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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 
UV ultraviolet 
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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. 
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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, 
Na3AlF6 and fluorspar, CaF2- 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 rare4' 5 and consequently fluorinated organic 
compounds are almost entirely synthetic. 

The first 'man-made' organic fluoride, fluoromethane, was reported in 1835 by 
Dumas and Peligot6. However, it was not until 1890, when Swarts7' 8 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 Paterno and 
Oliveri 9 and then in 1915 Chichibabin and Rajazancev10 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: 

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 kJmol' 1 ) 1 3 and this 
feature is exemplified by the enhanced chemical and thermal stability 1 4" 1 6 associated 
with some highly fluorinated compounds. 

3. Fluorine is the halogen with the smallest van der Waal's radius (F=1.47A) 1 7 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 8 . 

1.1. Industrial Applications. 
The range of commercially important fluoroorganic products bear testament to 

the profound effects that fluorine has on the physicochemical properties1 5 , 1 6 of 
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compounds. Fluoropolymers, such as PTFE 1 9, are characterised by their chemical and 

thermal stabilities and can be utilised, for example, in laboratory equipment where 

chemical resistance is important. In the dyestuff 2 0 , agrochemical z 1 and 
pharmaceutical2 2 industries there is a wide range of applications for fluoroorganic 
compounds and some of these are illustrated below: 

R 

> V N N R 2 

A II T 
N ^ N 

F 

Levafix® 
D y e 

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

NPr. 

OoN 

C F 3 

Trifluralin 

Herbicide 

F N O C H 2 C 0 2 C H M e ( C H 2 ) 5 C H 3 

Fluroxypyr 

Herbicide 

H 3 C - N 

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 2 3" 2 5. Electrochemical f luorination 2 6 of either compound gives 

perfluoropiperidine, which upon defluorination using hot iron or nickel, affords 

pentafluoropyridine in a low overall yield. 
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F 

"N 
i 

F 

8% 

N' 

26% 

Reagents and conditions: i, HF, Electrochemical Fluorination (25A/ 5.5 V). 
ii, 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 
tetrafluorocobaltate27 has been attempted but gave pentafluoropyridine in a low 
overall yield. 

F 

N' 

15% 

Reagents and Conditions: i, CsCoF 4 , 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 
Chambers28, 2 9 . 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. 

CI 

'N 

F + F 

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 2 8 . 
Pentafluoropyridine is an extremely weak base (estimated PKA value -11), owing to 
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the fluorine atoms ortho to the nitrogen and will only form N-protonated salts with 
super acids such as antimony pentafluoride and boron trifluoride 3 0. 

F 

i 

H 

SbF f 

Reagents: SbF 5 / HF, S 0 2 

1.4. A. Nucleophilic Aromatic Substitution3 1'3 2. 

Pentafluoropyridine has been shown to react with a range of reagents, 
including carbon-3 3"4 3, nitrogen- 3 6 ' 3 7 > 4 3 ' 4 7 , oxygen- 3 6 ' 3 7 ' 4 8 ' 5 1 and sulfur- 5 2 ' "centred 
nucleophiles to yield products which arise from nucleophilic substitution processes, 
for example: 

OMe OMe A. A, 
F 

N N OMe 
90% 10% 

NH 

6 i F F 
N N 
8 1 % 

in SH 

A 
5̂  N 

8 1 % 

Reagents and Conditions: i.MeONa (2 equivs.), 0°C, MeOH. 
ii. N H 3 (3 equivs.), 110°C, EtOH, 8 h, Carius Tube. 
iii. KSH, -40- -20°C, DMF-glycol, 1.5 h. 

The available experimental evidence indicates that nucleophilic attack on 
pentafluoropyridine proceeds via a two-step reaction pathway5 4"5 6, with the first stage 
(ki) being rate determining. 
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Nuc F Nuc 
F F 

+ F + Nuc s low last 
N N N F F 

In general, monosubsti tuuon in pen ta f luoropyndine occurs exclusively in the 

4-posi t ion. whi le a second nucleophilic group usually enters at the 2-position. 

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

T o account for the regiospecifici ty observed in reactions between nucleophiles 

and pen ta f luoropyr id ine , it is necessary to consider the act ivat ing influences of the 

f l u o r i n e atoms at the posit ions ipso-, ortho-. meta- and para- to the po in t o f 

nucleophi l ic attack and also the effect of the ring nitrogen atom on the nucleophi l ic 

substitution process. 

1.4. B i . Fluorine In i t ia l State Effects. 

In order to expla in the greater reac t iv i ty o f heterocycles bearing f l uo r ine 

versus c h l o r i n e , at ident ica l sites, the polar c o n t r i b u t i o n " ' " 6 0 to the ac t iva t ing 

influence of f luor ine needs to be appreciated, 

i.e. 

5 + 5" 5 + 5" 
C —!—*-F » — - C I 

1.4. B i i . Fluorine Transit ion State Effects. 

Based upon a range of kinetic data fo r substi tution in f luonna ted pyr id ines 5 7 " 
6 0 , the quite d i f f e ren t effects of f luor ine atoms ortho-. meta- and para- to the posit ion 

of nuc leophi l ic attack have been assessed. F rom these results, it has been deduced 

that f l u o r i n e atoms ortho- and meta- to the site o f nuc leophi l ic subst i tut ion are 

act ivat ing, w i t h respect to hydrogen at the same posi t ion, whi ls t a pa ra - f luor ine atom 

is deac t iva t ing . T o understand these f i nd ings it is necessary to understand the 

dis t r ibut ion of electron density in the transition state. 

The factors which determine carbanion s tabi l i ty in f luor ina ted systems w i l l 

also i n f l u e n c e the t r a n s i t i o n state f o r m e d b e t w e e n a n u c l e o p h i l e and 

pentaf luoropyndine 

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

carbanion stabilising by inductive withdrawal ( l a ) 6 1 , whereas, in situation 2 (Sit.2) 

electron withdrawal is offset by electron pair repulsion (1^). 
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C - C — C — 

(Sit. 1) (Sit. 2) 
l G (stabilising) \ K (destabilising) 

Whether the resultant of the effects shown in situation (Sit. 2) is stabilising or not w i l l 

be determined by the geometry of the carbamon centre. l K repulsion is greatest for a 

planar carbamon (destabilising), in which the carbon centre is sp 2 -hybndised , than for 

a tetrahedral. sp 3 -hybridised, carbanion centre (stabil ising). 

T 
® 

\ • 
109° 109° \ 

/ 
F 

sp 2 sp 3 

Destabilising Overall Stabilising Overall 

For a transition state resulting f r o m nucleophilic attack on the 4-posit ion, it 

has been deduced that the f luorine atoms at the 2 and 6-positions i.e. meta to the point 

o f attack in ( a ) , are ac t iva t ing^ 7 " 6 0 

Activating 
N 

(a) 

whereas a transition state obtained f r o m nucleophil ic attack at the 2-position in (B) is 

deactivated by a para- f luor ine atom. 
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Deactivating 

G •F 
N Nuc 5-
B) 

A similar deactivating effect in (a) by fluorine at the orf/zo-position might be 

anticipated. It has been shown, however, that the orf/io-fluorines are more activating 

than the mem-fluorines and this behaviour can be attributed to an initial state effect 

(Section 1.4. Bi . ) , in which the orf/io-fluorines make the carbon centre under attack 

electron deficient ((3). 

Nuc 

N 

(P 

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 pentafluoropyridine 3 4 . 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-mefa-fluorines): note attack at the 2-position in 

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

F F 

H H 

N N 
C (A) 

(4-: 100%) (4-: 78%; 2,6- :22%) 

Positions of substitution by aqueous ammonia 
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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 nucleophilic 6 2" 6 4 ' 6 5 ' 
rather than electrophilic attack 6 6 ' 6 7, producing carbanion intermediates. 

F 
i 

Nuc -C -CXY Products 
i 

F 

X,Y = F or Rf 

The reactivity order for fluoroalkenes64' 6 8 - 7 1 reflects the importance of 

repulsion (Section 1.4.B.H) in the associated intermediates: 

F 2 C = C F 2 

F 2C = CFCF 3 

F 2 C = C ( C F 3 ) 2 

In this series, nucleophilic attack will occur on the less substituted vinylic 
carbon. The regiospecificity reflects both the initial polar contribution from the oc-
fluorine atoms and, importantly, the relative reactivity also reflects the formation of 
the stable carbanion having the highest number of perfluoroalkyl groups attached to 
the anionic centre. 

N u c F 2 C - C F 2 

N u c F 2 C - C F C F 3 

N u c F 2 C - C ( C F 3 ) 2 

Nuc + 5 ^ C = C X Y 

Increasing 
Reactivity 

Increasing 
Stability 
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In addition to stabilisation by inductive effects, it has also been proposed that 

perfluoroalkyl-groups can stabilise carbanion centres by negative hyperconjugation. 
7 9 

This concept was originally proposed by Roberts in 1950 and arguments for and 

against its validity are still a matter of debate73"78. 

- f f 
C - C r F - C=C, + F 

F F 

I.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 

pentafluoropyridine 3 5 ' 7 9 " 8 2 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 react ions ' 1 8 ' 6 5 , 8 3 , 8 4 . 

F" + F 2 C = C ^ F 3 ^ = ^ F 3 C - C ^ F 3 . " ' N C 6 F 4 - C - C F 3 + F 

H + + H 2 C = C ^ H 3 ^ = = ^ H 3 C - C ^ H 3 A r - C - C H 3 + H + 

ffi C F 3 

F 

C H * 

C-
i 

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 

pyridines85. Alkali metal fluorides 8 6 ' 8 7 in aprotic solvents were originally used as 

fluoride ion sources and these react with hexafluoropropene to give 

perfluoroisopropyl- anions (Section 1.5.A.). 
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F 

C F 3 

(CF 3 ) 2 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(CF 3 ) 2 CF(CF 3 ) 2 

'N F CF, 
i 

N' 

94% 
Reagents and Conditions: i.KF, Sulfolane, 130°C, 12 hr 

"N CF(CF 3 ) 2 

4 % 

In a typical reaction, it is usual to employ twice the theoretical amount of 
hexafluoropropene in order to compensate for the competing dimerisation reaction 

o c n o QQ 

that occurs between hexafluoropropene and perfluoroisopropyl-anions • ' . 

( C F 3 ) 2 C F + 
F 

C F 3 

( F 3 C ) 2 F C F C = C F C F 3 

(F 3 C) 2 C = C F C F 2 C F 3 

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

1.6. B. T D A E Initiated Perfluoroalkylation. 
Using tetrakis(dimethylamino)ethene (TDAE) as a catalyst it is possible to 

effect the perfluoroalkylation of pentafluoropyridine90 in the absence of solvent. 
TDAE 9 1 ' 9 2 has been shown to react with perfluorinated alkenes93 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. 

1 1 



Me?N N M e 9 c 

Me 9 N NMe c 

F 

C F 3 

(TDAE) + 

F 
+ 

CF, 

TDAE 

F 

CF, 
( C F 3 ) 2 C F 

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. 

F 

1 

F ^ > = / , + TDAE ' 
*CF 3 

: 0.05 (Millimolar) 

CF(CF 3 ) 2 CF(CF 3 ) 2 

2 1 % 
N CF(CF 3 ) 2 

10% 

CF(CF 3 ) 2 CF(CF 3 ) 2 

(F 3 C) 2 FC-

CF(CF 3 ) 2 (F 3C) 2FCT N CF(CF 3 ) 2 

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-isopropylpyridine, 

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 

to undergo polyperfluoroalkylation ' ' , when hexafluoropropene is employed as 

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

isopropyl-group enters at the 2 -pos i t ion 8 5 ' 9 4 , 9 5 and steric reasons apart, this pattern of 
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substitution is consistent with the activating effects of the or//?o-nitrogen and ortho-

fluorine atoms. 

CF(CF 3 ) 2 
CF(CF 3 ) 2 

+ (CF 3 ) 2 CF-

^ CF(CF 3 ) 2 

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 8 5 , 9 4 ' 9 5 . 

CF(CF 3 ) 2 

(F 3 C) 2 FC 

+ (CF 3 ) 2 CF - < 80°C 

N CF(CF 3 ) 2 

CF(CF 3 ) 2 

'N CF(CF 3 ) 2 

F 
> 80°C 

CF(CF 3 ) 2 

(F 3 C) 2 FC 

+ 
CF(CF 3 ) 2 

I.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
workers8 0 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(CF 3 ) 2 CF(CF 3 ) 2 CF(CF 3 ) 2 

F 

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

22% 

I.7.C. Reaction of Perfluoro-4-isopropylpyridine with Sodium Methoxide. 
Chambers85 and Haszeldine96 have independently shown that perfluoro-4-

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

CF(CF 3 ) 2 

N 

CF(CF 3 ) 2 

F 

CF(CF 3 ) 2 

OMe 

CF(CF 3 ) 2 

MeO N OMe 
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 azide97. 

CF(CF 3 ) CF(CF 3 ) 

6 sr. 
N N N N N N 
40°X 40% 25% 

Reagents and Conditions: i, NaN 3 (2 equivs.), CH 3 CN, r.t, 2 days. 
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CHAPTER II 

Synthesis of Perfluoro-4-isopropylpyridine and 
Derivatives 
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2. Introduction. 
The introduction of perfluoroalkyl-groups8 3' 8 4 ' 9 8 " 1 0 3 into aromatic or 

heteroaromatic systems can have a profound effect on the physica l 1 5 , 1 6 , 1 0 4 and, in 
certain cases, biological properties1 0 5 of the original compound. For example, the 
addition of a trifluoromethyl-group into a biologically 2 1 ' 2 2 ' 1 0 6 active molecule will 
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 
chemistry 1 0 7- 1 0 9). 

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-
isopropylpyridine. 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-isopropylpyridine90 (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. 

CF(CF 3 ) 2 

F 

(1) 
38% 

+ 

CF(CF 3 ) 2 

F 

V CF(CF 3 ) 2 

(2) 
4% 

Reagents and conditions: i, HFP (1 equiv.), TDAE (2 mol%), 60°C , autoclave, 21 h. 

Although the physical data and spectral data ( l 9 F NMR) for compound (1) is 
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available in the literature8 5' 9 0 the NMR data for (1), which is pivotal to our work, 

merits a brief description here. 

At room temperature, the 1 9 F NMR spectrum for compound (1) consists of 

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

(4a, -180.2)F" 

(3, -136.2) F-

PF3(4b,-74.4) 
- C F 3 

F (5,-136.2) 

(2, -86.8) F ™ F(6,-86.8) 
d ) 

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. 
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(3,-136.2: 

(2, -86.8) F 

CF(CF 3 ) 2 CF(CF 3 ) 2 

F . ( 3 , - 1 4 8 . 5 )F - v ^^ /F ( 5 ) - 1 3 6 i ) 

(1) 
(2,-91.8) F N OCH, 

(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 1 9 F 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 5-substituted 

compound. 

Table 1. 

(4a) F 

(3)F 

PF3(4b) 
" C F 3 

-F(5) 

(4a) F 

(3)F 

(2)F N ' O C H 3 

(3a) 

p F 3 ( 4 b ) 
* C F 3 

.OCH 3 

(2)F ' N ' F { 6 ) 

(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 -91.8 -148.5 -136.2 

*Calculated using pentafluoropyridine28, 4-methoxytetrafluoropyridine95 and perfluoro-4-isopropylpyridine90-

as reference compounds. 

At low temperature (-39QC) it was possible to resolve the 1 9 F NMR spectrum 
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of (3) into five groups of signals, corresponding to the rotamers (3a) and (3c) 9 5. From 

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

M F F 8 2 . 4 H z ^ pF3(4b,-75.1) 

(3, -148.5) F 

(2,-91.8)F 

(4b)F 3C / / 

F 3 C ^ 

* J F F 90.3 Hz 

,-136.3) 

N OCH, 
(3a) 

F(4a) 

• F(5) 

( 2 ) F N O C H 3 

(3c) 

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

The non-equivalent fluorines F(3) and F(5) gave large through space couplings 

to F(4 a) in the eclipsed conformations (3a) and (3c) 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(CF 3 ) 
(3,-136.2) F 

(2, -86.8) F N F 
(1) 

C F ( C F 3 ) 2 

(3, -147.5)F F(5, -147.5) 

H 3 CO N 0 C H 3 

(4) 
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 l 9 F 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. I f 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 9 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. 

(-136)F 

(-87) 

CF(CF 3 ) 2 

(-136) 

+ ROH 

F N p, 
(1) 

CF(CF 3 ) 2 CF(CF 3 ) 2 

A or B 

(-87) F' N OR RO N OR 

Figures in parentheses denote fluorine atom chemical shift (ppm) 

Nucleophile 
(ROH) 

Conditions Products (% Yield) 

KOH 

CF(CF 3 ) 2 

A H 
(5) 
6 1 % 
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NiscleopHle Comditloiis " Products 
(ROH) 

CH 3 OCH 2 CH 2 OH 

CF(CF 3 ) 2 

1 
H 3 c o 

(-91)F' > N O-

(6) 
38% 

CF(CF 3 ) 2 

C H 3 O C H 2 C H 2 O H B T f T 

- 0 A N ^ O -| - U " ^ " j 

OCH3 H3CO 

(7) 
76% 
CF(CF 3 ) 2 

r u nil a ( -HgiFsA^F^as ) 
C 6 HnOH A IL FJL 

(.91 f ti' O 

(8) ^ 
64% 

CF(CF 3 ) 2 

(-147) F- ^ - F 

C 6 HnOH B I F 

O N o o o 
^ ( 9 ) ^ 

65% 

C 6 H 5 O H 

CF(CF 3 ) 2 

( - ^ f ^ ^ ^ F ^ - i a s ) 

F N 

(10) i j 
(-89) 

66% 

CF(CF 3 ) 2 

C 6 H 5 O H B F y C F H 4 0 ) 

^ (11) 
72% 
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CF(CF 3 ) 2 CF(CF 3 ) 2 CF(CF 3 ) 2 

V (-140 B O H + 9 o o N N O 9 9 OCH 
O C H 3 OCH3 OCH3 

(12) (13) 
3% 69% 

ConditionsA, ROH ( l equiv.). Na or K, THF, Reflux, 24 h; Conditions: B. ROH (2 equiv.), Na or K, 

THF, Reflux, 24 h. 

2.4. Reaction of PerfIuoro-(2,4-diisopropyI)-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 l 9 F NMR and MS spectra with an authentic sample90. 

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(CF 3 ) 2 

(3,-116.0) F \ ^ A s ^ F(5, -123.0) 

CF(CF 3 ) 2 

MeCX .As. ^F(5,-113.9) 

(2,-82.3)F" CF(CF 3 ) 2 (2,-72.4)F' ' N ' N CF(CF 3 ) 2 

(2) <14> 
65 % 

CF(CF 3 ) 2 

MeCX .As. ^F (5 , -127 .4 ) 

CF(CF 3 ) 2 

MeCX / 4 s . ^F( 5 >.113.9) 

(2, -72.4) CF(CF 3 ) 2 

(14) 
MeCX CF(CF 3 ) 2 

(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 l 9 F NMR chemical shift values for the ring fluorine 

atoms in (2) and (14) reveals a small substituent effect on the chemical shift values 

ortho- and met a- 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 F(4a)-F(5) and F(6a)-F(5) respectively provided conclusive evidence for the 3-
methoxylated product (14): 

CF 
JPP 106 .5 Hz FF r F(4a) 

MeO 
JPP 124 .8 Hz FF 

F 
R6a) 

N 
F 3 C CF 

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 1 9F-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(2), together with large through space coupling between F( 4 a)-
F(5) and F(6a)-F(5) respectively, provided strong evidence for the 2,3-dimethoxylated 
product (15) shown: 

Jpp 107.2 Hz 

J F F 6 9 . 6 Hz 

MeO N 

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(CF 3 ) 2 

(3,-136.2)F^ (3,-157.7/ 

(2,-91.9)F I N F 
(1) 

CF(CF 3 ) 2 

F(5,-136.1) 

(2,-86.8)F NHCH, 
(16) 
73% 

Reagents and conditions: i, MeNH2 (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 1 9 F 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. 

(4a) F 
(3)F 

3(4b) 
'CF , 

F(5) 

(2)F ' N N H C H 3 

(16a) 

F(4a) 
N H C H 3 

(2) F F ( 6 ) 

(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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* 28 37 90 Calculated using pentafluoropyridine , 4-aminotetrafluoropyridine and perfluoro-4-isopropylpyridine 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 macrocycles, incorporating 2,6-disubstituted 
pyridine subunits and nitrogen-bridging atoms. 

The reaction of compound (16) with butyl l i t h i u m 1 1 0 , 1 1 1 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 1 9 F 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(CF 3 ) 2 

( 3 , - 1 5 7 7 ) F v N ^ L / F ( 5 i . 1 3 6 / | ) 

(2, -86.8) F N NHCH C 

(16) 

CF(CF 3 ) 2 

"N N C H 3 

L i + 

CF(CF 3 ) 2 

(3, -140.3) F 

(2, -87.2)F 

F(5, -125.2) 

N N 

(17) 
52% 

CF(CF 3 ) 2 

Reagents and conditions: i, nBuLi (1 equiv.), THF, -78°C, 1 h. 
ii, 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 , 9 F NMR analysis. In particular, a 
comparison of the 1 9 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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(3',-139.0) 

HoCHN 

CF(CF 3 ) 2 

-F (5',-139.0) 

F(5, -139.0) 

r / V - C F ( C F 3 ) 2 

(2,-88.6)F F (3,-139.0) 

(18) 
68% 

(3, -136.0)F 

(3, -140.3) F 

(2,-87.2) F 

CF(CF 3 ) 2 

F(5, -141.5) 

•CH3 

H 3 C - N N N ' 

H J 

CF(CF 3 ) 2 

F(5, -125.2) 

, C H 3 

N N 

(17) 
N ^ F V C F ( C F 3 ) 2 

/ F V C F ( C F 3 ) 2 

C H 3 

(19) 
68% 

CF(CF 3 ) 2 

(3, -143.0)Fv v ^A^/F(5, -143.0) 

H oC H oC 

C H 2 C H 3 ) 
7 F V C F ( C F 3 ) 2 

HgC H 2 C - fyj 
i 

CH 2 C H 3 

(20) 
5 1 % 

Reagents and conditions: i, MeNH 2 (2.5 equivs),THF, r.t., 20 h. 
ii, MeNH 2 (4 equivs),THF, r.t., 20 h. 

iii, Et 2NH (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-

1 1 0 
18-crown-6 and thiourea (D) and since then specific molecular recognition has 
evolved into a new and increasingly important area of chemistry 1 1 3 , 1 1 4 . 

H 2 NC=NH 2 

Molecular recognition 1 1 5 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" 1 1 6. 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 recognition 1 1 7 , 1 1 8 . In 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 

Host Guest Host-Guest 
Complex 

Separation 

Transformation 

Translocation 

Transduction 

B. Host-Guest Complexation at Membrane Surfaces 

Guests 

Membrane. 
Host 

A 
• 

Separation 
e.g antibody-antigen 
complex formation 

O A 

Transformation 
e.g. enzymatic 
reactions 

Translocation 
e.g. channel 
mediated transport 

Transduction 
e.g. transmembrane 
signalling 

Cyclophanes119, 1 2 0 , 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 rc-electron rich cavities: this 

property enables them to mimic important biological recognition processes. 
1 ̂  1 

Calixarenes " are amongst the most studied synthetic meta-cyclophane hosts, 
having been used to host both neutral guest molecules ~" and metal ions . For 
example, /jara-t-butylcalix[4]arene (E) forms a 1:1 inclusion complex with para-
xylene 1 2 4 and will also complex alkali-metal ions' 2 3 . 

OH 
OH HO 

OH 

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 1 2 6: 

N 

O u + O 

N 

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 
exhaustive review. There are, however, a number of excellent texts " and a 
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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' 

l 3 ° , was isolated by Prelog 1 3 1 from the odoriferous component of natural musk. 

N CH 

(+)-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: 

N H H 

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

organometallic reagent with an activated site typically possessing a good leaving 
132 

group . 
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Baker 1 3 3 ' 1 3 4 published the first synthesis of a [2.2](2,6)pyridinophane, by the 
treatment of l,2-bis(6'-bromomethyl-2'-pyridyl)ethane with either n-butyl- or 
phenyllithium. 

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

"NT 

25% 

This approach has been successfully employed to produce higher 
pyridinophane homologues (n = 3 - 9 1 3 5 , 1 3 6 , 1 3 7 ) : 

N 
( C H 2 ) n ( C H 2 ) n n = 3-9 

1 

Similarly, Newkome described the synthesis of a particularly elaborate 
macrocycle, comprising of six unsubstituted pyridine units. The key step to this 
synthesis, ( i i i ) , involves the cyclisation of an organolithium species to give a 
polyfunctional macrocycle, from which molecular rigidity is irreversibly introduced. 
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15 
CHO N C H , OHC N HoC N N 

s 
N N 0 III (CH 2) (PH 2 ) 

4 ^ N N N C s H H 

N 
O 

N N r V V 
C H 2 CH 2) 

O 
N ^ N u O 

N 

16% 

Reagents and conditions: i, SeC>2, AcOH, Reflux, 24 h; ii, HS(CH2)3SH, Toluene, 
Reflux, 5 h; Hi, nBuLi, THF, CH 2 (CH 2 Br) 2 , 3 days, -45°C; iv, NBS, THF, CH 3 OH; 
v, H 2NOH, 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 1 3 9 published an interesting route to pyridinophanes 

via dithiacyclophane precursors: the reaction shown involves a two-step extrusion of 
sulfur by a Stevens rearrangement. 
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N 

BrH 2CT " N - CH 2Br 

MeS" M e 2

+ S 

S S 

25% 

Me-
N' 

N 
S + ~Me 

2BR 

N _ v . 

2BF, 

20% 

Reagents: i, Na 2S; ii, M e 3 O B F 4 ; iii, KO'Bu, THF; iv, M e 3 O B F 4 ; v, KO lBu. 

A more efficient route to pyridinophanes has been reported by Martel and 
Rasmussen140 involving the thermal expulsion of sulfur dioxide, from the 
corresponding sulfone: 

N 

N 

Q 
O 

N 

N. 

Reagents: i, (O); ii, Fe, C F 3 C 0 2 H ; iii, 680°C/0.01mm. 46% 
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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 tetraone141, from 2,2-bis(6'-bromopyrid-2'-yl)-l,3-dioxolane: 

N Br 

r ^ i i NC 1 
" O N . / v1 

1 H 
H 
| 

1 

21% 

Reagents: i , LiH, MeCN, 5% TMEDA-Benzene; ii, m-CPBA, CHCI3; 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 reported1 4 2. In this 
elegant synthesis, dichlorocarbene143 is used to insert carbon atoms into the 5-
membered rings of the parent calix[4]pyrrole. The subsequent elimination of HC1 and 
rearrangement produces a 3-chloropyridyl-ring: 
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CI . C I 

N ,CI CI N H 

H N N N H N 
\ / H 

CI N N CI 

C I CI 
2 6 % 

Reagents: i, C^CCC^Na (15 equivs.), dioxane. 
(N.B. The chlorine atoms indicated may be present in positions 'a' or 'b') 

It has been proposed that calixpyridines w i l l eventually be utilised in waste 

remediation processes, involving the selective complexation of transition- and other 

heavy-metals. 

3.3. Carbon-Ni t rogen Br idged 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 f rom the pyridine nucleus (H) . 

X 
N N N C X 

X - N N - X 

G ) 

H ) 
X=Substi tuent 

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

diaminopyridine with appropriate dichlorides: 

37 



H 
X 

N i 
+ || | - XHN-

H 2 N N NH 2 C l ' ^ N ' N c i 

N 

// N 
NT 

H 
N 
J=N 

v N 
NHX 

N 
H 

X = —(/ v—N=N—(\ /)—CI 4 5 % 

N 
H 

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-

iminoisoindole and 2,6-diaminopyridine: 

N N N NH 

CO .NH 

N HoN NH N N NH N 

6 2 % 
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 w i l l always raise the yield of 

macrocyclic product 1 4 5 . 
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Curry and B u s c h 1 4 6 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: 

CH HoC N 

N N 

H \ / H 
2 2 % O O 

CH N 

N N c 
N N H H 

N 

H 
1 1 % 

Reagents and conditions: i, FeCI 2 (1 equiv.), H 2 0 , Triethyltetraamine, 36 h. 
ii, FeCI 2 (1 equiv.), H 2 0 , 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 ( N i 2 + ) condensation of 2,6-diacetylpyridine and 4-

(dimethylamino)-l,7-diamino-4-azaheptane was hydrogenated to the saturated N i 2 + 

complex 1 4 7 : 
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0 

o o N N N 

N (Ni 7 N N H l N i 7 H N 

J N N N H 2 H 2 N 

N N 
N 

N 

Reagents and conditions: i, NiCI 2 . 6 H 2 0 (1 equiv.), E tOH/H 2 0 1:1, C H 3 C 0 2 H . 
ii, P t 0 2 /H 2 ,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 1 4 8 : 

r N 
H 
N N N 

+ r N N N N 
H J c i C I N 

8% 

Reagents and conditions: i, Na 2 C0 3 ,THF/CH 3 CN (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. C a r b o n - O x y g e n Br idged 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 f rom the pyridine nucleus (J). 

N e w k o m e 1 4 9 ' 1 5 0 has reported a low yielding preparative route to pyridine 

containing macrocyclic ethers ( I ) via nucleophilic displacement by alkoxide. 
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Br N X

B r • 0 ' 

' 0 O ' 

o 
16% 

( I ) 

+ 

: 0 

•o. 

O 

O 

O 

N O -

J 

2 % 

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

Cram has published pyridine containing macrocyclic ethers 1 2 6 , in which the 

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

N' 

N 

O H O H 

-O 

O 

o-

. 0 

( J ) 
2 9 % 

Reagents and conditions: i.'BuOK.Tetraethyleneglycolditosylate.THF. 

•|\T 
L o 

Br Br 

N 

N 

0 

O 

1 4 % 

Reagents and conditions: ii, NaH,Ethylene glycol,THF. 
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This general procedure has been applied to prepare not only a c h i r a l b u t 

alsochiral macrocycles 1 5 4 , which display efficient chiral recognition towards various 

ammonium salts. 

O o o X N A / OTI N N N O o / \ 
+ 

N O r o OTI N N N 

o Br Br O O 

15% 
Reagents and conditions: i, DMF, 95°C, N 2 . 

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 f rom the pyridine nucleus 

(L) . 

V o g t l e 1 5 5 published an effect ive synthesis of carbon-sulfur bridged 

macrocycles ( K ) in which 2,6-pyridinedithiol was treated with an appropriate 

dihalide: 

N 

N H S S H 

Br Br 

( K ) 
2 8 % 

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 1 3 6 has reported an interesting route to a macrocycle (K) , incorporating 

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

thione: 
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A A > 

A. A. CI N 

H 

2 8 % 

Reagents and conditions: i, P2S5, 130°C. 

Finally, Boekelheide has shown that sulfur-bridged macrocycles (L) can 

prepared, in reasonable yields, by the nucleophilic substitution of a dihalide with 

appropriate bismercaptide15'". 

CHoBr / A , A A \ 

s ,—k s 
+ r N 

CHoBr SH SH 

( L ) 
4 8 % 

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

Synthesis of Highly Fluorinated Macrocycles. 
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4 . I n t r o d u c t i o n . 

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 polyethers ' 5 7 " 1 6 1 . 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 f rom the compound, perfluoro-4-isopropylpyridine. The 

coordination properties of these macrocycles wi l l 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) 

is addressed. 

4.2. React ion of Pe r f luo ro -4 - i sop ropy lpy r id ine w i t h Resorcinol and 1,3-

Dihydroxy toluene. 

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(CF 3 ) 2 

y. 
CF(CFo O N a N O A. 

+ 
O N a N 

O (1 

+ Intractables 

8 0 % . conversion 

CF(CF 3 ) 2 

( 2 1 ) 
17%. convers ion 

Reagents and Conditions: i, CsF, monoglyme, reflux, 40 h 
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In this particular experiment, the isolation of (21) was not attempted 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: 

C F ( C F 3 ) 2 

n=2-3 

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

fluoride ion promoted desilylation methodology 1 6 2 " 1 6 4 to give reactive sources of 

alkoxide ion: 

R - O H M e 3 S i C I > R - 0 - S i M e 3 — - — - R - C r + F S i M e 3 

The difunctional silyl ethers, ( 2 2 ) 1 6 5 and ( 2 3 ) 1 6 5 , were prepared by reaction of 

the appropriate diols with trimethylsilylchloride. 

O S i M e c 

R=H or C H 3 

R v O S i M e 3 

(22) (R=H) 8 5 % 

(23) ( R = C H 3 ) 9 0 % 

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 a f fo rd the compounds (21) and ( 2 4 ) 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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F 

10 

F 

C F ( C F 3 ) 2 

(-136) 

' K * F ( . Q 7 ) R 

O S i M e 3 

XX 

21 (-134) 
24 (-137) 

21 (-89)F 

24 (-91) 

( 1 ) 

O S i M e 3 

(22) o r (23) 

C F ( C F 3 ) 2 

•F21 (-142) 
24 (-145) 

C F ( C F 3 ) 2 

(21) R = H , 7 0 % 

(24) R = C H 3 , 7 2 % 

Reagents and conditions: i, CsF, monoglyme, reflux, 40 h. 
Figures in parentheses denote fluorine atom chemical shift (ppm). 

A comparison of the 1 9 F N M R 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. Preparat ion of Macrocyc les (25), (26) and (27). 

The fluoride ion induced cyclisation of compounds (21) and ( 2 4 ) was 

achieved by reaction with a further equivalent of either (22) or ( 23 ) , under high 

dilution condi t ions 1 6 6 " 1 6 8 . In the absence of excess solvent high molecular weight 

oligomers (Section 4.2) were formed predominantly. 
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21 (-134) 
24 (-137) 

21 (-89) 
24 (-91) 

C F ( C F 3 ) 2 

•F21 (-142) 
24 (-145) 25,26,27 (-142) 

C F ( C F 3 ) 2 

F 25,26,27 (-142) 

F 

C F ( C F 3 ) 2 

( 2 1 ) R = H 

( 2 4 ) R = C H 3 

C F ( C F 3 ) 2 

(25) R ^ H , R 2 = H , 6 4 % 
(26) R 1 = H , R 2 = C H 3 , 6 4 % 
(27) R 1 = R 2 = C H 3 , 6 3 % 

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 1 9 F N M R 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 ( 2 7 ) was grown f r o m 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 

room temperature, these groups give rise to dynamic disorder resulting f rom a 

stepwise movement between energy m i n i m a 1 6 9 . It was possible to determine the 

cavity size for the 16-membered ring in (27), by measuring the appropriate 

interatomic distances (Table 1). Based on these data, a high affinity for N a + 1 7 0 would 

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) 

0 2 - 0 4 6.79 
0 1 - 0 3 6.55 
N l - N 2 4.79 

C 6 - C 1 8 4.53 

C2Q 

C10 
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4.4. Preparation of Macrocycles ( 29) and (31). 

By extending ihe desi lvlat ion methodology (section 4.2) we have symhesised 

two further macrocycles. 

Macrocycle (29) was prepared by reacting 1 .2-bis( tnmeihyls i ly loxy)e thane 

wi th compound (1). in the presence of caesium f luor ide catalyst. 

C F ( C F 

C F ( C F 3 

( F 3 C ) 2 F C 
( 2 8 ) 
O P % •u C to 

(-147)F (-145) 

C F ( C F , C F ( C F 

F 3 C ) 9 F C ( F 3 C ) 2 F C 

(28 ) 

Reagents and conditions: i, 1,2-Bis(tr imethylsi ly loxy)ethane (0.5 equivs.) , CsF. 
Monog lyme, Ref lux, 4 days, 

ii, 1,2-Bis(tr imethyls i ly loxy)ethane (1 equiv.) , CsF, 
Monog lyme, Reflux. 4 days. 

Figures in parentheses denote fluorine a tom chemica l shift values. 

A comparison of the ! 9 F N M R chemical shif t data, f o r the r ing f luorines in 

compounds (1) and (28). reveals a small subslituent e f fec t on the chemical shifts 

oriho-, meta- and para- to the site of subst i tut ion also the disappearance of h igh , 

frequency chemical shifts corresponding to r ing f luor ine atoms was recorded. These 

observations, together w i t h data obtained f o r model compounds (Section 2.3), 

enabled us to conclude that a lkoxyla t ion had occurred at the 6-posi t ion. in ( l h ' to 

yield (28). 

Reaction of (28) w i th 1 .2-bis i i i imethyIs i iy loxyje thanc and CsF in monoglvme 

gave macrocycle (29) in good yie ld . 

To account for the excellent product y ie ld , we propose that the caesium 



fluoride catalyst facilitated the cyclisation step via a templating e f f e c t 1 4 5 . The 

elemental analysis data and mass spectrometry data (molecular ion 682) for (29) were 

all in agreement with the structure shown. In the , 9 F N M R 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 9 5 , 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 r ing size and the number of potentially 

coordinating atoms (2N and 40) , a high affinity for N a + would be anticipated 1 7 0 . 

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 r N 1 A 3.61 
o r o 2 4.67 

0 2 - 0 2 A 6.04 

CIO F2 02 FT OS 
C4 

C3 01A C7A 
Ml F3 

S i FB C7 F1 
C4A 

F4 
C8A 02A F2A 

F7A 
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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 
1 9 F N M R 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. 

(-136) 

(-87) 

C F ( C F 3 ) 2 

C F ( C F 3 ) 2 

(-148)F\ ^F(.-|36) 

r ° 
N F(-91) 

> + 

F 

( F 3 C ) 2 F C 
(30) 

OSiMe, 

OSiMe 3 

+ c 
OSiMe 3 

OSiMe, 

C F ( C F 3 ) 2 

(-148)F\ /F(_136) 

r ° 

.'. 
N F(-91) 

r ° 
^ F 

( F ^ F C o ) 

83% 

C F ( C F 3 ) 2 

(-146)F\ 

r ° 
N 

° 1 

S r ° 
F 

( F 3 C ) 2 F C 

(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 

this reaction can be attributed to a template e f f e c t 1 7 1 , 1 7 2 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 1 9 F N M R 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 wi th 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 %-% 

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-

macroring size compatibility theory 1 7 0 , a high affinity for K + is anticipated for (31). 

54 



Table 3. Compound (31), Macroring Interatomic Distances. 

Atoms Distance (A) 

N i - N 2 4.95 

o 2 - o 5 4.84 

N 2 - 0 2 2.91 

Nj-Os 2.86 

F18 F6 
F8 F15 

F16 C24 C20 
C21 F3 C23 

F12 F17 F4 22 F14 F7 F9 C19 
F13 

C12 F10 F2 C3 
F11 C11 C4. F1 C13 

C2 
C10 C5 

C14 01 03 
CI 

02 04 N1 C7 
06 

C6 

C15 C18 
05 

C16 
C17 
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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, f rom 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 L i + , Na + , K + and Cs + picrates were extracted with CH2CI2 in the presence 

of either (27), (29) or (31). It should be noted that the hosts and their complexes were 

soluble only in the CH2CI2 layer upon equilibration. 

H 2 0 

CH2CI2 

Agitation L M* 
L 

M + L 

Equil ibration^ 
M + 

INT 
LM + 

LM + 

L = Macrocycle (27), (29) or (31) 

M + = Group I metal ion 

L M + = Macrocycle-Metal Ion Complex 

After agitation and equilibration, the distribution of metal ions in the aqueous 

phase were determined by UV-spec t romet ry 1 7 4 - 1 7 6 . In this approach the % of metal 

picrate extracted by the macrocycle was calculated from: 

% Extraction = 100 (AbSbefore - Absafter)/AbSbefore 

where, AbSbefore is the absorbance of a similarly diluted sample of the unextracted 

alkali metal and Abs a f t e r 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. A l k a l i metal picrate extractions f r o m aqueous solutions into 

dichloromethane by macrocycles (27), (29) and (31). 

Macrocycle Picrate Extracted (%) 

L i + K + Na+ Cs+ 

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), N a + > L i + > K + = C s + ; (29) N a + > L i + = K + and (37), N a + » K+=Cs+> L i + . 

Evidently, each macrocycle has a higher selectivity for sodium ions: in particular, the 

20-membered macrocycle (31) exhibited strong binding towards N a + ions. The 

highest extraction of N a + is observed for both (27) and (29) 1 7 0 : 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 ) 1 7 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. A l l spectra were recorded 

using 1:1 M + : L ratios over a range of concentrations, f rom 10' 4 to 1 0 ' 5 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, L i + , Na+, 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, f rom 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'-dimethylethyIenediamine with compound (1) gave the 

products (32) and (33): 

C F ( C F 3 ) 2 

F(-153) 
C F ( C F 3 ) 2 

( F 3 C ) 2 F C 

.N 

•i\r 
I 

C F ( C F 3 ) 2 

(•156) 

N F ( . 9 4 ) 

(33) 
12% 

73% 

Reagents and conditions: i, N,N'-dimethylethylene-diamine (0.5 equivs.), THF, rt, 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 1 9 F N M R 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 meta- 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 l 9 F N M R 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: 

F7-146) (-146)F F(-153) (-132)F 

/ si 
N N N N F(-90) N 

r • r N N N N N \ / / 

( F 3 C ) 2 F C ( F 3 C ) 2 F C 
(32) (34) 

6 0 % 

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 Subcyciic 

Units. 

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

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

units derived from the building block (17). 

C F ( C F 3 ) 

A C R C F , ) 

\ 
F N N CH H,C N N N 

-rt -3 N F C F ( C F 3 ) ( F 3 C ) 2 F C F N ( F 3 C ) , F C F N 

N N 
3 CH H,C F N N N 
\ / 

C F ( C F , ) 

C F ( C F 3 ) 

N) 

C F ( C F 3 ) ( F 3 C ) 2 F C 

5 0 ?HV/ / 
N N N 

C F ( C F 3 ) 2 

(17) 
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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(CF 3) 2 CF(CF3) 

Li CH CH HoCN N HoCHN N N N 

5V CFCF 3 N F CF(CF3) N F \ \ 
(18 

o 0 
\ 
\ 

CF(CF3) (F 3C) 2FC 

/ ^ N 

(18) 
8 5 % 

N N X H HoC N N 

N 
( F 3 C ) 2 F C ^ / CFCF 3 ) 

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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C F ( C F 3 ) 2 

(-i4of ̂ y^V' F("125) 

(-87f N F 

(17) 

C F ( C F 3 ) 2 

C F ( C F 3 ) 2 

N - ^ M A , C H 3 

| N F(.ia) 

N ^ ^ C F ( C F 3 ) 2 

( 3 5 ) F ( . 9 0 ) F(-141) 

6 0 % 

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 l 9 F N M R 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. 

(-140; 

(-87)' 

C F ( C F 3 ) 2 

F(-125) 

, C H 3 

F N N p 

(17) 

C F ( C F 3 ) 2 

C F ( C F 3 ) 2 

F(-141) 

h.O\ , C H 3 
N N F 

(36) 
70% 

N N — 

C F ( C F 3 ) 2 

Figures in parentheses denote fluorine chemical shift (ppm). 
Reagents and conditions: i, N,N'-dimethylethylene-diamine (2 equivs.), THF, reflux, 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 1 9 F N M R 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 f rom the 

compound perfluoro-4-isopropylpyridine. The metal ion complexation properties of 

the polyether macrocycles were determined by the solvent extraction of alkali metal 

picrates, f rom aqueous solutions into dichloromethane. These macrocycles were 

soluble in perfluorodecalin, at 110°C, and are therefore expected to have applications 
1 0*7 I OS 1 78 

in fluorous-phase metal ion separation ' . 
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CHAPTER V 

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 applications 1 7 9 , numerous synthetic pathways have been developed 

towards functionalised pyridines. There are essentially two main approaches for the 

synthesis of highly substituted pyridines: i) the modification of a preformed pyridine 

nucleus 1 8 0 and ii) formation f rom heterocycloaddition methodologies 1 8 1 . 

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 w i l l 

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 

ii) 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 AlBr3. 

Br 

F F F F 

N N Br 
88% 

Reagents and conditions: i, Excess BBr 3 > Carius Tube,150°C, 55 h. 

Reagents and conditions: i, Excess AIBr 3 l Carius Tube, 120°C, 120 h. 

In the case of the reaction involving A l B r 3 , an intramolecular reaction 

mechanism was proposed for bromination at the site ortho- to the ring nitrogen: 
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N + N + N 
Al Al Br 1 Br Br' • Br Br Br 

Br 
N Br + N 
Al 

Br Br Br ' 1 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 r ^ F 

Br 
Br^ i ^Br 

+ N Br + N Br 

+ 2BBr2F 

N Br 
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5.3. Bromination of Perfluorinated Heterocycles by HBr . 

