-C(20)-F(6)

F(5)-C(20)-F(6)

F(4)-C(20)-C(19)
F(5)-C(20)-C(19)
F(6)-C(20)-C(19)
F(9)-C(21)-F(7)

F(9)-C(21)-F(8)

F(7)-C(21)-F(8)

F(9)-C(21)-C(19)
F(7)-C(21)-C(19)
F(8)-C(21)-C(19)
F(12)-C(22)-C(12)
F(12)-C(22)-C(23)
C(12)-C(22)-C(23)
F(12)-C(22)-C(24)
C(12)-C(22)-C(24)
C(23)-C(22)-C(24)
F(14)-C(23)-F(15)
F(14)-C(23)-F(13)
F(15)-C(23)-F(13)
F(14)-C(23)-C(22)
F(15)-C(23)-C(22)
F(13)-C(23)-C(22)
F(17)-C(24)-F(16)
F(17)-C(24)-F(18)
F(16)-C(24)-F(18)
F(17)-C(24)-C(22)
F(16)-C(24)-C(22)
F(18)-C(24)-C(22)

D. 20.

[16.23(13)
107.05(12)
107.99(12)
108.24(12)
[11.21(13)
109.94(13)
105.73(13)
110.13(13)
103.98(13)
115.26(13)
111.21(14)
108.18(15)
108.16(14)
108.27(15)
109.01(14)
112.27(14)
110.84(14)
108.66(15)
108.37(16)
106.74(15)
110.97(15)
112.24(16)
109.71(14)
110.29(13)
104.97(14)
108.61(14)
104.81(14)
115.43(15)
112.17(14)
108.60(15)
107.78(16)
108.20(15)
L12.17(15)
111.16(16)
108.82(14)
108.49(18)
108.16(17)
107.01(15)
110.51(14)
113.09(16)
109.41(17)



Table 4. Anisotropic displacement parameters (A2x 10%) for (31) The anisotropic

displacement factor exponent takes the form: -2p[ h* a*:U! +

+2hka*b*Ul?]

Atom phl UZZ U33 u23 UB U12
o(1) 25(1) 28(1) 22(1) 0(1) 6(1) (1)
0(2) 39¢1) 21(1) 2001) 0N A1) -6(1)
0(3) 20(1) 40(1) 18t -3(h B 2(1)
0O(4) 20(1) 34(1) 18(1) o) 6(1) -1
0(5) 30(1) 22(1) 27(1) 5(1) 16(1) 4(1)
O(6) 22(1) 30(1) 21(h) 6(1) 7(1) 6(1)
N() 20(1) 18(1) 23(1) 2(1) 5(1) 2(1)
N(2) 19(1) 20(1) 19¢1) 1Y 501) 2201
c(nh 20(1) 18(1) 24(1) 1) 7(1) 2(1)
C(2) 21(1) 23(1) 211 -I(h 3 3(1)
C(3) 18(1) 20(1) 28(1) -2(1) 5(1) 1
C(4) 22(1) 23(1) 26(1) -1 1O(1) (1)
C(5) 23(1) 17(1) 24(1) o 6(1) 2(1)
C(6) 24(1) 23(1) 26(1) (1 3(1) o)
C(7) 33(1) 21(DH 25(1) 2D 0(1) A1)
C(8) 27(1) 27(1) 18(1) 2(D) 0(1) 2(1)
C(9) 20(1) 25(1) 19(1) i 2(1) )
Ci0) 20(1) 23(1) 19(1) 3D 4(1) -3(1)
C(1 21(1) 29(1) 2101 221 9(1) -1(1)
C(12) 18(1) 27(1) 24(1) 2(h) 5(1) o(1)
C(13) 21(1) 30(1) 18(1) 2(1) 3(1) -2(1)
C14) 20(1) 20(1) 19(1) o) 6(1) 3(1)
C(135) 20(1) 24(1) 24(1) 4(1) H 2(1)
C(16) 25(1) 22(1) 23(1) 2(h) RI¢D) 4(1)
C(17) 24(1) 29(1) 26(1) 7(1) 14(1) 7(1)
C(18) 19(1) 3 a8(H 9(1) 10(1) 3(1)
C(19) 19(1) 31(1) 26(1) 3(N (1) -1
C(20) 18(1) 35(1) 43(h) o) 7N 5(1)
czn 23(1) 49(1) 3401 -12(1) 5(1) -6(1)
C(22) 18(1) 42(1) 25(1) 6(1) 3(1) 1(1)
c(2y 23(1) 49(1) 320 2(1) 4(1) -9(1)
C(24) 25(1) 49(1) 45(1) 8(1) 12(1) 8(1)
F(1) 26(1) 38(1) 21(1) -2(1) 2(1) 5(1)
F(2) 27(1) 44(1) 27(1) -2 13¢1) 2
F(3) 28(1) 43(1) 3001 (1 12(1) -5(1)
F() 33(D) 34(1) $3(1) LD 17(1) 4(1)
F(3) 32(1) 47(1) 44(1) 135(1) S 5(1)
F(6) 19(1) - 52(1) 69¢1) 6(1) 5(1) 10(1)
F(7) 39(1) 80(1) 26(1) S7(1) 1(1) -2(1)
F(8) 24(1) 70(1) 35(1) -25(1) 10(1) -18(1)
F(9) 41(1) 40(1) 57D 221(1) 12(1) -7
F(10) 24(1) SI(L) 24(1) -6(1) 11(1) o)
F(in 24(1) 66(1) 18(1) 2() I -1
F(12 23(1) 67(1) 28(1) 13(1) 2(1) 5(1)
F(13) 48(1) S0(1) 42(1) -13(D) 8(1) -20(1)
F(14) 30(1) 47(1) 35N 9(1) 6(1) -7(1)
F(15) 21(1) 82(1) 53D 14(1) 1(h -16(1)
F(16) 33(1) S7(1) 43¢ o(1) 20(1) (1)
F(17) 46(1) 36(1) 79 5(1) 32(1) 3(1)
F(18) 31N 91(1) 62(1) 17(1) 12(1) 30(1)




Table 5. Hydrogen coordinates ( x 10*) and isotropic displacement parameters (A2x 10 %)

for (31)