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: 

3 1 % 
Reagents and conditions: i, HBr (2.5 mol), Sulfolane, Carius Tube, 

100°C for 20 h then 130-160°C for 48 h. 

N Br 

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

F F 
N 

6 1 % 
Reagents and conditions: i, HBr (3 mol), Sulfolane, Carius Tube,135-145°C,142 h. 

Similarly, Musgrave 1 8 2 has reported that when HBr is bubbled through an 

ethereal solution of tetrafluoropyridazine all of the fluorine atoms are substituted: 

Br N 
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 nitrogen to reaction, for example: 

HBr F L B r : H F etc. 
N N Br N + 
H H 

Br" 

H 

5.4. Bromination of Perfluorinated Heterocycles by H B r and AlBr3. 

Chambers has recently reported an efficient acid-induced exchange of 

f luor ine by bromine, in pentaf luoropyridine, te t raf luoropyrimidine and 

hexafluoroquinoxaline, by heating the appropriate heterocycle with the superacid 

formed between HBr and AlBr3. Musgrave has proposed that reactions of this type 

proceed by attack of A f f i r m on the protonated heterocycle. 

*N Br" N Br 
91% 

Reagents and conditions: i, HBr, AIBr 3, Autoclave, 150°C, 84 h. 

Br 

N i N 
A . 

Br N Br 
91% 

Reagents and conditions: i, HBr, AIBr 3, Autoclave, 150°C, 43 h. 

N Br N Br N 

N . 

Br N Br N N Br 
68% 13% 

Reagents and conditions: i, HBr, AIBr 3, Autoclave, 150°C, 68 h. 
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C 0 9 H 

Reagents and conditions: i, Mg, THF, -20 to -10°C, 1h. 
ii, C 0 2 , -10°C, 2h, H 2 S 0 4 . 
iii, Pentafluoropyridine, -35 to -40°C, 1h. 

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

coupling technique. 

Br 

F 

4 0 % 

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

Simi la r ly , 4-bromo-tetraf luoropyridine can be converted into the 
IS7 1^7 1R7 t R R 

corresponding zinc , cadmium and copper ' derivatives, f rom which a range 

of 4-substituted pyridine compounds can be synthesised. 

CuBr 

M = Cd or Zn 

Reagents and conditions: i, Zn or Cd, DMF, r.t., 5 min; ii, CuBr, DMF, r.t., 10 min; 
iii, 1-lodo-perfluoropropene. 
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5.5. Synthesis of 4-bromotetrafluoropyridine f r o m 4-aminotetrafIuoropyridine. 

Chambers 4 1 published the synthesis of 4-bromotetrafluoropyridine f rom 4-

aminotetrafluoropyridine. 

N H , Br 

'N 

. F 

6 1 % 

Reagents and conditions: i, HF (aq), N a N 0 2 , 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 w i t h 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. 

5.7. Reactions involving 4-Bromo-tetrafluoropyridine. 

Chambers 4 1 published a series of reactions invo lv ing 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 

Nuc 

N 

Nuc X Reagents and condi t ions: 
N H 3 - N H 2 N H 3 (aq), Carius tube, 85°C, 2h. 
KOH -OH KOH, tBuOH, Reflux, 2h. 
N a O C H 3 - O C H 3 NaOMe, MeOH, 0°C, 30min. 

At low temperature, 4-Bromo-tetrafluoropyridine can be readily converted 

into a Grignard reagent ~. The reactant, tetrafluoro-4-pyridylmagnesium bromide 

was readily carboxylated and also reacted with pentafluoropyridine to give a 4,4'-

octafluorobipyridine. 
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5.8. Reactions involving 2,4,6-Tribromo-difluoropyridine. 

Chambers 1 8 4 has published a series of reactions i nvo lv ing 2,4,6-

tribromodifluoropyridine and a range of nucleophiles. Hard nucleophiles, including 

inethoxide ion, displaced fluorine exclusively. 

Br Br 

Nuc 

Br N Br Br N Br 

Nuc X Reagents and conditions: 
N H 3 - N H 2 N H 3 (aq), CH 3 CN, Carius tube, 85°C, 2h. 
KOH -OH KOH, tBuOH, Reflux, 3h. 
N a O C H 3 - O C H 3 NaOMe, MeOH, r.t., 60h. 
NaOPh -OPh NaOPh, E t 2 0 , Reflux, 23h. 

In contrast soft nucleophiles, such as diethylamine, displaced bromine 

exclusively. 

Br Br 

Nuc 

Y N Br Br N Br 

Nuc Y Reagents and conditions: 
Et 2 NH Et 2 N- E t 2 NH, CH 3 CN, Carius tube, 50°C, 95h. 
PhSH PhS- PhSH, CH 3 CN, Reflux, 19h. 
Piperidine Piperidinyl- Piperidine,CH 3CN, 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 - B r ) 1 8 9 . 

2,4,6-Tribromodifluoropyridine 1 8 4 has been shown to undergo l i th ium-

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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B r " N Br Br" Br 
7 1 % 

Reagents and conditions: i, BuLi, E t 2 0 , -78°C; ii, CH 2 CHCH 2 Br, -78°C. 

5.9. Reduction of Bromofluoroheterocycles. 

Chambers 1 8 4 recently reported the cata lyt ic r e d u c t i o n 1 9 0 o f 

bromofluoroheterocycles as a viable route to a range of hydrofluoroheterocycles. 

B r " N Br 

Br 

i 

H N H 
63% 

H 

N N 

Br N Br H" ^ N ' 
100% 

Reagents and conditions: i, Pd/C, H 2 (4 bar), Et 3 N, CH 2 CI 2 > r.t. 

N Br N H 
44% 

Reagents and conditions: i, H 2 (4 bar), Lindlarcat., 120h. 

5.10. Palladium Catalysed Coupling of Alkynes with Bromofluoroheterocycles. 
1 g A 

Chambers has published palladium catalysed coupling reactions between 

bromofluoroheterocycles and alkynes. 
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i or II 

B r " Br R-C=C N C = C - R 

Br 

N 

R = Ph, 45% 
R = C 3 H 7 , 66% 

C = C - P h 

N 

B r " N Br P h - C = ( T N C = C - P h 
42% 

Reagents and conditions: i, Cul, (Ph 3P) 3PdCl2, Et 3 N, Phenylacetylene; 
ii, Cul, (Ph 3P) 3PdCl2, Et 3N,Pent-1-yne. 

• Nk .Br ^ X ^ N V , C E C C 3 H 7 

N Br 

Reagents and conditions: ii, Cul, (Ph 3 P) 3 PdCI 2 l Et 3 N, Pent-1-yne. 

N C E C C 3 H 7 

69% 
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CHAPTER VI 

Synthesis of 2,6-Dibromo-perfluoro-4-
isopropylpyridine and Derivatives 
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6. I n t r o d u c t i o n . 
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 f rom this unit. In particular, reactions between 

2,6-dibromo-perfluoro-4-isopropylpyridine and hard and soft nucleophiles w i l l be 

investigated as well as palladium-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 AlBr3 and 

HBr (H+AlBr 4 - ) to afford 2,6-dibromo-perfluoro-4-isopropylpyridine (37) as a 

single product in high yield. 

C F ( C F 3 ) 2 C F ( C F 3 ) 2 

(-105) 

Reagents and conditions: i, AIBr 3 (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 N M R , MS and elemental analysis 

data. In the 1 9 F N M R spectrum, one ring fluorine signal was observed at -105 ppm 

which, together wi th its relative peak intensity value of two, confirmed the 

symmetrical nature of the 2,6-disubstituted product. I f 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 1 3 C N M R 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 ( 2 J C F 22.5 Hz) and then to the 

magnetically equivalent 3,5-F atoms ( 2 J C F 13.3 Hz). 

Mass spectra for molecular ions or fragment ions containing two bromine 

atoms exhibit characteristic isotope patterns 1 9 1: 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-Bromo-perfluoro-4-isopropylpyridine. 

A combination of A l B r 3 (2 equivs.) and HBr (1 equiv.) 1 8 4 reacted with 

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

exclusively. 

CF(CF 3 ) 2 
CF(CF 3 ) 2 

/ F ( -133) 

N F(-85) 
(38) 
58% 

Reagents and conditions: i, AIBr3 (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, N M R 

and MS-data. A comparison of the 1 9 F N M R 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 

molecule containing one bromine a tom 1 9 1 giving two parent ions ( M + 379 and 381). 

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

6.3.L Hydrogenolysis. 

The reduction of (37) occurred efficiently in the presence of a palladium 

catalyst 1 9 0 to afford 2,6-dihydro-perfluoro-4-isopropylpyridine (39). 

CF(CF 3 ) 2 

(• 

CF(CF 3 ) 2 

F(-105) . (-122) 

B r ' >J Br H ' 
(37) (39) 

62% 
Reagents and conditions: i, H 2 (4 atm), DCM, Pd(5%)/C, Et 3 N, 20 h. 
Figures in parentheses denote fluorine atom chemical shift (ppm). 

(-122) 

The elemental analysis, MS (molecular ion 283) and N M R results obtained for 

(39) were all in agreement with the structure illustrated. Significantly, one ring 

fluorine signal was observed at -122 ppm, in the 1 9 F N M R spectrum, which, together 
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with its relative peak intensity value of two, confirmed the symmetrical nature of the 

2,6-disubstituted product. Similarly, the l H N M R 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. 

CF(CF 3 ) 2 CF(CF 3 ) 2 

N + H 
(39) 

Reagents and conditions: i, HBr, E t 2 0 , r.t. 

6.3.H. 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(CF 3 ) 2 

B r ^ N ^ Br 
(40) 

6 1 % 

MeO OMe (-105 
D 

N Br N Br Br Br 
(37) 41 

83% 

MeO OMe 

Br N 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 fluorine 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 N M R , 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 ) 1 8 9 . 

The l 9 F N M R 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 9 5 . 

As a consequence it is possible to observe the rotamers (O) and (P) , at room 

temperature, in the corresponding 1 9 F N M R spectrum. 

F 3 C V P F 3 

I F 

Br' Br 
( O ) 

4 J F F 9 5 . 9 Hz F 3 C V p F 3 

Br 

OCH, 

. . A _ 
N Br 

( P ) 

Crystals of compounds (40) and (41) were grown f rom hexane and the X-ray 

data obtained unequivocally conf i rmed our structural assignments. The 

crystallographic results revealed products in which the perfluoroisopropyl-groups are 

in front of and behind the aromatic plane 9 5 at room temperature. 

Compound (40) Compound (41) 
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6.3.iii. Animation. 

Reaction of the dibromo derivative (37) wi th piperidine resulted in the 

exclusive displacement of bromine to give compound (43). 

(-105)F XX 
CF(CF 3 ) 2 

F 

CF(CF 3 ) 2 

( -120 )Fv^L^Fi [ . l20) 

Br N 
(37) 

Br Br O N N 
43 
80% 

Reagents and conditions: i. Piperidine (2 equivs.), Acetonitrile, Reflux, 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 N M R , MS and elemental analysis data for compound (43). The 1 9 F 

N M R 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 - B r ) 1 8 9 . 

6.3.iv. Mono-Lithiation. 

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

exchange 1 9 2 " 1 9 4 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 trimethylsilylchloride and perfluoro-4-

isopropylpyridine (1) afforded the silylated (45) and bipyr idyl (46) compounds 

respectively. 
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(-105; 

Br' 

CF(CF 3 ) 2 

F . 

Br 
(37) 

CF(CF 3 ) 2 

>F^ ^F(-n8) 

CF(CF 3 ) 2 

j v 

B r N H 
(44) 

73% 

CF(CF 3 ) 2 

( - 1 0 2 ) F \ J ^ F ( - 1 1 0 ) 

Br N SiMe 3 

(45) 
46% 

(-126; 

Br N 

CF(CF 3 ) 2 

F(-117) 
R-117) 

< ^ A ^ C F ( C F 3 ) 2 

(46) T 
20% F(-83) 
+ 

Intractables 
62% 

Reagents and conditions: i. nBuLi (1.2 equivs), THF, -78°C. 
ii. Excess EtOH, -78°C-r.t. 

iii. Me 3SiCI (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 1 9 F N M R 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 1 9 F N M R 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 N M R spectrum, corresponding to 2-CH; whilst the monosilylated compound (45) 

gave a singlet at 0.4 ppm which can be assigned to - C H 3 . 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. 

C F ( C F 3 ) 2 yi y w i 3,2 

) F N ^ W / F ( - 1 1 7 ) 
R-117) (-126)F (-126 

R-117) 

6) T 

C F ( C F 3 ) C F C F , 
Br N Br N 

^^J—F(-98) 

(46 47 
F(-83) OMe 79% 

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

A comparison of the 1 9 F N M R 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-butyl l i th ium 1 9 2 " 
194 in THF at -79°C and then silylated to give the product (48) shown: 

C F ( C F 3 ) 2 

(37) 

C F ( C F 3 ) 2 

(-113) 

Me 3 Si 

C F ( C F 3 ) 2 

F(-113) 

N SiMe 3 

(48) 
4 1 % 

Intractables 
29% 

Reagents and conditions: i, nBuLi (2.4 equivs), THF, -78°C. 
ii, Me 3SiCI (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 N M R results obtained for (48) were 

accordant with the compound shown. Significantly, one ring fluorine signal was 

observed at -113 ppm in the 1 9 F N M R spectrum which, together with its relative peak 

intensity value of two, confirmed the symmetrical nature of the 2,6-disubstituted 

product. Similarly, the lH N M R spectrum for (48) gave one signal at 0.38 ppm 

corresponding to -CH3. 

6.3.vii. Alkyne Couplings. 

A t room temperature, 2,6-dibromo-perfluoro-4-isopropylpyridine (37) 

underwent pa l ladium mediated coupl ing reactions wi th 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. 

82 



(-105; 

Br' 

C F ( C F 3 ) 2 

-(-105) 

N Br 
(37) 

C F ( C F 3 ) 2 

F(-103) 

C F ( C F 3 ) 2 

( - 1 1 2 ) F \ A ^ - F ( - 1 1 2 ) 

16.4% 

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

(-112)F F(-102) 

Br N 
(51 
2 1 % 

-105) (-105 

N Br Br 
(37 F(-110) (-110 

N 

(52 
78% 

Reagents and conditions: i.Phenylacetylene (2 equivs.),Cul, 
(Ph 3 P) 2 PdCI 2 , E t 3 N, r.t., 16h. 

Figures in parentheses denote fluorine atom chemical shift (ppm). 

The 1 9 F N M R 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 wi th 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 1 9 5 " 1 9 7 . This is then followed by 

the formation of an intermediate "Py-Pd n -Alkyne" species, which undergoes 

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

catalyst. 

FT 

C F C F 3 2 

XX (Ph3P)2Pd(0) 

N Br Br N Br 

CF(CF 3 ) 2 CF(CF 3 ) 2 

^ 5 

(ID 
P h a P ^ Ph3P~ pd N B N Br 

Ph 3P 

R CF(CF 3 ) 2 

TX 
H R 

Et 3 NHBr 
(II) 

Ph 3 P- p d ^ N B 
PhsP U H Et 3 N J? R Br 

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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(-120; 

CF(CF 3 ) 2 

F(-120) 

B r ' N N 
(43) 

CF(CF 3 ) 2 

( - H 7 ) F \ ^ A s ^ O M e 

B r " N N 
(53) 
78% 

CF(CF 3 ) 2 

1 
/ F ( . 1 0 2 ) 

Br 

(51) 

CF(CF 3 ) 2 

F(-103) 

N Br 

CF(CF 3 ) 2 

O C H 3 

N Br 
(54) 
54% 

CF(CF 3 ) 2 

( -114 )F\ 

N Br 
(55) 
86% 

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. 
Fa 

F 5 
C13 F4 

F7 C12 
F8 F2 F3 en 

0 
C3 C14 F1 

C4 
C2 

6 CI 
C5 

N2 
N1 Br1 

CIO 
ca 

C9 

A comparison of the 1 9 F N M R 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 (55a) and (55b), derived f rom substituent chemical shift 

data, support formation of the 3-substituted products (54) and (55) rather than the 5-

substituted compounds. 

Table 1. 

H X O H,CO OMe OCH 

N Br N Br N Br N Br 
(55a) (54b (55b) (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 pentafluoropyridine^, 4-methoxytetrafluoropyridine^^, perfluoro-4-isopropylpyridine^ 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 dil i thium 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. 

A l l starting materials were obtained commercially (Aldrich, Lancaster or 

Fluorochem) unless stated otherwise. Solvents were dried using literature procedures 

and then stored over molecular sieves (4A) or sodium wire. 

Column chromatography. 

Column chromatography was carried out on silica gel (Merck no. 109385, 

particle size 0.040-0.063nm) and T L C analysis was performed on silica gel T L C 

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. Boil ing points were either recorded during distillation or 

at atmospheric pressure (Siwoboloff s method) using a Gallankamp apparatus and are 

uncorrected. Melt ing points were all carried out at tmospheric pressure using the 

Gallankamp apparatus and are also uncorrected. 

NMR Spectra. 

•H (399.96 MHz) , 1 3 C (100.58 MHz) and 1 9 F (376.29 MHz) spectra were all 

obtained f rom a Varian V X R 400S spectrometer. A l l spectra were recorded with 

TMS and/or C F C I 3 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 I I 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 fi lms between sodium chloride plates, as either neat liquids or Nujol mulls. 
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Chapter VII. 

Experimental to Chapter 
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Synthesis of 2,3,5,6-Tetrafluoro-4-( J ,2,2,2-tetrafluoro-1-trifluoromethyl-ethyl)-

pyridine (1) and 2,3,5-trifluoro-4,6-bis-(l ,2,2,2-tetrafluoro-l-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-tetrqfluoro-4-( 1,2,2,2-tetrafluoro-1 -

trifluoromethyl-ethylj-pyridine (1) (57%), pentafluoropyridine ( 2 5 % ) , 

hexafluoropropene-dime rs ( 1 2 % ) , 2,3,5-trifluoro-4,6-bis-(l,2,2,2-tetrafluoro-l-

trifluoromethyl-ethyl)-pyridine (2) (4%) and a mixture of 3,6-difluoro-2,4,5-tri-

(l,2,2,2-tetrafluoro-l-trifluoromethyl-ethyl)-pyridine and 3,5-difluoro-2,4,6-tri-

(l,2,2,2-tetrafluoro-l-trifluoromethyl-ethyl)-pyridine (2%) . Fractional dist i l la t ion 

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. C 8 F n N 

requires C, 30.1; N , 4.4%) NMR spectrum no. 1; Mass spectrum no. 1; I R 

spectrum no. 1; and 2,3,5-trifluoro-4,6-bis-(l,2,2,2-tetrafluoro-l-trifluoromethyl-

ethyl)-pyridine (2) (1.0 g, 4 %) as a colourless liquid bp 158-9°C (Found: C, 27.7; N , 

2.9. C 1 1 F 1 7 N requires C, 28.1; N , 3.0%) N M R spectrum no. 2; Mass spectrum no. 

2; I R spectrum no. 2. 

Reactions of (1) with Alkoxide Ions. 

General Procedure: 

(i) Under an atmosphere of dry nitrogen, sodium metal was added to a solution of 

the alcohol in T H F (20 c m 3 ) and stirred unti l 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 c m 3 ) was added. The mixture was continuously extracted with 

D C M , dried ( M g S 0 4 ) 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. 

( i i ) 2,3,5-Trifluoro-6-methoxy-4-(],2,2,2-tetrafluoro-l-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-(l,2,2,2-tetrafluoro-l-trifluoromethyl-ethyl)-pyridine (3) (1.4 g, 77%) as a 
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colourless l iquid bp 173-173.5°C (Found: C, 32.3; H , 0.9; N , 4.2. C 9 H 3 F i 0 N O 

requires C, 32.6; H , 0.9; N , 4.2%) N M R spectrum no. 3; Mass spectrum no. 3; I R 

spectrum no. 3. 

( i i i ) 3,5-Difluoro-2,6-dimethoxy-4-( 1,2,2,2-tetrafluoro-l-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-(l,2,2,2-tetrafluoro-l-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 i 0 H 6 F 9 N O 2 requires 

C, 34.9; H , 1.8; N , 4.1%) NMR spectrum no. 4; Mass spectrum no. 4; I R 

spectrum no. 4. 

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

2-ol (5). 

Potassium hydroxide (0.7 g, 12.5 mmol) was added to a solution of 2,3,5,6-

tetrafluoro-4-(l,2,2,2-tetrafluoro-l-trifluoromethyl-ethyl)-pyridine (1) (1.75 g, 5.5 

mmol) in 2-methylpropanol (25 cm 3 ) .and the mixture was stirred at reflux 

temperature for 24 h. Dilute HC1 was added until the solution was pH 1 and the 

mixture was continuously extracted with D C M , dried (MgSC»4), 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-l-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. CgHFioNO requires C, 30.3; H , 0.3; N , 4.4%) N M R spectrum no. 5; 

Mass spectrum no. 5; I R spectrum no. 5. 

i v . 3,5,6-Trifluoro-2-(methoxyethanoxy)-4-[l,2,2,2-tetrafluoro-l-(trifluoromethyl)-

ethyI]-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)-ethylj-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. C , i H 7 F 1 0 N O 2 requires C, 35.2; H , 

1.9; N , 3.7%) NMR spectrum no. 6; Mass spectrum no. 6; I R spectrum no. 6. 

{v)2,6-Bis(2-methoxyethanoxy)-3,5-difluoro-4-[l,2,2,2-tetrafluoro-l-

(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-

[l,2,2,2-tetrafluoro-l-(trifluoromethyl)ethyl]-pyridine (7) (1.8g, 76%) as a clear 

liquid bp >300°C (Found: C, 39.0; H , 3.2; N , 3.2. C14H14F9NO4 requires C, 38.9; H , 

3.2; N , 3.2%) N M R spectrum no. 7; Mass spectrum no. 7; I R spectrum no. 7. 

(vi) 6-Cyclohexyloxy-2,3,5-trifluoro-4-[l,2,2,2-tetrafluoro-l-(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 

co lumn chromatography a f fo rded 6-cyclohexyloxy-2,3,5-trifluoro-4-[l,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 u H n F ^ N O requires C, 42.1; H , 2.8; N , 

3.5%) NMR spectrum no. 8; Mass spectrum no. 8; I R spectrum no. 8. 

( v i i ) 2,6-dicyclohexyloxy-3,5-difluoro-4-[l,2,2,2-tetrafluoro-l-

(trifluoromethyl)ethyI]'-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-[l, 2,2,2-

tetrafluoro-l-(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. C20H22F9NO2 requires C, 50.1; H , 4.6; 

N , 2.9%) NMR spectrum no. 9; Mass spectrum no. 9; I R spectrum no. 9. 

( v i i i ) 2,3,5-Trifluoro-6-phenoxy-4-[l,2,2,2-tetrafluoro-l-

(trifluoromethyl)ethyl]pyridine. (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-I -

(trifluoromethyl)ethyl]pyridine (10) (1.42 g, 66 %) as a colourless o i l bp 252.6-

253.0°C (Found C, 42.5; H , 1.2; N , 3.5. C I 4 H 5 F 1 0 N O requires C, 42.7; H , 1.3; N , 

3.6%) NMR spectrum no. 10; Mass spectrum no. 10; I R spectrum no. 10. 

( i x ) 3,5-Difluoro-2,6-diphenoxy-4-[J,2,2, 2 -1 e t r a f l u o r o -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 a f f o r d e d 3,5-difluoro-2,6-diphenoxy-4-[l,2,2,2-tetrafluoro-l-
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(trifluorometh\d)ethyl]pyridme (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. C 2 0 H | 0 F y N O 2 requires C, 5 1.4; H 2.1; N, 3.0%) N M R 

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

(x) 2,6-Bis-(3-m.ethoxyphenoxy)-3,5-difluoro-4-[ 1,2,2,2-tetrafluoro-1 -trifluoromethyl-

ethyl]pyridine (13) and (12). 

Compound (1) in (i) and sodium metal (0.26 g, 1 1.0 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-l-trifluoromethyl-ethylJpyridine (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 C22H14F9NO4 requires C, 50.1; 

H 2.7; N , 2.7%) N M R spectrum no. 13; Mass Spectrum no. 13; IR spectrum no. 

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

Reactions of (2) wi th Alkoxide Ions. 

General Procedure: 

(i) Under an atmosphere of dry nitrogen, sodium metal was added to a solution of 

the alcohol (20 c m 3 ) and stirred until hydrogen evolution was complete. 2,3,5-

trifluoro-4,6-bis-( 1,2,2,2-tetrafluoro-1 -trifluoromethy l -

ethyl)-pyridine (2) (1.2 g, 2.7 mmol) or 2,5-difluoro-3-methoxy-4,6-bis-( 1,2,2,2-

tetrafluoro-l-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 3 ) was 

added. The mixture was continuously extracted with D C M , dried ( M g S 0 4 ) 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. 

( i i ) 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-ethylj-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 , 2 H 3 F 1 6 N O requires C, 29.9; H, 0.6; N , 2.97c) N M R spectrum no. 14; Mass 

spectrum no. 14; IR spectrum no. 14. 

(1 i 1) 5-Fluoro -2,3-dimethoxy-4,6-bis-( 1,2,2,2-tetrafluoro-1 -trifluorornethyl-ethyl)-

pyridine (15). 

Sodium metal (0.1 g, 4.5 mmol) in methanol and 2,5-difluoro-3-methoxy-4,6-

bis-( 1,2,2,2-tetrafluoro-1 -trifluoromethyl-ethyl)-pyridine (14) (2.2 g, 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-(l,2,2,2-tetrafluoro-l-trifluoromethyl-ethyl)-pyridine (15) (1.35 g, 

60 %) as a colourless l iquid bp 229.1-231.0'C (Found: C, 31.5; H , 1.1; N , 2.8. 

C 1 3 H 6 F i 5 N 0 2 requires C, 31.6; H , 1.2; N , 2.8%) N M R spectrum no. 15; Mass 

spectrum no. 15; I R spectrum no. 15. 

Reactions with Nitrogen Nucleophiles. 

Methyl/3,5,6-trifluoro-4-[ 1,2,2,2-tetrafluoro-l-(trifluoromethyl )ethyl](2-

pyridylfamine (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-l-

trifluoromethyl-ethyl)-pyridine (1) (60.0 g, 0.18 mol) in tetrahydrofuran (200 cm 3 ) 

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 D C M , dried (MgSO^) and 

evaporated to yield crude material (62 g). Vacuum distillation gave methyl} 3,5,6-

trifluoro-4-[ 1,2,2,2-tetrafluoro-l-(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. 

C 9 H 4 F 1 0 N 2 requires C, 32.7; H , 1.2; N , 8.5%) N M R spectrum no. 16; Mass 

Spectrum no. 16; I R spectrum no.16. 

Bis{3,5,6-trifluoro-4-[l,2,2,2-tetrafluoro-l-(trifluoromethyl)ethyl]-2-

pyridyl}methylamine (17). 

Under an atmosphere of dry nitrogen, at -78°C, n-butyll i thium (5.8 g, 91 

mmol) was added to a solution of methyl{3,5,6-trif luoro-4-[l ,2,2,2-tetrafluoro-l-

(trifluoromethyl)ethyl](2-pyridyl)}amine (16) (30 g, 91 mmol) in THF (300 cm 3 ) and 

then stirred for 1 h before adding 2,3,5,6-tetrafluoro-4-(l ,2,2,2-tetrafluoro-l-

trifluoromethyl-ethyl)-pyridine (1) (29.0 g, 91 mmol). The mixture was then stirred 

for a further 3 h before water (200 cm 3 ) was added. The organics were continuously 

extracted with D C M , dried (MgSC>4) and then evaporated to yield crude material (58 

g). Distillation, under vacuum, afforded bis{3,5,6-trifluoro-4-[l,2,2,2-tetrafluoro-l-

(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. C17H3F20N3 

requires C, 32.4; H , 0.5; N , 6.7%); N M R spectrum no. 17; Mass spectrum no. 17; 

I R spectrum no. 17. 

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

pyridyl}methyl{3,5,6-trifluoro-4[l,2,2,2-tetrafluoro-l-(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 so lu t i on o f b i s { 3 , 5 , 6 - t r i f l u o r o - 4 - [ l , 2 , 2 , 2 - t e t r a f l u o r o - l -

(trifluoromethyl)emyl]-2-pyridyI} methylamine (17) (10.1 g, 16 mmol) in T H F (75 

cm 3 ) and the mixture was stirred at r.t for 20 h before water (100 cm 3 ) was added. 

The mixture was continuously extracted with D C M , dried (MgSC>4) 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-

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

(trifluoromethyl)ethyl-2-pyridyl}amine (18) (7.0 g, 68 % ) as a yellow solid mp 

60.2°C (Found: C, 33.5; H , 1.1; N , 8.7. C i 8 H 7 F 1 9 N 4 requires C, 33.8; H, 1.1 N , 8.8%); 

NMR spectrum no. 18; Mass spectrum no. 18; I R spectrum no. 18. 

Bis{3,5-difluoro-6-(N-methylamino)-4-[1,2,2,2-tetrafluoro-1 -

(trifluoromethyl)ethyl](2-pyridyl}methylamine (19). 

Under an atmosphere of dry nitrogen, methylamine (0.6 g, 19.4 mmol) was 

added to a s o l u t i o n o f b i s { 3 , 5 , 6 - t r i f l u o r o - 4 - [ l , 2 , 2 , 2 - t e t r a f l u o r o - l -

(trifluoromethyl)ethyl]-2-pyridyl}methylamine (17) (3.1 g, 4.9 mmol) in T H F (100 

cm 3 ) and the mixture was stirred at room temperature for 20 h before water (100 

cm 3).was added. The mixture was continuously extracted with D C M , dried (MgSC>4) 

and evaporated to yield crude material (3.3 g) which after column chromatography, 

using hexane and D C M (2:1) as the eluent, afforded bis{3,5-difluoro-6-

(methylamino)-4-[ 1,2,2,2-tetrafluoro-l-(trifluoromethyl)ethyl](2-

pyridyDJmethylamine (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. C i 9 H n F i 8 N 5 requires C, 35.0; H , 1.7; N , 10.8 % ) ; N M R 

spectrum no. 19; Mass spectrum no. 19; I R spectrum no. 19. 

Bis{6-(N,N-diethylamino)-3,5-difluoro-4-[1,2,2,2-tetrafluoro-1-

(trifluoromethyl)ethyl]-2-pyridyl}methylamine (20). 

Under an atmosphere of dry nitrogen, diethylamine (0.94 g, 13.1 mmol) was 

added to a so lu t i on o f b i s { 3 , 5 , 6 - t r i f l u o r o - 4 - [ l , 2 , 2 , 2 - t e t r a f l u o r o - l -

(trifluoromethyl)ethyl]-2-pyridyl}methylamine (17) (2.0 g, 3.18 mmol) in THF (50 

cm 3 ) and the mixture was stirred at reflux temperature for 20 h before water (100 

cm 3 ) was added. The organics were continuously extracted with D C M , dried 

(MgSC>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-[J,2,2,2-tetrafluoro-J-(trifluoromethyl)ethyl]2-

pyridylfmethylamine (20) as a yellow solid (1.2 g, 51 %) mp 74.6-76°C (Found: C, 

40.8; H , 3.1; N , 9.4. C 2 5 H 2 3 F i 8 N 5 requires C, 40.8; H , 3.1; N , 9.4%); NMR spectrum 

no. 20; Mass spectrum no. 20; I R spectrum no. 20. 
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Chapter VIII. 

Experimental to Chapter 
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Reactions wi th Dioxygen nucleophiles. 

Synthesis of 2,3,5-trifluoro-4-[ 1,2,2,2-tetrafluoro-1 -(trifluoromethylj-ethyl ]-6-( 3-

{3,5,6-trifluoro-4-[ 1,2,2,2-tetrafluoro-l-(trifluoromethylj-ethyl ](2-

pyridyloxy)}phenoxyloxy)pyridine ( 2 1 ) and 2,3,5-trifluoro-6-( 5-methyl-3-{3,5,6-

trifluoro-4-[ 1,2,2,2-tetrafluoro-l-(trifluoromethyl)ethyl](2-pyridyloxy) }phenoxyj-4-

[1,2,2,2-tetrafluoro-l-(trifluoromethyl)ethyl]pyridine (24) 

Under an atmosphere of dry nitrogen, either l,3-bis-(trimethylsiloxy)benzene 

(22) (1.8 g, 7.1mmol) or l,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-(l,2,2,2-tetrafluoro-l-trifluoromethyl-ethy])-pyridine (1) (22.5 g, 70.5 

mmol) and monoglyme (175 cm 3 ) and heated to reflux for 40 h, before water (250 

cm 3 ) was added. The mixture was continuously extracted into ether and dried 

(MgS04) and the excess 2,3,5,6-tetrafluoro-4-(l,2,2,2-tetrafluoro-l-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-trifl.uoro-4-[l,2,2,2-tetrafluoro-l-(trifluoromethylj-ethyl]-6-

(3-{3,5,6-trifl.uoro-4-[ 1,2,2,2-tetrafluoro-l-(trifluoromethyl)-ethyl](2-

pyridyloxy)Jphenoxyloxy)pyridine ( 2 1 ) or 2,3,5-trifluoro-6-(5-methyl-3-{3,5,6-

trifluoro-4-[ 1,2,2,2- tetrafluoro-1 -(trifluoromethyljethyl ](2-pyridyloxy) Jphenoxy j-4-

[ 1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]pyridine (24) 

as white solids was achieved by recrystallisation in cyclohexane to give 2,3,5-

trifluoro-4-[ 1,2,2,2-tetrafluoro-1-(trifluoromethylj-ethyl)'-6-(3'-{'3',5\6-trifluoro-4-

[ 1,2,2,2-tetrafluoro-1 -(trifluoromethyl)-ethyl](2-pyridyloxy)}phenoxyloxy)pyridine 

(21) f rom (22) (3.5 g, 70%) mp 138.0-138.4°C (Found: C, 37.3; H , 0.5; N , 3.9. 

C22H4F20N2O9 requires C 37.3; H, 0.6; N , 3.9%); N M R spectrum no. 2 1 ; Mass 

spectrum no. 2 1 ; I R spectrum no. 21. , and 2,3,5-trifluoro-6-{5-methyl-3-{3,5,6-

trifluoro-4-l 1,2,2,2-tetrafluoro-1 -(trifluoromethyl jethyl ](2-pyridy loxy) jphenoxy )-4-

[],2,2,2-tetrafluoro-l-(trifluoromethyl)ethyl]pyridine (24).from (23) (3.7 g, 72%) mp 

161-161.5°C (Found: C, 38.0; H , 0.8; N , 3.9. C 2 3H 6 F2oN 2 02 requires C, 38.2; H, 0.8; 

N, 3.9%); N M R spectrum no. 24; Mass spectrum no. 24; IR spectrum no. 24. 

Cyclisation Reactions wi th (21) and (24). 

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-

11,2,2,2-tetrafluoro-l-(trifluoromethyl)-ethyl]-6-(3-{3,5,6-trifluoro-4-[ 1,2,2,2-

tetrafluoro-l-(trifluoromethyl)-ethyl](2-pyridyloxy)}phenoxyloxy)pyridine (21) (1.0 g, 

1.4 mmol) or 2,3,5-trifluoro-6-(5-methyl-3-{3,5,6-trifluoro-4-[l,2,2,2-tetrafluoro-l-

(trifluoromethyl)ethyl](2-pyridyloxy) }phenoxy)-4-[ 1,2,2,2-tetrafluoro-1 -
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( t r i f l uo romethv l ) e thy l jpy r id ine C24) ( 1.0 g, 1.4 mmol ) in monoglyme (300 c m 3 ) and 

heated to ref lux temperature for 40 h, before water (300 c m 3 ) was added. The mixture 

was continuously extracted into D C M , dried ( M g S 0 4 ) and evaporated to y ie ld crude 

material . The isolat ion o f pure products, as whi te solids, was achieved by co lumn 

chromatography, using dichloromethane as the eluent. 

F r o m c o m p o u n d (21) and (22), was obtained 26,28-diaza-5: l7-bis[1,2.2,2-

teirafluoro -1 -{trifluoromethyl)ethyl]-4,6, 16,18-tetrafluoro-2,8,14.20-

tetraoxapentacyclo[ 19.3.1.1 <3,7>. J <9,13>. 1 <J5,19> Joctacosa-

1(25),3,5,7(26),9,11,13 (27), 15,17,19(28),21,23-dodecaene (25) (0.71 g, 64%) mp 

1 18.7-118.9°C (Found: C, 43.0; H , 1.0; N , 3.6. C 2 S H s F i 8 N 2 0 4 requires C, 43.0; H , 

1.0; N , 3.6%), N M R spectrum no. 25; Mass spectrum no. 25; IR spectrum no. 25. 

F r o m c o m p o u n d (22) and (24), was obtained 26,28-dia:a-5,1 7-bis[l, 2,2.2-

tetrafluoro-1 -(tnfluoromethyl)ethyl]-4,6,16,18-tetrajluoro-11 -methyl-2,8,14,20-

tetraoxapentacyclo[ 19.3.1.1 <3,7>.l <9,13>.l <15,19>]octacosa-

1(25),3,5.7(26),9,11,13 (27), 15,17,19(28),21,23-dodecaene (26).(0.72 g, 64%) mp 

143.9-144.3 = C (Found: C, 43.7; H , 1.2; N , 3.4. C 2 9 H 1 0 F i S N 2 O 4 requires C, 43.9 ; H . 

1.3; N , 3.5%); N M R 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-

1 -(tnfl.uoromethyl)ethyl]-4.6.16,18-tetrafluoro-11,23-dimethyl-2,8,14,20-

tetruoxapentacyclo[ 19.3.1.1 <3,7>. J <9,13>. 1 < 15.19> Joctacosa-

1(25),3,5, 7(26),9,11,13 (27). 15,17,19(28),21,23-dodecaene (27) (0.72 g, 63%) mp 

230 'C (Found: C, 44.9; H , 1.6; N . 3.4. C 3 o H l 2 F i 8 N 2 0 4 requires C, 44.7; H , 1.5; N , 

3.5%); N M R spectrum no. 27; Mass spectrum no. 27; IR spectrum no. 27. 

S y n t h e s i s o f 2,3.5-irifluoro-4-[l ,2,2,2-tetrafluoro-(trifluoromethyl)ethyl ]-6-(-2 

(3,5,6-trifluoro-4-[l ,2,2,2-tetrafluoro-1 -(trifluoromethyl)eth\l](2-

pyridyloxy)}ethoxy)pyridine (28). 

Under an atmosphere of dry ni t rogen, L2-b i s ( tnmethy ls i ly loxy)e thane (0.16 

g, 0.79 m m o l ) was added to a solution of 2,3,5,6-tetrafluoro-4-( 1,2,2,2-tetrafluoro-1-

t r i f luoromethy l -e thyO-pyndine (1) (5.0 g, 15.7 m m o l ) and caesium f luor ide (0.12 g. 

0.79 m m o l ) in monoglyme (50 c m 3 ) and the mixture was stirred at ref lux temperature 

fo r 4 days before water (100 c m 3 ) was added. The organics were cont inuously 
extracted w i t h D C M , dried ( M 2 S O 4 ) and then evaporated to y i e ld crude material 

(0.54 g) wh ich after co lumn chromatography, usms hexane and ethyl acetate (S: 1) as 

the eluent on a si l ica-gel support, a f forded 2.3.5-trifluoro-4-[1,2.2.2-retraflitoro-

(trifluoromethyl)eth\l]-6-(-2- {3.5.6-trtfluoro-4-j 1,2.2.2-tetrafluoro-1 -

(irifluoromethyljethvlj(2-p\rid\lox\)}ethox\)pvridtne (28). as clear l iqu id (0.47 
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g, 92%) bp >300°C (Found: C, 32.6; H, 0.6; N , 4.2. C18H4F20N2O2 requires C, 32.7; 

H, 0.6; N , 4.2%); NMR spectrum no. 28; Mass spectrum no. 28; I R 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-[l,2,2,2-tetrafluoro-

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

(trifluoromethyl)ethyl](2-pyridy]oxy)}ethoxy)pyridine (28) (1.0 g, 1.52 mmol) and 

caesium fluoride (0.23 g, 1.5 mmol) in monoglyme (50 cm 3 ) and the mixture was 

stirred at reflux temperature for 4 days before water (75 c m 3 ) was added. The 

organics were continuously extracted with D C M , dried (MgS0 4 ) 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-

2,5,1 l,14-tetraoxatricyclo[13.3.1.1<6,10>]icosa-l(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. C 2 o H 8 F i 8 N 2 0 4 requires C, 35.2; 

H, 1.2; N , 4.1%); NMR spectrum no. 29; Mass Spectrum no. 29; I R spectrum no. 

29. 

Synthesis o f 2-/5,5,6-trifluoro-4-[ ] ,2,2,2-tetrafluoro- J-(trifluoromethyl)ethyl](2-

pyridyl)oxyJ-J-(2-{3,5,6-trifluoro-4-[],2,2,2-tetrafluoro-l(trifluoromethyl)ethyl] 

(2-pyridyloxy)jethoxy)ethane (30). 

Under an atmosphere of dry nitrogen, 1-{ 2 - [2-1 ,1 -d imethy l -1 -

(silaethoxy)ethoxy]ethoxy}-l,l-dimethyl-l-silaethane (3.92 g, 15.7 mmol) was added 

to a solution of 2,3,5,6-tetrafluoro-4-(l,2,2,2-tetrafluoro-l-trifluoromethyl-ethyl)-

pyridine (1) (10.0 g, 31.3 mmol) and caesium fluoride (4.75 g, 31.3 mmol) in 

monoglyme (100 cm 3 ) and the mixture was stirred at reflux temperature for 4 days 

before water (100 cm 3 ) was added. The organics were continuously extracted with 

D C M , dried ( M g S 0 4 ) 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, a f fo rded 2 - {3,5,6-trifluo r0-4-[ 1,2,2,2-tetrafluo r0 -1 -

(tnfluoromethyl)ethyl](2-pyridyl)oxyJ-1-(2-{' 3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-

Htrifluoromethyl)ethyl](2-pyridyloxy)}ethoxy)ethane (30) as a colourless liquid (9.17 

g, 83%) bp 280-282T (Found: C, 34.1; H, 1.1; N , 3.9. C 2 0 H 8 F 2 o N 2 0 3 requires C, 

34.1; H, 1.1; N , 3.9%); NMR spectrum no. 30; Mass spectrum no. 30; I R 

spectrum no. 30. 



A Cyclisation Reaction with (30). 

Under an atmosphere of dry ni trogen, 1 - {2 - [2 -1 ,1 -d ime thy l -1 -

(silaethoxy)ethoxy]ethoxy}-l,1-dimethyl-1-silaethane (2.1 g, 8.4 mmol) was added to 

a solution of 2-{3,5,6-tr if luoro-4-[l ,2,2,2-tetrafluoro-l-( tr i f luoromethyl)ethyl](2-

pyridy l)oxy} -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 D C M , dried (MgSC^) and then evaporated to yield crude material (6.6 g) which 

after flash column chromatography, using dichloromethane as the eluent on a silica-

g e l s u p p o r t , a f f o r d e d 25,26-diaza-l l,23-bis[l,2,2,2-tetrafluoro-l-

(trifluoromethyl)ethyl]-10,12,22,24-tetrafluoro-2,5,8,l4,17,20-

hexaoxatricyclo[]9.3.].]<9,13>]hexacosa-](24),9(26),10,12,2](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. 

C 2 4 H i 6 F i 8 N 2 0 6 requires C, 37.4, H , 2 .1 ; N , 3.6%) NMR spectrum no. 31; Mass 

spectrum no. 31; I R spectrum no. 31. 

Reactions with Dinitrogen Nucleophiles. 

Synthesis of Methyl[2-(methyl{ 3,5,6-trifluoro-4-[ 1 ,2,2,2-tetrafluoro-1 -

(trifluoromethyl)ethyl](2-pyridyl)Jammo)ethyl](3,5,6-trifluoro-4-[l ,2,2,2-tetrafluoro-

]-(trifluoromethyl)ethyl](2-pyridyl)}amine (32) and 2,3-difluoro-5,8-dimethyl-4-

[],2,2,2-tetrafluoro-]-(trifluoromethylethyl)]-5,6,7,8-tetrahydroquinoline (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-l-

trifluoromethyl-ethyl)-pyridine (1) (20.0 g, 62.6 mmol) in THF (50 c m 3 ) and the 

mixture was stirred at r.t for 1 h before water (100 cm 3 ) was added. The organic 

material was continuously extracted with D C M , dried (MgSC>4) 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-( trifl.uoromethyl)ethyl. ](2-pyridyl) j amino )ethyl [[ 3,5,6-trifluoro-

4-[lX2Metrafluoro-l-(trifluoromethyl)ethylJ(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. C20H10F20N4 requires C, 

34.9; H , 1.4, N , 8.2%); N M R spectrum no. 32; Mass spectrum no. 32; I R 

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. C12H10F9N3 requires C, 39.2; H , 2.7; 

N, 11.4%); NMR spectrum no. 33; Mass spectrum no. 33; I R spectrum no. 33. 
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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-[l,2,2,2-

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

[l,2,2,2-tetrafluoro-l-(trifluoromethyl)ethyl](2-pyridyl)}amine (32) (1.0 g, 1.5 mmol) 

in T H F (50 cm 3 ) and the mixture was stirred at r.t for 20 h before water (100 cm 3 ) 

was added. The organic material was continuously extracted with D C M , dried 

(MgSC>4) 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>]icosa-l(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. 