Atom X y z Uleq)
H(61) 3290(18) 3260(14) 7543(10) 23(5)
H(62) 3190(20) 7170(16) 7368(11) 31(5)
H(71) 3630(20) 7566(15) 6194(12) 32(5)
H(72) 2310(20) 7907(15) 6296(11) 29(5)
H(81) 3824(19) 3862(15) 5394(11) 27(5)
H(82) 2520(20) 9302(16) 5435(13) 40(6)
H(91) 3660(18) 10632(14) 6046(10) 22(4)
H(92) 3780(18) 10532(14) 5224(11) 23(5)
H(151) 3660(20) 10249(15) 7820(12) 30(5)
H(152) 3877(19) 11291(16) 8077(11) 29(5)
H(l61) 2732(18) 10648(13) 8835(10) 21(4)
H(162) 4080(20) 10724(16) 9322(12) 34(5)
H(17D) 3428(19) 9396(14) 9999(11) 26(35)
H(172) 2190(19) 9270(14) 9434(11) 24(5)
H(181) 2826(18) 7751(14) 9118(11) 25(5)
H(182) 2731(19) 7809(15) 9943(11) 29(5)




Table 6. Torsion angles [°] for (31)

CE3)-N(H-CH-O(6)
CE3)-N-C)-C2)
CU8)-010)-C(1)-N(1)
CI18)-0(6)-C(1H-C(2)
N(D-CH-C)-F(1)
O(6)-C(1)-C(2)-F(1)
N(-Ce13-C2)-C(3)
0(6)-C(1)-C(2)-C(3)
F(1)-C(2)-C(3)-C(3)
C(1)-C(2)-C(3)-C(H)
F(1)-C(2)-C(3)-C(19)
C(H-C(2)-C(3)-C(19
C(2)-C(3)-C(H)-F(2)
CU-C(3)-C(4)-F(2)
C(2)-C(3)-C()-C(3)
CU19)-C(3)-C(H)-C(3)
C(N-N(H-C(5)-0(1)
C(1)-N(H-C(3)-C(4)
C(O)-O(1)-C{3)-N(1)
C(6)-001)-C(3)-C(4)
F(2)-C(4)-C(3)-N(1)
C(3)-C(4)-C(5)-N(1)
F(2)-C(4)-C(3)-O(1)
C(3)-C(4)-C(5)-0(1)
C(3)-0(1)-C(6)-C(T)
C(8)-0(2)-C(7)-C(6)
O(1)-C(6)-C()-0(2)
C(7)-0(2)-C(8)-C(»
C(10)-0(3)-C(9)-C(8)
O(2)-C(H-C(N-0(3)
Cl4)-N(2)-C(10)-0(3)
C(IH-N(2)-C10)-C(1 1)
C(9)-0(3)-C(10)-N(2)
C(9)-0(3-C(10)-C(1 1)
N(2)-C(10)-C(1 )-F(10)
O(3)-C(10)-C(1 1)-F(10)
N(2)-C(10)-C(1 1)-C(12)
O(3)-C(10)-C(11)-C(12)
F(10)-C(1 1)-C(12)-C(13)
C10)-C(1 N-C(12)-C(13)
FOO-C( 1)-C12)-C(22)
C(10)-C(! 1)-C(12)-C(22
CUN-C12)-C13)-F(1 1)
C(22)-C(12)-C(13)-F(L 1)
C(IH-C(12)-C(13)-C(14)
C(22)-C(12)-C(13)-C(14)
C(10)-N(2)-C(143-O(4)
C(10)-N(2)-C(14)-C(13)
C(15)-0(3)-C(14)-N(2)
C(15)-0(4)-C(14)-C(13)
F(11)-C(13)-C(14)-N(2)
C(12)-C(13)-C(t4)-N(2)
F(11)-C(13)-C(14)-0(4)
C(12)-C(13)-C(14)-0(4)

176.33(13)
4.3(2)
-17.2(2)
163.35(13)
-173.94(13)
3.3(2)
3.8(2)
-176.78(13)
17R.14(13)
-1.6(2)
0.4(2)
-179.29(14)
-179.14(14)
-1.4(2)
0.0(2)
177.78(14)
-176.81(13)
2.7(2)
5.36(19)
-174.15(13)
178.68(13)
-0.5(2)
-1.8(2)
178.95(13)
165.34(12)
175.22(13)
-73.68(106)
-173.46(13)
-87.71(16)
73.19(106)
179.77(13)
-2.1(2)
-8.7(2)
173.07(13)
-179.02(13)
-0.8(2)
-0.6(2)
177.59(14)
-179.45(14)
2.2(2)
6.06(2)
S171.74(135)
-178.63(13)
-4.7(2)
-1.2(2)
172.76(15)
-177.95(13)
3.2(2)
-0.4(2)
178.53(13)
176.04(14)
-1.6(2)
-2.9(2)
179.55(14)

C(14)-0(4)-C(15)-C(16)
CU7)-003)-C16)-C(15)
O#)-C(13)-C(16)-0(5)
C(10)-0(3)-C(17)-C(18)
C(1)-0(6)-C(18)-C(17)
O(3)-C(17)-C(18)-0(0)
C()-C3)-C(19)-F(3)
C(2)-C(3)-C(19)-F(3)
C($)-C(3)-C(19)-C(20)
C(2)-C(3)-C(19)-C(20)
C(4)-C(3)-C(19)-C(21)
C(2)-C(3)-C(19)-C(21)
F(3)-C(19)-C(20)-F(4)
C(3)-C(19)-C(20)-F(4)
C(21)-C(19)-C(20)-F(4)
[(3)-C(19)-C(20)-F(5)
C(3)-C(19)-C(20)-F(5)
C(21)-C(19)-C(20)-F(3)
F(3)-C(19)-C(20)-F(6)
C(3)-C(19)-C(20)-F(6)
C(21)-C(19)-C(20)-F(6)
F(3)-C(19)-C(21)-F(9)
C(3)-C(19)-C(21)-F(9)
C(20)-C(19)-C(21)-F(9)
F(3)-COON-C2NH-F(T)
C(3)-C(19)-C21)-F(7)
C(20)-C19)-C21)-F(7)
F(3)-C(19)-C(21)-F(8)
C(3)-C(19)-C(21)-F(8)
C(20)-C(19)-C(21)-F(8)
C(1 )-C(12)-C(22)-F(12)
C(13)-C(12)-C(22)-F(12)
C(11)-C(12)-C(22)-C(23)
C(13)-C(12)-C(22)-C(23)
C(11)-C(12)-C(22)-C(24)
C(13)-C(12)-C(22)-C(24)
F(12)-C(22)-C(23)-F(14)
C(12)-C(22)-C(23)-F(14)
C(24)-C(22)-C(23)-F(14)
F(12)-C(22)-C(23)-F(15)
C(12)-C(22)-C(23)-F(15)
C(24)-C(22)-C(23)-F(13)
F(12)-C(22)-C(23)-F(13)
C(12)-C(22)-C(23)-F(13)
C(24)-C(22)-C(23)-F(13)
F(12)-C(22)-C(24)-F(17)
C(12)-C2D)-C24)-F(17)
C(23)-C2N-C2H)-F(17)
F(12)-C{22)-C(24)-F(16)
C(12)-C(2)-C2H-F(16)
C(23)-C(22)-C(24)-F(16)
F(12)-C(22)-C4)-F(18)
C(12)-C(22)-C(24)-F(18)
C(23)-C(2)-C24)-F(18)