C24H20F18N6 requires C , 39.2; H, 2.7; N, 11.4%); N M R spectrum no. 34; Mass 

spectrum no. 34; I R spectrum no. 34. 

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

(i) 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 T H F (50 

cm 3 ) and the mixture was stirred at reflux temperature for 40 h before water (100 

cm 3 ) was added. The organic layer was continuously extracted with D C M , dried 

(MgSC^) 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-b]pyrazin-6-yl)}methyl{3,5,6-trifluoro-4-[ 1,2,2,2-tetrafluoro-

l-(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 2 i H i 3 F i 8 N 5 requires C, 37.2; H, 

1.9; N, 10.3%); NMR spectrum no. 35; Mass spectrum no. 35; I R spectrum no. 

35. 

(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-l-

(trifluoromethyl)ethyl]-2-pyridyl]methylamine (17) (0.5 g, 0.79 mmol) in T H F (50 

cm 3 ) and the mixture was stirred at reflux temperature for 40 h before water (100 

cm 3 ) was added. The organic layer was continuously extracted with D C M , dried 

(MgSC»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-

b]pyrazin-6-yl)jmethylamine (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. C25H23F16N7 requires C , 41.4; H, 3.2, N, 13.5%); 

NMR spectrum no. 36; Mass spectrum no. 36; I R 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 M S E Centaur 2 

centrifuge for 10 minutes. A sample (10 |ll) 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 U V / V I S 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 (AbSbefore - Absafter)/AbSbefore 

where, AbSbefore is the absorbance of a similarly diluted sample of the unextracted 

alkali metal and A b s a f t e r 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-(l,2,2,2-tetrafluoro-l-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-

(l,2,2,2-tetrafluoro-l-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 D C M , 

and the dried extracts were distilled to give 2,6-dibromo-3,5-difluoro-4-( 1,2,2,2-

tetrqfluoro-l-trifluoromethyl-ethyl)-pyridine (37) (21.6 g, 81%) as a colourless liquid 

bp 56°C (4mmHg) (Found: C , 21.8; N, 3.1. C 8 B r 2 F 9 N requires C , 21.8; N, 3.2%); 

NMR spectrum no. 37; Mass spectrum no. 37; I R 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-

(l,2,2,2-tetrafluoro-l-trifluoromethyI-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 D C M , 

and the dried extracts were distilled to give 6-bromo-2,3,5-difluoro-4-( 1,2,2,2-

tetrafluoro- l-trifluoromethyl-ethyl)-pyridine (38) (27.7 g, 58%) as a colourless liquid 

bp 25-30°C (4mmHg) (Found: C, 25.4; N, 3.7. C 8 B r F 1 0 N requires C , 25.3; N, 3.7%); 

NMR spectrum no. 38; Mass spectrum no. 38; I R spectrum no. 38. 

Catalytic Hydrogenolysis Reaction of the Dibromocompound (37). 

2,6-Dihydrido-3,5-difluoro-4-( 1,2,2,2-tetrafluoro-l-trifluoromethyl-ethyl)-pyridine 

(39). 

A solution of 2,6-dibromo-3,5-difluoro-4-(l ,2,2,2-tetrafluoro-l-

trifluoromethyl-ethyl)-pyridine (37) (12.0 g, 27.2 mmol) was stirred in D C M (80 

cm 3 ) 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 

cm 3 ) . The organic material was continually extracted with D C M , dried (MgS04) and 

then evaporated to yield crude material (8.8 g) which after flash column 

chromatography, using D C M as the eluent on a silica-gel support, afforded 2,6-

106 



dihydrido-3,5-difluoro-4-( 1,2,2,2-tetrafluoro-1 -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. 

C 8 H 2 F 9 N requires C, 33.9; H , 0.7; N , 4.9%); NMR spectrum no. 39; Mass 

spectrum no. 39; I R spectrum no. 39. 

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

General Procedure: 

(i) Under an atmosphere of dry nitrogen, sodium metal was added to methanol 

(20 cm 3 ) and stirred until hydrogen evolution was complete. 2,6-Dibromo-3,5-

difluoro-4-(l,2,2,2-tetrafluoro-l-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 c m 3 ) was added. The mixture was 

continuously extracted with D C M , dried (MgSOzt) a n d evaporated to yield crude 

material. The isolation 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). 

(ii) 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-1 -trifluoromethyl-ethylj-pyhdine (40) (1.26g, 61%) 

as a colourless liquid bp 254-255.6'C (Found: C, 23.8; H , 0.6; N , 3.1. C 9 H 3 B r 2 F 8 N O 

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-dimethoxy-4-(l,2,2,2-tetrafluo)-o-]-trifluoromethyl-ethyl)-pyridine 

(41). 

(iii) 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-ethyl)-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 ] 0 H 6 B r 2 F 7 N O 2 

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-1 -trifIuoromethyl-ethyl)-pyridine. 

(iv) Compound (37) in (i) and sodium methoxide (1.5g, 27.5 mmol) gave crude 

product (1.6 g) which after column chromatography afforded 2-bromo-3,5,6-

trimethoxy-4-( 1,2,2,2-tetrafluoro-1 -trifluoromethyl-ethylj-pyridine (42) (1.2g, 64.0%) 

107 



as a colourless liquid bp 260.5-262°C (Found: C, 3 1.6; H, 2.0; N , 3.3. C, i H 9 B r F 7 N 0 3 

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

I R 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]pyridine (43). 

A so lu t ion o f 2 , 6 -d ib romo-3 ,5 -d i f l uo ro -4 - ( 1 ,2 ,2 ,2- te t raf luoro-1-

tr if luoromethyl-ethyl)-pyridine (37) (1.0 g, 2.3 mmol) and piperidine (0.4 g, 4.5 

mmol) in acetonitrile (15 cm 3 ) was stirred under reflux for 24 hours. Water (30 cm 3 ) 

was added and the mixture was filtered and extracted into D C M . The D C M solution 

was dried (MgSCU) and evaporated affording a l iquid (1.9 g). Flash-column 

chromatography, using D C M as the eluent, yielded 6-bromo-3,5-difluoro-2-piperidyl-

4-[l,2,2,2-tetrafluoro-l-(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. C | 3 H 1 0 B r F 9 N 2 

requires C, 35.1; H , 2.2; N , 6.3%); NMR spectrum no. 43; Mass spectrum no. 43; 

I R 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 -trifluorome thy I-ethyl)-6-

lithiopyridine. 

(i) A solution of butyllithium (3.5 cm 3 , 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 cm 3 ) at -

78°C, with stirring, under an atmosphere of dry nitrogen. 

( i i ) 2-Bromo-3,5-difluoro-4-[ 1,2,2,2-tetrafluoro-1 -trifluoromethyl-ethyljpyridine 

(44). Ethanol (30 c m 3 ) was added to a solution of 2-bromo-3,5-difluoro-4-( 1,2,2,2-

tetrafluoro-l-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 D C M . The D C M solution was 

dried ( M g S 0 4 ) 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-

4-11,2,2,2-tetrafluoro-l-trifluoromethyl-ethyljpyridine (44) (1.2 g, 73%) as a 

colourless l iquid bp 180.6-182.2°C (1 atm) (Found: C, 26.4; H , 0.2; N , 3.8. 
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C 8 H B r F 9 N requires C, 26.5; H, 0.3; N , 3.9%); NMR spectrum no, 44; Mass 

spectrum no. 44; IR spectrum no. 44 

2-{6-Bromo-3,5-difluoro-4-[l,2,2,2-tetrafluoro-l-trifluoromethyl-ethyl](2-pyridyl) 

2-methyl-2-silapropane (45). 

(i i i) Trimethylsilylchloride (2.4 g, 22.2 mmol) was added to a solution of 2-bromo-

3,5-dif luoro-4-( l ,2 ,2 ,2- tetraf luoro-1-tr i f luoromethyl-ethyl)-6- l i thiopyridine as 

prepared in (i) and the mixture was stirred for 0.5 h at -78°C, then warmed to room 

temperature. Water (30 c m 3 ) was added and the organic components were extracted 

into D C M . The D C M solution was dried (MgSO/O and evaporated to give a residue 

which after column chromatography, using hexane and dichloromethane (6:1) as the 

eluent y ie lded 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 l iquid bp 

211.0-212.TC (1 atm) (Found: C, 30.3; H , 2.0; N , 3.2. C i , H 9 B r F 9 N S i requires C, 

30.4; H , 2.1; N , 3.2%); N M R spectrum no. 45; Mass spectrum no. 45; I R 

spectrum no. 45. 

2-Bromo-3,5-difluoro-4-[ 1,2,2,2-tetrafluoro-l-trifluoromethyl-ethyl]-6-{3,5,6-

trifluoro-4-[ 1,2,2,2-tetrafluoro-1 -(trifluoromethyljethyl] (2-pyridyl)} pyridine (46). 

(iv) 2,3,5,6-tetrafluoro-4-( 1,2,2,2-tetrafluoro-1 -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-l-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 D C M . The D C M solution was 

dried (MgSCU) 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-[l,2,2,2-tetrafluoro-l-trifluoromethyl-ethyl]-6-(3,5,6-trifluoro-4-[ 1,2,2,2-

tetrafluoro-1-(trifluoromethyl)ethyl](2-pyridyl)}pyridine (46) (0.6 g, 20%) as a white 

solid; mp 68-69.5°C; (Found C, 29.1; N , 4.2. C 1 6 B r F 1 9 N 2 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-1 -trifluoromethyl-ethyl](2-

pyridyl)} { 3,5 ,-difluoro-6-methoxy-4-[1,2,2,2-tetrafluoro-1-

(trifluoromethyl) ethyl)'pyridine (47). 

Under an atmosphere of dry nitrogen, sodium metal (0.02 g, 0.8 mmol) was 

added to methanol (20 cm 3 ) and stirred until hydrogen evolution was complete. 2-

Bromo-3,5-difluoro-4-[ 1,2,2,2-tetrafluoro-1 -trifluoromethyl-ethyl]-6-{ 3,5,6-trifluoro-
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4-[ 1,2,2,2-tetrafluoro-1 -(trifluoromethyl)ethyl](2-pyridyl)}pyridine (46) (0.5 g, 0.8 

mmol) was added to the solution which was stirred at reflux temperature for 24 h. 

Water (30 c m 3 ) was added and the organic components were extracted into D C M . 

The D C M solution was dried (MgS0 4 ) 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-

pyndyl)} { 3,5 ,-difluoro-6-methoxy-4-[ 1,2,2,2-tetrafluoro-1-

(trifluoromethyl)ethyljpyridine (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. C 1 7 H 3 B r F i 8 N 2 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. 

(i) A solution of butyllithium (7.0 cm 3 , 11.0 mmol of 1.6 M solution in hexanes) 

was added to a solution to 2,6-dibromo-3,5-dif luoro-4-(l ,2,2,2-tetrafluoro-l-

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. 

( i i ) 2-(6-(], 1 -Dimethyl-1 -silaethyl)-3,5-difluoro-4-[J,2,2,2-tetrafluoro-J-

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-d i f luoro-4- ( l ,2 ,2 ,2- te t ra f luoro- l - t r i f luoromethyl -e thyl ) -6- l i th iopyr id ine as 

prepared in (i) and the mixture was stirred for 0.5 h at -78°C, then warmed to room 

temperature. Water (30 c m 3 ) was added and the organic components were extracted 

into D C M . The D C M solution was dried ( M g S 0 4 ) and evaporated to give a residue 

which after column chromatography, using hexane and dichloromethane (6:1) as the 

eluent yielded 2-{6-(l,l-dimethyl-1 -silaethyl)-3,5-difluoro-4-[ 1,2,2,2-tetrafluoro-1 -

trifluoromethyl-ethyl](2-pyridyl)J-2-methyl-2-silapropane (48) (0.8 g, 41%) as a 

colourless l iquid bp 138.0-140.0°C (1 atm) (Found: C, 39.9; H , 4.2; N , 3.3. 

C i 4 H 1 8 F9NSi2 requires C, 39.3; H, 4.2; N , 3.3%); N M R spectrum no. 48; Mass 

spectrum no. 48; I R spectrum no. 48. 

Coupling Reactions of the 2,6-Dibromocompound (37) with Terminal Alkynes. 

6-Bromo-3,5-difluoro-2-pent-l-ynyl-4-(l,2,2Metrafluoro-]-trifluorom 

pyridine (49) and 3,5-difluoro-2,6-dipent-1 -ynyl-4-( 1,2,2,2-tetrafluoro-1 -

trifluoromethyl-ethyl)-pyridine (50). 

A mix tu re o f 2 , 6 - d i b r o m o - 3 , 5 - d i f l u o r o - 4 - ( 1 ,2,2,2- tetraf luoro-1 -

trifluoromethyl-ethyl)-pyridine (37) (1.0 g, 2.3 mmol), pent-l-yne (0.31 g, 4.5 mmol), 

copper(I) iodide (0.01 g, 0.05 mmol ) , pa l l ad ium(I I ) acetate (0.04 g), 
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triphenylphosphine (0.08 g) and triethylamine (15 cm 3 ) 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 D C M . The D C M solution was 

dried (MgSC»4) 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-l-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 1 3 H 7 B r F 9 N requires C , 

36.5; H, 1.6; N, 3.3%); N M R spectrum no. 49; Mass spectrum no. 49; I R 

spectrum no. 49 and 3,5-difluoro-2,6-dipent-l-ynyl-4-( 1,2,2,2-tetrafluoro-l-

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. C i 8 H i 4 F 9 N requires C , 52.0; H, 3.4; N, 3.4%); NMR 

spectrum no. 50; Mass spectrum no. 50; I R spectrum no. 50. 

6-Bromo-3,5-difluoro-2-phenylethynyl-4-(l,2,2,2-tetrafluoro-l-trifluoromethyl-ethyl)-

pyridine ( 5 1 ) and 2,6-bis(2-phenylethynyl)-3,5-difluoro-4-(l,2,2,2-tetrafluoro-l-

trifluoromethyl-ethyl)-pyridine (52). 

A mixture of 2,6-dibromo-3,5-difluoro-4-(l ,2,2,2-tetrafluoro-l-

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 cm 3 ) was stirred at room 

temperature, under an atmosphere of dry nitrogen, for 16 hours. Water (30 cm 3 ) was 

added and the mixture was filtered and extracted into D C M . The D C M solution was 

dried ( M g S 0 4 ) 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-(l,2,2,2-tetrafluoro-l-trifluoromethyl-ethyl)-pyridine (51) (0.23 g, 

22%) as white crystals mp 84.7-86.2X (Found: C, 41.9; H, 1.1; N, 3.1. C 1 6 H 5 B r F 9 N 

requires C , 41.6; H, 1.1; N, 3.0%); N M R spectrum no. 51; Mass spectrum no. 51; 

I R spectrum no. 51 and 2,6-bis(2-phenylethynyl)-3,5-difluoro-4-(l,2,2,2-tetrafluoro-

l-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. C 2 4 H , 0 F 9 N requires C , 59.6; H, 2.1; N, 

2.9%); N M R spectrum no. 52; Mass spectrum no. 52; I R 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 cm 3 ) and stirred. To the resulting solution either 6-bromo-

3,5-difluoro-2-piperidyl-4-[l,2,2,2-tetrafluoro-l-(trifluoromethyl)ethyl]pyridine (43) 

(1.5 g, 3.4 mmol), 6-bromo-3,5-difluoro-2-phenylethynyl-4-(l,2,2,2-tetrafluoro-l-
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trifluoromethyl-ethyl)-pyridine (51) (1.8 g, 4.0 mmol) or 6-bromo-3,5-difluoro-2-

pent-l-ynyl-4-(l,2,2,2-tetrafluoro-l-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 D C M , dried (MgSC^) 

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-[l-(trifluoromethyl)-l,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. C i 4 H i 3 B r F 8 N 2 0 requires C, 36.8; H, 2.8; 

N, 6.1%); N M R spectrum no. 53; Mass spectrum no. 53; I R spectrum no. 53. 

Compound (51) gave 4-[l-(trifluoromethyl)-l,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 i 7 H 8 B r F 8 N O requires C, 43.0; H, 1.7; N, 

2.9%); N M R spectrum no. 54; Mass spectrum no. 54; I R spectrum no. 54. 

Compound (49) gave 4-[l-(trifluoromethyl)-l,2,2,2-tetrafluoroethyl]-2-bromo-3-

methoxy-5-fluoro-6-pent-l-ynylpyridine (55) (1.5 g, 86%) a yellow oil; bp >300°C; 

(Found; C, 38.5; H, 2.2; N, 3.2. C i 4 H 1 0 B r F 8 N O requires C , 38.2; H, 2.3; N, 3.2%); 

NMR spectrum no. 55; Mass spectrum no. 55; I R spectrum no. 55. 
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Appendix A. 

NMR. Data 

A. 1. 



E,3,5 s64etratoorQ=4"(l ?2,2,2=tetraflTO (1) 

f g 
C F ( C F 3 ) 2 

F - a - N ^ p 

Chemical 
Shift 
(ppm) 

Multiplicity Coupling 
constants 

( J / H z ) 

Relative 
Intensity 

Assignment 

19 F 

-74.4 m 6 g 
-86.8 br s 2 a and e 

-134.9 s 1 b or d 
-137.4 s 1 b or d 
-180.2 m 1 f 

13C 
91.7 d sept 1 J C F 2 1 5 . 5 f 

2 J C F 3 6 . 3 
119.2 dt 2 J C F 2 2 . 9 c 

2 J C F 1 1 - 9 
119.6 q d U C F 288.4 g 

2 J C F 27.1 
143.3 m b and d 
145.8 m a and e 

A. 2. 



t r i f luoro-4 ? 6-bis- ( l ,2 ,2 5 2- te t raf leoro- l - t r f f leoromethyl=ethyI) -pyrMii i i£ (2) 

f 9 
C F ( C F 3 ) 2 

stk. h i 
F ' a ^ N ^ C F ( C F 3 ) 2 

Chemical Multiplicity Coupling Relative Assignment 
Shift constants Intensity 

(ppm) (J /Hz) 
Intensity 

1 9 F 
-75 .7 m 6 g 
-75 .8 m 6 i 
-82 .3 m 1 a 

- 1 1 6 . 0 s 1 b 
- 1 2 3 . 0 s 1 d 
- 1 8 1 . 0 m 1 f 
- 1 8 1 . 4 m 1 h 

1 3 C 

9 1 . 7 d sept • J C F 2 0 9 . 8 f and h 
2 J C F 3 6 . 3 

118.8 brs c and e 
119.6 qd ^ C F 295.6 g 

2 J C F 14.9 
119.9 q d 1 J C F 2 8 8 . 4 i 

2 J C F 14.6 
126 .9 brs b 
147.7 d iJcF 2 4 4 . 9 d 
152.8 d 1 J C F 2 7 7 . 4 a 

A. 3 . 



2?3,S-lrffluoro-6-methoxy-4-(l52,2324etrafflMoro-l-trIf3raoromethyl-et}iyl)= 
pyridine (3) 

f g 
C F ( C F 3 ) 2 

H 3 C O 

Chemical Multiplicity Coupling Relative Assignment 
Shift constants Intensity 

Assignment 

(ppm) (J /Hz) 
Intensity 

19F 
-75.1 m 6 g 

-91.2 and -92.4 br s 1 a 
-134.9 and br s 1 d 

-137.6 
-146.9 and br s 1 b 

-150.1 
-179.9 m 1 f 

l R 
4.0 s 3 h 

1 3 C 
55.2 s h 
91.8 d sept ] J C F 214.4 f 

2 J C F 3 6 . 2 
116.5 dt 2 J C F 2 4 . 4 c 

2 J C F 10.7 
119.8 qd ' J C F 288.6 g 

2 J C F 27.6 
144.0-147.0 br m a, b, d and e 

A. 4. 



2,3,S-trffluorG-6-methoxy-4-(l,2,2,2-tetraflMoro=l-trifliioromethyl-etliyl)-
pyridine (a low temperature 1 9 F-NMR experiment) (3) 

f g 
C F ( C F 3 ) 2 

h 
H 3 C O e ^ N ^ F 

Chemical Multiplicity Coupling Relative Assignme 
Shift constants Intensity 
(ppm) (J/Hz) 

I9p 
(room temp.) 

-75.1 m 6 g 
-91.2 and-92.4 brs l a 

-134.9 and brs I d 
-137.6 

-146.9 and brs l b 
-150.1 

-179.9 m 1 f 

(-39"C) 
-75.1 m 6 g 
-91.7 dd 3 J P F 21.8 1 a 

5 J F F 30.4 
-92.69 dd 3JFF23.3 1 a 

5 J F F 29.4 
-138.4 dd 4 JFF90.3 1 d 

5 J F F 30.5 
-135.7 m 1 d 
-147.5 m 1 b 
-150.6 dd 4 JFF84 .2 1 b 

3 J F F 14.3 

-181.2 dd 4 JFF84.5 1 c 
4 J F F 74.1 

A. 5. 



3,5- -2,6-dimethoxy-4-(l,2,2,2-tetraflooro-l4rffluorometliyl-et]hyl)-
pyridine (4) 

f 9 
C F ( C F 3 ) 2 

h 
H 3 C O 

Chemical Multiplicity Coupling Relative Assignment 
Shift constants Intensity 
(ppm) (J/Hz) 

19F 
-75.3 m 6 g 
-145.9 br s 1 b or d 
-149.0 br s 1 b or d 
-179.9 m 1 f 

1H 
4.0 s 6 h and i 

1 3 C 

54.2 s h and i 
92.0 d sept •JCF213.3 f 

2 J C F 3 5 . 5 
114.6 dt 2 J C F 2 1 . 7 c 

2 J C F 10.4 
120.9 qd • J C F 288.2 g 

2 J C F 27.1 
134-141.0 br m b and d 

147.6 m a ande 

A. 6. 



3,5,6-trffluoro-4-(l,2,2,2-tetrafluoro-l-trffluoromethyS-ethyl)-pyridiin-2=ol (5) 

f g 
C F ( C F 3 ) 2 

HO e N a F 

Chemical Multiplicity Coupling Relative Assignment 
Shift constants Intensity 

Assignment 

(ppm) (J/Hz) 
Intensity 

19F 
-71.3 m 6 g 

-86.8 and -87.8 br s 1 a 
-131.1 and s 1 d 

-133.8 
-141.6 and s 1 b 

-144.8 
-176.4 m 1 f 

! H 
2.2 s 1 e 

1 3 C 

95.5 d sept 1J C F213.5 f 
2 J C F 3 6 . 0 

120.7 m c 
123.3 qd U C F 287.0 g 

2 J C F 27.5 
140.0-150.0 br m a, b, d and e 

A. 7. 



3,5,6-trffleoro-2-(methoxyethanoxy)=4-[l52 s252»telraflmoro=l=(trfflTOrometliy!)-
ethyl]-pyridine (6) 

f g 
C F ( C F 3 ) 2 

H 3 C O H 2 C H 2 C O e N a F 

Chemical 
Shift 
(ppm) 

Multiplicity Coupling 
constants 

(J /Hz) 

Relative 
Intensity 

Assignment 

19p 
-75.0 m 6 g 

-90.4 and -91.6 br s 1 a 
-133.4 and br s 1 d 

-136.1 
-146.1 and br s 1 b 

-149.1 
-180.0 m 1 f 

! R 
3.4 s , 3 j 
3.8 dt 2 JHH5.2 2 i 

3JHH1-2 
4.5 dt 2 JHH5.2 2 h 

3 J H H 1 . 2 

1 3 C 

58.9 s j 
63.7 s i 
69.9 s h 
91.6 d sept 1 J C F214.2 f 

2J C F33.9 
116.4 dt 2 J C F 24.4 c 

119.9 qd 1 J C F 281.6 g 
2 J C F 27.6 

143.6-146.1 brm a, b, d and e 

A. 8. 



'2-methoxyethanoxy)-3,S-difliioro-4-[l,2,2^-
(triffluoromethyl)ethyl] -pyridine (7) 

f g 
C F ( C F 3 ) 2 

H 3 C O H 2 C H 2 C O / a N e O C H 2 C H 2 O C H 3 

Chemical Multiplicity Coupling Relative Assignment" 
Shift constants Intensity 
(ppm) (J/Hz) 

-75.6 m 6 g 
-144.5 brs 1 bord 
-147.6 brs 1 bord 
-180.3 m 1 f 

1H 
3.4 s 6 j and m 
3.7 dt 2 JHH5.2 4 iandl 

3 J H H 1-2 
4.5 dt 2 JHH5.2 , 4 handk 

3 JHH1-2 

13C 
58.9 s j and m 
66.5 s i and 1 
70.3 s handk • 
91.9 dsept ^ 2 1 2 . 8 f 

2 J C F 35.8 
114.8 dt 2 J c p 22.1 c 

2JCF11-1 
119.9 qd 1J C F 288.6 g 

2 J C F 28.7 
134.0-140.0 brm bandd 

146.2 br s a and e 

A. 9. 



6-cydohexyloxy-2,3,5-trifluoro i-4-[l,2,2,2-tetrafleoro-l-(trifluoromethyl)ethyl]= 
pyridine (8) 

f g 

C F ( C F 3 ) 2 

F ^ A s b - F 

U ^ A - O ^ N ^ F 

Chemical Multiplicity Coupling Relative Assignment 
Shift constants Intensity 

Assignment 

(ppm) (J/Hz) 
Intensity 

19p 
-75.3 m 6 g 

-90.8 and -91.9 br s 1 a 
-134.1 and br s 1 d 

-136.7 
-147.5 and br s 1 b 

-150.6 
-180.0 m 1 f 

1H 
5.0 tt 3 J H H 17.9 1 h 

3 J H H 3 . 9 
1.7 m 10 i-m 

1 3 C 
23.6 s j and 1 
25.4 s k 
31.4 s i and m 
77.2 s h 
91.9 d sept U C F 214.0 f 

2 JCF38.1 
116.4 dt 2 JCF22.5 c 

2 J C F 9 . 2 
119.9 qd ^ C F 288.7 g 

2 J C F 27.6 
143.9-146.5 br m a, b, d and e 

A. 10. 



•3,5-difluoro-4-[l,2,2,2-tetranooro-l-
pyridine (9) 

f g 
C F ( C F 3 ) 2 

Chemical 
Shift 

Multiplicity Coupling Relative Assignment Chemical 
Shift constants Intensity 

Assignment 

(ppm) (J/Hz) 

19p 
-75.0 m 6 g 
-145.4 br s 1 b or d 
-148.5 br s 1 b or d 
-180.0 m 1 f 

l H 
4.8 tt 3 J H H 17.9 ^ 2 h and n 

1.6 
3J H H 3 .9 

1.6 m 20 i-m and o-s 

13C 
23.9 s j,l,p andr 
25.5 s k and q • 
31.7 s i,m,o and s 
75.8 s h and n 
91.9 d sept ^ C F 212.8 f 

2 J C F35 .7 
114.3 dt 2 J C F 2 1 . 6 c 

2 J C F 14.3 
120.1 qd • J C F 288.3 g 

2 J C F 27.7 
134.0-140.0 br m b and d 

145.9 m aande 

A. 11. 



2,3,5-trifluoro-6' phenoxy441,2,2,24etrafluoro4-(triffa^ 

f g 
C F ( C F 3 ) 2 

F ^ | 

F 

Chemical Multiplicity Coupling Relative Assignment 
Shift constants Intensity 

Assignment 

(ppm) (J/Hz) 

19F 
-74.9 m 6 g 

-88.6 and -89.6 br s 1 a 
-133.1 and br s 1 d 

-135.8 
-142.0 and br s 1 b 

-145.0 
-180.1 m 1 f 

1 H 
7.1-7.6 m 5 i-m 

13C 
91.9 d sept ^ C F 214.3 f 

2 J C F 3 6 . 2 
117.5 m 2 J C F 10.7 c 

119.9 q d U C F 292.7 g 
2 J C F 27.1 

120.9 s i and m 
125.9 s k 
129.8 s j and 1 

135.0-140.0 br m b and d 
143.8 br s e 
146.2 br s a 
152.3 s h 

A . 12. 



3,5- -2,6-diphenoxy-4-[l,2,2,2-tetrafliaoro-l-
ethyl]pyridiiie (11) 

f 9 

C F ( C F 3 ) 2 

F ~ ^ > L d . F 
1 ^ 0 ' ^ N ^ O J I A P 

I 

Chemical 
Shift 
(ppm) 

Multiplicity Coupling 
constants 

(J/Hz) 

Relative 
Intensity 

Assignment 

-75.0 m 6 g 
-138.7 br s 1 b 
-141.6 br s 1 d 
-179.0 m 1 f 

1H 
7.0-7.4 m i-m and o-s 

13C 
92.1 d sept ]JCF213.6 f 

2 J C F 35.8 
115.9 dt 2 J C F20 .7 c 

2 J C F I I . O 
120.1 qd 'JcF291.7 g 

2 J C F 27.2 
120.8 s i,m,o and s 
125.1 s k and q 
129.2 s j,l,p andr 

137.0-142.0 br m b and d 
145.3 br s a and e 
152.3 s h and n 

A. 13. 



2,64 is- (3-miethoxyphenoxy) -3,5-difluoro-4- [1,2,2,2-tetraflsioro-
trifluoromethyl-ethyl]pyridine (13) 

f g 

C F ( C F 3 ) 2 

d^F 

m s 

Chemical 
Shift 
(ppm) 

Multiple 

19F 
-75.6 m 

-138.5 and br s 
-141.5 
-180.0 m 

1H 
3.7 s 
6.6 m 
6.7 m 
7.2 m 

13C 
55.4 s 
92.2 d sept 

106.9 s 
111.4 s 
112.9 s 
119.5 dt 

120.2 qd 

129.9 s 
137.0-140.0 br m 

145.2 br s 
154.0 s 
160.7 s 

Coupling 
constants 

(J/Hz) 

6 g 
2 b and d 

6 n and u 
4 i,m,p and t 

3 J H H8.4 2 k and r 
3J H H 8 .4 2 lands 

n and u 
' J C F 212.8 f 
2 J C F 57.6 

1 and s 
j and q 
h and o 

2 J C F 22.1 c 
2 J C F H . O 

1JC F288.0 g 
2 J C F 26.5 

k andr 
b andd 
a and e 
m and t 
i and p 

A. 14. 



2,5-di)IMar©-3-metfaoxy-4,6-b^^ 

f g 
C F ( C F 3 ) 2 

H 3co 
<?K h i 

F ' a ^ N e C F ( C F 3 ) 2 

Chemical Multiplicity Coupling Relative Assignment 
Shift constants Intensity 
(ppm) (J/Hz) 

19p 
-71.3 s 12 g and i 
-72.4 m 1 a 

-112.5 and m 1 d 
-115.2 
-175.4 m 1 f 
-180.6 m 1 h 

l H 
4.15 and 4.17 s 3 j 

1 3 C 

61.7 and 62.8 j 
91.9 m f andh 
120.1 qd iJcF 287.0 g 

2 J C F 9.5 
120.3 qd J J C F 286.0 i 

2 J C F 9.6 
120.6 brm c and e 
144.0 dm 2 J C F 22.8 b 
149.2 d J J C F 245.5 d 
155.7 d iJcF 279.4 a 

A.-15. 



5= •4,6-bis-(l,2,2,2-tetirafliisoro-l-
pyridine (IS) 

f g 
R C F ( C F 3 ) 2 

H 3 C O - ^ > ^ d ^ F 

j ^ - 1 ^>v. h i 
H 3 C O a N C F ( C F 3 ) 2 

Chemical 
Shift 
(ppm) 

Multiplicity Coupling 
constants 

(J/Hz) 

Relative 
Intensity 

Assignment 

19p 
-75.1 s 12 g and i 
-125.7 m 1 d 
-129.1 dd 4 J F F 107.6 1 d 

4 J F F 56.4 
f -177.9 d 4 J F F 107.2 1 f 

-180.4 m 1 f 
-184.6 and d 4 J F F 69.6 1 h 

-184.9 d 4 J F F 56.4 

1H 
3.95 s v 6 j and k 

1 3 C 

54.6 and 54.7 s j 
61.0 and 61.8 s k 

91.5 d sept I J C F 231.6 f 
2 J C F 32.1 

92.9 d sept 1J C F211.7 h 
2 J C F 35.1 

118.3 dd 2 J C F 20.0 c 
2 J C F 9.6 

g and i 120.4 qd 1JC F296.7 g and i 
2 J C F 27.1 

123.8 dd 2JCP24.3 e 
2 J C F 14.5 

144.8 d 3 J C F 6.0 b 
147.3 s b 

149.0 and s a 
151.3 
152.8 dd 1 J C F271.5 d 

3JCP33.1 

A. 16. 



Methyl{3 ,5 ,6 - tr i f luoro4- [ l£^- te tr^ 
pyridyl)}amine (16) 

f g 
C F ( C F 3 ) 2 

F ^ d 

H N " e " N ^ F 
CHo 

Chemical Multiplicity Coupling Relative Assignment 
Shift constants Intensity 
(ppm) (J/Hz) 

1 9 F 

-75.5 m 6 e 
-91.3 and -92.5 br s 1 O 

a -139.3 and br s 1 d 
-141.9 

-156.1 and br s 1 b 
-159.3 
-180.3 m 1 f 

l H 
2.96 d 3 JHH4.8 3 h 
4.76 br s 

3 JHH4.8 
1 h 

1 3 C 
28.2 s h 
91.9 d sept 1 J C F215.2 f 

2 J C F 35.5 
114.2 m 

2 J C F 35.5 
c 

120.1 qd ' J C F 285.7 g 
2 J C F 27.1 

132.0-149.0 br m a, b, d and e 

A. 17. 



Bis{3,S,6-triff!uoro-4-[l,2,2,2--tetrafIiioro-l 
pyridyljmethylamine (17) 

C F ( C F 3 ) 2 C F ( C F 3 ) 2 

F ^ b ^ H . F F ^ ^ ^ F 

F A N E N 

Chemical Multiplicity Coupling Relative Assignment 
Shift constants Intensity 

(ppm) (J/Hz) 

19f 
-75.5 m 12 g 

-86.6 and -87.8 br s 2 a 
-124.0 and br s 2 d 

-126.3 
-138.8 and br s 2 b 

-141.8 
-179.9 m 2 f 

1H 
3.5 m 3 h 

1 3 C 

37.8 s h 
91.9 d sept 1J C F213.7 f 

2 J C F 40.8 
117.0 m c 
119.9 qd JJCP 293.8 g 

2 J C F 27.1 
137.0-149.0 br m a, b, d and e 

A. 18. 



{3,5=dfflrooro=6=(methylammo)-4-[l^ 
pyridyl)}methyl{3,5,64rifluoro=4[l,2,2,24etraiM 

pyridyl)}amine (18) 

f g v g' 
C F ( C F 3 ) 2 C F ( C F 3 ) 2 

F a N e N e N a NH 
C H 3 

h 3 

C H 3 

V 

Chemical Multiplicity Coupling Relative Assignment 
Shift constants Intensity 
(ppm) (J /Hz) 

19$ 
-75.5 and -75.6 m 12 g and g' 
-88.6 and -89.7 br s 1 a 

-125.1 br s 1 dord' 
-130.0- -148.0 m 3 b, b\ d or d' 

-180.0 br s 2 f andf 

! H 
2.9 m 3 i' 
3.5 s 3 h 
4.7 br s 1 r 

1 3 C 
27.7 s h 
37.4 s i' 
91.8 d sept 1JC F215.1 f andf 

2 JCF37.8 
111.9 br s c and c' 
119.7 qd • J C F 289.9 g and g' 

2 J C F 21.4 
138.0-148.0 br m a, a', b, b', d, d', 

e and e' 

A. 19. 



BIs{3,5-difluioro-6-(methylamifflo)-4-[l?252524etrafieoro=l-
(trffloor oniethy!)ethyl] (2-pyridy 1) }metfaylainine (19) 

F-J3. 

f g f g' 
C F ( C F 3 ) 2 C F ( C F 3 ) 2 

c c c .. Id 

H N ' a N N ' e ^ N ^ e l N N a NH 
i i i 

C H 3 C H 3 CH-: 
i h i ' 

Chemical Multiplicity Coupling Relative Assignment 
Shift constants Intensity 
(ppm) (J/Hz) 

I9p 
-75.6 m 12 g and g' 

-140.0--146.0 m 4 b, b', d and d' 
-179.8 br s 2 f andf 

1H 
2.9 d 3 J H H 3.2 6 i and i' 
3.5 s 

3 J H H 3.2 
3 h 

4.6 br s 2 i and i' 

13C 
27.8 s h 
36.9 s i and i' 
92.2 d sept 1J CF211.8 f andf 

2 J C F 35.1 
111.9 br s c and c' " 
120.3 qd ' J C F 288.4 g and g' 

2 J C F 27.1 
139.5-144.5 br m a, a', b, b', d, d\ 

e and e' 

A. 20. 



Bis{6-(diethylamino)-3,'S-difliuoro-4-[l,2^,2-tetraff!Moro->l-
(trifleoromethyl)ethyl] (2-pyridyl) }metliySaiiiime (2©) 

f g f g' 
CF(CF 3 ) 2 CF(CF 3 ) 2 

Chemical 
Shift 
(ppm) 

Multiplicity Coupling 
constants 

(J/Hz) 

Relative 
Intensity 

Assignment 

1 9 F 

-75.5 m 12 g and g' 
-135.0 and br s 2 dand d' 

-137.0 
-139.0 and br s 2 bandb' 

-142.0 
-179.4 br s 2 f andf 

! H 
1.16 m 12 j and j ' 
3.41 m 8 i and i ' 
3.48 s 3 h 

13C 
13.5 s j andj' 
36.9 s h 
44.3 m i and i ' 
92.2 m f andf 
113.1 m c and c' 
120.2 q d ^CF 288.6 g and g' 

2 J C F 27.2 
136.0-148.0 br m a, a', b, b', d, d', 

e and e' 

A. 21. 



2,3,5-trifluoro-4-[l,2,2,2-tetranuoro-l-(trifluoromethyl)-ethyl]-6-(3-{3,5,6-
trinuoro-4-[l,2,2,2-tetrafluoro-l-(trifluoromethyl)-ethyl](2-pyridyloxy)} 

phenoxy)pyridine (21) 

CF(CF 3 ) 2 

9 F ( C , F 3 ) 2 

f g 

Chemical Multiplicity Coupling Relative Assignment 
Shift constants Intensity 
(ppm) (J /Hz) 

-75.2 m 12 g and g' 
-87.9 and-89.0 br s 2 a and a' 

-132.8 and- brs 2 b and b' 
135.3 

-140.9 and- brs ? 
143.6 

-180.3 

153. 

m 9 

d and d' 

f and f 

l 
7.07 s i 
7 - 1 4 D D 3 J H H 8 . 4 2 kandm 

4 J H H 2 . 0 
7 ' 5 1 3 J H H 8 . 4 1 1 

9 L 9 d s e P [ 'J C F212.9 f a n d f 
2 J C F 3 8 . 5 

114.6 s i 
1 1 8 - ° M 2 J C F 9 . 6 candc' 

1 1 9 - 9 q d 1 J C F 289.6 gandg 1 

2 J C F 26.7 

130.9 s 1 
139.0-145.8 brm a, a\ b. b\ d, d\ 

e and e' 
h and j 

A. 22. 



2,3sS4rffliioro-6<5-methyl=3^{3,S564rffliiioro=441,2,2,2=tetofluioro-l= 
(trif lnoromethyl)ethYl](2-^^ 

(triffIuoromethyI)ethyl]pyrMine(24) 

CF(CF 3 ) 2 

N w O 

CF(CF 3 ) 2 

f g 

Chemical 
Shift 
(ppm) 

Multiplicity Coupling 
constants 

(J/Hz) 

Relative 
Intensity 

-76.2 m " 12 
-90.8 and-91.9 br s 2 

-135.2 and brs 2 
, -137.7 

-143.8 and brs 2 
-146.4 
-180.8 m 2 

l H 
2.4 s 3 
7.1 m 3 

13C 
20.7 s 
92.1 dsept 1J C F213.2 

2 J C F 35.8 
111.2 s 

2 J C F 35.8 

116.7 m 
119.0 s 
120.0 q d •JCF 288.2 

2JCF 27.1 
141.9 s 

2JCF 27.1 

142.0-144.0 br m 

153.6 s 

Assignment 

gand g' 
a and a' 
bandb' 

dand d' 

f andf 

n 
i , k and m 

n 
f a n d f 

l 
c and c' 
k and m 
gandg' 

1 
a, a*,b, b\ d, d\ 

eand" 
h and j 



26,28-diaza-5,17-bis[l,2,2,2-tetrafluoro-l-(trifluoromethyl)ethyl]-4,6,16,18-
tetrafluoro-2,8,14,20-

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

C F ( C F 3 ) 2 

O ^ N ^ O 

C F ( C F 3 ) 2 

Chemical Multiplicity Coupling Relative Assignment 
Shift constants Intensity 
(ppm) (J/Hz) 

Intensity 

19p 

-75.3 m 12 g and g' 
-140 .8 and - brs 4 b, b', d and d' 

143.7 
b, b', d and d' 

- 1 8 0 . 1 m 2 f andf 

1H 
6.69 s 2 i and i ' 
6.86 m 4 k, k', m and m1 

7.27 t 3 J H H 9 . 6 2 1 and 1' 

13C 
91.9 d sept ' J C F 2 1 4 . 4 f andf 

2 J C F 2 4 . 8 
116.2 s i and i ' 
119.3 m c and c' 
119.5 s k, k', m and m' 
119.9 q d 'JCF 288.6 g and g' 

2JCF 27.5 
130 .4 s 1 and 1' 

1 3 9 . 0 - 1 4 6 . 0 br m a, a', b, b', d, d', 
e and e' 

152.8 s h, h ' j and j ' 

A. 24. 



26,28-diaza-5,17-bis[l,2,2,2-tetrafluoro-l-(trifluoromethyl)ethyI]-4,6,16,18-
tetrafiuoro-ll-methyl-2,8,14,20-

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

f g 
C F ( C F 3 ) 2 

cl 

0 ' a " N ^ 0 
m' l h ' 

C F ( C F 3 ) 2 

Chemical Multipli 
Shift 

Multipli 

(ppm) 

1% 
-75.3 m 

-140.7 and- brs 
143.6 

-180.1 m 

1H 
2.25 s 
6.67 s 
6.87 m 
7.29 t 

13C 
21.1 s 
91.9 d sept 

112.7 s 
116.1 s 
119.4 m 

119.95 s 
119.99 q d 

130.2 s 
138.0-146.0 br m 

141.0 s 
146.0 br s 
152.7 s 
152.9 s 

Coupling 
constants 

(J /Hz) 

Relative 
Intensity 

Assignment 

3 J H H 8 .0 

'JcF214.0 
2 J C F 35.9 

•JCF 288.3 
2JCF 27.2 

12 
4 

g and g' 
b, b', d and d' 

3 
2 
4 
2 

f andf 

n 
i and i ' 

k, k', m and m' 

n 
f andf 

c and c' 
k, k', m and m' 

g and g' 

1 
b, b', d and d' 

r 
a, a', e and e1 

h and j 
h' andj' 

A. 25. 



26,28-diaza-5,17-bis[l,2,2,2-tetrafluoro-l-(trifluoromethyl)ethyl]-4,6,16,18-
tetrafluoro-ll,23-dimethyl-2,8,14,20-

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

f 9 
C F ( C F 3 ) 2 

HoC 

C F ( C F 3 ) 2 

C h S C a l Multiplicity Coupling RelaThi Assignment 
f \ constants Intensity 
(PPm> (J/Hz) 

19p 

-75.3 

1H 
2.3 
6.5 
6.7 

119.8 

m 

s 
s 
m 

s 

146.0 brs 

140.7 and- brs 4 h « a " d «' 144 0 4 b, b, d and d 

- 1 8 0 ' 2 ™ ^ f a n d f 

6 n and n' 
2 i and i ' 
4 k, k', m and m' 

13C 
21.1 
9 1 9 d s e P l 'JCF213.6 

2J CF35.5 
H2.7 s . . . . 
116.1 m i a n d l . 

n and n' 
f a n d f 

c and c' 
I I Q Q „ S J , k, k', m and m' 
1 1 9 9 ^ D 'JCF 281.7 gandg' 

2 J C F 2 8 . 1 
136.0-140.0 brm h , . 

141.0 s b.dandd* 
1 and 1' 

152̂ 6 s a, a', eande' 
h, h' j and j ' 

A. 26. 



2,3,5-trifluoro-4-[l,2,2,2-tetranuoro-l-(trinuoromethyI)ethyl]-6-(2-{3,5,6-
trifluoro-4-[l,2,2,2-tetrafluoro-l-(trinuoromethyI)ethyr](2-

pyridyloxy)ethoxy}pyridine) (28) 

CF(CF 3 ) 2 

d ^ N ' ^ 0 — r h 

a > . N \ e J ^ 0 — ' ' 
F 

CF(CF 3 ) 2 

f g 

Chemical 
Shift 
(ppm) 

Multiplicity Coupling 
constants 

(J /Hz) 

Relative 
Intensity 

Assignment 

19f 
-75.6 m 12 2 and o' 

-90.6 and -91.8 s 2 o o 
a and a' -134.2 and s 2 b and b' 

-137.7 
-145.4 and brs 2 d and d' 

-148.3 
-180.5 m 2 f andf 

1H 
4.8 s 4 h and i 

13C 
65.6 s h and i 
91.8 d sept ' J C F214.9 f andf 

2 J C F 38.2 
117.0 m c and c' 
120.3 q d ' J C F 288.5 g and g' 

2 J C F 27.1 
132.0-146.2 br m a, a',b, b', d, d', 

e and e' 

a nn 



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

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

O' 
O-

f g 
C F ( C F 3 ) 2 

b A d 

F 

11 

C F ( C F 3 ) 2 

Chemical Multiplicity Coupling Relative Assignment 
Shift constants Intensity 
(PPm) (J/Hz) 

19p 
-75.3 

-143.4 and-
146.4 

-180.2 

m 
br s 

m 

12 
4 

2 

g 

b and d 

f 
IH 
4.7 br s 8 h 

13C 
62.0 

90.0-92.0 
116.2 
120.1 

130.0-144.0 

s 
m 
m 

q d 

br m 

'JCF 288.7 
2JCF 27.2 

h 
f 
c 
g 

a,b,d and e 

A. 28 



2-{3,5,64rifluoro-441,2,2,24etrafluoro4-(trifluoromethyl)ethyl](2-pyridyl)oxy}-
l-(2-{3,5,6-trifluoro-4-[l,2,2,2-tetrafluoro-l(trifluoromethyl)ethyI](2-

pyridyloxy)}ethoxy)ethane (30) 

h O 
J o 

h o 

CF(CF 3 ) 

Chemical Multiplicity Coupling Relative Assignment 
Shift constants Intensity 
(ppm) (J/Hz) 

19p 
-75.8 m 12 g and g' 

-91.2 and -91.8 br s 2 a and a' 
-134.5 and br s 2 b and b' 

- 1 3 7 . 2 
-146.6 and br s 2 d and d' 

-149.9 
-180.6 m 2 f andf 

1H 
3.9 t 3 J H H 6.8 4 i and i ' 
4.5 t 3 J H H 6.8 4 h and h' 

13C 
67.5 s i and i ' 
69.2 s h and h' 
91.9 d sept ' J C F 2 1 3 . 5 f andf 

2 J C F 36.0 
116.9 m c and c' 
119.9 q d 'JCF 287.0 g and g' 

2 J C F 26.9 
132.0-146.8 br m a, a',b, b', d, d', 

e and e' 

A. 29. 



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

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

f g 
C F ( C F 3 ) 2 

b ^ s d 

' a ^ N ^ o - | h 

C F ( C F 3 ) 2 

Chemical Multiplicity Coupling Relative Assignment 
Shift constants Intensity 

Assignment 

(ppm) (J/Hz) 

19p 
-75.5 m 1 2 g 

-144.4 and br s 4 b and d 
-147.6 
-180.2 m 2 f 

1H 
3.9 t 3 J H H 5.6 4 i 
4.6 t 3 J H H 5 . 2 4 h 

13C 
65.8 s i 
69.4 s h 
92.1 d sept 'JCF213.6 f 

2 J C F 3 5 . 5 
115.2 dt 2 JCF22.1 c 

2 J C F 10.3 
120.2 q d •JCF 288.8 g 

2 J C F 27.5 
144.0-147.0 br m a,b,d and e 

A . 30. 



Methyl[2-(methyl{3,5,6-trifluoro-4-[l,2,2,2-tetrafluoro-l-
(trifluoromethyl)ethyI](2-pyridyl)}amino)ethyI]{3,5,6-trifluoro-4-[l,2,2,2-

tetrafluoro-l-(trifluoromethyl)ethyl](2-pyridyl)}amine (32) 

f g 

C F ( C F 3 ) 2 

F F 

f g" 
C F ( C F 3 ) 2 

p-^a N e N N e N a^F 
/ I | \ 

h . ., h' i f 

Chemical Multiplicity Coupling Relative Assignment 
Shift constants Intensity 
(ppm) (J/Hz) 

19p 
-75.6 m 12 g and g' 

-89.2 and -90.4 s 2 a and 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 f andf 

IH 
3.1 s 6 h and h' 
3.6 s 4 i and i ' 

13C 
38.5 s i and i ' 
49.8 s h and h' 
92.2 d sept 'JC F212.8 f andf 

2 J C F 34.9 
116.5 m c and c' 
120.1 q d ' J C F 289.1 g and g' 

2JCF 27.1 
130.0-147.0 brm a, a', b, b', d, d\ 

e and e' 

A. 31. 



23-difluoro-5,8-dimethyl-4-[l,2,2,2-tetrafluoro-l-(trifluoromethyl)ethyl]-5,6,7^ 
tetrahydroquinoline (33) 

h f 9 

j 1 C F ( C F 3 ) 2 

U N ^ L ^ s b ^ - F 

N ^ F 

Chemical Multiplicity Coupling Relative Assignment 
Shift constants Intensity 

Assignment 

(ppm) (J/Hz) 
Intensity 

-70.0 and -80.0 broad 6 g 
overlapping m 

g 

-94.4 m 1 a 
-155.7 br s 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 

13C 
37.0 s k 
42.9 s j 
45.4 s h 
46.8 s i 

90.0-94.0 br m f 
119.0-120.5 br m c 

120.7 q d 'JCF 288.2 g 
2 J C F 29.4 

128.0-149.0 br overlapping a, b, d and e 
m 

A. 32. 



2,5,ll,14,19,20-hexaaza-8,17-bis[l,2,2,2-tetrafluoro-l-(trifluoromethyl)ethyl]-
7,9,16,18-tetrafluoro-2,5,ll,14-tetramethyltricyclo[13.3.1.1<6,10>]icosa-

l(18),6(20),7,9,15,(19),16-hexaene (34) 

f g 
C F ( C F 3 ) 2 

/ 
h,— N a N e N C 

/ \ 

c 
9 F ( C , F 3 ) 2 

f g 

Chemical Multiplicity Coupling Relative Assignment 
Shift constants Intensity 
(ppm) (J/Hz) 

19p 
-76.1 m 12 g and g' 

-144.8 and s 4 b, b', d and d' 
-147.8 

b, b', d and d' 

-179.9 m 2 f andf 

1H 
2.8 m 12 i and i ' 
3.2 m 8 h and h' 

« C 
37.9 m h and h' 
48.3 s i and i ' 

88.0-92.0 broad m f andf 
113.9 m c and c' 
120.6 q d •J C F 286.7 g and g' 

2JCF 27.9 
130.0-145.0 br m a, a', b, b', d, d' 

e and e' 

A. 33. 



{7-fluoro-l,4-dimethyl-8-[l,2,2,2-tetrafluoro-l-(trifluoromethyl)ethyl](l,2,3,4-
tetrahydropyridino[2,3-b]pyrazin-6-yl)}methyl{3,S,6-trifluoro-4-[l,2,2,2-

tetrafluoro-1 -(trifluoromethyl)ethyl] (2-pyridyl }amine (35) 

f g f g' 
1 C F ( C F 3 ) 2 C F ( C F 3 ) 2 

^ - F 

N^e '^N a F 

Chemical Multiplicity Coupling Relative Assignment 
Shift constants Intensity 
(ppm) (J /Hz) 

I9p 
-75.5 m 12 gandg' 

-89.1 and-90.4 brs l 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 f a n d f 

I H 
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 
" C 
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 f and f 
119.0-119.5 m candc' 

120.4 q d 1 J C F 220.1 gandg' 
2 J C F 29.8 

128.4 a 
138.0-148.0 brm a', b, b', d, d', e 

and e' 



Bis{7-f!iioro-l,4-dimethyl-8-[l,2,2,2-trifluoromethyl)ethy!](l,2,3,4-
tetrahydropyridino[2,3-b]pyrazin-6-yl)}methylamine (36) 

i f g f g' 
C F ( C F 3 ) 2 C F ( C F 3 ) 2 

1 C H 3 I 
' h ' 

Chemical Multiplicity Coupling Relative Assignment 
Shift constants Intensity 
(ppm) (J/Hz) 

-70.8 and -80.0 br m 
-141.3 m 
-178.9 s 

12 g and g' 
2 d and d' 
2 f a n d f 

1H 
2.6 

2.99 
3.1 

3 .44 
3 .51 

6 
4 
6 
4 
3 

k 
h 

13C 
36.9 s i and i ' 
37.3 s j andj' 
43 .1 s h and h' 
45.6 m kand k' 
47.5 m 1 and 1' 
94.3 d sept UCF 181.9 

2 J C F 33.9 

f a n d f 

117.4 d d 2JCF 19.1 
2JCF ,11-8 

c and c' 

120.8 q d 1 J C F 2 8 2 . 7 
2 J C F 28.6 

g and g' 

124.9 s a and a' 
137.6 and s b and b' 

140.1 
140.8 d 2 J C F 13.7 e and e' 
147.6 s dand d' 

A. 35. 



2,6-di -3,5-dif!uoro-4-(l,2,2,2-tetrafluoro-l-trifluoromethyl-ethy!)-pyridine 
(37) 

f g 
C F ( C F 3 ) 2 

Chemical Multiplicity Coupling Relative Assignment 
Shift constants Intensity 

Assignment 

(ppm) (J /Hz) 
Intensity 

19p 

-75.8 m 6 g 
-103.7 and s 2 b and d 

-105.8 
-180.0 m 1 f 

1 3 C 

91.5 d sept 'JC F216.3 f 
2 J C F 36.0 

114.1 d t 2 J C F 22.5 c 
2 J C F 13.3 

119.7 q d UCF 288.7 g 
2 JCF 27.1 

124.0-126.2 broad a and e 
overlapping m 

148.0-155.0 broad b and d 
overlapping m 



6-bromo-2,3,5-difluoro-4-(l,2,2,2-tetrafluoro-l-trifliiioromethyl-ethyl)-pyridine 
(38) 

f g 
C F ( C F 3 ) 2 

Br a N e F 

Chemical 
Shift 
(ppm) 

Multiplicity Coupling 
constants 

(J/Hz) 

Relative 
Intensity 

Assignment 

19p 

-75.7 m 
-84.3 and-85.4 brm 

-106.8 and brm 
-109.2 

-131.3 and brm 
-134.2 
-180.4 s 

6 
1 

g 
e 

b 

d 

f 
1 3 C 
91.7 

117.2 
119.8 

121.0-123.0 
138.0-156.0 

d sept 

m 
q d 

br s 
broad 

1 J C F 2 1 5 . 1 
2 J C F 3 7 . 3 

1 J C F 2 9 1 . 7 
2 J C F 27.2 

c 
g 

b,d and e 



2,6- -3,5-difluoro-4-(l,2,2,2-tetrafluoro-l 
pyridine (39) 

f g 
C F ( C F 3 ) 2 

H - a - N ^ H 

Chemical Multiplicity Coupling Relative Assignment 
Shift constants Intensity 

Assignment 

(ppm) (J/Hz) 

I9p 
-75.9 m 6 g 

-120.4 and s 2 b and d 
-123.3 
-180.4 m 1 f 

1H 
8.5 s 2 a and e 

13C 
91.6 d sept JJCF212.8 f 

2 J C F 36.3 
112.1 dt 2 J C F 21.4 c 

2 J C F H . 8 
119.9 q d ' J C F 284.9 g 

2 J C F 27.4 
136.4 broad s a and e 

154.0-158.4 broad b and d 
overlapping m 

A IS 



2,6-dibromo-3-fluoro-5-methoxy-4-(l,2,2,2-tetrafluoro-l-trifluoronnethyi-et!iyl)-
pyridine (40) 

f g 
C F ( C F 3 ) 2 

B r ' a " N ^ B r 

Chemical Multiplicity Coupling Relative Assignment 
Shift constants Intensity 
(ppm) (J/Hz) 

-74.6 m 6 g 
-104.3 s 1 d 
-106.5 d 4JFF95.9 1 d 
-176.3 d 4JFF94.5 1 f 
-181.5 s 1 f 

3.88 s 3 h 
3.99 s 3 h 

1 3 C 

62.3 s h 
63.2 s h 
92.2 dsept 1J C F215.8 f 

2 J C F 34.7 
119.9 q d 1 J C F 289.1 g 

2 J C F 27.4 
120.1 m 
124.4 m 
129.6 s 

a 
c 
e 

134.1 s b 
151.7 d d i j C F 277.6 d 

3 J C F 210.9 
152.7 d ' J C F 153.8 d 

A. 39. 



2,6-di •3,5-dimethoxy-4-(l,2,2,2-tetrafluoro-l-trifluoromethyl-ethyI)-
pyridine (41) 

HoCO 

f g 

C F ( C F 3 ) 2 

O C H , 
a " N ^ B r 

Chemical Multiplicity Coupling Relative Assignment 
Shift constants Intensity 
(ppm) (J /Hz) 

-73.9 m 6 g 
-177.2 m 1 f 

1H 
3.9 s 6 h and i 
4.0 s 6 h and i 

1 3 C 
62.3 s h and i 
63.2 s h and i 
93.3 d sept •JCF212.6 f 

2 J C F 35 .1 
119.9 qd 1J C F291.7 g 

2 J C F 27.9 
120.5 m a 
126.4 d 2 J C F 19.8 c 
129.4 s a and e 
133.1 s a and e 
152.0 m b and d 
153.8 s b and d 

A An 



2-bromo-3,5,6-trimethoxy-4-(l,2,2,2-tetrafluoro-l 
pyridine (42) 

f g 

C F ( C F 3 ) 2 

H 3 C O ^ ^ W - O C H < 

B r ^ N ^ O C H 3 

Chemical 
Shift 
(ppm) 

Multiplicity Coupling 
constants 

(J/Hz) 

Relative 
Intensity 

Assignment 

I9p 

-74.6 
-176.7 
-179.3 

m 
m 

6 
1 
1 

g 
f 
f 

1H 
3.8 
3.9 
4.0 

1 3 C 
54.4 
54.6 
60.4 
61.5 
62.4 
62.5 
93.5 

120.5 

123.6 
124.9 
125.4 
127.8 
141.2 
146.9 
152.6 

s 
d sept 

q d 

d 
d 
s 
s 
m 
s 
s 

' JCF 210.5 
2 J C F 3 5 . 1 
' JCF 286.6 
2 J C F 28.3 
2 J C F 20.2 
2 J C F 18.7 

3 
3 
3 

h 
i 
j 

h 
h 
i 
i 
j 
j 
f 

c 
c 
a 
a 
b 
d 
e 

A . 4 1 



6-bromo-3,5-difluoro-2-piperidyI-4-[l,2,2,2-tetrafluoro-l-
(trifluoromethyl)ethyl]pyridine (43) 

f g 
C F ( C F 3 ) 2 

N N Br 

Chemical Multiplicity Coupling Relative Assignment 
Shift constants Intensity 
(ppm) (J /Hz) 

19p 
-73.3 m 6 g 

-117.6 and broad m 2 b and d 
-122.8 
-177.3 m 1 f 

1H 
1.6 s 3 i and j 

3.99 s 2 h 

13C 
24.4 s j 
25.6 s h 
49.2 s i 
91.8 d sept 'JcF214.3 f 

2 J C F38.2 
113.9 br s c 
120.2 qd 'JCF 286.7 g 

2 J C F 27.5 
142.0-149.0 broad a,b,d and e 

overlapping m 

A AO 



-bromo-3,5-diffluoro-4-[l,2,2,2-tetrafluoro-l-trifluoromethyl-ethyl]pyridine (44) 

f g 
C F ( C F 3 ) 2 

B r ^ N ^ H 

Chemical 
Shift 
(ppm) 

Multiplicity Coupling 
constants 

(J/Hz) 

Relative 
Intensity 

Assignment 

19p 
-71.2 m 6 g 

-97.0 and s 1 o 
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 ' J C F 2 1 4 . 4 f 

2 J C F 36.2 
113.8 dt 2 J C F22 .4 c 

2 J C F 12.3 
119.8 q d ^ C F 290.6 g 

2 JCF27 .5 
127.0 broad s e 
135.4 broad s a 

150.0-158.0 broad b and d 
overlapping m 

A 43 



2-{bromo-3,5-diffluoro-4- [ 1,2,2,2-tetrafluoro- l-trifluoromethyl-ethyl](2 
pyridyl)}-2-methyl-2-silapropane (45) 

f g 
C F ( C F 3 ) 2 

Chemical Multiplicity Coupling Relative Assignment 
Shift constants Intensity 
(ppm) (J/Hz) 

19p 

-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 1J C F214.1 f 

2J C F36.3 
111.9 m c 
120.1 q d »JCF 288.9 g 

2 J C F 27.1 
128.2 ' broad s e 
151.8 broad s a 

154.0-160.0 broad b and d 
overlapping m 

A AA 



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

f 9 m n 
C F ( C F 3 ) 2 C F ( C F 3 ) 2 

F^b FF, k / F 

Br' N e 

Chemical Multiplicity Coupling Relative Assignment 
Shift constants Intensity 
(ppm) (J/Hz) 

19p 
-75.2 m 12 g and n 

-82.9 and -83.8 br m 1 1 
-97.3 and -99.5 m 1 k 

- 1 1 5 . 0 and m 2 d and i 
- 1 1 9 . 8 

-124.7 and m 1 b 
-127.5 
- 1 7 9 . 6 m 2 f and m 

" C 
91.8 d sept • J C F 2 1 5 . 2 f and m 

2 J C F 35.5 
114.8 dt 2J C F 35.2 c 

2 J C F 14.1 
117.2 m j 
119.8 q d ' J CF 2 8 9 . 7 g and n 

2 J C F 30.5 
127.0- broad a,b,d,e,h,i,k 
159 .0 overlapping m and 1 

A . 45. 



2-{6-bromo-3,5-difluoro-4-[l,2,2,2-tetrafluoro-l-trifluoromethyl-
pyridyl)}{3,5,-difluoro-6-methoxy-4-[l,2,2,2-tetrafluoro-l 

(trifluoromethyl)ethyl]pyridine (47) 

F^b 

f 9 m n 
C F ( C F 3 ) 2 C F ( C F 3 ) 2 

F F 

Br a N e 
^ s . o 

ĥ N I O C H , 

Chemical Multiplicity Coupling Relative Assignment 
Shift constants Intensity 
(ppm) (J/Hz) 

19p 
-75.4 m 12 g and n 

-97.3 and -99.5 m 1 k 
-115.2 and m 2 d and i 

-119.6 
-124.7 and m 1 b 

-127.1 
-179.9 m 2 f and m 

1H 
4.0 s - 3 0 

13C 
62.3 s 0 
91.8 d sept ^ C F 214.9 f and m 

2 J C F 35.1 
114.4 dt 2 J C F 34.9 c 

2 J C F 14.3 
117.2 m j 
119.9 q d ^ C F 289.2 g and n 

2 J C F 30.1 
127.0- broad a,b,d,e,h,i,k 
159.0 overlapping m and 1 

A. 46. 



2-{6-(l,l-dimethyl-l-siIaethyl)-3,5-difluoro-4-[l,2,2,2-tetrafluoro-l= 
trifluoromethyl-ethyl](2-pyridyl)}-2-methyl-2-si!apropane (48) 

f g 

C F ( C F 3 ) 2 

F ^ > L d . F 

- S i ^ N ^ S i — 
/ \ 

Chemical Multiplicity Coupling Relative Assignment 
Shift constants Intensity 

Assignment 

(ppm) (J/Hz) 

1 9 F 

-73.4 m 6 g 
-111.4 and s 2 b and d 

-114.3 
-179.6 m 1 f 

1 H 
0.38 s 1 h 

»c 
-1.8 s h 
92.1 d sept •JCF212.6 f 

2J C F 35.5 
107.7 dt 2 J C F 21.8 c 

2 J C F 13.3 
120.4 q d •JCF 288.9 g 

2 J C F 27.2 
158.6 broad s b and d 
178.1 s a and b 



6-bromo-3,5-difluoro-2-pent-l-ynyl-4-(l,2,2,2-tetrafluoro-l-trifluoromethyi-
ethyl)-pyridine (49) 

f g 

Br N 
h 

Chemical Multiplicity Coupling Relative Assignment 
Shift constants Intensity 
(ppm) (J/Hz) 

19p 
-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 3 J H H 6.2 3 1 
1.67 q 3 JHH7.2 2 k 
2.48 t 3 J H H 7.2 2 j 

13C 
13.4 s 1 
21.4 s j ork 
21.5 s j or k 
72.3 s i 
91.5 d sept 1J C F215.0 f 

2 J C F 36.2 
101.4 s h 
113.5 m c 
119.8 q d l J C F 275.6 g 

2 J C F 25.6 
124.0-135.0 broad a,b,d and e 

overlapping m 

A. 48. 



3,S-difIuoro-2,6-dipent-l-ynyl-4-(l,2,2,2-tetrafluoro-l-trifluoromethyl-ethyI)-
pyridine (50) 

f g 

N 
h 

Chemical Multiplicity Coupling Relative Assignment 
Shift constants Intensity 
(ppm) (J/Hz) 

19p 
-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 J H H 7 . 2 3 1 
1.57 q 3 J H H 7.2 2 k 
2.38 t 3 J H H 6.8 2 j 

13C 
12.9 s 1 
21.2 s j or k 
21.3 s j o r k • 
72.7 s i 
91.6 d sept 1 J C F 2 1 4 . 1 f 

2 J C F 35.8 
99.1 s h 
112.1 m c 
119.8 qd 'JCF 288.7 g 

2 JCF' 27.5 
128.0-132.0 broad singlet a and e 
150.0-159.0 broad b and d 

overlapping m 
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-bromo-3,5-difluoro-2-phenylethynyl-4-(l,2,2,2-tetrafluoro-
ethyl)-pyridine (51) 

f g 
C F ( C F 3 ) 2 

Chemical Multiplicity Coupling Relative Assignment 
Shift constants Intensity 
(ppm) (J/Hz) 

19p 

-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 1 and m 
7.56 m 2 k 

" C 
80.1 m i 
91.7 d sept 'JCF215.5 f 

2 J C F 35.8 
98.6 m h 
114.2 dt 2JCF22.1 c 

2J C F 13.3 
119.9 q d ' J C F 290.0 g 

2 J C F 27.1 
121.0 s j 

1 128.8 s 
j 
1 

130.4 s m 
132.5 s k 

126.0-131.0 broad a,b,d and e 
overlapping m 

A. 50. 



2,6-bis(2-phenyIethynyl)-3,5-difluoro-4-(l,2,2,2-tetraf!uoro-l-trif3uoromethyl-
ethyl)-pyridine (52) 

f g 
C F ( C F 3 ) 2 

h 

Chemical Multiplicity Coupling Relative Assignment 
Shift constants Intensity 
(ppm) (J /Hz) 

19p 
-75.3 m 6 g 

-108.5 and m 1 d 
-110.9 
-179.9 m 1 f 

1H 
7.33 m 3 1 and m 
7.55 m - 2 k 

1 3 C 
80.3 m i 
91.8 d sept •JCF214.8 f 

2 J C F 35.9 
97.4 m h 
112.9 dt 2J C F 22 .1 c 

2 J C F 13.1 

120.2 qd ' J C F 305.8 g 
2 J C F 27.5 

121.3 s j 
128.8 s 1 
130.2 s m 
132.5 s k 

128.0-133.0 broad a,b,d and e 
overlapping m 

A. 51. 



• [ ! • -l,2,2,2-tetrafluoroethyl]-2-brorno-3-f3uoro-5-methoxy-
piperidylpyridine (53) 

f g 

C F ( C F 3 ) 2 

H ^ C O ^ W - F 

Chemical Multiplicity Coupling Relative Assignment 
Shift constants Intensity 
(ppm) (J/Hz) 

19p 
-73.4 m 6 g 

-116.0 s 1 dconformerl 
-118.4 d 4 J F F 89.9 1 dconformer2 
-174.9 d 4 J F F 95.9 1 fconformer2 
-179.3 s 1 fconformerl 

1H 
1.6 s 6 j and k 
3.3 s 4 i 
3.7 s 3 h 

13C 
24.3 s k 
25.8 s i 
49.2 m j 
57.7 s hconformerl 
59.0 s hconformer2 
92.8 d sept 'JCF210.9 f 

2 J C F 3 5 . 1 
120.2 qd ' JCF 286.7 g 

2J C F 28.2 
121.2 m c 

142.0-149.0 broad a,b,d and e 
overlapping m 

A C O 



4-[l-(triflporomethyl)-l,2,2,2-tetrafluoroethyl]-2-bromo-3-methoxy-5-fluioro-6-
(2-phenylethynyI)pyridine (54) 

f g 

n 

h 

Chemical Multiplicity Coupling Relative Assignment 
Shift constants Intensity 
(ppm) (J/Hz) 

19p 

-72.9 m 6 g 
-109.6 m 1 dconformer 1 
-112.0 d 4 J F F 89.9 1 dconformer 2 
-174.6 d 4 J F F 89.9 1 fconformer 2 
-179.6 s 1 fconformer 1 

1H 
3.91 br s - 3 nconformer 1 
3.99 br s 3 nconformer 2 
7.34 m 3 1 and m 
7.53 m 2 k 

13C 
62.8 br s n 
63.7 br s n 
80.8 m i 
92.6 d sept ' J C F 214 .1 f 

2 J C F 3 5 . 5 
98.1 m h 
119.5 m c 
120.3 q d ^ 2 8 8 . 9 g 

2 J C F 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,d and e 
overlapping m 

A. 53. 



4-[l-(trifluoromethyl)-l,2,2,2-tetrafluoroethyl]-2-bromo-3-methoxy-S-fluioro-6-
pent-l-ynylpyridine (55) 

f g 

m 
HaCO 

Br N 

Chemical Multiplicity Coupling Relative Assignment 
Shift constants Intensity 

Assignment 

(ppm) (J /Hz) 
Intensity 

I9p 
-74.9 m 6 g 

-112.6 m 1 dconformer 1 
-115.1 d 4 J F F 9 6 . 0 1 dconformer 2 
-176.6 d 4 J F F 96.0 1 fconformer 2 
-181.5 m 1 fconformer 1 

1H 
0.99 t 3 J H H 7.2 3 1 
1.61 q 3 J H H 7 . 2 2 k 
2.41 t 3 J H H 7 . 2 2 j 
3.86 br s 3 m 
3.96 br s 3 m 

1 3 C 
13.5 s 1 

21.48 s j or k 
21.51 s j or k 
62.36 br s mconformerl 
63.17 br s mconformer2 
72.7 s i 
92.5 d sept 'J C F214.4 

2 J C F 3 8 . 1 
f 

100.5 br s h 
118.9 d d 2 J C F 20.8 

2 J C F 10.2 

c 

120.2 q d ' J C F 289.6 
2 J C F 27.1 

g 

124.0-135.0 broad a,b,d and e 
overlapping m 

a,b,d and e 

A. 54. 
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Compound Number: IUPAC Name: 

(1) 2,3,5,6-tetrafluoro-4-( 1,2,2,2-tetrafluoro-l-
trifluoromethyl-ethyl)-pyridine 

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

(3) 2,3,5-trifluoro-6-methoxy-4-( 1,2,2,2-tetrafluoro-1 -
trifluo romethyl-e thy I) -pyridine. 

(4) 3,5-difluoro-2,6-dimethoxy-4-( 1,2,2,2-tetrafluoro-1 -
trifluoromethyl-ethyl)-pyridine 

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

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

(7) 2,6-bis(2-methoxyethanoxy)-3,5-difluoro-4-[ 1,2,2,2-
tetrafluoro-1-(trifluoromethyl)ethyl)'-pyridine 

(8) 6-cyclohexyloxy-2,3,5-trifluoro-4-[ 1,2,2,2-tetrafluoro-l-
(trifluoromethyljethyl ]-pyridine 

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

(10) 2,3,5-trifluoro-6-phenoxy-4-[ 1,2,2,2-tetrafluoro-1 -
(trifluoromethyljethyl Jpyridine 

(11) 3,5-difluoro-2,6-diphenoxy-4-[ 1,2,2,2-tetrafluoro-1 -
(trifluoromethyljethyl Jpyridine 

(13) 2,6-bis-(3-methoxyphenoxy)-3\5-difluoro-4-[l ,2,2,2-
tetrafluoro- 1-trifluoromethyl-ethyl Jpyridine 

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

(15) 5-fluoro-2,3-dimethoxy-4,6-bis-( 1,2,2,2-tetrafluoro-1-
trifluoromethyl-ethyl)-pyridine 

(16) Methyl{3,5,6-trifluoro-4-[ 1,2,2,2-tetrafluoro-l-
(trifluoromethyl)ethyl ](2-pyridyl) Jamine 

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

B. 2. 



(18) /3,5-difluoro-6-(methylamino)-4-[J,2,2,2-tetrafluoro-1 -
(trifluoromethyl)ethyl ](2-pyridyl)jmethyl{ 3,5,6-trifluoro-
4[1,2,2,2-tetrafluoro-1'-(trifluoromethyl)ethyl](2-
pyridyl)} amine 

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

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

(21) 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 

(24) 2,3,5-trifluoro-6-(5-methyl-3-{3,5,6-trifluoro-4-[l,2,2,2-
tetrafluoro-1-(trifluoromethyl)ethyl ](2 -
pyridyloxy) Jphenoxy )-4-[l,2,2,2-tetrafluoro-1 -
(trifluoromethyl)ethyl ]pyridine 

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

(26) 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> 
.l<9,13>.l<15,19>]octacosa-
1(25), 3,5,7(26), 9(2 7), 10,12,15,17,19(28),21,23-
dodecaene 

(27) 26,28-diaza-5,17-bis[l,2,2,2-tetrafluoro-l-
(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 

(28) 2-r,2'-dioxyethyl-bis-3,5,6-trifluoro-4-( 1,2,2,2-
tetrafluoro-1 -trifluoromethyl-ethyl)-pyridine 

B. 3. 



(29) 6-(2-{3,5-difluoro-6-propoxy-4[l,2,2,2-tetrafluoro-l-
(trifluoromethyl)ethyl](2-pyridyloxy)Jethoxy)-3,5-
difluoro-4-1,2,2,2- tetrafluoro-1 -

(trifluoromethyl )ethyl ]pyridin-2-ol 
(30) 2-{3,5,6-trifluoro-4-[l,2,2,2-tetrafluoro-l-

(trifluoromethyl)ethyl ](2-pyridyl)oxy]-]-(2-(3,5,6-
trifluoro-4-[ 1,2,2,2-tetrafluoro-
1( trifluoromethyl)ethyl ](2-pyridyloxy) jethoxy) ethane 

(31) 25,26-diaza-l 1 ,23-bis [ 1,2,2,2-tetrafluoro-l -
(trifluoromethyl)ethyl]-10,12,22,24-tetrafluoro-
2,5,8,14,17,20-
hexaoxatricyclo[ 19.3.1.1 <9,13> Jhexacosa-
l(24),9(26),10,12,21(25),22-hexaene 

(32) Methyl[2-(methyl{3,5,6-trifluoro-4-[l,2,2,2-tetrafluoro-
1 -(trifluoromethyl)ethyl ](2-pyridyl)/amino )ethyl ]{3,5,6-
trifluoro-4-i 1,2,2,2-tetrafluoro-1 -
(trifluoromethyl)ethyl ](2-pyridyl) famine 

(33) 2,3-difluoro-5,8-dimethyl-4-[l ,2,2,2-tetrafluoro-l -
(trifluoromethylethyl)]-5,6,7,8-tetrahydroquinoline 

(34) 2,5,1 l,14,19,20-hexaaza-8,17-bis[l,2,2,2-tetrafluoro-l-
(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 

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

(36) Bis(7-fluoro-l,4-dimethyl-8-[1,2,2,2-
trifluoromethyl) ethyl ](1,2,3,4-tetrahydropyridino[ 2,3-
b]pyrazin-6-yl)jmethylamine 

(37) 2,6-dibromo-3,5-difluoro-4-( 1,2,2,2-tetrafluoro-1-
trifluoromethyl-ethyl)-pyridine 

(38) 6-bromo-2,3,5-difluoro-4-( 1,2,2,2-tetrafluoro-1-
trifluorome thy I-ethyl) -pyridine 

(39) 2,6-dihydrido-3,5-difluoro-4-( 1,2,2,2-tetrafluoro-l -
trifluoromethyl-ethyl)-pyridine 

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

]-trifluoromethyl-ethyl)-pyridine 

B. 4. 



(41) 2,6-dibromo-3,5-dimethoxy-4-( 1,2,2,2-tetrafluoro-l-
trifluoromethyl-ethylj-pyridine 

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

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

(44) 2-bromo-3,5-difluoro-4-[l,2,2,2-tetrafluoro-l -
trifluoromethyl-ethy I]pyridine 

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

(46) 2-bromo-3,5-difluoro-4-[l,2,2,2-tetrafluoro-l-
trifluoromethyl-ethyl J-6- {3,5,6-trifluoro-4-[ 1,2,2,2-
tetrafluoro-l-(trifluoromethyl)ethyl](2-pyridyl)Jpyridine 

(47) 2-{6-bromo-3,5-difluoro-4-[ 1,2,2,2-tetrafluoro-l'-
trifluoromethyl-ethyl](2-pyridyl) } {3,5, -difluoro-6-
methoxy-4-[ 1,2,2,2-tetrafluoro-l -
(trifluoromethyljethyl Jpyridine 

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

(49) 6-bromo-3,5-difluoro-2-pent-l-ynyl-4-( 1,2,2,2-
tetrafluoro-l-trifluoromethyl-ethy l)-pyridine 

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

(51) 6-bromo-3,5-difluoro-2-phenylethynyl-4-( 1,2,2,2-
tetrafluo ro-1- trifluorome thy I-e thy I) -pyridine 

(52) 2,6-bis(2-phenylethynyl)-3,5-difluoro-4-( 1,2,2,2-
tetrafluo ro-1- trifluo romethyl-e thy I) -pyridine 

(53) 4-[l-( trifluoromethyl)-1,2,2,2-tetrafluoroethyl]-2-bromo-
3-fluoro-5-methoxy-6-piperidylpyridine 

(54) 4-[ l-( trifluoromethyl)-!,2,2,2-tetrafluoroethyl]-2-bromo-
3-methoxy-5-fluoro-6-(2-phenylethynyl)pyridine 

(55) 4-[ l-( trifluoromethyl)-l,2,2,2-tetrafluoroethyl]-2-bromo-
3-methoxy-5-fluoro-6-pent-l-ynylpyridine 

B. 5. 
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Appendix C. 

Mass Spectrometry Data. 



Compound Number: IUPAC Name: 

(1) 2,3,5,6-tetrafluoro-4-{l ,2,2,2-tetrafluoro-l-
trifluo romethyl-e thy I) -pyridine 

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

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

(4) 3,5-difluoro-2,6-dimethoxy-4-( 1,2,2,2-tetrafluoro-l-
trifluoromethyl-ethyl)-pyridine 

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

(6) 3',5,6-trifluoro-2-(methoxyethanoxy)-4-[l,2,2,2-
tetrafluoro-l-(trifluoromethyl)-ethylj'-pyridine 

(7) 2,6-bis(2-methoxyethanoxy)-3,5-difluoro-4-[ 1,2,2,2-
tetrafluoro-l-(trifluoromethyl)ethy I]-pyridine 

(8) 6-cyclohexyloxy-2,3,5-trifluoro-4-[ 1,2,2,2-tetrafluoro-l -
(trifluoromethyl)ethyl ]-pyridine 

(9) 2,6-dicyclohexyloxy-3,5-difluoro-4-[l,2,2,2-tetrafluoro-
1 -(trifluoromethyl)ethyl)'-pyridine 

(10) 2,3,5-trifluoro-6-phenoxy-4-[ 1,2,2,2-tetrafluoro-l-
(trifluoromethyl)ethyl]pyridine 

(11) 3,5-difluoro-2,6-diphenoxy-4-[ 1,2,2,2-tetrafluoro-l-
(trifluoromethyl)ethyl]pyridine 

(13) 2,6-bis-(3-methoxyphenoxy)-3,5-difluoro-4-[ 1,2,2,2-
tetrafluoro-1 -trifluoromethyl-ethyl Jpyridine 

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

(15) 5-fluoro-2,3-dimethoxy-4,6-bis-( 1,2,2,2-tetrafluoro-l -
trifluoromethyl-ethyl)-pyridine 

(16) Methylj'3,5,6-trifluoro-4-[1,2,2,2-tetrafluoro-l -
(trifluoromethyl)ethyl](2-pyridyl)}amine 

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



(18) {3,5-difluoro-6-(methylamino)-4-[ 1,2,2,2-tetrafluoro-l -
(trifluoromethyl)ethyl](2-pyridyl)Jmethyl{3,5,6-trifluoro-
4[ 1,2,2,2-tetrafluoro-l-(trifluoromethyl)ethyl](2-
pyridyl) famine 

(19) Bis(3,5-difluoro-6-(methylamino)-4-[l,2,2,2-tetrafluoro-
l-(trifluoromethyl)ethyl](2-pyridyl)jmethylamine 

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

(21) 3,5,6-trifluoro-4-[ 1,2,2,2-tetrafluoro-l-(trifluoromethyl)-
ethyl]-2-3-{3,5,6-trifluoro-4-[l,2,2,2-tetrafluoro-l-
(trifluoromethyl)-ethyl](2-pyridyloxy)}phenoxy)pyridine 

(24) 2,3,5- trifluoro-6-(5-methyl-3-{3,5,6-trifluoro-4-[ 1,2,2,2-
tetrafluoro-1-( trifluoromethyl)ethyl](2 -
pyridyloxy)jphenoxy)-4-[l,2,2,2-tetrafluoro-l-

(trifluoromethyl)ethyl ]pyridine 
(25) 26,28-diaza-5,17-bis[ 1,2,2,2-tetrafluoro-l-

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

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

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

(28) 2-1 ',2'-dioxyethyl-bis-3,5,6-trifluoro-4-(l,2,2,2-
tetrafluoro-l-trifluoromethyl-ethyl)-pyridine 



(29) 6-(2-{3,5-difluoro-6-propoxy-4[ 1,2,2,2-tetrafluoro-l -
(trifluoromethyl)ethyl ](2-pyridyloxy)}ethoxy)-3,5-
difluoro-4-1,2,2,2-te trafluo ro-1-
(trifluoromethyl)ethyl]pyridin-2-ol 

(30) 2-{3,5,6-trifluoro-4-[ 1,2,2,2-tetrafluoro-l -
(trifluoromethyl)ethyl](2-pyridyl)oxyj-l-(2-{3,5,6-
trifluoro-4-[ 1 ,2,2,2-tetrafluoro-

1(trifluoromethyl)ethyl ](2-pyridyloxy)jethoxy)ethane 
(31) 25,26-diaza-11,23-bis[ 1,2,2,2-tetrafluoro-1-

(trifluoromethyl)ethyl ]-l0,12,22,24-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 

(32) 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-l 1,2,2,2- tetrafluoro-1 -
(trifluoromethyl)ethyl](2-pyridyl) famine 

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

(34) 2,5,11,14,19,20-hexaaza-8,17-bis[l,2,2,2-tetrafluoro-l-
(trifluoromethyl)ethyl]-7,9,16,18-tetrafluoro-2,5,ll,14-
tetramethyltricyclo[ 13.3.1.1<6,10> Jicosa-
l(18),6(20),7,9,15,(19),16-hexaene 

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

(36) Bis{7-fluoro-l ,4-dimethyl-8-[l,2,2,2-
trifluoromethyl)ethyl ](1,2,3,4-tetrahydropyridino[2,3-
b ]pyrazin-6-yl)Jmethylamine 

(37) 2,6-dibromo-3,5-difluoro-4-( 1,2,2,2-tetrafluoro-l-
trifluoromethyl-ethyl)-pyridine 

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

(39) 2,6-dihydrido-3,5-difluoro-4-(l,2,2,2-tetrafluoro-l-
trifluoromethyl-ethyl)-pyridine 

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



(41) 2,6-dibromo-3,5-dimethoxy-4-( 1,2,2,2-tetrafluoro-l-
trifluoromethyl-ethyl)-pyridine 

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

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

(44) 2-bromo-3,5-difluoro-4-[ 1,2,2,2-tetrafluoro-l -
trifluoromethyl-ethyl]pyridine 

(45) 2-{bromo-3,5-difluoro-4-[ 1,2,2,2-tetrafluoro-1 -
trifluoromethyl-ethyl](2-pyridyl)J-2-methyl-2-
silapropane 

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

(47) 2-(6-bromo-3,5-difluoro-4-[ 1,2,2,2-tetrafluoro-l -
trifluoromethyl-ethyl ](2-pyridyl)J{3,5, -difluoro-6-
methoxy-4-[ 1,2,2,2-tetrafluoro-l -
(trifluoromethyljethyl Jpyridine 

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

(49) 6-bromo-3,5-difluoro-2-pent-1 -ynyl-4-( 1,2,2,2-
tetrafluoro-1-trifluoromethyl-ethylj-pyridine 

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

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

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

(53) 4-[l-( trifluoromethyl)-1,2,2,2-tetrafluoroethyl]-2-bromo-
3-fluoro-5-methoxy-6-piperidylpyridine 

(54) 4-[ l-( trifluoromethyl)-!,2,2,2-tetrafluoroethyl]-2-bromo-
3-methoxy-5-fluoro-6-(2-phenylethynyl)pyridine 

(55) 4-[ l-( trifluoromethyl)-!,2,2,2-tetrafluoroethyl]-2-bromo-
3-methoxy-5-fluoro-6-pent-1 -ynylpyridine 



No. 1. 
PHEX2FM 91 (1.517) 

sa 
88 

280 

Ja M 7 ISO 
? J. I > 2 , T 
a isa 

281 
212 2 ? * 

250 

258 

-4177828 

313 
sea 

3«a 

328 

PHEX2EM 91 (1.517) 4177920 

Mass Rel Int | Mass Rel Int | Mass Rel In t | Mass. Rel Int 

20 0 00 82 0 08 124 3.95 193 0 61 
26 0 01 84 0 08 125 0.18 200 100 00 
28 0 47 86 3 82 126 0.04 201 7 06 
31 10 10 87 0 17 129 0.19 202 0 23 
32 0 17 88 0 22 131 7.25 205 0 59 
36 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 0.36 219 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 0 02 
62 1 67 110 0 10 162 8 .04 269 0 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 
77 0 10 119 0 30 181 10.49 321 0 08 
79 1 21 120 0 02 186 1.04 
81 2 13 122 0 01 188 0.07 



No. 2. 
PJto 
100' 

SFS-

n. 

C3PM 120 ( 
e 

2.868) 
9 

3! 

262 

18B2240 

351 T 
Z ^ 1 U«l 469 

I 381 \ T 
n^z 5a iaa tsa 29a 2 5 a aea 35 ;a 4ea 45a 

Mass Rel Int | Mass Rel InC | Mass Rel Int | Mass Rel Inc 

20 0 05 101 0 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 08 138 0 19 281 20 23 
31 4 39 110 0 31 191 0 04 282 1 69 
32 0 52 112 1 14 193 5 91 283 0 07 
35 0 02 114 0 38 194 0 38 286 0 08 
35 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 
43 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 53 331 1 93 
56 0 03 137 0 07 213 0 10 332 0 22 
57 0 05 138 0 51 219 0 15 336 0 01 
58 0 02 139 0 02 224 5 80 343 0 04 
60 0 01 141 0 57 225 0 46 350 89 09 
62 0 50 143 1 92 226 0 03 351 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 0 38 236 0 37 381 2 20 
78 0 02 155 3 98 237 0 03 382 0 25 
79 0 64 156 0 20 233 a-01 383 0 01 
81 0 77 ISO 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 IS 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 

C. 7. 



FHSHll#fl '<tW (4.834) 
69 

No. 3. 