1592113
17280013
-72.88¢13)
-178.83(13)
-83.71(10)
09.53(17)
21.7()
-160.70(14)
-94.40(17)
83.18(18)
138.80(16)
-43.6(2)
-38.52(10)
60.21(17)
-170.76(13)
-178.37(13)
-59.64(18)
69.39(18)
60.41(18)
179.14(13)
-51.83(19)
86.94(16)
-33.5(2)
-159.72(13)
-151.27019)
88.32(1%)
-37.92(19)
-32.8(2)
-153.18(13)
80.57(19)
108 41(13)
18.0(2)
77.07(19)
-96.49(18)
-49.9(2)
136.56(16)
-175.25(14)
-37.29(19)
71.50(19)
62.95(18)
-179.09(14)
-50.3(2)
-36.10(17)
61.86(18)
-169.35(13)
90.14(18)
-31.4(2)
-156.32(13)

¢ -148.01(15)

90.45(19)
34.7(2)
-28.8(2)
-150.37(13)
84.50(19)



Compound Number: Name:

(40) 2,6-dibromo-3-fluoro-5-methoxy-4-(1,2,2,2-tetrafluoro-

I-trifluoromethyl-ethyl)-pyridine

D. 24,



Table |. Crystal data and structure refinement for (40)

Identification code
Empirical formula
Formuia weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta =27.50°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [[>2sigma(I)]
R indices (all data)

Largest diff. peak and hole

s194s

COH3Br2F§NO

452.94

120(2) K

0.71073 A

Monoclinic

P 2(1)c

a=10.446(2) A o= 90°.
b=7.122(1) A B=93.71(3)°.
c=17.251(4) A v =90°.
1280.8(4) A3

4

2.349 Mg/m?

6.424 mm"!

856

0.50x 0.32 x 0.26 mm?

1.95 to 27.50°.

-13<=h<=13, -9<=k<=9, -22<=]<=22
12605

2941 [R(int) = 0.0321]

99.8 %

Semi-empirical from equivalents
0.2859 and 0.1415

Full-matrix least-squares on F?
2941/0/ 176

1.008 °

R1=0.0528, wR2 = 0.1333
R1=0.0677, wR2 = 0.1435

1.341 and -1.793 e. A



Table 2. Atomic coordinates ( x 107) and equivalent isotropic displacement parameters (A2x 10%)

for (40) U(eq) is defined as one third of the trace of the orthogonalized U tensor.

X y z U(eq)
Br(1) 11564(1) 8405(1) 8186(1) 48(1)
Br(2) 10184(1) 6911(1) 11125(1) 34(1)
N(1) 10581(4) 7670(6) 9602(2) 25(1)
o(1) 7464(4) 7660(6) 10415(3) 50(1)
C(1) 10257(6) 8095(7) 8871(3) 29(1)
C(2) 8989(6) 8321(7) 8604(3) 35(1)
C(3) 7996(6) 8142(8) 9095(4) 35(1)
C(4) 8335(5) 7704(7) 9872(3) - 30(1)
C(5) 9656(5) 7478(7) 10081(3) 24(1)
C(6) 7084(7) 5823(10) 10685(5) 50(2)
F(1) 8727(5) 8748(6) 7854(2) 59(1)
F(2) 5746(5) 7484(8) 9412(3) 47(1)
F(2" 6929(13) 10030(20) 8003(8) 51(3)
F(3) 6832(6) 11405(9) 8397(4) 54(1)
F(3" 5214(15) 8750(20) 9558(9) 61(4)
F(4) 5032(7) 10887(11) 8654(4) 49(2)
F(4') 4792(13) 10430(20) 8731(7) 32(3)
F(5) 6345(6) 10982(9) 9653(4) 45(1)
F(5" 6655(12) 11379(17) 9464(7) 33(3)
F(6) 4836(6) 6867(9) 8137(4) 43(2)
F(6") ‘ 4879(12) 7470(20) 7978(7) 34(3)
F(7) 6692(6) 5740(9) 8031(4) 49(1)
E(7) 6812(13) 6360(20) 7730(9) 49(3)
F(8) 6220(6) 8404(8) 7498(3) 53(1)
F(8" 6122(13) 5600(20) 8842(8) 53(3)
() 6518(8) 8315(12) 8885(5) 33(2)
C(7) 6766(18) 8740(30) 8624(11) 27(4)
C(8) ' 6188(10) 10472(14) 8861(6) 41(2)
C(8") 5930(17) 10020(30) 9113(10) 24(3)
C(9) 6087(7) 7308(11) 8149(4) 48(2)
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Table 3. Bond lengths [A] and angles [°] for (40)

Br(1)-C(1)
Br(2)-C(5)
N(1D-C(5)
N(1)-C(1)
O(1)-C(4)
O(1)-C(6)
C(1)-C(2)
C(2)-F(1)
C(2)-C(3)
C(3)-C(4)
CG3)-C(7)
C(3)-C(7)
C(4)-C(5)