2383768 

3FS-

3.1 331 
92iisa 3a2 332 

i . IT n 3 f . ., .t. ... 
4<aa 536 

P H E X 1 1 P M 2 9 0 ( 4 . 8 3 4 ) 

Mass Rel Int 1 Mass Rel I 3 t Mass Ral Inc Mass Rel Int 
2 0 0 . 8 4 7 9 0 . 5 1 1 3 4 0 . 9 8 1 3 8 1 . 4 1 
2 1 0 . 0 2 8 1 3 . 2 0 1 3 5 0 . 5 6 1 3 9 0 . 1 2 
2 4 0 . 1 2 8 2 1 . 7 0 1 3 6 0 . 9 7 1 9 0 0 . 0 5 
2 5 0 . 1 1 8 3 0 . 3 4 1 3 7 1 . 0 5 1 9 1 0 . 0 7 
2 6 1 . 4 1 8 5 0 . 5 5 1 3 8 1 . 0 6 1 9 3 1 . 0 6 
2 7 0 . 7 1 8 6 1 . 9 2 1 3 9 0 . 1 3 1 9 3 2 . 0 1 
2 8 1 1 . 4 7 8 7 0 . 2 S 1 4 0 0 . 1 8 1 9 4 0 . 4 9 
2 9 9 . I S 8 7 0 . 5 8 1 4 1 0 . 0 5 1 9 5 0 . 2 6 
3 0 1 . 1 8 8 8 0 . 5 6 1 4 2 1 . 6 9 1 9 6 0 . 9 8 
3 1 2 3 . 2 3 8 9 0 . 2 9 1 4 3 3 . 2 0 1 9 7 1 . 3 4 
3 2 0 . 8 7 9 0 0 . 1 0 1 4 4 0 . 9 8 1 9 8 0 . 2 2 
3 3 1 . 3 5 9 1 3 . 2 0 1 4 5 0 . 4 1 2 0 0 3 . 5 4 
3 4 0 . 0 5 9 2 1 0 . 5 8 1 4 6 1 . 6 4 2 0 0 5 . 5 1 
3 5 0 . 7 9 9 3 7 . 2 3 1 4 7 2 . 1 0 2 0 1 0 . 5 5 
3 6 0 . 7 3 9 4 0 . 3 3 1 4 8 0 . 3 1 2 0 2 0 . 2 9 
3 7 0 . 6 1 9 5 0 . 4 9 1 4 9 1 . 0 1 2 0 3 0 . 0 6 
3 8 1 . 1 2 9 6 0 . 2 1 I S O 2 . 0 9 2 0 5 0 . 9 2 
3 9 0 . 8 4 9 7 0 . 0 6 1 S 1 0 . 4 1 2 0 S 1 . 6 1 
4 0 0 . 4 0 9 8 0 . 4 8 1 S 2 0 . 1 2 2 0 6 0 . 2 1 
4 1 0 5 6 9 9 2 . 7 6 1 S 4 0 . 0 5 2 0 7 0 . 0 5 
4 2 0 5 8 1 0 0 6 9 4 1 5 5 1 . 9 2 2 0 9 0 . 0 4 
4 3 1 . 3 8 1 0 1 0 . 5 1 1 5 5 3 . 3 0 2 0 9 0 . 0 7 
4 4 1 4 1 1 0 2 0 . 2 3 1 5 7 0 . 4 1 2 1 1 0 . 0 3 
4 5 1 5 7 1 0 3 0 0 4 1 S 7 0 . 5 7 2 1 2 2 . 7 9 
4 6 0 8 2 1 0 4 1 0 9 1 5 8 0 . 0 9 2 1 2 5 . 5 6 
4 7 3 4 6 1 0 5 2 3 1 1 5 9 0 . 0 3 2 1 3 1 . 7 0 
4 8 0 1 7 1 0 6 0 6 2 1 8 1 0 . 0 4 2 1 4 1 . 3 8 
4 9 0 2 9 1 0 7 0 4 1 1 6 2 2 . 0 2 2 1 5 0 . 5 1 
5 0 5 1 2 1 0 8 0 1 3 1 6 2 3 . 5 4 2 1 6 0 . 1 2 
5 1 1 5 7 1 0 9 0 1 6 1 6 3 1 . 7 5 2 1 7 0 . 1 0 
5 2 0 1 9 1 1 0 0 2 0 1 6 4 1 . 7 6 2 1 9 0 . 9 2 
5 3 0 0 5 1 1 2 1 5 3 1 6 5 0 . 8 4 2 1 9 1 . 1 4 
5 4 0 1 7 1 1 3 1 3 2 1 6 6 0 . 3 4 2 2 1 0 . 5 3 
5 5 2 . 2 3 1 1 3 0 7 0 1 6 7 0 . 3 3 2 2 1 0 . 4 0 
5 6 0 4 5 1 1 4 1 3 3 1 6 9 5 . 4 6 2 2 2 0 . 0 5 
5 7 0 8 5 U S 0 6 2 1 6 9 1 0 . 6 3 2 2 4 0 . 2 6 
5 8 0 1 3 1 1 6 1 7 5 1 7 0 1 . 0 9 2 2 4 0 . 3 5 
5 9 a 1 1 1 1 7 3 0 5 1 7 1 0 . 2 1 • 2 2 S 0 . 0 7 
6 0 3 . 1 5 1 1 3 1 3 8 1 7 2 O . O S 2 2 8 1 . 9 2 
6 2 1 6 1 1 1 9 2 2 3 1 7 4 0 . 6 5 2 3 1 0 . 3 1 
6 3 0 . 3 7 1 2 0 0 4 3 1 7 4 1 . 1 3 2 3 2 1 . 4 3 
6 4 0 7 9 1 2 1 0 1 3 1 7 5 0 . 3 3 2 3 3 3 . 4 0 
6 5 1 1 7 1 2 2 0 I S 1 7 6 0 . 1 6 2 3 4 6 . 7 4 
6 6 0 2 6 1 2 3 2 . 0 1 1 7 8 1 . 3 9 2 3 4 6 . 9 9 
6 7 a 2 2 1 2 4 3 . 3 5 1 7 8 2 . 4 9 2 3 6 0 . 0 3 
6 9 1 0 0 0 0 1 2 5 0 4 0 1 7 9 0 . 2 3 2 3 8 0 . 3 9 
7 1 0 3 4 1 2 6 0 2 2 1 8 1 1 . 5 1 2 4 0 0 . 0 9 
7 2 0 2 7 1 2 7 0 0 7 1 8 1 5 . 1 2 2 4 2 0 . 2 3 
7 3 0 1 9 1 2 8 0 O S 1 8 2 4 . 2 3 2 4 3 2 . 0 9 
7 4 6 3 4 1 3 9 0 . 0 7 1 8 3 3 . 3 5 2 4 4 0 . 4 8 
7 5 i 5 0 1 3 0 1 5 4 1 8 4 4 . 3 2 2 4 7 0 . 6 5 
7 6 I 6 0 1 3 1 3 . 1 5 1 8 5 0 . 6 3 2 5 0 2 . 2 0 
7 7 0 0 9 1 3 2 1 . 6 6 1 8 6 0 . 6 3 2 5 1 0 . 5 1 
7 8 0 3 2 1 3 3 1 . 0 8 1 8 8 1 . 0 6 2 5 2 0 . 1 6 

Mass Ral Inc Maas Sa l me Mass Hal Inc Mass Ral Inc 
253 0 . 0 8 298 0 . 0 9 346 0 07 417 0 . 0 1 
255 0 . 0 9 300 0 . 6 4 347 0 02 418 0 . 0 1 
257 0 . 0 3 301 3 . 1 3 349 0 01 421 0 . 0 1 
259 0 . 0 4 302 1 1 . 7 1 350 0 04 424 0 . 0 9 
260 0 . 0 4 303 1 . 6 9 353 0 01 425 0 . 0 2 
261 0 . 1 6 304 0 . 1 1 354 0 01 431 0 . 0 2 
262 1 . 8 7 305 0 . 0 6 3 5 7 0 02 436 0 . 0 2 
263 0 . 3 2 308 0 . 0 3 ' 3S8 0 02 443 0 . 0 1 
264 0 . 7 5 310 0 . 1 0 360 0 03 445 0 . 0 1 
265 0 . 5 1 312 8 . 0 2 362 0 20 450 0 . 0 2 
269 0 . 3 0 313 0 . 7 9 363 0 03 463 0 . 0 2 
270 0 . 0 2 314 0 . 0 6 364 0 04 474 0 . 0 4 
271 0 . 1 5 3 1 5 0 . 0 2 365 0 01 481 0 . 0 2 
272 0 . 0 4 . 316 0 . 0 6 366 0 02 512 0 . 0 3 
274 0 . 1 8 3 1 7 0 . 0 4 367 0 02 513 0 . 0 2 
27S 0 . 0 7 318 0 . 0 3 370 0 03 524 0 . 0 1 
276 0 . 0 2 319 0 . 0 6 372 0 01 531 a. o i 
278 0 . 1 7 324 0 . 0 2 374 0 03 543 0 .O1 
279 0 . 0 3 3 2 6 0 . 0 1 375 0 01 574 0 . 0 1 
281 0 . 4 5 328 0 . 2 8 37S 0 01 583 0 . 0 1 
282 0 . 4 1 3 3 0 1 . 7 3 378 0 05 593 0 . 0 1 
283 0 . 0 9 3 3 1 2 4 . 8 0 379 0 01 600 0 . 0 1 
284 1 . 3 5 3 3 2 5 . 0 7 381 0 01 611 0 . 0 1 
285 0 . 0 6 333 0 . 3 9 382 0 02 612 0 . 0 2 
288 0 . 7 0 334 0 . 0 7 3 8 5 0 01 613 0 . 0 2 
289 0 . 0 4 335 0 . 0 2 386 0 02 628 0 .O1 
290 0 . 4 2 3 3 6 0 . 0 2 390 0 03 631 0 .O2 
291 0 . 0 7 3 3 7 0 . 0 1 398 0 01 643 0 . 0 9 
292 0 . 2 4 3 3 a 0 . 0 3 400 1 40 644 0 . 0 2 
293 0 . 3 8 340 0 . 0 1 401 0 I S 
294 0 . 0 5 343 0 . 0 2 4 0 2 0 01 
297 0 . 7 9 344 0 . 0 1 406 0 01 

C. 8. 



No. 4. 
PHI BP 523 ( 8 . 7 1 7 ) 

69 

3-43 

M i i l l . 

344 

480 saa 

P H 1 6 P 5 2 3 ( 8 . 7 1 7 ) 5 1 2 O 0 ( 

Mass Rel m e Mass Rel Inc Mass Rel lac Mass Ral Inc 
20 0 .24 81 3 .25 139 0 38 199 0 .12 
24 0 .14 82 0 .84 140 0 12 200 5 . 7 5 
25 0 . 18 84 9 .75 141 0 06 201 0 . 3 7 
26 0 . 89 85 0 .73 142 0 11 202 0 . 7 2 
27 0 .40 86 0 .90 143 3 85 203 5 . 3 5 
28 6 . 1 5 87 0 .35 144 1 43 204 0 . 2 1 
29 14 .80 88 0 .67 145 0 41 20S 1 . 9 1 
30 2 . 99 89 0 . 6 7 146 0 58 206 0 . 2 6 
31 10 . 4 5 90 0 .31 1 4 7 0 52 207 0 . 2 9 
32 0 .22 91 0 .10 148 0 28 208 0 .19 
33 0 73 92 0 . 86 I S O 3 40 209 1 .80 
35 0 65 93 9 .50 1S1 1 20 210 0 . 5 9 
36 0 . 36 94 0 . 6 5 152 1 I S 211 0 . 3 0 
37 0 . 2 5 95 0 . 41 153 1 98 212 4 . 5 0 
30 0 .63 96 0 .32 15S 4 15 214 0 .53 
39 a . 80 97 0 .21 156 0 44 ' 215 0 . 4 5 
40 0 .34 98 0 .36 1S7 0 35 216 6 . 1 S 
41 0 .38 99 0 .39 159 • 1 56 217 0 . 3 1 
42 1 . 3 5 100 3 .55 160 0 64 213 0 . 0 8 
43 2 .53 101 1 .34 162 4 10 219 1 .09 
44 0 94 102 1 .13 163 0 63 220 0 . 0 8 
45 0 74 103 1 05 164 1 30 221 0 . 2 3 
46 0 . 3 2 104 1 75 165 0 33 222 5 . 1 5 
47 3 25 105 1 . 66 166 2 48 224 2 . 7 5 
43 0 . 10 106 0 50 167 0 33 225 1.73 
50 3 . 8 5 107 0 40 168 0 16 226 2 . 2 6 
51 1 . 49 108 0 12 169 1 61 228 0 . 6 0 
52 0 31 109 0 37 170 0 38 229 0 . 2 4 
53 0 13 110 0 18 171 0 26 230 0 .30 
54 0 SO 112 1 61 172 0 68 231 6 .10 
55 1 35 113 0 63 174 2 78 233 0 .13 
56 1 65 114 0 84 17S 0 95 234 1 .90 
57 0 78 11S 0 39 176 0 50 ' 236 0 . 1 6 
53 0 66 116 5 75 177 0 21 238 0 . 4 5 
59 0 33 117 1 76 178 0 76 239 0 . 0 7 
60 4 S5 118 0 31 179 0 22 240 0 . 4 5 
61 0 14 119 1 91 180 a 41 243 9 .40 
62 0 91 120 0 44 181 2 20 244 1 .30 
63 0 40 121 0 24 132 2 58 245 3 . 4 0 
64 0 44 122 0 14 183 0 72 246 0 . 9 1 
65 0 73 124 3 45 184 3 40 248 0 . 0 4 
66 0 29 12S 0 54 135 0 17 250 1.29 
67 0 14 126 0 41 136 0 13 2S2 0 . 2 6 
69 100 00 127 0 26 187 a 39 2S3 0 . 1 5 
70 7 30 123 0 30 188 4 75 2S4 0 . 3 5 
71 0 98 129 0 35 189 0 17 2S5 1 .49 
72 1 75 131 3 SO 190 0 26 2S7 0 . 1 0 
73 0 33 132 0 75 191 a 06 253 0 .28 
74 3 65 133 0 53 193 3 03 2S9 4 . 0 5 
75 1 66 134 2 53 194 0 93 260 0 . 2 1 
76 0 78 13S 0 30 195 0 34 261 0 . 0 9 
77 0 28 136 0 44 196 0 67 262 1 . 8 1 
78 0 25 137 0 57 197 0 72 263 0 .40 
79 0 27 133 3 75 198 0 13 266 3 . 0 0 

Ma9s Rel Int Mass Rel l a c Mass Rel Inc Mass Rel Int 
269 0 . 0 6 286 0 22 30S a 32 340 0 .29 
270 0 29 287 0 18 309 4 10 342 3 . 6 5 
272 4 60 290 0 04 310 a 24 343 3 0 . 0 0 
273 0 64 293 0 09 312 1 31 344 4 . 3 5 
274 9 40 294 0 78 313 1 73 345 0 .43 -
275 0 60 295 0 19 314 10 30 353 0 .06 
276 0 58 296 0 85 315 a 80 412 0 .06 
278 0 12 297 0 17 322 0 11 559 0 .07 
279 0 .04 293 0 29 324 3 75 586 0 .07 
280 0 . 1 2 299 0 33 32S 0 34 609 0 . 0 6 
281 0 I S 300 14 00 326 0 21 636 0 . 0 6 
232 0 04 301 0 58 327 a OS 637 0 . 0 5 
233 0 2S 302 0 10 328 a 70 65S 0 . 0 s 
234 0 .20 303 0 07 329 0 08 667 0 .03 
23S 0 OS 304 0 39 331 0 OS 



No. 5. 
PH182 796 (13 .268) 

63 

SB'S 

31-i 

583929 

7A 3,3 IBB r. ir, . i r ^ i 
1 5 5 1 7 0 z ? ' 

g r l . l.,rl?8?^2BB[ 
15B 2BB 

317 
SB IBB 2S3 35B 

PH102'713 (11.884) REFINB 61696 

Mass Rel Int Mass Rel Int Mass Rel Int Mass Rel Int 

20 0 85 60 1 12 143 2 41 229 0.58 
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 0.88 
28 37 76 74 2 88 155 2 59 243 2.96 
29 2 41 75 0 81 162 2 .44 249 11.20 
30 0 82 a i 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 0.54 
39 62 24 100 3 86 182 1 .92 279 0.28 
40 12 .45 101 0 39 188 1 .45 281 6.38 
41 90 46 105 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 .52 119 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 83 205 1 .59 301 1.00 
51 1 26 131 2 67 207 1 .30 317 49.38 
55 1 15 132 0 76 212 1 .12 318 10.68 
56 0 70 133 1 07 219 2 .20 344 1.47 
58 0 95 136 0 32 220 37 .76 359 2.36 
59 27 .39 138 0 51 228 0 .93 

r in 



No. 6. 
FH34P 528 ( 8 . 8 0 1 ) 

53 

29 

69 
7 A ilfli / 9,3/ 

—-•<—•«— % ISO 
181 2BB 22B 2-̂ 9 i l l 

3981312 

3?5 
159 2«a 2sa 39a 359 

Mas3 Rel Inc Mass Rel Inc Mass Rel Inc Mass Rel Inc 
20 0 12 a s 0 56 156 0 10 226 O.OS 
24 0 01 87 0 08 157 0 05 228 0 . 2 7 
26 3 22 88 0 17 158 0 04 229 0 . 0 7 
27 15 33 89 0 04 159 0 04 230 0 . 2 7 
28 20 88 90 0 06 162 2 65 231 0 . 7 1 
29 76 95 92 1 88 163 0 24 232 0 . 3 2 
30 4 27 93 3 55 164 0 40. 233 1 . 3 6 
31 72 84 94 0 22 165 0 06 234 0 . 9 5 
32 1 95 95 0 11 166 0 04 235 0 . 0 6 
33 3 83 96 0 07 167 0 27 236 0 . 0 2 
34 0 .03 97 0 06 169 3 68 237 0 . 0 1 
33 0 . 06 98 0 24 170 2 70 238 0 . 5 4 
36 0 05 100 3 29 171 0 16 240 0 . 0 3 
37 0 07 101 0 25 174 0 41 242 0 . 1 1 
38 0 .03 102 0 08 175 0 OS 243 0 . 7 9 
39 0 .53 105 1 01 176 0 12 244 0 . 1 0 
41 5 . 6 1 106 0 23 177 0 02 246 0 . 6 2 
42 4 53 107 0 OS 178 0 66 247 0 . 2 7 
43 38 27 108 0 02 179 0 06 249 3 . 2 4 
45 92 59 109 0 02 131 4 42 250 1 . 7 2 
46 4 73 110 0 02 132 1 33 251 0 . 1 7 
47 1 53 112 0 63 183 0 43 2S2 O . 0 6 
48 0 04 113 0 20 184 0 50 25S 0 . 0 7 
50 0 . 69 114 0 27 186 • 13 256 0 . 0 9 
51 0 51 117 1 50 187 0 12 257 0 . 1 0 
52 0 03 118 0 07 188 1 14 259 0 . 0 3 
53 0 05 119 0 86 190 0 03 260 0 . 0 7 
54 0 I S 120 0 37 193 0 32 261 O.OS 
55 0 69 121 0 07 194 0 15 262 0 . 2 2 
56 0 22 124 2 01 195 0 06 263 0 . 0 9 
58 85 19 125 0 32 196 0 I S 264 0 . 1 1 
59 100 00 12S 0 07 198 1 65 266 0 . 0 4 
60 13 58 127 0 06 199 0 78 267 0 . 0 1 
S I 1 13 128 0 05 200 4 32 269 0 . 0 7 
62 0 61 131 2 24 201 0 35 270 0 . 1 2 
63 0 69 132 0 37 202 0 07 271 0 . 0 2 
64 0 14 133 0 32 203 0 02 272 0 . 0 3 
65 0 13 134 0 05 205 0 95 273 O.OS 
66 0 07 136 0 46 206 0 10 275 0 . 6 8 
67 0 11 137 0 21 207 0 05 276 0 . 0 3 
69 37 86 138 0 46 209 0 02 278 0 . 0 3 
70 0 42 139 0 03 210 0 03 279 0 . 0 2 
71 0 08 140 0 02 212 1 27 280 0 . 1 1 
72 0 03 143 1 00 213 0 15 281 0 . 0 9 
74 3 01 144 0 11 214 0 46 232 0 . 0 5 
75 0 57 145 0 03 215 0 OS 283 0 . 1 8 
76 0 62 146 0 06 216 0 02 234 0 . 0 3 
77 0 12 147 0 60 217 a 04 236 0 . 0 3 
78 0 17 148 a 13 219 a 56 288 0 . 7 7 
79 0 12 149 0 14 220 6 28 289 1 . 1 S 
a i 1 14 150 l 02 221 0 60 290 0 . 3 0 
82 0 36 151 0 31 223 0 06 292 0 . 0 4 
83 0 11 152 0 12 224 0 09 293 0 . 0 3 
34 o 04 155 1 42 225 0 17 294 0 . 0 2 

Masa Rel Inc Maaa Rel Inc Hasa Rel I n t Mass Rel Inc 
296 0 OS 312 0 06 329 0 I S 346 0 . 0 1 
297 0 03 313 0 03 330 0 71 35S 0 . 3 2 
298 0 10 314 0 09 331 a 14 356 0 . 1 4 
300 1 72 315 1 21 332 a 05 357 0 . 0 2 
301 0 35 . 316 0 32 336 0 01 . 358 0 . 0 2 
302 1 83 317 3 52 339 a 01 363 0 . 0 2 
303 0 14 318 4 19 340 a 03 374 0 . 2 9 
305 0 02 319 0 26 341 a 39 375 4 . 1 2 
306 0 01 324 0 07 342 0 38 376 0 . 3 7 
308 0 02 326 0 7 7 , 343 a 19 333 0 . 0 2 
309 0- 00 327 0 04 344 . . i s s 
310 0 03 328 1 95 345 0 16 

r 11 



No. 7. 
PH35?81 870 ( 14.581 ) 

Mass Rel Inc Mass Rel Inc 
2 0 0 1 5 7 8 0 . 0 1 
2 4 0 0 1 7 9 0 . 0 2 
2 5 0 O S 3 1 0 . 0 9 
2 6 1 1 2 8 2 0 . 0 8 
2 7 7 0 2 8 3 0 . 0 2 
2 B 1 4 2 9 8 4 0 . 0 3 
2 9 6 6 6 7 8 5 0 . 0 2 
3 0 2 2 3 8 6 0 . 0 2 
3 1 5 2 3 6 3 7 0 . 0 2 
3 2 2 3 S 8 8 0 . 0 2 
3 3 2 1 4 8 9 0 . 0 3 
3 4 0 0 5 9 0 0 . 0 3 
3 5 0 0 3 9 1 0 . 0 1 
3 6 0 0 4 9 2 0 . 0 3 
3 7 0 0 1 9 3 0 . 5 2 
3 3 0 0 3 9 4 0 . 0 4 
3 9 0 3 1 9 5 0 . 0 1 
4 0 0 1 5 9 6 0 . 0 2 
4 1 2 7 7 9 7 0 . 0 1 
4 2 1 7 6 9 8 0 . 0 1 
4 3 1 6 7 9 1 0 0 0 . 7 4 
4 4 1 1 0 1 0 1 0 . 1 0 
4 5 3 4 7 6 1 0 2 0 . 0 4 
4 6 0 8 9 1 0 3 0 . 0 1 
4 7 0 3 8 1 0 4 0 . 0 1 
4 3 0 0 3 1 0 5 0 . 0 3 
4 9 0 0 2 1 0 6 0 . 0 2 
5 0 0 1 1 1 0 7 0 . 0 2 
5 1 0 I S 1 0 8 0 . 0 1 
5 2 0 0 3 1 0 9 0 . 0 2 
5 3 0 0 3 1 1 0 0 . 0 1 
5 4 0 1 0 1 1 2 0 . 0 9 
5 5 0 1 2 1 1 3 0 . 0 4 
5 6 0 1 0 1 1 4 0 . 0 2 
5 7 0 7 7 1 1 5 0 . 0 1 
5 3 7 3 2 1 1 6 0 . 1 1 
5 9 1 0 0 0 0 1 1 7 0 . 0 5 
6 0 3 1 0 1 1 9 0 . 1 9 
6 1 0 6 6 1 2 0 0 . O S 
6 2 0 0 8 1 2 1 0 . 0 1 
6 3 0 1 1 1 2 4 0 . 2 2 
6 4 0 0 7 1 2 S 0 . 0 4 
6 5 0 0 3 1 2 6 0 . 0 2 
6 6 0 0 3 1 2 8 0 . 0 2 
6 7 0 0 3 1 3 0 0 . 0 2 
6 9 3 6 3 1 3 1 0 . 2 5 
7 0 0 5 2 1 3 2 0 . 0 4 
7 1 0 1 1 1 3 3 0 . 0 2 
7 2 0 0 4 1 3 4 0 . 0 1 
7 3 0 0 7 1 3 6 0 . 0 2 
7 4 0 2 8 1 3 7 0 . 0 5 
7 5 0 1 6 1 3 8 0 . 1 1 
7 6 0 0 6 1 3 9 0 . 0 2 
7 7 0 0 2 1 4 3 0 . 1 9 

[ Mass Rel Irit [ Mass Rel Int 
1 4 4 0 0 5 2 0 9 0 0 1 
1 4 5 0 0 3 2 1 0 0 0 2 
1 4 6 0 0 2 2 1 2 0 0 9 
1 4 7 0 0 3 2 1 4 0 1 3 
1 4 8 0 0 1 2 I S 0 0 6 
1 5 0 0 4 4 2 1 6 a 5 9 
1 S 1 a 0 5 2 1 7 0 0 6 
1 5 2 0 0 7 2 1 3 0 6 2 
1 5 3 0 0 2 2 1 9 0 2 9 
1 5 5 0 1 9 :!20 0 0 4 
1 5 6 0 0 3 2 2 1 0 0 2 
1 5 7 0 0 2 2 2 2 0 0 3 
I S 8 0 0 2 2 2 4 a 0 5 
1 5 9 0 0 3 2 2 5 a 1 1 
I S O 0 0 2 2 2 6 0 0 3 
1 6 2 0 2 5 2 2 7 0 0 1 
1 6 3 0 0 5 2 2 8 0 1 6 
1 6 4 0 1 2 2 2 9 0 0 2 
1 6 5 0 0 3 2 3 0 0 0 6 

1 6 6 0 0 9 2 3 1 0 1 4 
1 6 7 0 0 2 2 3 2 0 1 0 
i s a 0 1 7 2 3 3 0 0 2 
1 6 9 0 1 3 2 3 4 0 0 1 
1 7 0 0 0 6 2 3 7 0 0 2 
1 7 1 0 0 3 2 3 3 a 0 3 
1 7 2 0 0 2 2 3 9 0 0 4 
1 7 4 0 1 3 2 4 0 0 0 3 
1 7 S 0 1 3 2 4 3 I 1 1 
1 7 6 0 0 3 2 4 4 0 1 2 
1 7 8 0 O S 2 4 5 0 0 4 
1 7 9 0 0 1 2 4 6 0 0 1 
1 8 1 0 1 4 2 4 7 0 1 2 
1 3 2 0 0 8 2 4 8 0 0 3 
1 3 3 0 0 2 2 4 9 0 0 1 
1 8 4 0 0 2 2 5 0 0 0 5 
1 8 6 0 0 2 2 5 2 0 0 3 
1 8 7 0 0 7 2 S 3 0 0 3 
1 8 8 0 1 0 2 5 4 0 0 2 
1 8 9 0 O S 2 5 5 0 0 2 
1 9 0 0 0 2 2 5 7 0 1 0 
1 9 1 0 0 1 2 5 3 0 0 2 
1 9 3 0 I S 2 5 9 0 0 4 
1 9 4 0 0 6 ' 2 6 1 0 0 2 

1 9 S 0 0 1 2 6 2 0 0 1 
1 9 6 0 0 6 2 6 4 0 0 1 
1 9 7 0 0 6 2 6 6 0 1 6 
1 9 8 0 0 3 2 6 7 0 0 2 

2 0 0 0 8 7 2 6 3 0 0 9 
2 0 1 0 0 9 2 6 9 0 0 2 

2 0 2 0 1 6 2 7 0 0 0 3 

2 0 3 0 0 4 2 7 1 0 0 4 

2 0 S 0 0 7 2 7 2 0 0 7 

2 0 7 0 0 5 2 7 3 0 0 5 
2 0 8 0 0 4 2 7 4 0 0 1 

Mass Ral I n t | Mass Rel I n t { Mass Rel Int j Mass Rel i n t 
278 0 a i 299 0 04 324 a 02 356 0 27 
279 0 01 300 0 21 325 0 01 357 0 03 
280 0 02 301 0 02 326 0 OS 368 0 04 
231 0 01 303 0 01 327 0 01 371 0 09 
282 0 01 306 0 03 323 0 08 372 0 03 
283 0 03 308 0 01 329 0 07 373 0 15 
234 a 06 310 0 02 330 0 07 374 0 02 
285 0 03 311 a 02 336 0 01 380 0 02 
236 0 22 312 0 22 337 0 01 386 0 01 
287 0 17 313 0 14 339 0 28 397 0 07 
283 0 03 314 0 05 340 0 14 393 0 01 
294 0 03 315 0 49' 341 0 47 431 1 26 
29S 0 01 316 a I S 342 0 35 432 0 18 
296 0 02 317 0 02 343 0 04 433 0 02 
297 0 05 322 0 13 3S3 0 01 
298 0 01 323 0 02 3S4 0 06 

r n 



No. 8. 
PH2BPM S88 (11.468) 

4,1 
55 

»2 

aj?s-
39 

?7 
67 

81 

83 

34 

PH26PM 688 (11.4G8) 
iaa-1 

S 3 S 

a 

318 
220 

2©a 
I 288 
258 

317 
\ 

84137 577536 

319 
V 3! 358 39S 

313 3174 
H / 2 s a i s a 20a 2sa 3BB 353 

PH26PM 688 (11.468) S77S3( 

Mass Rel Ine Mass Rel me Mass Rel ine Mass Hel I n t 

20 0 .67 79 13 .65 150 0 33 234 0.07 
24 0 .58 80 3 37 131 0 26 238 0 .47 
25 1 .35 31 17 .20 "152 0 08 239 0.11 
26 3 .51 32 72 .34 155 0 63 240 0.13 
27 23 .90 83 53 .19 156 0 06 243 0.49 
23 ' 16 .13 34 3 .28 159 0 .12 244 0 .06 
29 24 .11 as 0 .25 162 0 .70 246 0.45 
30 0 .72 86 0 .20 163 0 15 247 0 .08 
31 2 .06 37 0 .14 164 0 12 248 0.22 
32 0 .37 83 0 .10 166 0 06 249 1.40 
33 0 .11 89 0 .07 167 0 10 250 0.34 
35 0 .11 91 0 .24 169 2 .19 251 0.17 
36 0 .27 92 0 .76 170 2 54 252 0.06 
37 2 .24 93 0 .93 171 0 22 2S8 0.12 
33 4 .43 94 0 .21 174 0 23 259 0.49 
39 5 4 61 95 0 .19 175 0 07 260 0 .04 
40 7 23 96 0 .10 176 0 08 262 0 .07 
41 100 .00 97 0 .07 178 0 45 266 0.05 
42 9 2 2 93 0 12 181 0 36 269 0.27 
43 6 38 99 1 00 182 0 40 270 0.21 
44 0 33 100 0 90 133 0 17 271 0.08 
45 0 17 101 0 16 184 0 08 273 0 .08 
46 0 27 102 a 03 136 0 14 275 0.09 
47 0 33 103 0 .05 188 0 66 278 0.07 
48 0 10 104 0 23 189 0 11 279 0.11 
49 0 44 105 0 43 190 a 22 280 0.22 
50 4 03 106 0 16 193 0 47 281 0.13 
51 7 05 107 a 06 194 0 07 288 1.19 
52 3 90 108 0 05 196 a 11 289 1.15 
53 20 21 112 0 21 198 2 44 290 0.32 
54 25 00 113 0 12 199 0 29 298 0.74 
55 87 23 114 0 11 200 2 23 299 0.20 
56 4 74 115 0 10 201 0 46 300 0.58 
57 a 70 117 0 64 202 0 10 301 0.22 
58 0 09 118 0 03 205 0 45 302 0.24 
59 0 09 119 0 41 206 0 07 314 0.09 
61 0 15 120 0 25 208 0 10 315 0.26 
62 0 47 121 0 06 209 0 12 316 0.67 
63 1 12 124 0 34 212 0 34 317 3 .41 
64 0 23 125 0 15 213 0 15 313 13 .43 
65 4 30 126 a 07 211 0 09 319 1.00 
66 3 41 131 0 73 219 0 96 320 0.08 
67 50 35 132 0 20 220 3 29 327 0.05 
63 2 06 133 0 09 221 0 89 323 0.24 
69 11 38 13 6 0 21 222 0 05 336 0.07 
70 0 41 137 0 16 224 0 09 340 0.07 
71 0 12 138 0 13 225 0 07 342 0.21 
72 0 OS 140 0 04 226 0 07 343 0.13 
73 0 13 143 0 3 3 223 0 62 344 0.24 
74 a 40 144 0 08 229 0 12 346 0.10 
75 0 53 145 0 05 230 0 14 352 0.06 
76 0 39 147 0 23 231 0 20 356 0.30 
77 5 31 14 a a 07 232 0 24 3S7 0.03 
78 2 26 149 0 07 233 0 44 358 0.71 

MaBS Rel Inc MaBs Rel I nc Mass Ral Int . Mass Sal I nc 

359 0 05 372 0 23 399 0 64 401 0.03 
370 0.20 398 0 20 400 0 

r n 



No. 9. 
PH2GPS1 1137 ( 18.951) 

5SFS 

9 

39 

I 
S7 

53 

82 315 

316 

2sa 2sa 3BB 3S3 
397 

i i4S880 

479 

Mass Rel l a c Mass Rel Inc Mass Ral Inc Mass Rol Inc 

20 0 56 78 1 81 134 0 03 209 0.02 
24 0 27 79 13 04 135 0 03 210 0.03 
2S 0 70 80 4 22 13 S 0 03 212 0.04 
26 5 04 81 27 SO 137 0 09 214 0.04 
27 16 79 82 45 71 138 0 03 216 0.19 
28 9 38 33 42 50 139 0 03 218 3.68 
29 B 84 84 2 75 140 0 03 219 0 .41 
30 0 32 85 0 11 141 0 02 220 0.13 
31 0 88 86 0 09 143 0 11 221 0.06 
32 0 28 87 0 09 144 0 04 222 0.03 
33 0 04 88 0 04 145 0 04 224 0.10 
35 0 21 89 0 09 146 0 04 225 0.06 
36 0 36 90 0 07 147 0 OS 226 0 .11 
37 1 72 91 0 29 150 0 30 227 0.32 
33 3 91 93 0 73 151 0 09 228 0.52 
39 37 50 94 0 19 152 0 07 229 0.07 
40 5 40 95 0 21 153 0 02 230 0.04 
41 67 50 96 0 07 155 0 12 231 0 .11 
42 5 00 97 0 15 156 0 04 232 0.03 
43 5 49 98 0 66 IS 7 0 03 233 0.03 
44 0 71 99 3 86 158 0 02 236 0.04 
45 0 13 100 0 90 ISO 0 03 237 0.04 
46 0 12 101 0 10 162 0 08 238 0.04 
47 0 18 102 0 06 163 0 04 239 0.06 
48 0 13 103 0 03 1S4 0 03 240 0.06 
49 0 61 104 0 02 165 0 04 243 0.54 
50 4 62 10S 0 10 166 0 03 244 0.06 
51 7 36 106 0 10 168 0 34 246 0.56 
52 4 71 107 0 07 169 0 12 247 0.65 
53 IS 07 103 0 05 170 0 12 243 0 .31 
54 31 07 109 0 09 171 0 03 249 0.16 
35 100 00 110 0 02 174 0 11 250 0.05 
SS s 31 112 0 10 175 0 07 251 0.05 
S7 0 84 113 0 07 176 0 03 252 0.05 
58 0 13 114 0 05 178 0 03 255 0.02 
59 0 17 115 0 07 131 0 08 256 0.02 
60 0 08 116 0 07 182 0 06 257 0.07 
61 0 22 117 0 09 183 0 04 258 0.04 
62 0 52 118 0 05 188 0 06 262 0.03 
63 1 42 119 0 13 139 0 05 266 0.30 
64 0 32 120 0 23 191 0 04 •• 267 0.06 
SS 4 53 121 0 06 193 0 12 268 0.16 
66 3 57 122 0 04 194 0 OS 269 0.08 
67 62 96 123 0 11 196 0 50 270 0.08 
68 3 64 124 0 15 197 0 11 271 0.04 
69 4 20 125 0 06 193 0 06 272 0.07 
70 0 71 126 0 03 199 0 09 276 0.04 
71 a 13 127 0 OS 200 0 78 277 0.47 
72 a as 128 0 04 201 0 11 278 0.16 
73 0 08 129 0 03 202 0 IS 279 0.05 
74 0 47 130 0 03 203 0 04 230 0.06 
75 0 50 131 0 18 205 0 12 281 0.03 
76 0 21 132 0 OS 207 0 04 284 0.07 
77 5 18 133 0 04 208 0 06 286 1.41 

Mass Rel Inc Mass Rel Inc Mass S e l Inc Mass Rel Inc 

287 2 03 315 49 64 350 0 03 380 0.20 
288 0 28 316 22 32 354 0 29 381 0.04 
295 0 06 317 1 79 355 0 OS 392 0.05 
296 1 63 318 0 15 356 0 80 395 0.04 
297 0 41 325 0 04 357 0 .10 396 0.52 
298 0 31 326 0 28 358 0 .04 397 3.17 
299 0 24 327 0 06 360 0 06 398 1.S8 
300 0 97 328 0 04 3S6 0 .05 399 0 .21 
301 0 05 334 0 03 368 0 .13 452 0.04 
307 0 02 338 0 07i 3S9 0 .92 477 0.03 
308 0 02 339 0 04 370 1 .26 479 5.56 
310 0 OS 340 0 .23 371 0 .16 480 2.S9 
311 0 OS 341 0 .15 372 0 .03 431 0.41 
312 0 03 342 0 10 378 0 .22 482 0.04 
313 0 16 344 0 .07 379 0 .07 

r 14 



No. 10. 
PH33PM G83 (11.384) 

77 2899968 

SFS-

5a 
33- N 

69 
\ 

M4 

393 
236 

78 
/ 16S 

196-205 
224 246 

.,l,Tt, 

297 
324 

365 
364-1 332 334 

IBB 150 298 253 3aa 350 4aa 4sa 

Mass Rel Inc Mass Rel Ent Mass Re l Enc Mass Rel Ine 

26 0 .04 as 0 .26 141 0 58 199 0.24 
27 0 .23 37 0 .07 142 0 07 20O 4.45 
23 a .25 83 0 11 143 1 36 . 201 1.26 
29 0 .01 89 0 04 144 0 .14 202 0.S5 
31 0 .25 90 0 .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 3 .04 
39 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 16 153 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 0 15 159 0 06 217 0.06 
50 8 .02 105 0 .61 161 0 13 213 0.14 
51 34 .60 106 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 
5S 0 .03 111 0 03 1S7 0 21 224 6.25 
57 a .05 112 0 .47 168 0 19 225 1.02 
58 a .02 113 0 37 169 5 76 226 3.71 
59 a 01 114 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 i 19 117 1 OS 173 0 02 23 0 0.04 
63 3 28 118 0 03 174 0 56 231 0.85 
64 1 32 119 0 57 175 0 19 232 0.26 
65 5 86 120 0 12 176 2 22 233 0 .08 
66 0 49 122 0 23 177 0 37 234 0.04 
67 0 05 123 0 21 178 0 3T 235 0.10 
68 0 23 124 1 69 179 0 09 . 236 0.40 
69 13 84 12S 0 26 180 0 13 23 7 0.06 
70 0 22 12S 0 19 181 2 33 23 8 1.17 
71 0 03 127 a 68 182 1 57 239 0.15 
73 0 49 128 0 13 183 0 26 242 0.04 
74 4 41 129 0 05 184 0 22 243 1.23 
75 3 32 130 0 06 185 0 05 244 0.40 
76 3 53 131 1 84 186 0 23 245 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 
90 0 07 135 0 03 190 0 03 249 0.13 
81 0 57 136 0 49 193 1 79 250 0.93 
82 0 10 137 1 54 194 0 55 251 1.03 
33 0 OS 138 0 32 195 0 23 252 0.16 
84 0 02 139 0 05 196 16 10 2S4 2.26 
85 0 04 140 0 OS 193 0 31 255 0.S6 

Mass Rel Inc Mass Rel Inc Mass Ral Inc Mass Rel Inc 

256 2 26 284 0 09 315 0 21 353 0.03 
257 1 47 285 0 17 317 0 07 354 0.27 
258 0 64 286 0 10 319 1 54 355 0.08 
259 0 10 288 0 30 320 0 21 364 10.73 
262 0 28 289 0 05 323 3 00 365 24.58 
263 0 03 290 3 21 324 3 23 366 3.07 
264 0 05 291 0 16 325 0 49 367 0.21 
265 0 I S 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 66 334 0 05 375 0.52 
270 2 68 296 47 46 335 o 02 376 0.07 
271 0 23 297 5 79 338 a 06 392 4.56 
272 0 OS 298 a 36 339 0 94 393 58.76 
273 3 SO 299 0 02 340 0 09 394 7.63 
274 0 67 300 0 36 341 0 02 39S 0.61 
275 0 14 301 0 10 343 0 02 396 O.OS 
276 10 as 304 1 09 344 0 OS 442 0.03 
277 1 87 305 1 69 345 0 23 444 0.02 
278 0 20 306 0 38 346 2 54 470 0.12 
231 0 13 307 0 13 347 0 30 471 0.02 
282 0 02 308 0 04 348 0 02 
283 0 I S 314 0 11 3S2 0 33 
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PH31PM 
15 

(18.335) 
77 

No. 11. 

2244638 

SFS-

3,3 3EJ 
78 177 

243 
346 362 

150 23Q 
273. 

259 353 

467 

468 
466 ' 

453 59Q 

Mass Rel Inc | Mass Rel Inc | Mass Rel tnc | Mass, Rel lac 

21 0 01 104 0 46 165 0 61 229 0.48 
26 0 02 105 4 11 166 0 52 230 0.2a 
27 0 36 106 0 .33 167 1 04 231 0.37 
29 0 36 107 0 18 168 1 53 232 0.33 
29 0 01 108 a 20 169 0 46 234 1.06 
31 0 09 109 0 06 170 0 45 235 0.13 
32 0 09 110 0 02 171 0 10 236 0.25 
37 0 10 111 0 05 172 0 12 238 0.88 
38 0 .60 112 0 29 174 1 17 239 0.40 
39 3 47 113 a 11 177 16 97 240 0.17 
40 0 17 114 0 15 178 1 86 243 31.57 
41 0 04 115 0 38 130 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 I 96 183 0 29 247 0.34 
47 0 03 120 0 34 184 0 09 248 0.11 
51 31 02 121 0 09 135 0 12 250 2.29 
52 i 22 122 0 27 187 0 19 251 2.30 
53 0 25 123 0 12 187 0 06 252 0.45 
54 0 01 124 0 53 133 0 33 253 0.76 
55 0 05 125 0 I S 139 0 37 254 0.32 
57 0 06 126 0 33 190 a 06 255 0.31 
63 2 67 127 1 63 193 I 20 256 0.36 
S5 7 80 128 0 35 194 0 53 257 1.05 
66 0 57 129 0 07 195 0 99 258 0.95 
69 4 33 131 1 17 196 2 33 259 0.23 
70 0 23 132 0 17 197 ,0 33 260 0.08 
74 1 93 133 0 06 198 0 54 261 0.15 
75 2 36 134 0 16 200 2 91 262 0.08 
77 100 00 135 0 03 201 0 33 264 0.69 
78 7 21 13 6 0 07 202 0 13 265 0.52 
79 0 33 137 0 OS 204 0 42 266 0.37 
81 0 20 133 0 22 205 1 37 267 0.27 
82 0 06 139 0 41 206 0 25 268 0.20 
83 0 05 141 0 99 207 0 83 269 0.20 
35 0 03 143 0 80 208 1 98 270 0.65 
86 0 07 144 0 16 209 0 35 271 0.98 
87 0 03 146 0 45 210 0 19 . 272 0.44 
88 0 03 146 0 27 211 0 09 . 273 0.64 
39 0 05 147 0 05 212 0 09 274 0.54 
90 0 12 143 0 03 214 1 31 276 0.95 
91 0 67 150 2 66 215 0 78 277 1.60 
92 0 94 151 3 74 216 0 23 279 3.28 
93 3 70 152 9 12 217 0 17 230 0.63 
94 1 87 153 3 01 219 1 44 281 0.41 
95 0 32 154 6 48 220 0 39 282 0.22 
96 0 27 155 1 89 221 0 27 283 0.10 
97 0 03 156 0 07 222 1 12 234 0.09 
98 0 04 157 0 06 223 0 55 286 0.16 
99 0 22 153 0 42 224 0 66 287 0.03 

100 1 47 159 0 07 225 0 15 283 0.04 
101 0 17 162 0 65 226 0 75 289 0.04 
102 0 36 163 0 11 227 0 56 290 0.07 
103 0 45 164 0 39 228 0 27 292 1.96 

Mass Rel Inc | Mass Rel Inc I Mass Rel I nc | Mass Rel Inc 

293 0 41 330 0 13 '371 0 25 414 0 03 
294 0 14 331 0 08 372 0 25 418 0 53 
296 0 83 332 0 06 373 0 41 419 0 32 
297 0 08 334 1 16 374 0 90 420 0 99 
298 0 82 335 0 23 375 0 14 421 0 31 
299 0 20 336 0 36 • 376 0 02 422 0 14 
300 0 07 337 0 06 377 0 03 423 0 04 
301 0 25 338 0 02 378 0 15 424 0 04 
302 0 47 340 0 08 379 0 21 426 0 08 
303 0 18 341 0 27 380 0 09 427 0 03 
304 0 35 342 0 92 381 0 13 423 0 08 
305 0 46 343 0 25 382 0 04 430 0 27 

'306 0 4S 344 0 28 384 0 04 431 0 06 
307 0 11 346 12 04 386 0 05 438 0 44 
308 0 16 347 1 73 387 0 06 439 1 92 
309 0 09 343 0 87 389 0 78 440 0 32 
310 0 10 349 0 28 390 2 61 441 0 04 
311 0 05 350 0 58 391 0 45 446 0 20 
312 0 13 351 0 16 392 0 41 447 0 33 
313 0 04 352 0 16 393 0 09 448 2 09 
314 0 04 353 0 11 394 0 05 449 0 42 
315 0 16 354 0 10 395 0 06 450 1 63 
316 0 13 355 0 91 397 0 64 451 0 32 
317 0 11 356 0 13 398 0 20 452 0 04 
319 1 33 357 0 05 399 0 11 464 0 06 
320 0 30 358 0 03 400 0 03 466 3 51 
321 1 70 359 0 04 402 •0 04 467 57 66 
322 0 69 362 15 38 403 0 02 463 11 27 
323 0 18 363 1 98 406 0 03 469 1 30 
324 0 11 364 0 36 408 0 02 470 0 13 
326 1 27 365 0 04 410 4 38 518 0 02 
327 0 23 368 0 02 411 0 86 544 0 10 
323 0 05 369 0 14 412 0 07 545 0 03 
329 0 04 370 0 66 413 0 13 
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H O . 13. 

1549896 
PHfisG 1316 (21.935) 

S S F S -

64 

92 

M / 2 

1B7 

287 243 264 
527 

15B 2oe 2SB 
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390 35B 4m® 453 saa 55B 6S0 

Mass Rel Inc Mass Rel I n t Mass Rel Inc Mass Rel I n t Mass Rel I nc Mass Rel Inc Mass Rel Inc 
20 0 03 83 0 86 139 1 23 194 0 88 252 0.53 308 0 .91 362 0 .44 
24 0 03 84 0 14 140 0 91 195 0 73 2S3 0 .41 309 0.40 363 0.25 
25 0 07 85 0 30 141 0 90 196 0 52 254 0.47 310 0.63 364 0.57 
26 0 33 86 0 37 142 0 36 197 0 50 255 0 .52 311 0.24 365 0.24 
28 4 45 87 0 33 143 0 59 198 1 45 256 0 .61 312 0.18 366 0.37 
29 1 41 88 0 29 144 0 62 199 0 23 257 0.43 313 0.15 367 0.23 
30 0 62 89 0 56 145 0 39 200 0 90 258 0.57 314 0.42 368 0.17 
31 1 86 90 0 74 146 0 15 201 0 61 259 0 .18 315 0.23 369 0.16 
32 0 98 92 67 02 147 0 11 202 0 52 260 0.17 316 0.32 370 0.44 
33 0 04 93 7 91 148 0 33 203 0 10 261 0 .21 317 0 .11 371 0.20 
34 0 02 94 3 77 149 1 11 205 0 44 262 0.12 318 0.22 372 0.37 
36 . 0 17 95 6 72 150 0 36 207 3 27 264 5.59 319 0.33 373 ' 0.25 
37 1 89 96 0 88 151 0 83 208 0 69 265 0.39 320 0.42 374 0.28 
38 4 52 97 0 23 152 1 51 209 0 23 266 0 .39 321 0.52 376 2 .71 
39 9 71 98 0 46 153 0 80 210 0 34 267 0.20 322 1.20 377 0.62 
40 1 21 99 0 58 1S4 0 70 211 0 35 268 0 .30 323 0.43 378 0 .41 
41 3 86 100 1 46 155 1 93 212 0 64 269 0.37 324 0.33 379 0.15 
42 0 77 101 0 2S IS 6 0 54 213 0 59 270 0.24 325 0.15 380 0.16 
43 1 11 102 0 34 157 0 47 214 1 11 271 0.27 326 0.89 381 0.10 
44 1 35 103 2 04 158 0 38 215 0 35 272 0.37 327 0 .31 332 0 .21 
45 0 50 104 0 34 159 0 44 216 0 22 274 0.22 328 0.28 133 0.08 
46 0 34 105 2 IS 160 0 11 217 0 09 275 0.16 329 0.16 384 0.36 
47 • 63 107 20 21 161 0 21 218 0 26 276 0.45 330 0 .31 385 1.65 
48 0 42 108 4 85 162 0 54 219 0 33 277 0.56 331 0.27 336 0.49 
49 0 53 109 0 95 163 0 40 220 0 32 278 0.33 332 0.34 387 0.17 
50 10 51 110 0 41 164 0 52 221 0 34 279 0.34 333 0.39 388 0.17 
51 1 1 37 111 0 55 16S 0 34 223 0 41 280 0.69 334 0.64 389 0.25 
52 11 24 112 0 46 166 0 26 224 0 44 281 0.86 335 0.52 390 0.50 
53 6 85 113 0 31 167 0 69 225 0 86 282 0.20 336 0.84 391 0.23 
54 0 73 114 0 25 168 1 15 226 0 87 2B3 0.27 337 0.34 392 1.31 
55 2 66 115 0 69 169 1 25 227 0 25 284 0.12 338 0.52 3S3 0.28 
56 0 38 116 0 27 170 0 86 228 0 30 285 0 .21 339 0.60 394 0.17 
57 0 85 117 0 53 171 0 62 229 0 34 286 0.33 340 0.33 395 0.13 
58 0 05 118 0 36 172 0 25 230 0 19 287 0.30 341 0.09 396 0.14 
59 1 06 U S 0 83 173 0 17 231 0 31 288 1.13 342 0.55 397 0.18 
60 0 13 120 0 62 174 0 44 232 0 56 289 0.24 343 0.21 398 0 .21 
61 1 88 121 0 95 175 0 27 233 0 12 290 0 .17 344 0.25 399 0.12 
62 4 45 122 0 62 176 0 63 234 0 26 291 0.25 345 0.18 400 0.29 
63 25 00 123 1 20 177 0 37 235 0 39 292 1.33 346 0.53 401 0.19 
64 34 04 124 4 99 178 0 12 236 0 16 293 0.16 347 0.38 402 0.34 
65 9 11 125 0 79 179 0 25 237 0 37 294 0 .61 348 0.34 403 0.32 
66 3 59 126 0 56 180 0 57 238 1 66 295 0 .43 349 0.53 404 1.40 
67 . 1 20 127 0 89 181 1 25 239 0 68 296 0.38 350 0.25 405 1.03 
69 17 29 128 0 76 182 ' 1 11 240 0 54 297 0.23 351 1.61 406 0.32 
70 0 73 129 0 34 183 1 40 241 0 43 298 0 . 3 1 352 0.44 407 0 .11 
71 0 38 130 0 13 184 0 94 243 5 98 299 0.29 353 0.16 408 0.17 
74 3 62 131 0 85 185 0 31 244 1 04 300 0.16 354 0.25 409 0.10 
75 5 32 132 0 37 186 0 IS 245 0 39 301 0.62 355 0.13 410 0.26 
77 100 00 133 0 83 187 0 51 246 0 17 302 0.23 356 1.70 411 0.09 
78 9 51 134 0 48 188 0 50 247 0 20 303 0 .47 357 0.43 412 0.10 
79 6 91 135 1 16 189 0 27 248 0 08 304 0.54 358 1.83 413 0 .11 
80 4 06 13 6 0 28 190 0 22 249 0 10 305 0.2S 359 0.43 414 0.13 
81 3 41 13 7 0 68 192 0 68 250 0 48 306 0 . 6 1 360 0.32 415 0.12 
82 0 72 138 0 84 193 0 61 252 0 59 307 1.51 361 0.35 416 0.17 

Mass Rel Inc | Mass Rel Inc | Mass Rel Inc | MSBS Rel Inc 

471 0 04 486 0 04 
472 0 03 498 0 16 
473 0 04 489 0 13 
474 0 02 490 0 12 
475 0 10 492 0 34 
476 0 15 493 0 08 
477 0 11 494 0 03 
478 0 22 495 0 12 
479 0 20 496 0 52 

- 480 0 34 497 0 18 
481 0 16 498 0 47 
482 0 12 499 0 84 
484 0 57 500 0 16 
485 0 12 506 0 18 

507 1 SO 541 0 03 
508 1 80 542 0 03 
509 0 42 576 0 01 
510 0 48 S78 0 02 
511 0 10 580 0 03 
512 0 59 S92 0 03 
513 0 12 603 0 04 
515 0 04 604 0 42 
526 1 50 605 0 13 
527 21 28 606 0 04 
528 5 92 634 0 16 
529 0 95 635 0 04 
530 0 09 
540 0 02 
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No. 14. 
PH1E 

100-

3FS-

>6 391 ( 

6 

S.517) 

3t 

a 

117 « U « 2 r 2 0 5 i 300 T 
. . . L L - . . ^ L . I . I . . 1 1 . , 1 1 1 , . . 1 . 1 . . . ?Y™. , L . 1 . 

32 4-

363 

2 -4218 

-4£ 
•462 

413 
'•428 

88 

31 

n/z sa 100 i sa 200 asa 300 35a 400 4sa 

Mass R e l I n t | Mass R e l I n t | Mass R e l I n t | Mass R e l I n t 

28 1 52 129 0 24 224 3 37 312 2 64 
29 0 49 131 2 06 225 0 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 0 07 141 0 13 232 3 88 328 20 39 
40 0 10 143 2 96 233 1 30 329 1 84 
43 0 08 144 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 
50 0 61 150 0 51 240 0 66 334 0 10 
51 0 33 155 6 01 241 0 24 340 0 57 
54 0 17 156 0 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 
SO 0 06 163 1 88 250 12 74 350 5 52 
65 0 17 164 0 44 251 0 88 351 0 52 
69 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 0 63 174 1 56 260 1 15 362 97 09 
75 0 13 175 1 02 262 6 25 363 10 56 
76 0 20 176 0 23 263 7 40 364 0 88 
77 0 06 178 1 33 264 1 32 365 0 19 
79 0 16 179 1 71 265 - 0 17 374 0 24 
81 0 59 181 5 70 267 0 97 378 4 19 
32 0 07 182 1 11 272 0 40 379 0 39 
86 0 39 183 0 27 274 2 21 381 0 09 
87 0 06 186 4 43 275 0 28 382 0 36 
93 3 13 187 0 38 276 0 18 390 0 28 
94 0 13 188 2 37 278 2 41 393 1 87 
95 0 24 193 3 55 279 0 14 394 0 26 
98 0 58 194 0 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 0 55 412 100 00 
101 0 13 198 1 11 284 0 11 413 12 20 
102 0 05 199 0 49 286 0 41 414 0 91 
105 0 89 200 17 48 287 0 17 428 10 80 
106 0 22 201 1 02 288 0 34 429 1 26 
107 0 12 204 0 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 .2S 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 
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No. 15. 

493 331778 
PH16S 548 (9.134) 

B3 

210 
3FS-

124 
9 ^ 

155 2aa 
l f 3 | r162 V 

212 
\312 348 , 

• 0>|.j.lt.lflLU.r^.ft IX. 
4aa 

y u 4 

464 
-433 ̂  434 

i i /z 5a iaa 288 258 358 45B sqa_ 558 

Mass Rel Inc Mass Rel Inc Mass Rel Inc Mass Rel I n t 

28 0 53 101 0 21 167 5. 32 228 12.19 
29 0 66 102 0 20 168 1. 00 229 1.33 
30 0 14 105 0. 97 169 4. 80 231 2.66 
31 0 74 106 0 56 170 0. 52 232 4.34 
32 0 76 107 0 21 171 0. 60 233 1.83 
33 0 33 108 0 12 172 4. 22 234 3.11 
38 0 10 109 0 56 174 3. 20 235 0.24 
38 0 05 110 0 57 175 2. 33 236 3.86 
40 0 11 112 1 20 176 2 28 237 1.81 
41 0 09 113 0 68 178 2 62 238 1.37 
42 0 53 114 0 68 179 1 43 240 4.26 
43 2 55 115 0 22 180 0 32 241 1.41 
44 0 46 116 0 77 181 5 86 243 4.48 
45 1 68 117 3 61 182 2 76 244 9.41 
47 1 99 119 5 40 183 0 53 245 1.83 
50 0 56 120 0 35 184 3 74 246 1.29 
51 0 28 122 3 28 185 0 27 247 1.27 
54 1 14 124 6 33 186 2 04 248 0.67 
55 0 37 125 0 93 187 2 12 250 11.03 
56 0 33 126 1 13 188 7 72 251 0.53 
57 0 40 127 0 29 190 0 64 252 0.25 
58 0 16 128 0 21 191 0 53 2S3 1.23 
59 0 41 129 0 34 193 6 64 254 0.57 
60 1 47 131 4 36 194 2 72 255 6.25 
61 0 22 132 0 43 195 1 89 256 2.58 
62 0 24 133 0 33 196 2 01 257 0.59 
63 0 20 134 0 56 197 2 31 253 0.85 
65 0 26 136 1 08 198 1 22 259 3.88 
69 100 00 138 7 18 199 0 44 260 1.41 
70 1 79 139 0 31 200 12 58 262 7.48 
71 3 94 140 0 36 201 0 60 263 2.58 
72 0 25 141 2 41 202 0 28 264 6.S6 
74 0 96 143 11 03 204 1 09 265 1.43 
75 0 37 144 2 06 205 9 30 266 6.79 
76 0 99 145 0 75 206 3 55 267 2.10 
77 0 18 146 a 28 207 1 33 268 0.52 
78 0 25 143 l 43 208 0 75 269 0.51 
81 2 51 149 0 36 209 3 99 270 0.25 
82 0 32 150 l 95 210 64 51 271 0.62 
93 0 33 151 0 34 211 2 30 272 1.08 
34 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 1S5 5 40 214 2 04 275 1.68 
38 0 38 156 1 33 215 1 08 276 2.70 
39 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 88 218 0 81 281 2.10 
93 5 56 160 3 49 219 1 70 232 2.84 
94 0 .39 161 0 27 221 0 80 283 2.60 
95 0.49 162 8 95 222 1.21 284 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 16S 0 .69 226 5 32 287 0.97 

100 5 .79 166 2 .12 227 0 .71 288 0.63 

290 3 97 335 0 .12 380 3 .05 432 2.12 
. 291 0 52 336 1 .16 381 6 .02 433 15.35 

292 1 52 337 a 52 382 2 .91 434 7.56 
293 2 33 338 0 59 383 1 .45 435 0.77 
294 3 64 340 9 95 384 0 .56 433 0.32 
295 2 03 341 1 .31 386 0 .51 440 1.37 
296 2 43 342 1 89 388 0 .18 441 0.19 
297 2 .16 343 0 .13 389 0 .53 442 1.49 
298 0 79 344 6 .97 390 3 .76 443 1.37 
300 8 95 345 1 68 391 0 .59 444 5.63 
301 0 81 346 3 59 392 0 .55 445 3 .88 
302 0 91 347 2 16 394 9 .03 446 0.93 
303 0 17 348 0 .77 395 1 .47 447 5.02 
304 0 62 350 0 .75 396 20 .06 448 1.31 
305 3 99 351 0 .34 397 2 .08 449 0.09 
306 1 62 352 0 .91 398 0 .33 450 14.35 
307 0 63 353 0 .24 400 0 .26 4S1 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 a 32 406 4 .01 4S9 12.27 
313 2 66 358 2 66 407 0 .40 460 1.47 
314 S 40 359 0 53 408 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 18.06 
318 0 27 363 2 14 412 2 .58 463 2.03 
320 0 20 364 8.56 413 1 .30 466 0.09 
321 0 20 365 1.93 414 2 .33 472 0.31 
322 0 50 366 8.95 415 2 .01 474 36.48 
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 0 30 422 0 53 478 31.79 
328 5 56 372 0.58 424 66 36 479 3.78 
329 0 60 374 22.84 425 7 56 480 0.36 
330 0 41 375 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 71 429 0 61 494 12.81 
333 1 3S 378 21 30 430 4 63 495 1.15 
334 1 23 379 2 35 431 0.48 
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PH185HM 540 
3a 

(8.0815 
63 

No. 16. 
108544 

42 

..l|t..,u.. 
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' -131 
Ji..,..., I I " 

„ „ 22Q 21S X 
.., , C u , — 

330 

IBB 158 2a<a 3SQ 

Mass R e l I n t Mass R e l I n t Mass R e l I n t Mass R e l I n t 

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 
30 100 .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 88 1 30 146 1 27 205 1.53 
33 1 .67 89 0 61 147 0 18 207 0.76 
37 0 .33 90 0 SO 148 0 53 208 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 SO 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 45 103 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 0 79 234 0.79 
57 1 06 111 0 35 168 0 45 239 0.28 
58 0 76 112 2 20 169 2 87 241 3 .77 
59 0 45 113 2 02 170 5 72 242 2 .76 
SO 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 97 126 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 0 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 0 72 



No. 17. 
PH282CR 7SG (13.2E8) 
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Mass Rel Inc Mass Rei Inc Mass Rel Inc Mass Rel I n t 

20 0 08 94 0 28 163 0 30 2 2 9 0 . 04 
26 0 . 0 2 95 0 16 164 1 47 2 3 1 1 . 4 3 
27 0 08 96 0 12 165 0 3 1 2 3 2 2 . 1 2 
2 8 1 . 7 5 98 0 1 L 167 0 58 2 3 3 1 . 8 8 
29 0 . 0 9 99 0 17 1 6 9 5 10 2 3 4 0 . 8 7 
3 1 0 75 100 2 19 1 7 0 0 7 1 2 3 5 0 . 0 8 
32 0 . 2 9 101 0 10 1 7 1 0 18 2 3 6 0 . 1 4 
33 0 . 2 0 102 0 04 1 7 2 0 07 2 3 7 0 . 1 9 
38 0 02 105 0 75 174 0 52 2 3 8 0 . 6 8 
3 9 0 . 04 106 0 23 1 7 5 0 30 2 3 9 0 . 3 8 
40 0 14 107 0 13 176 1 88 2 4 0 0 . 1 9 
4 1 0 26 108 0 05 177 0 23 2 4 1 3 . 8 5 
42 0 03 112 0 28 1 7 9 0 06 2 4 2 0 . 3 5 
4 4 0 13 113 0 22 1 8 1 6 44 243 0 . 8 5 
4 5 0 13 114 a 45 1 8 2 5 26 2 4 4 0 . 5 5 
4 6 0 24 115 0 10 183 1 63 2 4 5 1 . 9 7 
5 0 0 2 1 117 l 52 1 8 4 0 66 2 4 6 0 . 3 2 
5 1 0 56 118 0 09 1 8 6 0 94 2 4 8 0 . 0 6 
3 2 0 07 119 0 41 1 8 7 0 49 2 5 0 1 . 2 7 
53 0 03 119 0 23 1 3 8 1 07 2 S 1 0 . 6 1 
5 5 0 1 7 121 0 04 189 0 28 2 5 2 0 . 1 4 
5 6 0 07 122 0 07 1 9 0 0 30 2 3 3 0 . 1 0 
5 7 0 13 124 1 02 1 9 1 0 72 2 5 5 1 . 1 2 
5 8 0 02 125 0 20 193 1 29 2 5 6 0 . 1 0 
5 9 0 07 126 0 22 194 0 82 2 5 7 0 . 1 4 
60 0 63 129 0 06 1 9 S 2 81 2 S 8 0 . 3 0 
6 2 0 21 1 3 1 1 15 1 9 6 0 44 2 6 0 1 7 . 7 9 
63 0 06 13 2 1 95 1 9 7 0 06 2 6 1 1 . 6 3 
64 0 21 132 0 94 198 0 04 2 6 2 0 . 3 9 
65 0 08 133 0 40 200 3 63 2 6 3 0 . 2 3 
66 0 03 134 0 03 2 0 1 0 41 2 6 4 1 . 2 9 
67 0 13 136 0 34 2 0 2 0 14 2 6 5 0 . 0 9 
69 35 38 137 0 SO 203 0 09 2 6 7 0 . 0 5 
70 0 55 13 8 0 49 2 0 5 3 I S 2 6 3 0 . 0 4 
7 1 0 09 138 0 17 2 0 6 1 22 2 6 9 0 . 1 5 
7 2 0 14 13 9 0 05 2 0 7 1 06 2 7 0 0 . 1 3 
74 0 64 141 0 39 2 0 8 0 20 2 7 1 0 . 0 9 
7 5 0 41 141 0 17 2 0 9 0 61 2 7 2 0 . 2 3 
76 0 60 143 0 55 2 1 0 5 48 2 7 4 0 . 2 1 
7 7 a 05 144 0 77 2 1 1 0 34 2 7 S 0 . 1 5 
7 8 0 14 144 0 59 2 1 2 2 24 . 2 7 6 0 . 5 1 
7 9 a 06 146 0 24 2 1 3 1 32 2 7 7 0 . 0 8 
81 0 70 146 0 06 2 1 4 1 63 . 2 7 9 a.OB 
8 2 0 56 148 0 16 2 1 5 0 32 2 8 0 0 . 0 5 
83 0 07 150 0 5 6 2 1 7 0 23 2 8 1 0 . 3 3 
84 0 07 151 0 4 1 219 0 83 2 8 2 0 . 4 0 
85 0 03 152 0 1 7 2 2 0 0 S4 283 2 . 9 1 
36 0 37 152 0 08 2 2 1 0 35 2 8 4 0 . 2 1 
87 0 09 155 2 3 1 2 2 2 0 2 8 286 0 . 1 2 
88 0 20 156 0 26 2 2 4 0 41 2 3 7 0 . 0 8 
89 0 05 157 0 2 2 2 2 5 0 14 2 8 8 0 . 6 9 
9 0 0 06 158 0 09 2 2 6 1 59 289 0 . 1 4 
9 1 0 06 160 0 as 2 2 7 0 1 7 2 9 1 0 . 9 0 
93 2 57 162 3 5 1 2 2 8 0 02 2 9 2 0 . 1 0 

Mass Rel Inc | Mass Rel Inc | Mass Ral Inc | Mass Rel Inc 

293 0 .27 345 0 06 413 a 07 490 0 11 
294 0 .36 346 0 03 414 0 .02 491 0 36 
295 0 12 348 0 02 419 0 .04 492 0 06 
296 0 .07 350 0 16 420 0 04 493 0 02 
293 0 .05 351 0 10 421 0 20 500 0 02 
300 2 .43 352 0 24 422 0 17 501 0 02 
301 12 .50 3S3 0 16 423 0 03 502 0 02 
302 6 63 355 0 06 424 0 03 S03 0 02 
303 0 .63 356 0 03 425 0 .04 509 0 37 
303 0 13 357 0 25 426 0 18 510 0 11 
306 a 10 35S a 06 427 0 04 313 0 06 
307 0 36 362 0 11 431 0 .10 514 0 03 
308 0 10 363 0 05 ' 432 0 04 519 0 41 
309 0 79 364 0 04 433 0 02 320 0 13 
310 0 65 3 69 0 07 434 0 .03 521 0 09 
311 0 OS 370 0 04 433 0 OS 522 0 21 
312 a 19 371 0 23 440 0 07 523 0 04 
314 27 69 372 0 25 441 0 43 526 0 04 
3 I S 3 32 373 0 04 442 0 OS S27 0 02 
316 0 20 374 0 07 443 0 OS S32 0 03 
317 0 07 375 0 13 444 0 09 540 0 36 
319 0 10 376 0 44 44S 0 09 S41 a 69 
320 0 as 377 0 08 4S0 0 10 542 0 12 
321 0 12 331 0 18 451 0 08 559 0 37 
322 a 13 332 0 11 452 0 09 560 0 29 
324 0 11 333 0 07 453 0 13 S61 0 05 
325 0 16 384 0 06 454 0 02 577 0 04 
326 0 45 336 0 03 4S7 0 OS 582 0 03 
327 i 61 389 0 19 459 0 05 583 0 02 
329 100 00 389 0 04 460 0 19 S88 0 06 
330 9 52 390 0 06 461 0 04 590 0 08 
331 0 69 391 0 23 463 0 08 S91 0 04 
332 0 24 392 0 02 469 0 22 601 0 02 
333 0 12 393 0 11 470 0 07 608 0 02 
334 0 17 394 0 07 471 0 21 610 4 57 
336 0 07 3 95 0 04 472 0 24 611 0 87 
337 0 03 400 0 10 473 0 OS 612 0 07 
338 0 25 401 0 10 474 0 03 628 0 85 
339 0 08 402 0 IS 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 0 13 
343 0 IS 403 0 03 482 0 04 
344 0 11 412 0 05 486 0 02 
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Mass Ral Inc | Mass Rel InC I Mass Rel Inc | Mass Rel Inc Mass Rel Inc | Mass Rel Inc | Mass Rel Inc | Mass Rel Inc 

20 0 37 79 0 77 134 1 04 187 1 83 
21 0 02 SO 0 70 135 0 20 188 1 48 
24 0 10 81 3 06 136 0 74 189 1 17 
25 0 13 82 1 72 137 1 34 190 1 64 
26 2 24 33 0 57 138 1 22 191 1 65 
27 5 38 84 0 89 139 0 72 192 0 59 
23 21 SO 85 1 88 140 0 48 193 1 67 
29 3 65 86 1 58 141 3 52 193 1 14 
30 56 79 87 1 11 142 0 40 194 1 90 
31 12 86 83 1 13 143 1 72 195 1 80 
32 2 19 39 0 77 144 2 34 196 2 73 
33 1 83 90 0 44 145 1 70 197 1 43 
35 0 18 91 0 68 146 1 58 198 0 35 
36 0 36 93 9 05 147 1 08 199 0 26 
37 0 48 94 1 45 148 0 66 200 4 84 
38 2 75 95 1 07 149 0 4S 201 1 70 
39 2 91 96 2 78 ISO 1 39 202 3 22 
40 3 24 97 0 64 151 1 39 203 1 21 
41 5 04 98 0 92 152 1 7S 205 2 93 
42 19 75 99 1 34 153 0 89 206 0 62 
43 1 59 100 9 57 154 0 66 207 3 42 
44 2 29 101 1 65 155 2 73 208 0 96 
45 1 38 102 0 39 155 2 19 209 1 65 
46 1 72 103 0 56 157 0 95 210 2 78 
47 1 90 104 0 24 158 0 79 211 0 67 
48 0 44 105 2 39 159 0 95 212 3 65 
50 s 81 106 1 14 160 0 94 213 1 29 
51 4 55 107 0 95 161 1 57 214 4 78 
52 1 24 • 108 0 59 162 3 58 215 2 21 
53 1 03 109 0 32 162 2 96 216 7 51 
54 0 39 110 0 37 164 2 49 217 1 35 
55 3 11 111 0 22 165 2 31 219 2 49 
56 1 S4 112 1 47 165 1 22 220 0 96 
57 2 75 113 1 25 167 0 99 221 2 sa 
58 0 74 114 1 70 167 0 36 222 1 09 
59 0 36 U S 1 43 169 2 24 223 3 32 
60 5 04 116 2 96 169 1 54 224 2 42 
61 0 51 117 3 50 170 1 75 225 2 26 
62 1 28 118 0 39 171 1 05 226 2 67 
63 0 96 119 1 95 172 1 42 227 1 28 
64 2 06 120 0 93 173 1 46 228 1 93 
65 0 53 121 0 51 174 1 98 229 3 47 
66 0 97 122 0 77 175 1 72 230 6 40 
67 1 63 123 0 39 176 2 11 231 2 S7 
69 100 00 124 3 31 177 1 53 232 2 52 
70 2 70 125 0 31 178 0 71 233 2 31 
71 0 95 126 1 11 179 0 79 234 1 67 
72 1 28 127 1 64 130 0 21 235 0 87 
73 0 46 128 0 63 131 6 56 236 8 02 
74 3 34 129 0 66 182 4 96 237 2 26 
75 4 22 130 0 38 183 1 50 238 1 31 
76 2 78 131 3 86 184 2 03 239 1 00 
77 0 70 132 1 64 185 0 25 240 1 72 
78 0 38 133 0 66 136 1 41 241 9 16 

242 6 20 296 3 01 351 0 34 405 0.23 
243 20 06 297 3 65 352 0 56 406 0.10 
244 4 06 298 5 71 353 0 64 407 0.27 
245 1 77 299 6 79 354 0 44 403 0 .28 
246 1 56 300 7 41 355 0 42 409 0.19 
247 0 68 301 5 32 356 0 30 410 0.50 
218 0 59 302 2 67 357 0 51 411 0 .41 
249 0 46 303 0 79 358 0 36 412 0.39 
250 3 91 304 0 51 359 0 34 413 0.52 
251 2 49 305 2 13 360 0 26 414 0.33 
2S2 2 06 306 1 32 361 0 51 415 0 .46 
253 1 22 307 0 66 362 0 46 416 0 .26 
2S4 0 SO 309 0 67 363 0 45 417 0.27 
255 1 77 309 1 59 364 0 38 413 0.18 
256 2 26 310 5 71 365 0 29 419 0.23 
257 2 73 311 12 04 366 0 23 420 0.21 
258 1 59 312 11 73 367 0 15 421 0.34 
259 1 26 313 17 18 368 0 21 422 0 .94 
260 10 19 314 7 30 369 0 35 423 0.36 
261 1 88 315 1 14 370 0 30 424 0 .42 
262 1 70 316 2 42 371 0 50 425 0 .20 
263 0 98 317 0 62 372 0 74 426 0 .43 
264 1 34 318 0 42 373 0 46 427 0.33 
265 1 28 319 0 96 374 0 54 423 0.34 
266 1 12 320 27 98 375 0 31 429 0.22 
267 1 04 322 0 60 376 0 48 430 0.34 
268 0 22 323 1 83 377 -0 27 431 0.33 
269 4 19 324 10 19 378 0 19 432 0.49 
270 3 11 325 32 10 379 0 18 433 0.45 
271 3 44 326 6 69 380 0 18 434 0.42 
272 3 24 327 3 09 381 0 53 43S 0 .23 
273 0 91 32 8 1 67 382 0 37 436 0 .22 
274 0 56 329 30 86 383 0 62 437 0.27 
275 0 35 330 4 53 384 0 44 438 0 .20 
276 0 32 331 0 82 385 0 25 439 0.19 
277 0 51 332 0 58 386 0 31 440 0.71 
278 1 55 333 0 44 387 0 26 441 0.73 
279 2 47 334 0 46 388 0 36 442 0.S6 
280 0 67 335 0 26 339 0 44 443 0.30 
281 0 95 336 1 00 390 0 23 444 0.22 
282 1 11 337 0 52 391 0 35 445 0.35 
283 2 62 338 6 02 392 0 40 446 0.33 
284 12 24 339 2 19 393 0 19 447 a.19 
285 4 81 340 42 39 394 0 31 448 0.13 
286 1 59 '• 341 6 40 395 0 35 449 0.24 
287 1 03 342 0 32 396 a 34 450 0.2S 
238 0 92 343 0 40 397 0 27 451 0.70 
289 0 89 344 0 37 393 0 86 452 0.S5 
290 0 53 34S 0 40 399 0 23 453 0.44 
291 3 65 346 0 55 400 0 32 454 0.35 
292 1 55 347 a 17 401 0 35 455 0.23 
293 2 55 348 0 31 402 0 54 456 0.15 
294 4 01 349 0 17 403 0 41 457 0.14 
29S 0 85 350 0 34 404 0 28 458 0.28 

Mass Rel Inc | Mass Rel Inc | Mass Rel Inc | Mass Rel Inc 

4 5 9 0 19 5 0 4 0 . 3 3 549 0 09 594 0 0 5 
460 0 48 5 0 5 0 . 1 4 SSO 0 20 5 9 5 0 03 
4 S 1 0 48 5 0 6 0 . 2 1 5 5 1 1 85 5 9 S 0 03 
4 6 2 0 31 5 0 7 0 . 1 4 5 5 2 1 33 5 9 7 0 17 
463 0 46 5 0 3 0 . 4 1 5 5 3 0 36 5 9 8 2 3 9 
4 6 4 0 32 5 0 9 0 . 3 1 5 S 4 0 16 5 9 9 0 75 
4 6 5 0 19 5 1 0 1 . 3 4 5 5 5 0 32 6 0 0 0 3 2 
466 0 16 5 1 1 0 . 8 3 5 5 6 0 so 6 0 1 1 4 5 
4 6 7 1 25 S 1 2 0 . 2 7 5 5 7 0 I S 602 2 08 
4 6 8 0 3 2 5 1 3 0 . 3 3 5 5 3 0 07 603 0 69 
469 0 25 5 1 4 0 . 3 5 5 5 9 0 19 6 0 4 0 I S 
470 0 28 5 1 5 0 . 2 1 560 0 51 605 0 24 
4 7 1 0 63 5 1 6 0 . 1 0 5 6 1 0 25 6 0 6 0 16 
472 0 49 5 1 7 0 . 4 8 562 0 22 607 0 0 9 
473 0 2 6 5 1 8 0 . 1 4 563 0 19 608 0 0 5 
474 0 27 S 1 9 0 . 1 3 5 6 4 1 04 6 0 9 0 3 4 
4 7 5 0 11 S 2 0 0 . 3 0 5 6 5 0 99 610 0 30 
4 7 6 0 25 5 2 1 0 . 2 3 5 6 6 0 13 6 1 1 0 17 
477 0 20 5 2 2 0 . 6 0 5 S 7 0 07 612 a 98 
478 0 1 1 S 2 3 0 . 2 9 S S 3 0 05 6 1 3 0 19 
4 7 9 a 13 5 2 4 0 . 2 6 S 6 9 0 09 619 a S I 
4 8 0 0 11 5 2 5 0 . 0 7 5 7 0 0 42 620 I 48 
4 8 1 a 66 5 2 6 0 . 1 3 5 7 1 1 3 4 6 2 1 n 01 
4 8 2 0 82 5 2 7 0 . 1 3 572 0 47 6 2 2 2 52 
483 0 66 5 2 3 0 . 1 9 5 7 3 0 I S S23 0 92 
484 0 2 6 5 2 9 0 . 6 9 574 0 20 6 2 4 0 2 1 
4 8 5 0 17 5 3 0 0 . 4 7 S 7 5 0 05 6 2 S 3 3 4 
4 3 6 0 20 5 3 1 0 . 3 8 5 7 6 0 03 626 a 76 
4 8 7 0 23 5 3 2 0 . 3 5 577 0 I S 6 2 7 0 08 
4 8 8 0 16 S 3 3 0 . 4 4 5 7 8 0 72 6 3 7 0 12 
4 3 9 0 22 5 3 4 0 . 1 8 5 7 9 3 70 6 3 8 0 78 
4 9 0 0 3 4 5 3 S 0 . 1 5 5 8 0 1 60 S 3 9 2 73 
4 9 1 0 62 5 3 6 0 . 1 6 5 3 1 0 4 1 6 4 0 4 4 86 
4 9 2 0 30 5 3 7 0 . 4 2 5 8 2 a 2 1 6 4 1 1 6 67 
493 0 I S 5 3 8 0 . 1 2 583 0 48 642 2 1 1 
4 9 4 0 11 5 3 9 0 . 1 0 5 8 4 0 3 0 643 0 20 
4 9 5 0 5 4 5 4 0 0 . 3 5 5 8 5 0 13 6 5 3 0 08 
4 9 6 0 35 5 4 1 0 . S 3 5 8 6 0 06 654 0 04 
497 0 09 5 4 2 0 . 2 1 5 8 7 0 23 6 8 0 0 02 
498 0 08 5 4 3 0 . 1 9 5 8 8 0 09 6 8 9 0 02 
4 9 9 0 15 5 4 4 0 . 0 S 589 0 OS 709 0 OS 
500 0 15 5 4 5 0 . 0 8 590 0 12 863 0 03 
5 0 1 0 3 6 5 4 6 0 . 1 0 5 9 1 0 95 
502 0 55 5 4 7 0 . 0 7 5 9 2 0 99 
503 0 32 5 4 3 0 . 0 6 5 9 3 0 22 
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s Rel Inc Mass Rel Inc Mass Rel Inc Mass Rel Inc Mass Rel Inc Mass Rel Inc Mass Rel Inc Mass Rel Inc 
0 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 .as 353 0 .43 413 0.33 
8 55 56 88 1 3S 142 4.65 196 S.38 250 13 .54 305 7 35 359 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 41S 0 .21 
0 84 44 90 1 00 144 6.32 198 4 .01 252 3 .89 307 2 60 361 0 .56 416 0 .27 
1 5 97 91 1 28 145 4.72 199 1.18 253 3 .25 308 2 01 362 0 .56 417 0 .39 
2 10 00 92 1 01 146 5.90 200 5.90 254 2 .97 309 2 20 363 0 .50 418 0.23 
3 11 04 93 7 64 147 1.67 201 5.56 2S5 3 .63 310 5 .14 364 0 .44 419 0.23 
6 0 S7 94 1 60 148 1.42 202 7.57 256 6 . 1 1 311 16 .88 365 0 .45 421 0.39 
a 0 80 95 1 42 149 1.51 203 8.13 257 4 .44 312 IS 97 366 0 43 421 0.47 
9 1 91 96 15 49 150 3.82 204 4 .2S 258 4 .17 313 13 26 367 0 .59 422 0.34 
0 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 .10 315 1 79 369 0 30 424 0.23 
2 53 06 99 1 37 153 5.49 207 4 .44 261 2 10 316 2 92 370 0 27 425 0 .21 
3 3 32 100 10 76 154 6.88 208 3.85 262 2 .05 313 5 07 371 0 29 426 0.14 
4 7.43 101 3 61 155 9.38 209 4 .72 263 2 03 318 5 63 372 0 55 427 0 .49 
S 2 73 102 2 03 156 3.33 210 9.17 264 2 .17 319 1 75 373 0 35 423 0 .25 
6 4 25 103 1 49 157 2.48 211 5.42 265 2 60 320 12 29 374 0 43 429 0.31 
7 0 62 104 1 44 153 2.50 212 4 .79 266 2 10 321 2 59 375 0 30 430 0.31 
8 0 78 105 3 40 159 3.63 213 2.76 267 3 51 322 1 25 37S 0 36 431 0.31 
0 2 81 106 1 37 ISO 3.4S 214 7 .92 268 2 52 323 2 60 377 0 33 43 2 0.79 
1 7 50 107 1 55 161 9.36 215 6.81 269 4 65 325 15 69 378 0 53 433 0.33 
2 1 48 108 1 61 162 5.56 216 10.21 270 S 74 325 100 00 379 0 43 434 0.20 
3 1 49 109 1 22 163 4.44 217 4 .72 271 3 13 326 75 56 380 0 42 43 6 0 .22 
4 1 35 110 1 75 164 6.74 213 2.17 272 3 98 327 25 56 381 0 50 437 0.25 
5 2 80 111 1 34 165 6.46 219 3.59 273 2 38 328 3 13 382 0 33 438 0 .38 
6 1 41 112 1 81 166 3.39 220 2.78 275 0 88 329 0 73 383 0 39 440 0.30 
7 5 00 113 2 85 167 13 .47 221 7 .85 276 1 28 330 0 55 384 0 52 442 1.01 
8 0 36 114 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 63 386 0 26 443 0.40 
1 0 95 116 5 42 170 5.07 224 6.60 279 12 50 333 0 51 383 0 19 444 0.19 
2 0 66 117 2 26 171 5.90 225 5.14 280 4 34 334 0 62 389 0 I S 445 0 .44 
3 0 59 118 1 01 172 7.64 226 3.89 281 2 97 335 0 62 390 0 21 446 0.21 
4 2 69 119 3 30 173 6.60 227 4 .72 282 2 24 336 2 05 391 0 22 447 0 .46 
5 0 91 120 2 31 174 5.69 228 . 6 . 11 283 2 60 337 0 93 392 0 45 448 0.34 
S 1 58 121 1 94 175 4 .79 229 7 .57 284 13 19 338 10 07 393 0 57 449 0.25 
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 55 11 123 2 45 177 3.70 231 3.91 236 2 22 340 38 33 395 0 36 452 0.27 
0 3 72 124 3 28 173 2.62 232 3 .92 237 1 01 341 6 53 396 0 33 453 0.21 
1 1 39 125 1 75 179 4 .44 233 3.14 288 0 76 342 1 05 397 0 36 458 0.23 
2 3 94 126 3 56 180 3.06 234 4 .25 239 0 35 343 0 62 398 0 2a 459 0.25 
3 1 81 127 5 14 181 4 .86 235 4 .27 290 1 11 344 0 41 399 0 19 460 0.36 
4 1 53 128 1 96 182 a. 19 23 6 10.42 291 6 32 345. 0 41 400 0 21 461 0.22 
S 3 44 129 1 55 133 5.90 23 7 4.43 292 3 07 346 0 46 401 0 40 462 0 .62 
6 2 76 130 0 93 134 8.40 238 4 .08 293 3 99 347.. 0 52 402 0 35 463 0 .84 
7 1 16 131 3 70 185 4.01 23 9 4 .06 294 5 69 348 0 51 403 0 23 464 0.23 
8 1 20 132 2 27 186 2.97 240 5.90 295 3 09 349 0 30 404 0 34 46S 0.36 
9 0 SO 133 1 67 187 4 .51 241 14.31 296 2 92 350 0 S7 405 0 42 467 0.20 
0 1 .41 134 3 19 188 3.77 242 15.28 297 4 22 351 0 88 406 0 26 472 0.23 
1 1 46 135 1 43 139 4.65 243 37.78 298 S 53 352 1 11 407 0 30 473 0.17 
2 3 .73 136 1 .46 190 6.67 244 6.38 299 23 33 353 0 38 408 0 23 478 0.37 
3 1 .48 13 7 3 19 191 6.25 245 2 .92 300 5 14 354 0 47 409 0 19 480 0.27 
4 4 .86 138 2 .33 192 4.72 246 3 .44 301 0 95 355 0 36 410 0 26 481 0 .33 
S 1.25 139 0 .99 193 4.43 247 2.15 302 1 02 356 0 43 411 0 30 482 1.27 