C(5)-N(1)-C(1)
C(4)-0(1)-C(6)
N(1)-C(1)-C(2)
N(1)-C(1)-Br(1)
C(2)-C(1)-Br(1)
F(1)-C(2)-C(1)
F(1)-C(2)-C(3)
C(1)-C(2)-C(3)
C(2)-C(3)-C(4)

O(1)-C(4)-C(3)

O(1)-C(4)-C(5)
C(3)-C(4)-C(5)
N(1)-C(5)-C(4)
N(1)-C(5)-Br(2)
C(4)-C(5)-Br(2)

1.875(6)
1.893(5)
1.318(7)
1.319(7)
1.347(7)
1.453(8)
1.383(8)
1.340(6)
1.388(9)
1.399(8)
1.53(2)

1.57(1)

1.412(7)

118.0(5)
117.1(5)
121.7(5)
118.5(4)
119.8(4)
118.7(6)
119.8(5)
121.6(5)
116.9(5)
122.0(5)
120.9(5)
116.9(5)
124.9(5)
116.0(4)
119.1(4)

Symmetry transformations used to generate equivalent atoms:

D.27.



Table 4. Anisotropic displacement parameters (A2x 10%) for (40). The anisotropic

displacement factor exponent takes the form: -2n?[ h* a*2U" + . +2hka*b* U'?]

U U2 U U» un SiE
Br(1) 63(1) 41(1) 42(1) 1(1) 21(1) -4(1)
Br(2) s54(1) 23(1) 25(1) -K(1) -5(1) 11
N(1) 27(2) 18(2) 30(2) 2(2) -3(2) 1(2)
o(1) 39(2) 30(2) 83(4) “1(2) 27(2) 7(2)
c(1) 40(3) 19(2) 28(2) 2(2) 4(2) “1(2)
C(2) 53(4) 23(3) 29(3) -3(2) -12(2) 12(2)
C(3) 34(3) 27(3) 44(3) -13(2) -13(2) 10(2)
C(4) 27(3) 16(2) 46(3) -6(2) 1(2) 4(2)
C(5) 29(3) 15(2) 26(2) 2(2) -5(2) 202)
C(6) 40(4) 42(4) 71(5) 113) 19(3) 6(3)
F(1) 95(3) 47(2) 31Q2) 0(2) -19(2) 22(2)

Table 5. Hydrogen coordinates ( x 10*) and isotropic displacement parameters (A2x 10 3)
for (40).

X y z U(eq)
H(61) 6146 5724 : 10641 60
H(62) 7395 5660 11229 60
H(63) 7453 4847 10367 60




Compound Number: Name:

41) 2,6—(11'/))‘011’10-3,5-(1[/7-zeth()x_v-4-(/,2,2,2-teﬁzdlu0r0-l-

trifluoromethyl-ethyl)-pyridine
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Table 1. Crystal data and structure refinement for (41)

ldentification code s197

Empirtcal formula CioH, Br, F; N O,

Formula weight 464.98

Temperature 1201 K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group P2/

Unit cell dimenstons a=8.7159(2) A a=90°
b=12.5425(3) A B=91.50(1)°.
c=12.8367(3) A y =90°.

Volume 1402.82(6) A3

z 4

Density (calculated) 2.202 Mg/m’?

Absorption coetficient 5.864 mm!

F(000) 383

Crystal size 0.30 x 0.15 x 0.06 mm’

Theta range for data collection 2.27 to 30.55°.

Index ranges -10<=h<=12, -17<=k<=16, -17<=l<=17

Reflections collected 16148

Independent reflections 3888 [R(int) = 0.0426]

Completeness to theta = 30.55° 90.4 %

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 0.7199 and 0.2722

Refinement method Full-matrix least-squares on F?

Data / restraints / parameters 3888/0/223

Goodness-of-fit on F2 1.029

Final R indices [1>2sigma(l)] R1=0.0321, wR2 = 0.0634

R indices (all data) R1=10.0518, wR2 = 0.0689

Largest diff. peak and hole 0.627 and -0.640 e A3



Table 2. Atomic coordinates ( x 10%) and equivalent isotropic displacement parameters (Ax 1079

for (41)  U(eq) is defined as one third of the trace of the orthogonalized UY tensor.

Atom X v z Uleq)
Br(l) 6727(1) 3044(1) 11323(1) 34(1)
Br(2) 3147(1) 4514(1) 11223(1) 28(1)
F(1) 2739(2) 8616(1) 8087(1) 35(1)
F(2) 1134(2) 9112(2) 9762(2) 50(1)
F(3) -318(2) 8861(2) 8398(2) 56(1)
F(4) -252(2) 7690(2) 9625(1) 42(1)
F(3) 1189(2) 7726(2) 6783(1) 46(1)
F(6) 41(2) 6629(2) 7766(1) 41(1)
F(7) 2428(2) 6375(2) 7403(1) 38(1)
N(D 4771(2) 6359(2) 11003(2) 21(1)
o) 4562(2) 8863(1) 9616(2) 27(1)
0(2) 1367(2) 3754(1) 9399(1) 24(1)
C(1) 50683(3) 7316(2) 10649(2) 22(1)
C(2) 4228(3) 7831(2) 9853(2) 21(1D)
C(3) 2995(3) 7271(2) 9393(2) 19(1)
C(4) 2652(3) 6246(2) 9770(2) _1%(H
C(5) 3587(3) 5839(2) 10582(2) 20(1)
C(6) 1952(3) 7812(2) 8572(2) 26(1)
C(7 599(4) 8377(3) 9100(2) 38(1)
C(8) 1386(3) 7114(3) 7629(2) 32(1)
C(9) 5811(4) 9016(3) 8896(3) 34(1)
C(10) 1505(4) 4696(2) 8940(3) 30(1)




Table 3. Bond lengths [A] and angles [°] tor (41)

Br(1)-
Br(2)-

1)

<
C(s)

F(5)-C(8)
F(6)-C(8)

C(1)-N(1)-C(3)
C(2)-0(1)-C(9)
C(4)-0(2)-C(10)
N(1)-C(1)-C(2)
N(1)-C(1)-Br(1)
C(2)-C(1)-Br(1)
O(1)-C(2)-C(1)
O(1)-C(2)-C(3)
C(1)-C(2)-C(3)
C(2)-C(3)-C(4)
C(2)-C(3)-C(6)
C(4)-C(3)-C(6)
0(2)-C(4)-C(5)
0(2)-C(4)-C(3)
C(5)-C(4)-C(3)
N(1)-C(5)-C(4).
N(1)-C(5)-Br(2)
C(4)-C(5)-Br(2)