s Rel Inc Mass Rel Inc Mass Rel Inc Mass Rel I n t 

3 0 .37 541 0 68 590 1.74 63 0 0.22 
3 0 .28 542 0 .62 591 0 .S1 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 
e 0 .27 556 0 .38 603 0.22 649 0.35 
2 0 .31 S62 0 .30 609 1.01 650 0.82 
1 0 .27 570 0 .38 610 0.47 651 9.24 
2 2 .26 575 0 .60 612 0.S6 652 1.94 
3 0 .68 576 0 .43 613 o . i a 653 0.21 
5 0 .21 582 1 .31 616 0.36 
2 0 .28 583 0 .67 617 0.41 
5 0 .25 589 0 .23 619 0.24 
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ss Ral Inc Mass Rel Inc Mass Rel Inc Mass Rel Inc Mass Rel Inc Mass Rel Inc Mass Rel Inc Mass Rel Inc 
20 0 71 ao 0 44 135 0 24 189 0 54 243 5 35 297 2 50 354 4 44 410 0 .28 
24 0 13 81 0 91 136 0 33 190 0 72 244 0 .73 298 1 93 355 1 .08 411 0 .14 
2S 0 67 82 1 64 137 0 59 191 0 38 245 0 .64 299 1 3S 356 0 14 412 0.12 
26 4 90 33 0 46 138 0 33 192 0 36 246 0 .37 301 0 17 357 0 SI 413 0 .24 
27 14 44 84 0 50 139 0 30 193 0 30 247 0 .44 302 0 33 358 0 49 414 0 .21 
23 17 92 35 0 67 140 0 43 194 0 55 248 0 .66 303 0 49 360 8 33 415 0.09 
29 100 00 86 0 36 141 0 95 195 0 44 249 0 .55 304 0 86 362 1 60 416 0 .22 
30 5 80 87 0 43 142 0 28 196 0 51 250 1 .53 305 1 67 363 0 77 417 0 .18 
31 2 60 38 0 30 143 0 25 197 0 23 2S1 0 .66 306 0 94 364 0 54 418 0.24 
32 0 76 89 0 19 144 0 95 198 0 32 252 0 .51 307 1 06 365 0 46 419 0 .23 
33 0 54 90 0 30 145 0 59 199 0 16 2S3 0 64 308 1 30 366 2 01 420 0 .20 
35 0 S7 91 0 26 146 0 42 200 0 39 254 1 .31 309 1 54 367 2 92 421 0 .18 
36 0 61 93 1 35 147 0 30 201 0 52 255 1 48 310 1 07 363 4 27 422 0 .28 
37 0 61 94 0 63 148 0 16 202 0 SO 256 1 .09 311 5 42 369 0 56 423 0 .17 
33 2 00 95 0 56 149 0 33 203 0 55 257 1 07 312 2 26 370 0 24 424 0 .20 
39 3 51 96 0 74 150 0 50 204 0 25 258 0 44 313 1 86 371 0 33 425 0 .22 
to 3 13 97 0 30 151 0 65 203 0 63 259 1 00 314 0 89 372 0 25 426 0 .21 
41 5 97 98 0 11 152 0 56 206 0 37 260 0 62 315 0 69 373 0 13 427 0.25 
12 16 81 99 0 95 153 0 36 207 0 45 261 0 .27 316 0 40 374 0 25 423 0.11 
43 3 09 100 0 82 154 0 S2 208 0 25 262 0 62 317 2 03 375 0 21 429 0.19 
14 14 58 101 0 73 1SS 0 71 209 0 47 263 0 89 313 1 34 376 0 25 430 0.21 
15 0 82 102 0 46 156 0 34 210 0 46 264 0 88 319 1 77 377 0 23 431 0 .29 
16 0 82 103 0 13 157 0 40 211 0 35 265 0 83 320 0 69 378 0 22 432 0.27 
17 0 87 104 0 08 158 0 59 212 0 25 266 0 89 321 0 76 379 0 43 433 0.25 
IS 0 12 105 0 29 159 0 43 213 0 27 2S7 1 01 322 0 47 380 0 61 434 0.31 
SO 1 74 106 0 49 160 0 25 214 1 26 268 0 63 323 4 20 381 0 25 43S 0.28 
51 2 71 107 0 36 161 0 IS 215 0 36 269 2 92 325 10 14 382 0 74 436 0.25 
32 1 20 108 0 S I 162 0 54 216 0 77 270 1 75 326 3 54 383 1 02 437 0.16 
53 1 09 109 0 34 163 0 70 217 0 49 271 0 74 327 1 55 384 0 32 438 0.23 
54 2 83 110 0 70 164 0 81 213 0 38 272 0 23 323 0 40 385 0 26 439 0.22 
55 2 04 111 0 23 163 0 49 219 0 71 273 0 89 329 0 69 386 0 12 440 0.14 
56 33 75 112 0 32 166 0 25 220 0 31 274 0 43 330 0 74 387 0 12 441 0.13 
57 3 13 113 0 71 167 0 43 221 0 45 275 0 33 331 1 68 388 0 20 442 0.16 
53 6 98 114 0 67 168 0 47 222 0 74 276 0 27 332 3 13 389 0 14 443 0.20 
59 0 37 115 0 40 169 0 41 223 0 49 277 0 IS 333 2 60 390 0 24 444 0.23 
60 1 28 116 0 19 170 0 56 224 0 60 278 0 53 334 1 57 391 0 22 445 0.18 
51 0 16 117 0 47 171 0 36 225 0 54 279 1 08 335 0 95 392 0 23 446 0.15 
S2 0 47 118 0 14 172 0 50 226 0 63 280 1 20 336 1 60 393 0 33 447 0.26 
S3 0 76 119 0 52 173 0 21 227 0 66 281 0 87 337 2 21 394 0 22 448 0.25 
54 0 67 120 0 45 174 0 33 228 1 11 282 0 74 333 7 29 395 0 22 449 0.22 
S5 0 52 121 0 19 175 0 35 229 0 96 283 2 17 339 5 17 396 0 26 450 0.21 
56 0 62 122 0 36 176 0 46 230 0 36 284 1 72 340 4 03 397 0 21 4S1 0.23 
S7 1 12 123 0 34 177 0 39 231 0 31 235 2 13 341 1 68 398 0 12 4S2 0.27 
!9 23 61 124 0 61 178 0 15 232 0 56 286 0 72 342 0 56 399 0 18 453 0.22 
'0 9 31 125 0 37 179 0 30 233 0 75 287 0 41 343 1 12 400 0 IS 454 0.23 
n 1 15 126 0 53 ISO 0 16 234 0 44 238 0 50 344 0 63 401 0 16 455 0.1S 
n 37 78 127 0 86 181 0 34 235 0 33 289 0 15 345 2 71 402 0 22 456 0.15 
n 1 87 128 0 40 182 0 59 236 0 99 290 0 33 346 2 14 403 0 12 457 0.12 
74 0 98 129 0 31 183 0 29 237 0 70 291 1 19 347 0 66 404 0 31 4S8 0.29 
!S 1 81 130 0 36 134 0 48 238 0 57 292 1 18 348 0 77 405 0 22 459 0.23 
a 1 .02 131 0 79 1SS 0 52 239 0 43 293 1 05 349 0 73 406 0 12 460 0.36 
n 0 51 132 0 41 186 0 27 240 2 07 294 1 10 350 1 86 407 0 25 461 0.26 
rs 0 37 133 0 21 187 0 23 241 2 57 29S 0 42 351 3 92 408 0 21 462 0.36 
r9 0 49 134 0 35 188 0 44 242 1 25 296 0 62 353 53 33 409 0 16 463 0.22 
IS Rel Inc Mass Rel I nc Mass Ral Inc Mass Rel Inc Mass Rel Inc Mass Rel Inc Mass Rel Inc Mass Rel I n t 
14 0 22 518 0 36 S72 0 22 626 0 14 680 0 47 692 3 .09 705 0. 31 - 720 12.92 
i5 0 22 519 0 31 573 0 25 627 0 16 681 0 14 693 0 .89 706 3. 13 721 3.54 
>6 0 24 520 0 20 374 0 42 623 0 23 682 0 30 694 0.20 707 0 95 722 0 .51 
17 0 14 521 0 14 575 0 26 629 0 63 683 0 10 695 0. 36 708 0 12 732 0.04 
13 0 24 522 0 22 576 0 17 630 0 19 684 0 13 696 0.27 712 0 04 733 0.15 
19 0 13 523 0 22 577 0 19 631 0 34 685 0 11 697 0.43 713 0 25 734 1.15 
'0 0 13 524 0 16 578 0 11 632 0 43 636 1 62 698 0.45 714 0. 25 735 21.25 
'1 0 16 525 0 18 579 0 16 633 0 24 687 0 51 699 0 12 7 IS 0 36 736 10.00 
'2 0 26 526 0 18 580 0 21 634 0 31 688 0 23 700 0.69 716 3 SI 737 1.69 
3 0 35 527 0 22 581 0 20 635 0 31 689 0 OS 701 0 23 717 1 18 738 0.20 
'4 0 41 528 0 13 582 0 16 636 0 43 690 1 27 702 0.13 718 0 34 764 0.04 
5 0 27 529 0 17 S33 0 16 637 0 23 691 0 68 704 0. 48 719 0 12 
6 0 32 S30 o 17 

31 
384 
S85 

o 16 
11 

638 o 
7 0 25 531 0 

17 
31 

384 
S85 0 

16 
11 639 0 18 

3 0 20 532 0 29 386 0 30 640 0 14 
'9 0 21 533 0 29 587 0 21 641 0 14 
0 0 14 534 0 25 538 0 61 642 0 61 
11 0 14 535 0 16 589 0 31 643 0 51 
2 0 18 536 0 .14 590 0 29 644 0 27 
3 0 11 537 0 12 591 0 19 645 0 69 
4 0 26 S38 0 20 592 0 33 S46 0 49 
5 0 16 539 0 15 593 0 11 647 0 31 
6 0 21 540 0 21 594 0 24 648 1 78 
7 0 16 541 0 . 2 1 595 0 30 649 1 36 
a 0 34 542 0 .16 596 0 14 6S0 0 47 
9 0 21 543 0 08 597 0 20 651 0 I S 
0 0 46 544 0 08 398 0 13 652 0 88 
1 0 26 545 0 . 2 1 399 0 08 653 0 16 
2 0 19 546 0 .33 600 0 13 654 0 26 
3 0 24 547 0 26 601 0 47 655 0 14 
4 0 14 548 0 .22 602 1 22 656 0 52 
5 0 16 549 0 19 603 0 46 657 0 21 
i 0 13 550 0 21 604 0 50 658 0 36 
7 
a 

0 
0 

22 
18 

551 
352 

0 
0 

15 
26 

605 
606 

0 
0 

13 
24 

659 
660 

0 
0 

22 
31 

9 0 20 533 0 17 607 0 24 661 0 16 
0 0 23 554 0 16 608 0 26 662 0 67 
I 0 18 555 0 09 609 0 IS 663 0 36 
2 0 29 S56 0 12 610 0 12 664 0 36 
3 0 25 537 0 06 611 0 18 66S 0 14 
4 0 34 558 0 17 612 0 17 666 0 82 
5 0 23 5S9 0 19 613 0 15 667 0 2S 
6 0 20 560 0 26 614 0 22 668 0 26 
7 
a 

0 
0 

18 
13 

S61 
562 

0 
0 

21 
19 

615 
616 

0 
0 

34 
35 

669 
670 

0 
0 

11 
53 

9 0 11 S63 0 17 617 0 47 S71 0 35 
0 0 15 564 0 .12 SIS 0 43 672 1 01 
1 0 21 SS5 0 13 619 0 32 673 0 30 
2 0 10 566 0 21 620 0 18 674 0 24 
3 0 22 567 0 26 621 0 62 675 0 23 
4 0 20 568 0 23 622 0 51 676 2 64 
5 0 14 569 0 16 623 0 27 677 1 29 
6 0 13 570 0 09 624 0 33 678 0 69 
7 0 19 571 0 09 625 0 28 679 0 19 
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64 
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/ 2.53 1 . . j T 392 

No. 21. 

738 
, 6}1 

IB® 2QB 38B 4 Q Q saa 7BB 

Mass Rel I nc | Mass Rel Inc 1 Mass Rel Inc Mass Rel Inc 

20 2 . 24 37 0. 50 163 0.54 254 1.56 
21 0 . 10 88 0. 35 164 0.13 254 1.83 
24 0 35 90 0. 47 167 0 .81 256 0 .97 
25 0. 53 92 20 . 77 169 S.08 2S7 0.2S 
26 2 57 93 8 01 170 1.45 262 0.81 
27 1 43 94 0 72 171 0.26 262 0 .71 
28 10 83 95 2 02 174 0.61 264 0.33 
29 1 04 96 0 20 175 0.13 268 0.23 
31 22 18 93 0 81 176 1.29 269 0.90 
32 0 62 99 1 22 178 0.46 270 0.52 
33 0 17 100 4 82 181 5.19 272 0 .98 
35 0 63 101 0 47 182 0.83 273 11.71 
36 0 41 102 0 62 133 1.31 273 12 .06 
37 2 02 103 0 08 134 0.1S 274 2 .31 
38 4 67 105 2 51 136 0.25 276 2.42 
39 4 93 106 a 57 138 0 . 9 1 276 1.30 
40 0 24 107 0 50 189 0.08 277 0.21 
41 0 19 108 0 23 193 2.16 279 0 .40 
42 0 22 109 a 13 194 1.S6 281 1.85 
43 0 35 110 0 29 195 1.07 232 0 .39 
44 a 57 111 0 17 193 0 .81 283 1.43 
45 0 37 112 i 26 200 6.87 285 0.12 
46 0 75 113 0 43 201 0.48 288 0 .51 
47 0 67 114 0 16 202 0 .26 289 1.34 
48 0 28 117 3 85 205 1.S6 290 1.63 
SO 15 76 118 0 26 206 1.54 291 0.15 
51 5 17 119 a 80 207 0.53 292 0 .34 
52 3 04 120 0 40 210 0.05 295 5 .90 
53 1.85 121 0 24 212 2 .11 296 0 .61 
55 2 51 124 3 43 213 0.26 299 0 .24 
56 a 65 125 0 SI 214 0 .41 300 3 .68 
57 i 05 126 0 13 219 1.02 301 0.51 
61 l 06 128 0 32 220 1.61 302 0.07 
62 4 71 129 0 14 220 1.41 303 0.76 
63 16 37 131 2 90 221 0.95 304 3 .74 
64 22 27 132 0 48 223 2.93 30S 0.40 
65 4 12 133 0 14 223 2.64 311 0 .81 
66 1 23 136 0 35 225 2 .44 312 0 .33 
67 0 64 137 0 45 226 6.07 314 0 .67 
69 100 00 138 0 49 227 0.50 317 0.90 
70 1 20 140 0 13 231 0 .98 318 0.13 
71 0 25 143 1 S8 232 0 .31 320 0.88 
74 7 66 144 0 44 233 0.72 - 321 0.72 
75 19 37 145 0 23 236 0.24 122 1.01 
76 15 40 147 0 SO 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 1.87 326 0.28 
81 2 55 151 0 52 244 1.00 333 0.23 
82 0 93 152 0 33 245 1.50 338 0.72 
83 0 50 1SS 2 OS 249 0.24 339 1.17 
84 0 09 156 0 .24 250 3.01 340 0.09 
35 0 .77 157 0 .16 252 0.09 344 0.44 
36 1 .45 162 3 92 253 0.13 34S 0.30 

Mass Rel Inc Mass Rel Inc Mass Re l InC Mass Rel Inc 

354 2 .02 423 0 09 5S3 0.15 639 0.21 
356 0 .08 42S 0 28 363 0.28 641 0.26 
361 0 56 445 0 .04 569 0.36 652 0.75 
363 0 .92 453 0 16 571 0.14 659 0.09 
364 4 .67 463 0 08 572 0.20 660 0 .21 
365 0 .67 472 0 .17 373 0.16 661 o . ia 
370 0 .11 475 0 13 383 1.40 669 0.18 
373 6 . 5 1 491 0 .18 584 1.07 670 0.26 
374 0 .89 494 0 .13 585 0.13 679 0.11 
380 0 .43 503 0 .10 588 0.24 680 2.29 
389 0 .17 511 0 .62 591 2.09 681 0.32 
391 3 .35 515 0 . 1ft 592 0.44 683 0.22 
392 S .35 522 1 .19 611 3.96 689 2.33 
393 0 .36 523 0 .17 612 0.67 690 0.63 
394 0 .12 534 0 . 2 1 619 0.36 707 0.91 
403 0 .14 539 0 .31 620 0.43 708 20.07 
403 2 .79 341 0 .24 621 0.16 709 5.24 
409 0 .69 542 0 .15 634 0.13 710 0.72 
418 0 .22 543 0 .14 638 0.S2 
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No. 24. 

722 

685 er>c-
536 537-N 6 2 5

 7 a 3 

i a a 2aa 388 saa saa 7BQ 

Mass Rel Inc | Mass Rel I nc | Mass Rel Inc | Mass Rel InC Mass Rel Inc | Mass Rel Inc j Mass Rel Inc j Mass Rel Inc 

20 0 08 8 7 4 1 7 1 4 1 0 34 197 2 13 2 5 1 2 5 9 3 0 6 0 80 '364 0 64 4 2 1 0 . 6 7 
as 0 1 2 88 6 1 9 1 4 2 1 53 198 3 72 2 5 2 1 04 3 0 7 1 35 365 0 3 7 4 2 2 9 . 0 3 
27 0 86 8 9 1 0 0 00 143 7 4 5 199 1 53 2 5 3 S 8 2 3 0 8 14 7 7 366 1 61 423 1 . 5 0 
23 4 42 90 4 9 2 4 144 1 80 200 19 70 2 5 S 0 9 8 3 0 9 3 9 3 9 367 1 07 4 2 4 0 . 3 2 
2 9 0 17 9 1 4 2 9 1 4 S 0 81 2 0 1 2 95 256 2 3 3 3 1 0 5 3 7 363 1 63 4 2 5 0 . 1 9 
3 1 1 3 9 92 3 SO 1 4 S 0 94 202 2 5 7 2 5 7 2 79 3 1 1 0 5 6 369 0 42 4 2 7 0 . 1 6 
32 1 5 5 93 8 5 2 1 4 7 2 3 0 203 0 4 3 258 6 94 3 1 2 0 4 4 370 0 28 428 0 . 2 1 
3 S 0 2 0 94 1 61 1 4 8 0 57 204 0 2 7 2 5 9 17 93 3 1 3 0 60 371 a 15 4 2 9 0 . 1 0 
3 7 0 3 4 9 5 0 7 8 1 4 9 0 64 205 7 7 7 260 2 43 3 1 4 1 28 372 0 12 4 3 1 0 . 3 4 
33 2 2 7 9 6 0 5 S I S O 3 84 206 3 13 2 6 1 0 5 2 3 1 5 0 so 374 0 68 4 3 2 1 . 1 5 
39 19 1 9 9 7 0 43 1 5 1 2 15 207 4 23 262 1 8 3 3 1 6 1 33 3 7 5 I 33 4 3 3 0 . 2 3 
40 3 49 9 8 0 3 9 1 5 2 1 75 203 10 73 263 1 30 3 1 7 5 74 376 l 04 4 3 4 0 . 0 8 
4 1 0 67 9 9 0 5 7 1 5 3 0 46 209 14 90 2 6 4 3 9 5 3 1 8 12 13 377 5 18 4 3 6 0 . 4 3 
42 0 2 1 1 0 0 s 93 1 5 4 13 13 210 1 7 7 265 1 09 3 1 9 2 00 378 29 04 4 3 7 0 . 4 9 
43 1 17 1 0 1 1 3 3 1 5 5 6 19 2 1 1 1 09 2 6 S 1 12 3 2 0 1 14 379 4 42 4 3 8 0 . 2 1 
44 0 65 1 0 2 0 86 1 5 6 0 90 212 5 4 3 2 6 7 4 7 3 3 2 1 0 3 4 380 0 60 4 3 9 0 . 6 4 
4 5 0 1 8 1 0 3 1 4 0 1 5 7 0 69 2 1 3 4 80 2 6 8 6 5 0 3 2 2 0 3 9 381 0 12 4 4 0 0 . 1 8 
45 0 47 1 0 4 1 5 5 1 5 8 1 S3 214 2 8 7 2 6 9 5 3 7 3 2 3 0 3 7 382 0 17 4 4 1 0 . 1 0 
47 0 66 1 0 5 2 3 2 3 1 5 9 0 94 215 0 5 7 2 7 0 7 13 3 2 4 0 52 383 0 41 4 4 4 0 . 1 1 
49 0 13 1 0 6 2 1 4 6 I S O 0 22 216 0 5 1 2 7 1 1 94 3 2 5 1 2 2 384 0 43 445 0 . 0 9 
50 8 40 1 0 7 2 7 3 1 6 2 9 72 2 1 7 1 06 272 0 7 7 3 2 7 1 1 3 0 3 3 5 0 28 4 4 6 0 . 1 0 
5 1 22 22 1 0 8 0 7 9 1 6 3 2 23 218 3 5 8 2 7 3 0 67 3 2 3 1 3 7 3 8 6 3 74 4 4 7 0 . 3 1 
52 2 1 46 1 0 9 14 3 9 1 6 4 2 39 219 6 2 5 2 7 4 1 03 3 2 9 0 2 6 387 61 36 4 4 8 0 . 3 3 
S3 6 69 1 1 0 1 1 4 1 6 5 1 5 6 220 3 2 83 2 7 5 1 06 3 3 0 0 1 0 388 10 04 4 4 9 0 . 1 5 
5 4 0 54 1 1 1 0 2 3 1 S S 1 99 2 2 1 1 1 49 2 7 6 1 33 3 3 1 0 09 3 8 9 1 44 4 5 0 0 . 0 7 
55 1 28 1 1 2 1 7 5 1 6 7 1 39 2 2 2 1 13 2 7 7 1 03 3 3 2 0 61 3 9 0 0 3 1 4 5 1 0 . 1 0 
56 0 2 1 1 1 3 0 8 2 1 6 8 1 1 0 2 2 3 0 38 2 7 8 1 77 3 3 3 1 3 6 3 9 1 0 3 0 4 5 5 0 . 0 8 
5 7 0 5 4 1 1 4 1 4 7 1 6 9 1 5 47 224 2 02 2 7 9 0 5 4 3 3 4 1 06 392 0 3 1 4 5 6 0 . 2 S 
53 0 15 1 1 5 1 1 0 1 7 0 3 7 1 2 2 5 3 66 2 8 0 0 69 3 3 5 4 92 3 9 3 0 2 S 4 5 7 0 . 1 5 
59 0 2 2 1 1 6 4 2 9 1 7 1 2 3 0 2 2 6 2 34 2 8 1 1 4 4 3 3 6 7 8 9 3 9 4 1 32 4 5 3 0 . 2 4 
S I 0 67 1 1 7 3 7 7 1 7 2 0 3 9 2 2 7 0 60 282 1 9 6 3 3 7 28 54 3 9 5 0 39 4 5 9 0 . 1 7 
62 8 40 1 1 8 0 34 1 7 3 0 2 5 228 6 12 283 3 19 3 3 3 6 06 3 9 6 0 I S 4 6 0 0 . 1 3 
63 49 24 1 1 9 3 1 9 1 7 4 2 3 8 2 2 9 0 95 284 2 3 5 3 3 9 1 47 3 9 7 0 23 4 6 3 0 . 1 2 
64 10 29 1 2 0 1 5 9 1 7 5 1 61 2 3 0 1 45 285 1 14 3 4 0 0 32 398 0 22 4 6 4 0 . 1 7 
65 4 86 1 2 1 1 94 1 7 6 1 88 2 3 1 4 43 286 5 7 4 3 4 1 0 3 1 399 0 1 7 4 6 5 0 . 1 5 
66 6 1 9 1 2 2 0 5 1 1 7 7 0 87 2 3 2 3 41 2 8 7 3 9 3 9 3 4 2 0 42 4 0 0 0 14 4 6 6 0 . 1 5 
67 2 83 1 2 3 0 4 1 1 7 8 2 59 2 3 3 1 96 2 3 8 1 0 3 5 343 0 23 4 0 1 0 14 4 6 7 0 . 7 2 
69 85 86 1 2 4 4 4 3 1 7 9 0 43 2 3 4 1 04 2 3 9 1 2 5 6 3 4 4 0 1 9 4 0 2 0 32 4 6 8 0 . 2 8 
70 1 18 1 2 5 1 2 5 1 3 1 18 94 2 3 5 1 20 290 13 5 7 3 4 5 0 15 4 0 3 0 68 4 6 9 0 . 2 2 
7 1 0 2 6 1 2 S 0 3 2 1 3 2 S 44 2 3 6 6 44 2 9 1 1 S3 3 4 6 0 27 4 0 4 2 45 4 7 0 0 . 1 2 
73 0 2 6 1 2 7 2 5 1 1 3 3 3 3 1 2 3 7 22 73 2 9 2 3 2 8 3 4 7 0 7 9 4 0 5 13 45 4 7 1 0 . 0 7 
74 3 87 1 2 8 0 65 1 3 4 0 68 2 3 8 1 7 42 2 9 3 1 OS .. 3 4 8 0 53 4 0 6 55 5 6 4 7 5 0 . 1 0 
75 6 00 1 2 9 0 2 8 1 8 5 0 23 2 3 9 16 92 2 9 4 2 67 3 4 9 0 3 5 4 0 7 8 7 8 4 7 7 0 . 5 9 
76 5 62 1 3 0 0 47 1 3 6 1 22 240 20 20 2 9 S 0 7 5 3 5 0 0 40 4 0 8 1 2 0 4 7 8 0 . 1 3 
77 38 S4 1 3 1 7 13 1 8 7 1 63 2 4 1 2 70 2 9 S 1 42 3 5 2 3 14 4 0 9 a 2 4 4 8 0 0 . 1 3 
78 38 89 1 3 2 1 64 1 8 3 7 4 5 242 2 33 2 9 7 2 3 5 3 5 3 5 62 4 1 0 0 08 4 8 1 0 . 1 6 
79 3 16 1 3 3 0 9 8 1 3 9 1 0 1 0 243 6 69 298 1 69 3 5 4 1 2 6 4 1 2 0 17 4 3 2 0 . 2 0 
80 0 3 1 1 3 4 1 2 0 1 9 0 1 0 42 244 3 44 2 9 9 0 65 3 5 3 0 3 6 4 1 3 0 2 2 483 0 . 2 0 
3 1 1 4 5 1 3 5 1 S S 1 9 1 1 3 9 245 1 47 3 0 0 7 5 8 3 5 6 0 36 4 1 4 0 12 4 8 4 0 . 1 5 
82 0 42 1 3 6 1 4 5 1 9 2 0 62 2 4 6 1 39 3 0 1 5 3 1 3 5 7 0 36 4 1 6 0 17 4 8 5 a . I S 
33 1 3 4 1 3 7 1 00 1 9 3 7 07 247 1 39 3 0 2 5 74 3 5 8 3 39 4 1 7 a 39 4 8 6 0 . 3 4 
34 0 15 1 3 8 2 08 1 9 4 3 23 2 4 8 1 42 303 2 5 7 3 5 9 2 75 4 1 8 0 2 1 4 8 7 0 . 1 7 
35 0 40 1 3 9 0 5 6 1 9 5 3 33 249 3 96 3 0 4 0 5 8 3 6 1 35 10 4 1 9 0 28 4 8 3 0 . 2 2 
36 1 80 1 4 0 1 2 2 1 9 6 2 I S 250 9 03 3 0 5 1 03 363 0 4 5 4 2 0 0 . 3 7 4 8 9 0 . 5 3 

Mass Rel I nc | Mass Rel I n c | Mass Rel Inc | Mass. Rel Inc 

4 9 0 0 1 4 5 3 7 1 0 7 5 8 5 0 3 6 6 5 4 0 3 0 
4 9 1 0 06 5 3 8 0 . 2 S 5 8 6 a 56 6 5 5 0 84 
4 9 3 0 1 1 5 3 9 0 1 7 5 8 7 0 2 1 6 5 6 0 22 
4 9 4 0 1 2 5 4 3 0 09 5 8 8 0 13 6 5 9 0 3 9 
4 9 5 0 1 2 5 4 5 0 1 9 5 9 0 0 09 6 6 0 0 1 1 
4 9 6 0 13 5 4 6 0 1 0 5 9 1 0 08 6 6 5 0 15 
4 9 7 0 63 5 4 7 0 1 0 5 9 5 0 OS 6 6 6 0 7 5 
4 9 8 0 2 5 5 4 8 0 66 5 9 7 3 5 5 6 6 7 0 2 0 
4 9 9 0 08 5 4 9 0 14 5 9 8 1 9 4 S 7 3 0 1 8 
5 0 1 0 0 7 5 5 0 0 0 3 5 9 9 0 3 4 6 7 4 0 46 
SOS 1 4 0 5 5 2 0 1 2 S 0 2 0 2 8 S 7 5 0 3 1 
5 0 6 0 3 9 5 5 3 0 9 7 6 0 3 0 09 6 7 6 0 0 8 
507 0 2 4 5 5 4 0 2 7 6 0 4 a 0 7 S 7 9 0 3 7 
508 0 8 1 5 5 5 0 40 6 0 5 5 1 1 6 8 0 0 10 
509 0 2 5 5 5 6 0 2 6 6 0 6 1 3 1 683 0 2 9 
5 1 0 0 1 3 5 5 7 0 4 1 S 0 7 0 2 0 6 8 4 0 22 
513 0 1 3 5 5 8 0 2 1 6 1 0 0 0 5 685 0 08 
5 1 4 0 1 9 5 5 9 • 06 6 1 3 0 08 6 8 8 0 06 
5 1 5 0 1 5 5 6 0 0 . 1 2 6 1 4 0 2 3 6 9 3 0 32 
5 1 6 0 2 7 5 6 3 0 14 6 1 5 0 1 2 6 9 4 2 97 
5 1 7 0 5 9 5 6 4 0 3 4 6 2 0 0 1 0 6 9 5 0 7 1 
S 1 8 0 I S 5 6 5 0 . 2 3 6 2 5 8 . 4 0 6 9 6 0 1 1 
S 1 9 0 1 1 5 6 6 0 1 5 S 2 S 2 0 5 7 0 1 0 07 
5 2 0 0 1 1 5 6 7 0 . 2 1 S 2 7 0 3 6 7 0 2 0 2 6 
5 2 1 0 0 9 5 6 8 .0 07 6 3 3 0 62 7 0 3 3 3 1 

88 524 0 as 5 6 9 0 0 9 6 3 4 0 86 7 0 4 0 
3 1 
88 

5 2 5 3 3 8 5 7 0 0 2 3 63 S 0 . 2 9 7 0 5 a 1 7 
5 2 6 0 80 5 7 1 0 1 0 6 3 6 0 07 7 0 7 o 08 
5 2 7 0 3 0 5 7 2 0 . 0 7 6 3 8 0 13 7 2 0 o 1 1 
528 0 1 5 5 7 5 0 . 1 8 6 3 9 0 05 7 2 1 3 1 7 
5 2 9 0 3 4 5 7 7 1 06 6 4 6 0 10 7 2 2 S I 62 
530 0 1 1 5 7 8 0 3 1 6 4 7 0 . 1 1 7 2 3 1 6 1 0 
S 3 2 0 1 0 579 0 1 1 6 4 8 0 3 9 724 2 48 
533 0 3 5 5 8 0 0 . 0 6 6 4 9 0 10 7 2 5 0 2 6 
5 3 4 0 2 2 5 8 2 0 07 6 5 1 0 40 

2 6 

5 3 5 0 2 6 5 8 3 0 5 3 6 5 2 0 87 
5 3 6 3 5 2 5 8 4 0 . 2 0 6 5 3 0 . 78 

C . 26 . 



VHrW. 14̂ 5 ( 24 . 085 ) 
No. 25 

Mass Rel Inc | Mass ~n\ int | Mass Rel InC Mass Rel Inc Mass Rel Inc Mass ~«1 Cnc Mass Ral Inc Mass Rel Int 

20 4 .69 8 6 1.07 144 1.23 214 5 .11 275 1 OS 3 3 3 .76 390 1 .38 519 0 . 3 ' 
24 0.93 87 1.15 145 2 IS 215 1.37 276 2 3 4 3 3 4 .31 391 0 .27 533 0 .4< 
25 0.95 8 8 0.91 146 0 63 216 0 . 9 0 277 1 15 335 .30 392 0 .31 534 0.3( 
26 3 . i a 89 1.67 143 0 27 219 4.62 278 0 IS 336 69 394 0 .91 536 0 .21 
27 1 . 8 1 90 3 .68 ISO 6 68 220 2 . 11 279 1 37 3 3 7 .39 395 0 .67 541 0 .3 ' 
28 21.02 91 •1.76 151 1 53 221 1.74 280 1 01 338 .72 396 0 .34 545 0 .2' 
29 1 . 3 7 92 25.28 152 1 65 2 2 2 0.48 231 1 90 339 1 .76 397 0 .18 553 0.8! 
31 13 .64 93 i 2 . 16 153 0 60 223 2 . 29 282 1 60 340 1 IS 393 0 .36 561 0 . 2 : 
32 0 . 3 3 94 2.93 154 0 75 224 1.30 283 . 1 09 341 .67 399 0 .19 562 0.21 
35 5 .04 95 D.66 155 2 97 225 1.74 284 0 56 342 .01 405 0 .18 564 l . o : 
3S 1.94 96 0 .83 156 0 97 226 3 .25 285 1 4 4 343 .40 405 0 .87 565 0.4! 
37 2.65 98 0 .59 157 0 53 227 1.46 286 1 33 344 .60 406 0 .55 566 0 .11 
38 4 .76 98 0 .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 . 6 6 238 1 97 346 .33 408 0 .56 582 0 .31 
40 0 .24 100 1 1 . 3 6 163 1 12 230 0 .44 289 2 01 347 .82 409 0 .53 584 0.4: 
41 0 .54 101 1 .92 164 1 01 231 1.31 290 0 51 348 79 410 0 28 585 0.2 ' 
42 0 . 26 102 1.75 165 0 50 232 1.21 292 15 34 349 z .58 415 0 31 592 0 .3' 
43 1.19 103 1.14 166 1 69 233 0 . 6 9 293 2 89 350 ; . 4 4 416 0 .43 605 0 .SI 
44 2.04 104 0 .90 167 1 33 235 0.32 294 1 53 351 r. .29 417 0 .41 612 0.2! 
45 0 . 3 9 105 1 .67 163 1 86 237 1.86 295 1 0 0 352 !} 26 413 0 62 613 0.5: 
47 2.52 106 0 .99 169 1 38 238 2 . 5 2 296 1 15 353 0 .25 419 0 57 614 0 . 4 : 
4a 0 .49 107 1 .37 170 1 62 239 3.55 297 0 89 354 L .62 422 2 77 620 a .6: 
50 19.32 108 0 . 2 2 171 0 87 240 2 . 1 5 298 1 60 355 •] .84 423 0 73 633 1.3i 
51 4 .76 109 U.30 172 0 25 243 58.24 299 2 13 356 46 424 0 .51 634 0.5> 
52 4 .69 110 0 .29 174 2 88 244 6.04 300 1 4 4 357 •) . 3 3 42S 0 39 63S 0.2: 
53 1.06 111 0 .70 175 0 60 245 1.09 301 1 24 353 0 41 432 0 32 641 0.4 
54 0 . 6 1 112 2 .04 176 3 05 246 1.62 302 0 so 359 0 .39 435 0 .53 642 0.2 
55 2.50 113 1.13 177 2 20 247 0.78 304 2 81 360 2 50 436 0 .79 645 0.3 
56 0 .42 114 0 .55 178 0 71 249 0.94 305 1 42 361 4 51 437 0 46 652 0 .4 
57 1. 23 115 0.90 181 2 18 250 5.54 306 0 31 362 i 85 439 0 38 653 2.3 
59 0.23 116 1 .58 132 1.11 251 2 . 68 307 1 03 363 n 68 446 0 .72 654 0.7 
51 1 . 5 1 117 0 .80 133 1 03 252 2 . 3 1 308 0 9 9 364 0 65 447 0 54 661 0.8 
62 4 . IS 118 0 .93 134 0 59 253 0.96 309 0 60 365 33 448 0 17 662 0.6 
63 39.20 119 i .09 185 0 19 254 2 . 10 310 0 92 366 6 6 463 0 71 665 0.6 
64 59.09 120 a. 82 187 1 99 255 0.92 311 0 31 367 1 23 464 0 56 673 0 .3 
65 10.72 121 a .32 138 1 63 256 2 . 2 2 312 0 25 368 0 69 465 0 31 674 0.3 
66 3 . 59 122 rt.20 139 0.44 257 1.94 313 0 53 369 a 32 467 0 47 675 0.3 
67 . 1-23 124 4 . 3 1 192 1 14 258 1.30 314 0 53 370 0 54 472 0 25 681 4.2 
69 9 5 . 4 5 125 : . .21 193 4 62 259 2 . 2 2 315 0 54 371 0 59 475 0 32 682 1.3 
70 4.46 127 1.88 194 4 69 260 0 .38 316 a 92 372 a 67 477 0 32 683 0.6 
71 2 . 5 4 127 0 . 9 6 195 1 21 261 0.45 317 0 91 3 73 i 56 484 0 28 689 0.4 
73 2 .7S 128 1.63 196 1 23 262 0 .95 318 I 7 6 374 59 487 0 22 690 0.5 
74 17 . 6 8 129 0 . 1 9 197 1 99 263 2 .18 319 3 46 37S z 69 489 0 38 693 0.5 
75 71.88 130 :> .88 193 0 .51 264 4 .90 320 3 04 376 0 54 491 4 30 701 0.4 
76 1Q0.00 131 3.55 200 9 94 26S 0.86 321 ; -1 90 377 0 54 492 0 73 702 0.4 
77 1 8 . 7 5 132 0 . 2 1 201 1 76 266 3 .30 322 0 SS 378 !) 40 493 0 30 703 1.9 
78 3 .02 133 11 .24 202 1 17 267 3 .66 323 0 93 380 0 47 495 0 44 704 0.4 
79 5 . 6 8 136 0 . 1 9 204 0.60 268 1.11 324 0 31 381 1 24 505 0 51 709 1.1 
80 4 .40 137 ').78 205 3 .04 269 4.24 325 0 92 382 0 30 507 0 90 710 0.4 
81 5 .40 138 2 .86 206 0 .50 270 4.55 326 1 40 333 32 508 0 36 711 0.4 
82 0 .93 139 7 .32 207 2 .86 271 2 . 39 327 0 75 384 0 15 509 0 28 712 0.2 
83 0 .88 140 1 .46 208 1 .03 272 1.19 328 0 49 386 0 24 512 0 31 721 1.5 
84 0 . 4 3 141 0 .47 209 1 .92 273 1.88 330 0 4 7 387 i. 44 516 0 41 722 2.2 
85 2 . 4 5 143 .39 212 1 .23 274 0.77 332 1 23 389 10 517 0 33 723 0.6 

Mass Rel Inc Mass r . t i Inc Mass Rel Inc Mass Rel I n t 

729 0 .28 740 - .44 759 « 13 779 15 .91 
730 0 .34 741 0 . 3 0 760 2 .02 730 2 . 8 1 
731 2 .41 749 1.23 761 0 .25 
732 0 . 8 1 750 1 .40 777 0.47 
739 0.2O 751 1 .76 778 43 .86 
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No. 26. 

_29ja_ 3sa saa 73B 

792 

8BB 

Rel Inc Mass Rel Inc Mass Rel tnc Mass Rel Inc Mass He! Inc Mass Rel Inc Mass Rel Inc Mass Rel Inc 
5 78 84 0 61 139 0 86 197 0 29 262 0 13 319 0 22 380 0 27 451 0 .12 
0 09 35 2 04 140 0 56 19a 0 10 263 0 39 320 0 31 331 0 23 452 0.07 
0 85 36 1 36 141 0 32 200 2 26 264 0 76 321 0 19 382 0 22 453 a.06 
1 23 87 1 80 142 0 57 201 0 41 265 0 41 322 0 21 333 0 07 458 0.06 
3 97 39 41 7S 143 1 53 202 0 14 266 0 24 323 0 10 384 0 10 460 0.12 
2 68 90 23 14 144 0 34 203 0 09 267 0 20 324 0 13 386 0 i a 460 0.07 

100 00 91 10 90 145 0 46 205 0 60 268 0 30 326 0 20 387 0 32 461 0 .14 
3 76 92 13 30 146 0 21 206 0 25 269 0 33 327 0 18 388 0 12 463 0.03 
0 52 93 12 97 147 0 14 207 0 37 270 0 42 323 0 07 389 0 34 465 0.06 

16 02 94 2 SS 148 0 17 203 0 42 271 0 3S 329 0 16 390 0 32 466 0.05 
S 32 95 3 47 149 0 35 209 0 45 271 0 13 330 0 14 391 0 06 476 0.09 
0 55 96 0 85 150 2 24 211 0 15 273 0 22 331 0 13 392 0 07 478 0.26 
2 54 97 0 45 151 1 45 212 0 13 274 0 20 332 0 19 393 0 04 478 0.20 
2 34 98 0 55 152 2 43 214 0 81 276 0 51 333 0 33 394 0 08 481 0.09 
3 19 99 2 11 133 1 30 216 0 IS 277 0 49 334 0 41 395 0 16 485 0.07 
4 39 100 6 32 154 0 38 218 0 20 273 0 64 335 0 42 396 3 19 486 0.08 

13 23 101 1 13 135 1 21 219 0 55 279 0 17 337 0 33 398 0 05 489 0.08 
2 34 102 1 36 156 0 19 220 0 55 280 0 30 338 0 16 401 0 21 493 0.05 
0 84 103 1 15 157 0 14 221 0 45 281 0 40 339 0 28 402 0 28 498 0.08 
0 88 

96 
104 2 46 158 0 35 222 0 13 232 0 40 340 0 12 403 0 39 S03 0.15 

0 
88 
96 105 5 72 159 0 32 223 0 18 283 0 44 341 0 03 404 0 IS 505 0.42 

4 65 106 4 52 ISO 0 14 224 0 11 284 0 54 342 0 25 40S 0 13 506 0.17 
5 05 107 1 75 161 0 19 225 0 49 234 0 22 343 0 22 406 0 05 507 0.13 
0 36 108 1 28 162 0 84 226 0 56 236 0 30 344 a 14 407 0 09 503 0.07 
4 16 109 3 19 163 0 70 228 0 22 287 0 32 345 0 15 408 0 20 S09 0.07 
0 SO 110 0 70 164 1 16 231 0 27 283 0 26 346 0 53 409 0 14 510 0.12 

16 16 111 0 48 165 1 98 232 0 15 289 0 39 , 347 0 39 410 0 14 S l l 0.05 
11 70 112 1 45 166 0 74 233 0 32 290 0 44 348 0 25 412 0 07 519 0.07 
10 84 113 0 47 167 0 26 234 0 37 292 1 93 349 0 23 413 0 04 S21 0.09 

3 61 114 0 38 168 0 49 235 0 11 293 0 37 350 0 15 414 0 07 S22 0 .11 
2 61 115 1 35 169 0 90 237 0 IS 294 0 32 351 0 16 417 0 06 324 0.03 
0 98 116 3 22 170 0 37 238 0 39 29S 0 20 352 0 24 418 0 09 526 0 .11 
1 23 117 1 40 171 0 IS 239 0 39 296 0 09 353 0 24 419 0 IS S29 0.07 
0 16 118 0 52 172 0 10 239 0 22 296 0 10 354 0 35 420 0 07 530 0.15 
0 15 119 1 56 174 a 69 240 0 27 297 0 07 355 0 16 421 0 11 531 0.10 
0 25 120 0 69 175 0 36 241 0 09 298 0 05 356 0 OS 422 0 27 533 0.10 
1 63 121 0 62 176 0 57 243 6 12 299 0 27 3S3 0 17 423 0 07 534 0.Q4 

36 97 122 0 13 177 0 57 243 3 41 300 0 16 360 0 47 424 0 06 535 0.09 
23 67 123 0 66 178 0 42 245 0 57 302 0 26 361 0 86 425 0 06 533 0.06 

a 84 124 1 78 179 0 15 246 0 27 303 0 28 362 0 57 428 0 04 346 0.07 
5 65 125 0 52 180 0 49 246 0 15 304 0 31 363 0 24 429 0 10 S47 0.17 
2 93 126 0 46 181 0 92 249 0 13 305 0 32 364 0 19 430 0 13 543 0.10 

59 04 127 1 S I 132 0 36 250 0 50 306 0 96 365 0 15 431 0 12 549 0.10 
2 49 123 0 53 183 0 46 251 0 50 307 0 76 366 0 10 432 0 07 550 0.12 
1 08 129 0 21 184 0 22 2S2 0 53 308 0 21 368 0 34 433 0 03 551 O.06 

35 90 130 0 76 185 0 13 252 0 IS 309 0 13 369 0 17 43S 0 06 555 0.13 
32 18 131 2 48 187 0 34 253 0 52 310 0 13 370 0 16 437 0 29 556 0.10 
28 99 132 1 06 188 0 46 2S4 0 40 312 0 27 371 0 10 437 0 09 557 0.10 
17 29 133 0 62 190 0 58 2S6 0 40 313 0 18 372 0 12 438 0 16 553 0.16 

4 S2 134 0 22 191 0 58 257 0 33 314 0 14 374 0 76 446 0 11 539 0.10 
2 43 135 0 21 193 0 91 258 0 51 315 0 16 375 0 64 447 0 06 S63 0.10 
4 92 136 0 23 194 0 37 259 0 45 316 0 08 376 0 31 448 0 08 S67 0.27 
1 75 137 0 57 195 0 44 260 0 15 317 0 14 377 0 12 449 0 IS -563 0.11 
1 50 138 0 88 196 0 27 261 0 09 318 0 63 373 0 09 450 0 32 369 0.05 

Rel InC Mass Rel Inc Mass Rel Ine Mass Rel Inc 

0 08 621 0.08 668 0.38 722 0 12 
0 13 623 0 06 669 0 .11 723 0 36 
0 OS 623 0 IS 670 0.07 724 0 14 
0 09 626 0 19 673 0 .08 725 0 13 
0 32 627 0 24 674 0 .08 726 0 09 
0 14 628 0 12 675 0 .44 735 0 48 
0 08 629 0 06 676 0 .26 736 0 62 
0 09 630 0 04 677 0 .09 737 0 18 
0 06 631 0 OS 679 0 .12 743 0 .15 
0 04 632 0 06 680 0 .07 744 0 15 
0 06 634 0 .06 684 0 .09 745 0 .71 
0 07 635 0 .08 6S5 0.05 746 0 25 
0 37 637 0 06 687 0 .05 747 0 06 
0 .13 639 0 08 688 0 .04 749 0 .14 
0 12 645 0 .10 694 0 .07 753 0 .08 
0 .20 646 0 .08 69S 0 .93 734 0 .33 
0 .18 647 0 .61 696 0 .32 755 0 .10 
0 .07 648 0 .37 697 0 .09 763 0 .31 
0 .06 649 0 .13 698 0 .06 764 1 .43 
0 .09 652 0 .08 699 0 .05 765 0 .46 
0 .10 654 0 .06 703 0.18 766 0 .10 
0 .14 655 0 .18 704 0 .22 773 1 .60 
0 .12 656 0 .14 705 0 .11 774 0 .58 
0 .07 657 0 .09 707 0.12 775 0 .15 
0 .06 658 0 .07 708 0 .03 791 0 .33 
0 .08 659 0 .09 715 0 .09 792 12 .37 
0 08 661 0 .05 716 0 .17 793 4 .45 
0 .08 665 0 .06 717 0 .52 794 0 .79 
0 .17 666 0 .11 718 0 .16 795 0 .08 
0 .17 667 1 .16 721 0 .12 

C . 28 . 
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No. 27. 