1.903(3)  F(7)-C(8)
1.898(2)  N(1)-C(1)
1.377(3)  N(1)-C(3)
1.329(4)  O(1)-C(2)
1.335(3)  O(1)-C(9)
1.331(4)  O(2)-C(4)
1.338(3)  O(2)-C(10)
1.337(3)
117.92)  F(1)-C(6)-C(3)
115.8(2)  F(1)-C(6)-C(7)
118.72)  C(3)-C(6)-C(7)
124.9(2)  F(1)-C(6)-C(3)
115.8(2)  C(3)-C(6)-C(8)
119.3(2)  C(7)-C(6)-C(8)
119.52)  F(2)-C(7)-F(4)
123.12)  F(2)-C(7)-F(3)
117.2(2)  E(4)-C(7)-F(3)
118.6(2)  F(2)-C(7)-C(6)
120.2(2)  F(4)-C(7)-C(6)
120.92)  F(3)-C(7)-C(6)
123.72)  F(7)-C(8)-F(6)
118.4(2)  F(7)-C(8)-F(5)
117.6(2)  F(6)-C(8)-F(5)
123.7(2)  F(7)-C(8)-C(6)
114.8(2)  F(6)-C(8)-C(6)
121.4(2)  F(5)-C(8)-C(6)

o
I

()

110.0(2)
104.9(2)
110.2(2)
102.2(2)
117.0(2)
111.6(2)
108.4(3)
108.1(3)
107.7(3)
109.8(3)
111.5(2)
111.2(2)
108.5(3)
107.2(2)
105.9(2)
110.8(2)
114.4(2)
109.8(2)

1.397(4)
1.403(4)
1.408(3)
1.533(3)
1.402(3)
1.548(4)
1.563(4)



Table 4. Anisotropic displacement parameters (A2x 103) for (41). The anisotropic

displacement factor exponent takes the form: -2m?[ h? a**U" + . +2hka*b* U'? |

Atom y U ys g
Br(1) 30(1) 41(1) 29(1) -11(1)
Br(2) 38(1) 23(1) 24(1) 5(1)
F(1) 37(1) 36(1) 32(1) _I5(D)
F(2) 54(1) 39(1) 53(1) -6(1)
F(3) 42(1) 73(1) 52(1) 32(1)
F(4) 30(1) 57(1) 41(1) 13(1)
F(5) 46(1) 66(1) 24(1) 18(1)
F(6) 27(1) 62(1) 35(1) 13(1)
F(7) 40(1) 49(1) 25(1) 7(1)
N(1) 22(1) 26(1) 16(1) 4(1)
o(1) 31(1) 20(1) 31(1) 1(1)
0(2) 18(1) 25(1) 28(1) -3(1)
c() 20(1) 27(1) 19(1) 7(1)
C(2) 23(1) 19(1) 20(1) -2(1)
c(3) 20(1) 20(1) 19(1) 1(1)
C(4) 17(1) 22(1) 19(1) -3(1)
C(5) 23(1) 20(1) 17(1) 0(1)
C(6) 25(1) 29(1) 24(1) 9(1)
C(7) 35(2) 48(2) 31(2) 13(1)
C(8) 25(2) 48(2) 22(1) 9(1)
C(9) 36(2) 32(2) 34(2) 1(1)
C(10) 32(2) 26(1) 32(2) -3(1)




Table 5. Hydrogen coordinates ( x 10%) and isotropic displacement parameters (A2x 10 3)

for (41)

Atom X y zZ U(eq)
H(91) 6070(50) 9710(40) 8870(30) 69(13)
H(92) 6680(50) 8580(40) 9070(30) 69(13)
H(93) 3610(30) 8760(30) 8260(30) 66(13)
H(101) 2550(40) 4560(30) 8720(30) 44(10)
H(102) 1250(40) 4210(30) 9410(30) 36(9)

H(103) 340(50) 4710(30) 8340(30) 56(11)




Compound Number: Name:

53 4-[/-(rrijhtoromelhyl)- /,2,2,Z-retraﬂuoroelhyl]-Z-

bromo-3-fluoro-5 -methoxy-6-piperidylpyridine

D. 33.



Table 1. Crystal data and structure refinement for (53)

{dentification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated),
Absorption coefficient

F(000),

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 27.50°
Absorption correction

Max. and min. transmission
Retinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [I>2sigma(l),]
R indices (all data),
Extinction coefficient

Largest diff. peak and hole

187s

CuH;BrFgN-O

457.17

120(1), K

0.71073 A

Monoclinic

P2l/c

a=10.530(2), A o= 90°.
b=13.802(3), A B=90.86(3),°.
c=11.485(2), A ¥ =90°
1669.1(6), A3

4

1.819 Mg/m’

2.553 mm'!

904

0.52 x 0.45 x 0.24 mm’

1.93 to 27.50°.

-13<=h<=13, -16<=k<=17, -14<=l<=14
17323

3834 [R(int), = 0.0278]

99.9 %

Semi-empirical from equivalents
0.5794 and 0.3503

Full-matrix least-squares on F?
3834/0/238

1.118

R1=0.0692, wR2 =0.1712
R1=0.0827, wR2 =0.1802

0.005(1),

2.249 and -1.279 A7



Table 2. Atomic coordinates ( x 10), and equivalent isotropic displacement parameters (A*x 107).

for (53) U(eq), is defined as one third of the trace of the orthogonalized UV tensor.

Atom X Y z Uleq)
Br(1) 21667(1) 5009(1) 3271(1) 39(1)
F(1) 19361(3) 3966(2) 3933(2) 41(1)
o 16669(3) 4920(3) 762(3) 39(1)
N(1) 19888(4) 5627(3) 1598(3) 24(1)
N(2) 18556(3) 6335(3) 172(3) 24(1)
C(1) 20060(5) 5043(3) 2503(4) 27(1)
C(2) 19121(3) 4460(3) 2942(4) 3N
C(3) 17966(5) 4391(4) 2344(4) 34(1)
C(4) 17789(5) 4987(3) 1358(4) 30(1)
C(3) 18751(4) 5648(3) 1057(4) 24(1)
C(6) 17490(5) 7008(4) 391(4) 33(h)
C(7) 17183(5) 7598(4) -701(4) 36(1)
C(8) 18358(5) 8156(3) -1107(4) 33()
C(9) 19436(5) 7444(3) -1299(4) 32(1)
C(10) 19710(4) 6846(3) -201(4) 27(1)
C(14) 16750(5) 4708(4) -472(5) 40(1)
F(2) 17543(5) 2978(4) 3471(4) 45(1)
F(3) 17194(4) 2816(3) 930(4) 45(1)
F(4) 15346(4) 3399(4) 1292(4) 44(1)
F(5) 16021(5) 2151(4) 2224(5) 55(1)
F(6) 15447(8) 5170(6) 2945(7) 76(2)
F(7) 16514(6) 4510(5) 4422(5) 57(2)
F(8) 14987(8) 3684(7) 3805(7) 78(2)
C(in) 16994(8) 3650(06) 2733(7) 42(2)
C(12) 1641 1(7) 2973(5) 1716(6) 41(2)
C(13) 16001(9) 4158(8) 3463(8) 53(2)
F(1D) 15778(12) 235009) 3059(11) 27(3)
F(2D) 17783(13) 2447(10) 2889(12) 32(3)
F(3D) 14740(16) 4149(13) 3958(14) 40(4)
F(4D) 17040(20) 2960(16) 4344(19) 68(5)
F(5D) 17060(20) 3895(18) 4350(20) 70(6)
F(6D) 15376(8) 4793(7) 2838(8) 35(2)
F(7D) 15206(15) 3328(13) 3771(13) 32(3)
F(8D) 14810(20) 4176(19) 2180(20) 29(5)
F(9D) 15641(19) 4532(16) 3323(18) 45(4)
F(10D) 16381(13) 4861(12) 4374(12) 24(3)
C(11D) 16630(30) 3900(20) 2810(20) 32(6)
C(12D) 16750(30) 2840(20) 2950(30) 46(6)
C(13D) 15690(20) 3690(17) 1750(20) 26(4)



Table 3. Bond lengths [A] and angles [*] for (53)

Br(1)-C(1)
F(1)-C(2)
O(1)-C(4)
O(1)-C(14)
N(1)-C(1)
N(1)-C(5)
N(2)-C(5)
N(2)-C(10)
N(2)-C(6)

C(4)-0(1)-C(14)
C(1)-N(1)-C(5)
C(5)-N(2)-C(10)
C(5)-N(2)-C(6)
C(10)-N(2)-C(6)
N(1)-C(1)-C(2)
N(1)-C(1)-Br(1)
C(2)-C(1)-Br(1)
F(1)-C(2)-C(1)
F(1)-C(2)-C(3)
C(1)-C(2)-C(3)
C(2)-C(3)-C(4)
C(2)-C(3)-C(11)
C(4)-C(3)-C(11)
O(1)-C(4)-C(5).
O(1)-C(4)-C(3)
C(5)-C(4)-C(3)
N(1)-C(5)-N(2)
N(1)-C(5)-C(4)
N(2)-C(5)-C(4)
N(2)-C(6)-C(7)
C(6)-C(7)-C(8)

1.897(5)
1.348(5)
1.357(6)
1.451(6)
1.325(6)
1.341(6)
1.402(5)
1.474(6)
1.482(6)

C(1)-C(2)
C(2)-C(3)
C(3)-C(4)
C(3)-C(11)
C(4)-C(5)
C(6)-C(7)
C(7)-C(8)
C(8)-C(9)
C(9)-C(10)

116.3(4)  C(9)-C(8)-C(7)
119.2(4)  C(8)-C(9)-C(10)
115.03)  N(2)-C(10)-C(9)
113.8(3)  F(2)-C(11)-C(3)
112.2(4)  F(2)-C(11)-C(13)
123.5(4)  C(3)-C(11)-C(13)
117.6(4)  F(2)-C(11)-C(12)
118.8(3)  C(3)-C(11)-C(12)
118.6(4)  C(13)-C(11)-C(12)
122.2(4)  F(3)-C(12)-F(5)
119.2(4)  F(3)-C(12)-F(4)
117.4(4)  F(5)-C(12)-F(4)
119.3(5)  F(3)-C(12)-C(11)
123.2(5)  F(5)-C(12)-C(11)
122.8(4)  F(4)-C(12)-C(11)
118.0(4)  F(7)-C(13)-F(8)
119.1(4)  F(7)-C(13)-C(11)
118.1(4)  F(8)-C(13)-C(11)
120.8(4)  F(7)-C(13)-F(6)
121.1(4)  E(8)-C(13)-F(6)
110.3(4)  C(11)-C(13)-F(6)
110.8(4)

1.376(7)
1.391(7)
1.411(7)
1.518(9)
1.410(6)
1.526(6)
1.535(7)
1.520(7)
1.530(6)

F(2)-C(11)
F(3)-C(12)
F(4)-C(12)
F(5)-C(12)
F(6)-C(13)
F(7)-C(13)
F(8)-C(13)
C(11)-C(13)
C(11)-C(12)

109.1(4)
111.1(4)
110.6(4)
110.8(6)
104.9(7)
108.9(7)
102.0(6)
115.4(6)
114.1(7)
112.1(6)
111.6(6)
105.5(6)
112.1(6)
106.9(6)
108.4(6)
105.0(8)
110.8(8)
120.2(9)
97.6(7)

104.4(9)
116.2(7)

1.378(9)
1.251(8)
1.351(8)
1.342(9)
1.622(13)
313(10)
1.317(12)
1.521(13)
1.611(10)



Table 4. Anisotropic displacement parameters (A2x 10%). for (53) The anisotropic

displacement factor exponent takes the form: -272[ h? a*2U'! +

Atom
Br(1)
F(1)
o(1)
N(1)
N(2)
C(n
C(2)
C(3)
C(4)
C(5)
C(6)
C(7)
C(8)
)
C(10)
C(14)

UZZ
51(1

+2hka*b* U]

UZJ
6(1)
13(1)
-12)
-1(1)
2(1)
2(2)
4(2)
5(2)
-1(2)
-1(2)
4(2)
7(2)
5(2)

-8(1)
(1)
(1)
0(1)
2(1)
-1(2)
4(2)
7(2)
0(2)
2(2)
6(2)
1(2)
1(2)



Table 5. Hydrogen coordinates ( x 10%), and isotropic displacement parameters (A*x103),

for (33)

Atom X y z Ufeq)
H(6A) 17722 7450 1039 39
H(6B) 16732 6635 622 39
H(7A) 16491 8061 -5335 43
H(7B) 16886 7159 -1330 43
H(8A) 18158 8504 -1840 39
H(8B) 18613 8639 -511 39
H(%A) 20210 7804 -1516 38
H(9B) 19208 7005 -1950 38
H(10A) 20387 6369 -361 32
H(10B) 20014 7279 431 32
H(14A) 15893 4671 -813 60
H(14B) 17184 4086 -579 60
H(14C) 17228 5222 -858 60

D. 0.
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October 21  Prof. A. F. Johnson, IRC, Leeds.

Reactive Prdcessing of Polymers: Science and Technology.

October 22 Prof. R. J. Puddephatt (RSC Endowed Lecture), University of Western
Ontario.

Organoplatinum Chemistry and Catalysis.*

October 23 Prof. M. R. Bryce, University of Durham, Inaugural Lecture.
| New Tetrathiafulvalene Derivatives in Molecular, Supramolecular and
Macromolecular Chemistry: Cfontrolling the Electronic Properties of
Organic Solids.*

October 29  Prof. Bob Peacock, University of Glasgow.
Probing Chirality with Circular Dichroism.

October 28  Prof. A P de Silva, The Queen's University, Belfast.
Luminescent Signalling Systems.

November 5 Dr. Mini Hii, Oxford University.
Studies of the Heck Reaction.*



November 11

November 12

November 19

November 20

November 25

November 26

December 2

December 3

Decembef 10

December 10

1998

January 14

Prof. V. Gibson, Imperial College, London.
Metallocene Polymerisation.*

Dr. Jeremy Frey, Department of Chemistry, Southampton University.
Spectroscopy of Liquid Interfaces: from Bio-organic Chemistry
to Atmospheric Chemistry.

Dr. Gareth Morris, Department of Chemistry, Manchester University.
Pulsed Field Gradient NMR Techniques: Good news for the Lazy and
DOSY.

Dr. Leone Spiccia, Manash University, Melbourne, Australia.
Polynuclear Metal Complexes.

Dr. R. Withnall, University of Greenwich.

[lluminated Molecules and Manuscripts.

Prof. R. W. Richards, University of Durham, Inaugural Lecture.
A Random Walk in Polymer Science.*

Dr. C. J. Ludman, University of Durham.
Explosions.*

Prof. A. P. Davis, Department of Chemistry, Trinity College Dublin.
Steroid-based Frameworks for Supramolecular Chemistry.*

Sir Gordon Higginson, former Professor of Engineering in Durham
and retired Vice-Chancellor of Southampton University.
1981 and all that.

Prof. Mike Page, Department of Chemistry, University of
Huddersfield.
The Mechanism and Inhibition of Beta-lactamases.

Prof. David Andrews, University of East Anglia.
Energy Transfer and Optical Harmonics in Molecular Systems.
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January 20

January 21

January 27

January 28

February 3

February 4

February 11

February 17

February 18

February 24

February 25

March 4

Prof. J. Brooke, University of Lancaster.
What's in a Formula? Some Chemical Controversies of the 19th

century.*

Prof. David Cardin, University of Reading.
Aspects of Metal and Carbon Cluster Chemistry.*

Prof. Richard Jordan, Dept. of Chemistry, University of lowa, USA.
Cationic Transition Metal and Main Group Metal Alkyl Complexes in
Olefin Polymerisation.*

Dr. Steve Rannard, Courtaulds Coatings (Coventry).
The Synthesis of Dendrimers using Highly Selective Chemical
Reactions.*

Dr. J. Beacham, ICI Technology.
The Chemical Industry in the 21st Century.*

Prof. P. Fowler, Department of Chemisty, Exeter University.
Classical and Non-classical Fullerenes.*

Prof. J. Murphy, Dept. of Chemistry, Strathclyde University.
Dr S. Topham, ICI Chemicals and Polymers.
Perception of Environmental Risks; The River Tees, Two Different

Rivers.

Prof. Gus Hancock, Oxford Uhiversity.
Surprises in the Photochemistry of the Tropospheric Ozone.

Prof. R. Ramage, University of Edinburgh.
The Synthesis and Folding of Proteins.

Dr. C. Jones, Swansea University.

Low Coordination Arsenic and Antimony Chemistry.

Prof. T. C. B. McLeish, IRC of Polymer Science Technology, Leeds
University.
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The Polymer Physics of Pyjama Bottoms (or the Novel Rheological
Characterisation of Long Branching in Entangled Macromolecules).

March 11 Prof. M. J. Cook, Department of Chemistry, UEA.
How to make Phthalocyanine Films and what to do with them.*

March 17 Prof. V. Rotello, University of Massachusetts, Amherst.
The Interplay of Recognition and Redox Processes- from

Flavoenzymes to Devices.

March 18 Dr. John Evans, Oxford University.

Materials which Contract on Heating (from Shrinking Ceramics to
Bullet Proof Vests).

26 March Prof. G. S. Wilson, University of Kansas, USA
The Applications of Microbiosensors to Continuous in vivo
Monitoring.

23 April Prof. T. Cass, Imperial College London, UK
Protein design: Engineering Novel Functions in Bioeletronics

6 July Dr. S. Althorpe, Steacie Institute for Molecular Sciences, NRCC,
Ottawa, Canada

New Theoretical Methods for State-to-State Reactive Scattering

29 July Dr. A. Cooper, University of Cambridge, UK
| Polymer Synthesis in Supercritical Carbon Dioxide*

7 September Prof. K. Shull, Northwestern University, Evanston, Illinois, USA
Axisymmetric Adhesion Tests of Soft Materials

7 October Dr. S. Rimmer, Polymer Centre, University of Lancaster, UK
New Polymer Colloids*

9 October Prof. M. F. Hawthorne, UCLA, Los Angeles, USA
Carboranes: Exploitation of their Unusual Geometries and

Reactivities

21 October  Dr. P. Unwin, University of Warwick, UK
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Dynamic Electrochemistry: Small is Beautiful

23 October  Prof. J. C. Scaiano, University of Ottawa, Canada
In Search of Hypervalent Free Radicals

26 October  Dr. W. Piers, University of Calgary, Canada
Reactions of the Highly Electrophilic Boranes HB(CgF5), and
B(CgF5)3 Zirconium and Tantalum Based Metallocenes

28 October  Prof. J. P. S. Badyal, University of Durham, UK
Tailoring Solid Surfaces*

4 November Dr. N. Kaltscoyannis, University College London, UK
Computational Adventures of d- and f-Element Chemistry

11 November Dr. Martin. Wills, University of Warwick, UK
New Methodology for the Asymmetric transfer Hydrogenation of
Ketones*

12 November Prof. Stephen. Loeb, University of Windsor, Ontario, Canada
From Macrd’cycles to Metallo-Supramolecular Chemistry*

18 November Dr. R. Cameron, University of Cambridge, Dept of Materials Science
and Metallurgy, UK
Biodegradable Polymers

2 December Dr. Marcel. Jaspers, University of Aberdeen, UK

Bioactive Compounds Isolated from Marine Invertebrates and

Cyanobacteria*
9 December Dr. Mark. Smith, University of Warwick, Dept of Physics, UK
1999
20 January  Dr. Anita. Jones, University of Edinburgh, UK

Luminescence of Large Molecules: from Conducting Polymers to

Coral Reefs*

27 January  Prof. Ken. Wade, University of Durham, UK
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3 February

10 February

17 February

24 February

3 March

10 March

17 March

13 October

19 October

20 October

25 October

Foresight or Hindsight?

Some Borane Lessons and Loose Ends*

Dr. Christopher. Schofield, University of Oxford, UK

Studies on the Stereoelectronics of Enzyme Catalysts

Dr. Colin. Bain, University of Oxford, UK
Surfactant Adsorption and Marangori Flow at Expanding Liquid
Surfaces

Dr. Ben. Horrocks, University of Newcastle, UK
Microelectrode techniques for the Study of Enzymes and Nucleic
Acids at Interfaces

Dr. Anne-Kathrin Duhme, University of York, UK
Bioinorganic Aspects of Molybdenum Transport in Nitrogen-Fixing
Bacteria

Prof. B. Gilbert, University of York, UK
Biomolecular Damage by Free Radicals: New Insights through ESR

Spectroscopy

Dr. Andrew. Harrison, University of Edinburgh, UK
Designing Model Magnetic Materials

Dr. Jeremy. Robertson, University of Oxford, UK
Recent Developments in the Synthesis of Heterocyclic Natural

Products*

Prof. G. Fleet, University of Oxford, UK
Sugar Lactone and Amino Acids*

Prof. Karsten. Gloe, TU Dresden, Germany
Tailor Made Molecules for the Selective Binding of Metal Ions*

Prof. S. Lincoln, University of Adelaide, Australia

Aspects of Complexation and Supramolecular Chemistry*

Prof. Scott. Collins, University of Waterloo, Canada
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Methacrylate Polymerisation using Zirconium Enolate Initiators:

Polymerisation Mechanisms and Control of Polymer Tacticity*

27 October  Dr. C. Braddock, Imperial College, UK
Novel Catalysts for Atom Economic Transformations

3 November Prof. Derek. Smith, University of Waikato, New Zealand
The Strengths of C-C and C-H Bonds in Organic and Organometallic
Molecules: Empirical, Semi-empirical and Ab Initio Calculations*

10 November Dir. Ifor. Samuel, Department of Physics, University of Durham, UK
Improving Organic Light Emitting Diodes by Molecular, Optical and
Device Design

17 November Dr. G. Siligardi, Kings College London, UK
The Use of Circular Dichroism to Detect and Characterise
Biomolecular Interactions in Solution

24 November Prof. Tim. Jones, Imperial College, London, UK

8December Prof. David. Crout, University of Warwick, UK
More than Simply Sweet: Carbohydrates in Medicine and Biology*

2000

12 January  Prof. David. Haddleton, University of Warwick, UK
Atom Transfer Polymerisation-what's all the Hype About?

19 January  Dr. P. R. Fielden, UMIST, UK
Miniturised Chemical Analysis (Lab-on-a-Chip): Functional or Merely
Fashionable7*

26 January  Prof. Sabina Flisch, University of Edinburgh
2 February  Chick Wilson, Head of Crystallography, 1SIS, Rutherford Appleton
Lab, UK

Protons in Motion? Neutron Diffraction Studies of Hydrogen Atoms in
Organic Crystal Structures
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9 February Dr. Steve. Moratti, University of Cambridge, UK

Shape and Stereoselectivity in Polymers

16 February  Prof. Kocienski, University of Glasgow, UK
Asymmetric Synthesis using Planar Chiral TT-Allyl Cationic
Complexes*

23 February Dr. Nigel. Clarke, UMIST, UK
The Flow of Polymer Bends

1 March Prof. Dominic. Tildsley, Unilever (Head of Research), UK
Computer Simulation of Interfaces: Fact and Fiction

8 March Prof. J. Courtieu, Universite de Paris-Sud, Orsay, France
5 May Prof. Robin. Hochstrasser, University of Pennsylvania, USA
RSC Centenary Lecture

* lectures attended.

Postgraduate Induction Courses

This course consists of a series of one hour lectures on the services available in the

department.
Departmental Organisations- Dr. E. J. F. Ross
Safety Matters- Mr. D. Hunter
Electrical Appliances- Mr. B. T. Barker
Library Facilities- ‘ Mrs. M. Hird
Mass Spectroscopy- Dr. M. Jones
- NMR Spectroscopy- Dr. A. Kenwright
Glass-blowing Techniques- Mr. R. Hart
Mr. G. Haswell
Chromatographic Analysis- Mr. L. W. Lauchlan
Research Conferences Attended
May 1999 Spring 1999 Fluorine Technology Bureau Meeting,

UMIST, Manchester, England.
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May 1999 The 2nd Sunderland Pre-Grasmere Conference,

University of Sunderland, England.

July 2000 16th International Symposium on Fluorine Chemistry ,

Durham University, Durham, England.
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