278„ 
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w/2 160 zea 3BB 4Ba s a o ens 760 asa 

Ma3s Rel Inc 

41 2.25 
42 0.90 
43 2.13 
44 12.04 
4S 1.16 
47 3.45 
49 1.06 
50 15.04 
51 27.60 
52 30 .21 
S3 7.36 
55 4 .12 
SS 0.79 
57 0 .92 
61 0.55 
62 5 .01 
£3 50.73 
64 14 .13 
65 7.42 
66 12.63 
67 3.34 
69 72 .92 
70 2.02 
74 S.40 
75 3 .07 
77 55 .21 
78 56.25 
79 3 .07 
31 4.00 
62 1.79 
93 0 .37 
86 1.66 
87 1.33 
89 100.00 
90 78 .13 
91 40.39 
92 3.69 
93 15 .30 
94 2.13 

100 9 .31 
101 0.38 

Mass Rel InC 

103 2 .07 
104 2.25 
105 14.58 
106 11.07 
107 2.70 
109 6 .51 
112 1.32 
115 1.37 
116 4.23 
117 1.17 
119 2.34 
121 1.51 
124 2.54 
127 1.07 
123 0.90 
131 4.49 
132 2.75 
133 1.19 
138 0.92 
141 0.39 
143 3.66 
150 a.07 
1S1 2.29 
152 4.30 
153 1.99 
155 3.34 
158 1.14 
159 1.33 
162 2.65 
163 0.93 
164 1.89 
165 4.15 
166 1.66 
167 1.09 
169 2.05 
174 2.78 
176 1.69 
173 1.37 
179 1.00 
131 1.76 
192 1.76 

Mass Rel l a c 

133 1.55 
133 2.07 
139 1.50 
190 2.62 
191 1.90 
192 0.68 
193 4.30 
194 1.82 
195 2.23 
200 10.29 
201 0.34 
202 1.30 
205 1.97 
206 0.36 
207 1.14 
208 2 .20 
209 1.17 
211 0 .54 
213 1.69 
218 1.46 
219 3.39 
220 3 .11 
221 1.55 
225 1.51 
226 1.29 
223 2.78 
232 0 .65 
236 1.58 
237 1.35 
233 1.51 
239 1.50 
240 1.63 
243 37 .24 
246 1.09 
249 0.69 
251 1.48 
252 0.90 
256 3 .11 
257 0.67 
253 1.99 
259 1.12 

| Mass Rel Inc 

263 0 73 
264 1 45 
265 0 92 
266 2 29 
267 0 92 
268 1 37 
269 0 85 
270 0 87 
276 1 14 
277 1 S5 
278 4 02 
233 1 50 
286 2 29 
287 0 92 
289 0 64 
290 1 73 
294 0 31 
296 1 OS 
305 1 71 
306 3 40 
307 1 40 
316 0 70 
318 1 81 
333 a 69 
334 i 12 
346 a 35 
347 l 64 
348 I 11 
3 68 I 48 
375 2 21 
387 1 OS 
403 1 87 
661 0 68 
681 1 02 
778 0 75 
787 0 68 
906 6 77 
807 2 44 
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No. 28. 
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Mass Rel Int Mass Rel Int | Mass Rel Int | Mass Rel Int 

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 03 175 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 

C. 30. 
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No. 29. 

6 8 9 
3B9 

2BQ 3(38 

Mass Rel Int Mass Rel Int Mass Rel Int Mass Rel Int 
20 0 .05 97 0 .16 159 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 0 .36 107 0 .69 168 2 .95 233 0 .10 
33 0 .12 108 0 .30 168 1 .75 234 0 .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 .05 175 4 15 244 4.26 
45 2 .16 117 1 .85 176 0 .46 245 1.47 
46 0 .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 .86 134 0 .14 253 2 .10 
54 1 .04 125 0 .78 186 0 19 254 1.65 
55 0 .98 126 0 .35 138 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 0'3 270 3 .40 
74 1 .87 137 0 95 201 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 91 278 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 .27 216 40 42 288 0.42 
89 0.92 152 1 08 218 18 22 292 0.12 
90 0 .63 153 d .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 0 .38 222 0 31 297 0.47 
96 1 .18 158 0 .32 223 1 39 299 0.56 

Mass Rel In t Mass Rel I n t Mass Rel In t Mass Rel Int 

299 1 23 316 17 06 331 0 28 354 0.14 
300 0 45 317 0 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 86 325 0 42 343 9 93 663 0.10 
313 7 18 326 0 19 344 0 93 €82 1.27 
314 3 02 328 0 23 349 0 37 683 0.30 
315 5 90 330 0 14 350 0 11 

C. 31. 
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Mass Rel Inc | Mass Rel Int | Mass Rel I n t | Mass Rel In t 

20 0 30 
24 0 10 
25 0 28 
26 1 75 
27 5 11 
28 5 72 
29 3 84 
30 0 66 
31 2 79 
32 0 21 
33 0 07 
35 0 06 
36 0 10 
37 0 05 
38 0 09 
39 0 12 
40 0 07 
41 0 96 
42 1 39 
43 s 49 
44 2 49 
45 5 13 
46 0 29 
47 0 48 
48 0 04 
50 0 57 
51 0 23 
54 0 07 
55 0 20 
56 0 10 
57 0 58 
58 0 31 
59 0 04 
62 0 25 
63 0 06 
64 0 04 
65 0 08 
66 0 05 
67 0 04 
69 16 90 
70 1 54 
71 0 91 
72 0 .30 
73 1 49 
74 1 09 
75 0 .30 
76 0 .23 
77 0 06 
78 0 .06 
79 0 .14 
81 0 .65 
82 0 .22 
83 0 .06 
85 0 .35 

86 0 39 
87 0 11 
88 0 11 
92 1 03 
93 1 97 
94 0 17 
95 0 10 
96 0 06 
98 0 18 

100 2 00 
101 0 20 
102 0 05 
105 0 78 
106 0 13 
107 0 36 
109 0 23 
110 0 05 
112 0 56 
113 0 32 
114 0 22 
117 1 09 
118 0 04 
119 0 60 
120 0 36 
121 0 05 
124 1 59 
125 0 32 
126 0 08 
127 0 07 
129 0 06 
131 1 56 
132 0 40 
133 0 13 
134 0 12 
136 0 34 
137 0 32 
138 0 30 
143 0 68 
144 0 12 
147 0 89 
148 0 07 
148 0 12 
149 0 27 
150 0 67 
151 0 21 
152 0 10 
155 1 .24 
156 0 19 
157 0 04 
158 0 .07 
162 1 57 
163 0 .29 
164 0 .09 
167 0 17 

169 3 37 
170 1 70 
171 0 09 
174 0 39 
175 0 58 
176 0 11 
178 0 99 
180 0 48 
181 1 88 
182 1 36 
183 0 24 
184 0 06 
186 0 08 
186 0 08 
188 0 81 
189 0 04 
193 0 55 
194 0 18 
196 0 25 
198 1 75 
199 0 59 
200 3 46 
201 0 46 
202 0 26 
205 0 73 
206 0 14 
207 0 09 
208 0 09 
210 0 12 
212 0 81 
213 0 12 
214 0 14 
216 0 14 
217 0 03 
220 6 02 
221 0 50 
223 0 05 
224 0 15 
225 0 79 
226 0 10 
227 0 07 
228 0 73 
230 1 19 
231 0 67 
232 0 .48 
233 0 .89 
234 0 .12 
238 0 .69 
243 1 .00 
244 0 .07 
246 0 .34 
247 1 .05 
249 11 .50 
250 2 .20 

251 0 37 
256 1 80 
257 0 17 
260 0 06 
262 0 29 
263 0 07 
264 0 05 
266 0 10 
268 0 02 
269 0 15 
270 0 25 
271 0 05 
272 0 07 
273 0 08 
275 7 63 
276 0 48 
278 0 18 
279 0 16 
280 0 68 
281 0 09 
282 0 10 
283 0 06 
284 0 03 
286 0 07 
288 0 99 
289 1 56 
290 0 30 
291 0 04 
296 0 19 
297 0 27 
298 0 11 
299 0 38 
300 1 94 
301 0 81 
302 1 94 
303 0 12 
304 0 06 
306 1 05 
310 0 06 
314 0 09 
315 0 65 
316 2 96 
317 5 34 
318 39 44 
322 0 03 
325 1 83 
326 0 40 
327 0 03 
328 0 08 
330 0 .96 
331 0 12 
339 0 12 
341 0 .09 
342 0 .57 

Mass Rel In t | Mass Rel In t | Mass Rel In t | Mass Rel In t 

344 100 00 361 0 55 375 0 04 642 0.21 
345 10 09 362 0 04 388 0 65 704 0.12 
352 0 05 363 0 05 389 0 09 705 0.05 
360 0 07 374 0 10 641 1 25 

C. 32. 
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63 

n, t M M 6 ^.i..t i, 3 i 3 0 a 5 s a 7 0 S 2 o e i<3® 300 6©Q 

Mass Rel Inc Mass Rel Inc Mass Rel Inc Mass Rel Inc 

20 1 .44 79 0 .28 144 0 .89 204 0.12 
24 0 .36 80 0 .16 145 0 .76 205 1.06 
25 1 .44 B l 1 .47 146 1 .34 206 1.47 
26 8 28 82 0 .92 147 1 .16 207 1.40 
27 24 13 83 0 .41 148 0 .36 208 0.41 
2a 35 17 84 0 .10 150 4 .61 209 0.12 
29 20 .06 95 0 .45 151 1 .27 210 0.37 
30 2 .53 86 0 .81 152 1 .15 211 0.08 
31 6 9a 87 0 .65 153 0 .29 212 0.67 
32 0 80 88 0 .43 155 2 .83 213 0.19 
33 0 .47 89 0 .83 156 0 .58 214 1.06 
3S 0 .52 90 0 .53 157 0 .27 215 0.69 
36 1 08 91 0 .18 158 0 .29 216 45.06 
37 0 62 92 0 53 159 0 .15 217 3.29 
38 1 .00 93 6 .32 160 0 . 11 218 7.85 
39 1 67 94 0 86 162 1 .96 219 3.25 
40 1 34 95 0 .55 163 0 .90 220 0.92 
41 13 30 96 0 96 164 0 93 221 0.35 
42 9 ai 97 0 .42 166 5 .81 223 0.42 
43 51 16 99 0 47 168 1 .11 224 1.47 
44 15 19 100 6 10 163 1 62 225 1.78 
45 39 30 101 0 83 169 1 .29 226 0.42 
46 3 11 102 0 54 170 a .67 227 0.21 
47 3 85 103 0 .12 171 0 .50 228 2.47 
48 0 27 105 0 62 172 0 18 229 0.22 
49 0 32 106 0 83 173 0 15 230 0.93 
50 1 69 107 0 24 174 I 10 231 1.31 
51 2 27 108 0 17 175 5 01 232 0.53 
52 0 52 109 0 14 176 0 34 233 0.07 
53 0 51 110 0 13 178 1 20 234 0.04 
54 1 62 112 1 ia 179 0 14 235 0.05 
55 1 54 113 0 SO 180 0 11 236 0.29 
56 0 97 114 0 49 181 2 05 237 0.16 
57 1 62 116 6 47 182 1 24 238 0.54 
58 0 40 117 1 44 183 0 58 239 0.87 
59 0 51 119 1 01 184 0 28 240 0.91 
60 0 17 120 0 51 186 0 16 242 0.45 
61 0 I S 121 0 26 187 0 40 243 12.72 
62 0 40 124 2 20 188 1 64 244 5.74 
63 0 38 125 0 69 189 1 22 245 0.94 
64 0 56 126 0 30 190 0 30 247 4.38 
65 0 54 127 0 16 191 0 13 243 1.47 
66 0 19 128 0 55 192 0 12 249 0.30 
67 0 21 129 0 08 193 1 42 2S0 0.65 
69 33 14 131 2 IS 194 1 33 •- 251 0.35 
70 S 79 132 0 50 195 0 30 252 0.54 
71 14 68 133 0 25 196 2 02 253 0.73 
72 1 40 135 0 16 197 1 36 254 0.77 
73 1 69 137 1 16 19 8 a 97 255 0.33 
74 2 23 138 1 29 199 0 36 256 0.42 
75 2 54 139 0 46 200 n 56 257 1.51 
76 0 64 140 0 18 201 l 67 258 0.33 
77 0 29 141 0 10 202 4 02 260 0.16 
78 0 28 143 2 18 203 0 32 262 0.04 

Mass Rel I n c Mass Rel Inc Mass Rel Inc Mass Rel Inc 

264 0 17 296 0 64 329 0 28 383 0.07 
266 5 52 297 0 91 330 0 28 384 1.87 
267 0 44 298 0 38 336 0 68 385 2.63 
26S 1 15 299 1 64 338 0 36 386 4.00 
270 1 91 300 2 25 339 1 73 387 0.41 
270 3 13 301 0 17 340 4 65 392 0.06 
271 2 43 302 0 22 341 100 00 403 0.14 
272 a 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 
277 0 13 311 0 14 350 0 16 707 0.49 
278 0 21 312 2 03 352 0 15 708 0.11 
280 0 36 313 10 61 < 354 2 91 726 1.84 
281 0 21 314 1 27 355 0 62 727 0.49 
282 0 12 315 7 19 356 0 43 732 0.07 
284 4 36 316 17 30 358 a 07 750 0.14 
285 2 58 317 1 07 359 0 21 751 0.47 
286 8 72 318 0 35 363 0 26 752 0.17 
287 3 34 322 6 90 365 0 52 770 5.96 
288 0 37 323 2 31 366 5 52 771 2.47 
289 0 OS 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 34 369 2 33 
294 3 76 327 0 36 370 0 26 
295 0 61 328 1 47 3S2 0 07 

C. 33. 



No. 32 

Mass Ral Inc Mass Rel Inc . Mass Rel Inc Mass Rel Inc 

20 0 20 83 0 21 140 0 21 195 1.25 
25 0 01 34 0 12 141 0 5S 196 0.67 

" 26 0 13 35 0 23 142 0 09 197 0.50 
27 1 76 36 0 54 143 0 57 193 0.33 
23 2 60 87 0 17 144 0 84 199 0.42 
29 0 91 38 0 28 145 0 42 200 2.07 
30 1 53 39 0 09 146 0 81 201 0.39 
31 0 76 90 0 10 147 0 25 202 0.17 
32 . 0 10 91 0 13 148 0 22 203 0.76 
33 0 29 93 1 41 149 0 19 204 0.58 
37 0 02 94 0 26 150 0 SO 205 2.14 
38 0 04 95 0 23 151 0 52 20S 0.77 
39 0 20 96 0 16 152 0 42 207 0.46 
40 0 30 97 0 04 153 0 IS 208 0.38 
41 1 71 98 0 14 154 0 40 209 2.65 
42 26 05 99 0 35 155 2 47 210 3 .31 
43 6 12 100 1 27 156 0 35 211 0.42 
44 0 32 101 0 28 157 0 23 212 2.15 
45 0 14 102 0 13 158 a 43 213 1.56 
46 0 20 103 0 04 159 0 46 214 0.73 
47 0 11 104 0 06 160 0 62 215 0.28 
48 0 03 105 0 54 161 0 13 216 0.15 
50 0 31 106 0 39 162 2 66 217 1.03 
51 0 36 107 0 17 163 0 88 218 0.43 
52 0 11 108 0 13 164 l 43 219 0.5S 
53 0 08 109 0 04 165 0 30 220 1.09 
54 0 86 110 0 07 166 0 09 221 0 .91 
55 1 10 111 0 04 167 0 74 222 0.87 
56 1 66 112 0 31 168 0 81 223 0.69 
57 0 89 113 0 SO 169 1 SB 224 22.63 
58 0 13 114 0 48 170 1 25 225 2.34 
59 0 13 115 0 24 171 0 44 226 0.58 
60 0 46 117 0 94 172 0 38 227 0.46 
61 0 04 118 0 19 173 a 79 228 0.53 
62 0 12 119 0 55 174 3 92 229 0.65 
63 0 05 120 0 36 175 0 92 230 0.08 
64 0 26 ' 121 0 16 176 0 35 231 1.32 
65 0 09 122 0 07 177 0 60 232 2.07 
66 0 07 124 0 83 178 0 44 233 1.07 
67 0 18 125 0 23 179 0 11 234 0.89 
69 15 79 126 0 30 131 3 80 235 0 .31 
70 0 42 127 0 25 182 5 33 236 0.36 
71 0 14 128 0 20 183 1 41 237 0.40 
72 0 14 129 0 11 184 0 60 238 2.29 
73 0 06 130 0 07 185 0 46 •• . 239 0.68 
74 0 36 131 1 35 186 0 86 240 0.37 
75 0 45 132 1 74 187 0 49 241 0.84 
76 0 41 133 0 70 188 1 18 242 0.24 
77 0 13 134 0 24 139 0 45 243 0.45 
78 0 22 135 0 06 190 0 50 244 0.36 
79 0 09 136 0 32 191 0 42 245 0.57 
80 0 04 137 0 61 192 0 17 24S 1.74 
81 0 44 138 0 40 193 0 82 247 0.48 
82 0 67 139 0 .21 194 0 38 243 0.53 

Mass Rel I nc Mass Rel Inc Mass Rel Inc Mass Rel Inc 

249 0 19 276 0 45 304 0 OS 335 0.07 
250 1 18 277 0 IS 305 11 91 336 0.14 

' 251 0 49 278 0 13 306 1 40 337 2 .01 
252 0 10 279 0 35 307 0 10 338 0.57 
233 0 88 230 0 06 308 0 04 339 1.07 
254 0 60 281 0 25 309 0 20 340 0.17 
255 8 42 282 0 27 310 0 12 341 1.22 
256 1 13 283 0 19 311 0 19 343 100.00 

' 257 0 13 284 0 11 312 0 04 344 6.97 
253 0 32 235 0 09 314 1 38 345 0 .41 
259 0 51 236 1 10 315 3 52 346 0.04 
260 4 23 287 0 38 316 0 56 3S3 0.03 
261 0 49 288 3 04 317 0 74 355 0 .61 
262 0 79 289 0 46, 318 0 10 356 1.64 
263 0 89 290 0 .09 319 0 26 357 2 .36 
264 0 34 291 0 .12 320 0 03 358 0.37 
265 0 IS 292 0 05 322 0 04 359 0.03 
266 0 10 293 0.06 323 0 30 3S1 0.02 
267 0 50 294 0 .05 324 5 39 3«7 0.03 
268 0 42 296 0 .15 325 1 09 368 0.03 
269 0 .67 297 0 .40 326 0 12 384 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 s .07 330 1 .22 667 0.03 
274 47 .39 302 0 .33 331 0 21 686 0.14 
275 5.46 303 0 .35 332 -0 .03 687 0.04 
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352 
263 

283 
i 

338 
325 I 

3S8 

130 350 4 5 3 588 

Mass Rei t n t | Mass Rei inc j Mass Rel Inc | Has 3 Sal tnc 

:o 3 50 73 0 73 132 1 . 01 136 6.72 
21 0 06 79 a 49 133 0. 70 187 3.55 
24 0 45 30 0 37 134 0. 77 188 3.17 
2S 1 OS 81 1 S4 13S 0. 55 139 2.11 
25 9 00 82 1 13 136 a. 73 190 1.51 
27 20 93 33 0 35 137 1 49 191 1.37 
23 39 77 84 i 32 138 i . 20 192 3.31 
29 9 19 85 0 35 139 1 . 04 193 2.53 
30 7 36 36 0 54 140 1 38 194 4.43 
31 a 33 87 0 38 141 2 04 195 2.46 
32 0 99 33 0 32 142 0 77 196 3.05 
33 6 44 39 0 25 143 1 81 197 1.92 
35 1 99 90 0 3S 144 2 33 198 1.70 
36 2 34 91 0 57 145 1 70 199 3.74 
37 1 40 92 0 12 148 2 75 200 7.10 
33 3 39 93 2 23 147 1 54 201 6.06 
39 4 31 94 0 73 143 1 30 202 1.39 
40 5 49 9S 0 61 149 1 53 203 3.46 
41 12 97 96 0 49 150 1 30 204 3.01 
42 78 41 97 0 33 151 1 27 205 1.70 
43 5 63 99 1 08 152 a 84 206 4.02 
44 3 33 100 2 72 153 2 IS 207 2.25 
45 1 23 101 0 97 154 4 36 203 3.43 
46 1 42 102 0 79 155 2 01 209 4.52 
47 1 08 103 0 32 155 4 45 210 3.27 
43 a 34 105 1 02 156 i 33 211 0.99 
49 0 59 105 0 67 157 1 94 212 2.32 
50 3 08 106 0 67 1S3 2 13 213 5.42 
51 7 57 107 0 54 159 1 32 214 7.43 
52 2 06 103 0 51 ISO 4 02 215 3 .43 
53 1 40 109 0 31 151 1 04 216 2 .91 
54 5 55 110 0 22 162 2 34 217 2.53 
55 3 S2 111 0 11 163 1 51 218 7.48 
55 7 95 112 0 43 164 3 67 219 1.73 
57 3 43 113 0 72 165 2 58 220 0.98 
58 2 49 114 2 IS 166 1 33 221 2.27 
59 0 48 115 1 33 167 5 32 222 2.77 
60 2 13 116 1 08 168 5 75 223 1.40 
SI 0 36 117 0 72 169 3 08 224 2.39 
32 0 93 113 0 57 170 1 87 225 0 .44 
53 1 01 119 0 69 171 3 22 226 1.31 
64 1 96 120 0 34 172 4 00 227 1.87 
55 0 56 121 0 39 173 2 39 223 s .as 
56 1 44 122 0 31 174 4 31 229 3 .27 
67 2 13 123 1 06 175 1 37 230 2 .77 
69 33 79 124 1 33 176 2 7S 231 2.79 
70 .59 125 0 .63 177 2 79 232 3 .34 
71 1 00 126 1 31 178 2 49 233 1.70 
72 0 19 127 a 91 179 1 66 234 1.01 
73 0 .06 123 1 .45 130 1 73 23 5 3.39 
74 0 91 129 0 47 131 2 72 225 1.35 
75 2 .46 129 0 .80 132 7 sa 237 0.79 
76 1 .38 130 0 .24 133 34 47 238 1.00 
77. 0 .53 131 1 .87 185 4 19 239 0 .70 

Mass Rel I3C Mass Rel I n t Mass Rel I n t Mas3 Ral l a t 

240 0 .91 274 0 .41 303 0 .33 342 0.04 
241 2 34 275 0 .30 309 0 .29 343 0.05 
242 2 .39 276 0 .89 310 0 .35 344 0.05 
243 2 .25 277 0 .46 311 2 .32 345 0 .21 
244 2 11 278 2 .06 312 2 .03 346 0.45 
245 0 78 279 0 .67 313 0 .36 347 3.43 
246 1 .04 280 1 .73 314 0 .22 348 5.56 
247 2 53 231 5 .52 315 0 .29 349 0.72 
248 4 .40 282 6 .72 316 0 .43 350 5.15 
249 S 15 233 9 ;s6 317 0 .59 351 4.12 
250 5 .30 234 1 .34 313 0 .96 3S2 46.59 
251 1 .05 235 0 .31 319 0 .60 3S3 6.91 
252 0 .25 235 0 .09 320 1 .07 354 0.52 
253 0 .67 237 0 .29 321 0 .24 35S 0.04 
254 2 .30 238 0 .OS 322 0 .16 3S3 0.02 
255 3 34 289 0 .06 323 5 .04 3S9 0.04 
256 4 .00 290 0 .03 324 1 .44 362 0.03 
257 5 00 291 0 .38 325 9 .09 363 0.03 
2S3 1 08 292 0 .58 326 1 .00 3 64 0.44 
259 0 59 293 0 .36 327 0 .33 365 0.42 
2 SO 0 36 294 0 . 71 328 0 .65 366 3.39 
2S1 0 33 295 0 .28 329 0 .32 367 100.00 
252 4 66 296 1 .34 330 0 .25 368 17.42 
263 25 00 297 4 .38 331 1 .12 369 1.33 
254 5 23 298 2 .60 332 2 .46 371 0.02 
265 0 77 299 0 .72 333 4 .64 380 0.03 
266 1 40 300 0 .36 334 0 .32 331 0.03 
267 2 03 301 0 .06 335 1 .02 334 0.03 
2 S8 5 16 302 0 .25 338 2 .30 335 0.03 
269 2 56 303 0 .06 337 4 .66 335 0.04 
270 4 50 304 0 .18 338 6 .32 442 0.02 
271 0 33 305 0 .32 339 0 94 515 o . a t 
272 0 23 306 0 .22 340 0 .12 
273 0 13 307 1 .31 341 0 .07 

C. 35. 



( 2S. i52) ' 
35-4 

3S2 

6,3 

. 3®B 

3G7 
' r38Q 

PH215CS 12S9 
vaa- 5 5 6 4 4 1 

734 
73S 

No. 34. 

n>2 738 740 

533 

734 

7m 

Mass Rel Ine | Mass Ral I n t | Mass Rel I n t | Mass Rel I n t 

20 1 96 80 0 29 135 0 16 192 0 57 
24 0 11 81 0 91 136 0 24 193 0 74 
25 0 24 82 0 76 137 0 63 194 0 76 
26 1 91 83 0 40 138 0 41 195 0 40 
27 4 57 34 0 30 139 0 42 196 0 80 
23 9 73 35 0 39 140 1 18 197 0 55 
29 1 82 86 0 61 141 2 81 198 0 55 
30 6 36 87 0 26 142 0 57 199 0 72 
31 2 32 88 0 40 143 0 68 200 0 78 
32 0 36. 89 0 21 144 0 86 201 0 36 
33 0 52 90 0 19 145 0 51 202 0 31 
35 0 08 91 0 15 146 0 31 203 0 62 
36 0 17 93 1 33 147 0 36 204 0 26 
37 0 23 94 0 56 148 0 33 205 0 78 
38 1 00 9S 0 48 149 0 68 206 0 64 
39 1 34 96 0 64 ISO 0 83 207 0 40 
40 2 26 97 0 29 151 0 65 208 0 93 
41 2 96 98 0 19 152 0 60 209 0 64 
42 25 75 99 0 72 153 0 30 210 0 64 
43 3 18 100 2 25 155 1 35 211 0 43 
44 5 S I 101 0 60 156 0 65 212 0 61 
45 0 42 102 0 35 157 0 22 213 0 34 
46 0 29 103 0 17 158 0 54 214 2 73 
47 0 29 104 0 09 159 0 49 215 1 19 
48 0 07 105 0 30 160 0 39 216 0 78 
50 0 32 106 0 48 161 0 54 217 0 65 
51 1 09 107 0 28 162 0 65 213 0 41 
52 0 44 108 0 33 163 0 93 219 0 65 
53 0 26 109 0 22 164 1 26 220 0 45 
54 0 79 110 0 33 165 0 76 221 0 74 
S5 1 43 111 0 24 167 0 71 222 0 86 
56 2 47 112 0 41 168 0 81 223 1 03 
57 1 41 113 0 50 169 0 30 224 0 63 
58 0 65 114 0 77 170 0 70 225 0 60 
59 0 10 115 0 47 171 0 85 226 0 68 
60 0 60 116 0 45 172 0 80 227 0 66 
61 0 14 . 117 0 47 173 0 43 223 4 08 
62 0 35 118 0 15 174 0 57 229 1 26 
63 0 13 119 0 55 175 0 62 230 0 57 
64 0 70 120 0 25 176 0 87 231 0 71 
65 0 09 121 0 32 177 0 52 . 232 0 33 
66 0 33 122 0 25 178 0 60 233 2 23 
67 0 60 123 0 60 179 0 52 234 0 51 
69 12 23 124 0 85 181 1 06' 235 0 90 
70 0 67 125 0 43 182 0 66 236 1 62 
71 0 31 126 0 63 183 0 72 237 1 50 
72 0 29 127 0 68 184 0 91 238 0 63 
73 0 26 128 0 56 135 0 49 239 0 22 
74 0 44 129 0 31 186 1 12 240 2 34 
75 0 97 130 0 29 187 0 57 241 4 IS 
76 0 65 131 0 82 188 0 65 242 1 78 
77 0 16 132 0 40 189 0 35 243 2 31 
78 0 23 133 0 23 190 1 32 244 0 80 
79 0 31 134 0 14 191 0 34 245 0 60 

Mass Ral I n t | Mass Ral I n t | Mass Rel I n t { Mass Rel I n t 

246 0 39 293 1 28 340 1 86 421 0 08 
. 247 0 74 294 0 62 341 7 26 525 0 06 

248 0 42 295 1 17 342 1 95 545 0 11 
249 1 03 296 1 16 343 0 23 565 0 07 
250 1 30 297 3 78 344 1 38 642 0 02 
2S1 0 73 298 1 68 345 0 71 645 0 04 
252 0 48 299 1 38 346 2 02 652 0 05 
253 0 34 300 0 82 347 2 96 656 0 06 
254 0 83 301 0 50 348 4 04 657 0 05 
255 14 07 302 0 23 349 2 62 6S8 0 05 
2S6 2 58 303 0 40 350 2 01 6S9 0 03 
2S7 1 13 304 0 43 3S2 24 40 665 0 10 
258 0 49 305 1 88 353 2 12 6S6 0 03 
259 1 00 306 0 86 3S4 100 00 671 0 03 
260 0 17 307 0 92 355 10 48 672 0 04 
261 0 26 308 0 83 356 0 84 676 0 04 
262 0 61 309 0 90 358 1 53 677 0 04 
263 0 33 310 1 9E 360 12 13 678 0 02 
264 1 73 311 4 08 361 1 84 679 0 04 
265 0 94 312 2 03 362 4 68 682 0 02 
266 1 07 313 2 73 3 63 0 66 683 0 03 
267 0 92 314 1 53 364 2 20 690 0 13 
268 1 01 315 0 33 3SS 6 55 691 0 11 
269 1 95 316 1 SS 3S7 37 28 694 0 10 
270 1 82 317 0 73 372 0 37 695 0 08 
271 0 90 318 1 74 373 0 60 696 0 14 
272 1 21 319 1 96 374 - 1 38 697 0 14 
273 0 62 320 1 24 375 0 59 698 0 05 
274 0 31 321 0 69 376 0 27 699 0 12 
275 0 32 322 1 37 378 1 94 700 0 05 
276 0 56 323 2 53 380 31 74 701 0 05 
277 0 86 324 19 01 331 4 12 702 0 08 
278 1 08 325 4 04 382 1 07 713 0 04 
279 0 91 326 7 00 383 0 17 714 0 73 
280 0 53 327 1 08 384 0 05 715 2 00 
281 0 95 , 328 0 78 386 0 08 716 0 82 
282 0 67 329 0 48 387 0 11 717 0 20 
233 7 19 330 0 38 388 0 05 718 0 04 
284 1 87 331 0 75 389 0 21 719 0 04 
285 2 92 332 1 76 392 0 44 720 0 10 
286 1 11 333 1 38 393 1 77 721 0 03 
237 0 59 334 2 81 394 0 51 732 0 06 
283 0 40 335 1 7S 395 0 10 733 0 29 
289 0 20 336 9 28 398 0 19 734 5 43 
290 0 38 337 3 44 400 0 08 735 1 94 
291 2 88 338 5 OS 407 0 08 736 0 31 
292 1 45 339 5 35 409 0 22 737 0 04 
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Mass Rel l a c | Mass Rel Inc | Mass Rel inc | Mass Rel rnc Mass Rel Inc | Mass Ral Inc | Mass Rel Inc | Mass Rel Inc 

20 0 31 82 4 36 136 6 82 190 2 92 244 9 66 299 1 32 3S5 0 73 409 0. S9 
26 0 77 33 4 59 137 4 30 191 3 98 245 9 92 299 1 15 356 0 69 410 0.60 
27 5 34 84 7 95 13 8 S 03 192 2 94 246 5 60 300 9 58 357 1 08 411 0. 41 
23 13 96 35 1 34 139 4 14 193 4 06 247 2 69 301 9 25 353 0 31 412 0.44 
29 5 44 86 0 94 140 2 2S 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 98 414 0.38 
31 2 23 88 1 15 142 2 03 196 6 09 250 13 31 304 3 04 361 3 39 415 0.56 
32 1 04 89 1 09 143 6 90 197 4 63 2S1 6 17 305 6 90 362 17 21 416 0 .44 
33 2 92 90 1 14 144 4 61 198 6 49 2S2 16 39 306 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 0 70 146 5 05 200 10 96 254 4 24 308 1 89 365 0 60 419 0.45 
38 0 23 93 4 63 147 3 10 201 2 48 255 2 29 309 1 02 366 0 61 420 0.59 
39 1 54 94 1 50 148 2 74 202 1 97 256 1 83 310 0 98 367 0 56 421 0.43 
40 2 60 95 2 76 149 4 50 203 3 10 257 2 78 311 0 80 368 0 43 422 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 3 59 151 4 81 205 7 22 259 S 52 313 1 62 370 0 70 424 0.57 
43 9 66 93 2 01 152 3 49 206 2 84 260 14 04 314 11 12 371 0 SS 425 0.33 
44 21 75 99 1 44 153 3 61 207 5 11 261 3 13 315 2 53 372 0 59 426 0.40 
45 2 17 100 5 60 154 5 44 208 1 33 262 5 76 315 3 23 373 0 72 427 0.52 
46 1 16 101 3 00 155 6 57 209 4 42 263 5 52 317 2 62 374 0 72 428 0 .34 
47 0 63 102 1 93 156 1 SO 210 13 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 6 09 319 7 39 376 0 34 430 0 .31 
50 1 58 104 1 68 153 2 48 212 8 44 266 5 84 320 6 17 377 0 96 431 0 .38 
51 3 27 105 4 20 159 1 63 213 3 59 267 5 68 321 3 55 378 0 47 432 0 .30 
52 1 64 106 1 93 160 2 41 214 3 43 268 1 60 323 1 21 379 0 53 433 0.36 
53 1 6a 107 1 54 161 2 01 215 2 44 269 1 97 324 1 68 380 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 16 382 0 46 436 0 .46 
56 15 02 110 5 03 164 7 39 213 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 .39 
53 6 33 112 1 50 166 3 33 220 5 68 274 2 44 329 13 67 385 0 64 439 0.32 
59 1 13 113 2 80 167 5 15 221 3 04 275 1 72 330 3 31 386 0 56 440 0 .38 
60 6 90 114 3 41 163 3 59 222 5 19 276 2 56 331 6 09 387 0 34 441 0 .41 
61 0 41 115 1 66 169 7 06 223 3 20 277 3 47 332 34 09 388 0 48 442 0 .40 
62 0 45 116 0 71 170 5 60 224 6 01 278 6 66 333 3 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 3 90 0 53 444 0 .31 
64 1 26 118 1 11 172 2 6S 226 4 00 280 4 48 335 3 61 391 0 70 445 0 .43 
65 0 31 119 2 84 173 1 23 227 2 84 231 1 93 336 9 98 392 0 47 446 0 .38 
66 2 62 120 3 41 174 2 4 1 228 2 07 282 1 56 337 1 79 393 0 37 447 0 .36 
67 7 22 121 3 25 17S 3 00 229 2 29 283 1 77 339 62 66 394 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 68 449 0 .45 
69 75 32 123 6 82 177 4 20 231 7 22 285 1 12 342 1 91 396 0 61 450 0 .49 
70 3 94 124 6 98 178 6 33 232 8 60 286 1 99 343 1 81 397 0 55 451 0 .52 
71 4 55 125 2 70 179 4 50 233 4 26 287 3 69 344 0 72 398 0 50 452 0 .34 
72 1 12 126 4 08 180 1 81 234 3 79 238 2 29 345 1 75 399 0 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 49 133 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 0 .32 
77 1 04 131 4 14 185 3 33 239 4 59 293 3 90 350 2 48 404 0 66 458 0 .51 
78 1 .14 132 6 32 186 1 63 240 2 44 294 3 13 351 0 74 405 0 55 459 0 .39 
79 1 03 133 3 51 187 1 33 241 4 30 295 0 92 352 0 66 406 0 41 460 0 .63 
80 0 95 134 2 01 133 4 46 242 1 97 296 2 01 353 0 67 407 0 51 461 0.41 
81 2 64 13 5 3 35 189 2 90 243 3 27 297 1 13 354 0 70 408 0 64 462 0.47 

Mass Ha l Inc } Mass Rel lac | Mass Rel Inc | Mass Rel I n t 

463 0 54 S10 0.38 558 0 38 619 0.42 
464 0 52 511 0.45 559 0 31 620 0.15 
465 0 47 512 0.22 560 0 50 621 1.25 
466 0 31 513 0.18 561 0 32 622 0.59 
467 0 73 514 0.14 562 0 11 623 0.15 
469 0 41 515 0.15 563 0 11 624 0.30 
469 0 46 516 0.14 564 0 41 625 0.13 
470 0 33 517 0 .21 565 0 54 626 0.18 
471 0 33 S18 0 .31 566 0 30 627 0.20 
472 0 45 519 0.22 567 0 34 628 0.22 
473 0 40 520 0 .11 568 0 16 629 0.24 
474 0 57 521 0.19 572 0 43 630 1.81 
475 0 31 522 0.32 373 0 56 631 0.50 
476 0 45 523 0.52 574 1 05 632 0.20 
477 0 55 524 0 .61 575 0 29 633 1.79 
478 0 83 525 0.32 576 0 15 634 0.62 
479 0 38 526 0.23 577 0 25 635 2.29 
480 0 31 S27 0.18 578 0 48 636 0.57 
481 0.50 528 0 . 2 1 379 0 54 637 0.09 
432 0 29 S29 0.2S 580 1 10 638 0.23 
483 0 60 530 0.19 sai 0 34 639 0.22 
434 0 62 S31 0.34 S36 0 08 641 0.48 
485 0 29 532 0.22 587 0 17 642 0.65 
486 0 20 533 0.23 588 0 20 643 2.03 
487 0.14 534 0.15 389 0 63 644 0.59 
488 0.36 536 o.oa 590 0 27 645 0.40 
489 0 72 537 0.18 591 0 20 646 0.87 
490 0.44 338 0.30 592 0 91 647 1.89 
491 0.47 539 0.20 S93 2 43 648 1.19 
492 0 70 540 0.23 594 0 78 649 0.24 
493 0 36 541 0.19 395 0 21 656 0.08 
494 0 33 542 0.20 599 0 06 657 0.13 
495 0 30 543 1.25 600 0 09 658 3.71 
496 0.48 544 0.38 601 0 25 659 0.93 
497 0 30 543 0.33 602 0 13 660 0 .81 
498 0 22 546 0.24 605 0 . 1 1 661 0.57 
499 0 19 547 0 .31 606 0 19 662 24.63 
500 0 20 S43 0.13 607 0 49 663 5.93 
501 0 09 549 0.15 608 0 .40 664 0.65 
502 0 23 550 0.19 609 0 .22 665 0.06 
503 0 30 551 0.18 610 0 15 675 0 .11 
504 0.39 552 0.25 613 0 .15 676 0.43 
505 0 .40 553 0.46 614 0 .11 677 20.78 
506 0 .22 534 0.33 615 0 .30 678 5 .01 
507 0 .20 555 0.13 616 0 .12 679 0 .61 
508 0 .43 556 0.10 617 0 .30 
509 0 .29 557 0.14 618 0 .38 
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4ass Sa l Inc Mass Rel I n c 

20 7.69 79 0.8a 
21 0.55 80 1.04 
24 O.SS 81 2.98 
25 1.53 32 3.S2 
2S 10.66 83 3.92 
27 20.24 94 3.37 
23 31.75 as 0.9S 
29 12. S5 36 0.71 
30 a.73 87 0.37 
31 10.07 83 1.10 
32 1.04 89 0.36 
33 2.31 90 0.40 
35 0.12 91 0.47 
3S 0.44 92 1.33 
37 O.SS 94 1.13 
38 3.03 95 1.77 
39 4.4S 96 4.71 
40 4.71 97 2.08 
41 9.62 98 0.42 
42 100.00 99 0.39 
43 8.13 100 2.67 
44 13.48 101 1.40 
45 2.08 102 0.73 
46 0.79 103 0.33 
47 1.09 104 0.22 
48 0.28 10S 0.76 
50 4.37 106 0.86 
51 4.66 107 l.OO 
52 2.36 108 1.19 
53 2.OS 109 1.29 
54 3.72 110 1.34 
55 8.33 111 0.92 
56 14.29 112 0.54 
57 S.40 113 1.09 
58 5.80 114 0.87 
60 3.47 113 0.67 
61 0.51 116 0.88 
62 0,98 117 1.43 
63 1.43 113 0.40 
64 1.7S 119 1.05 
65 1.10 120 0.93 
66 1.13 121 1.08 
67 4.12 122 1.33 
68 8.04 133 1.77 
69 30.56 124 1.S4 
70 3.32 123 1.00 
71 1.29 126 1.20 
72 . 0.42 127 0.91 
73 0.36 128 0.92 
74 0.57 129 1.22 
73 2.96 130 0.51 
75 1.14 131 1.31 
77 0.81 132 0.69 
78 0.31 133 0.63 

I Mass Rel Inc | Mass Rel Inc Mass Rel I nc j Mass Rel Inc T Mass Rel Ine | Mass '"~Rel" lnc 

134 
135 
136 
137 
133 
139 
140 
141 
142 
143 
144 
145 
146 
147 
143 
149 
150 
151 
1S2 
133 
154 
155 
1SS 
157 
138 
139 
160 
161 
162 
163 
164 
165 
166 
167 
163 
169 
170 
171 
172 
173 
174 
173 
176 
177 
178 
179 
180 
131 
182 
183 
184 

ias 
186 
137 

0.66 
1.43 
1.30 
2.03 
1.43 
1.26 
1.17 
1.26 
1.04 
1.51 
1.39 
1.66 
1.26 
1.19 
1.02 
2.37 
3.10 
2.44 
1.65 
1.74 
1.61 
1.63 
1.07 
1.28 
1.36 
1.24 
1.46 
1.43 
2.42 
2.64 
3.37 
2.35 
2.13 
2.57 
1.96 
2.69 
2.00 
1.71 
1.40 
1.26 
1.59 
1.76 
2.24 
1.80 
4.12 
2.70 
2.26 
2.23 
3.03 
1.98 
2.77 
1.74 
1.31 
1.19 

188 
189 
190 
191 
192 
193 
194 
193 
196 
197 
198 
199 
200 
201 
202 
203 
204 
20S 
206 
207 
208 
209 
210 
211 
213 
213 
214 
215 
216 
217 
218 
219 
230 
331 
222 
223 
224 
225 
236 
227 
228 
229 
230 
231 
232 
233 
234 
23S 
236 
237 
233 
239 
240 
241 

1.67 
1.97 
2.08 
2.12 
2.05 
2.16 
2.73 
1.96 
2.69 
1.95 
4.SI 
1.66 
2.34 
1.28 
1.13 
1.60 
2.77 
2.02 
1.43 
2.02 
2.41 
2.01 
6.03 
2.24 
2.18 
1.40 
1.31 
1.41 
1.31 
1.83 
1.67 
1.64 
1.20 
1.76 
1.91 
2.52 
2.50 
2.22 
1.33 
1.19 
1.28 
0.70 
1.93 
1.49 
2.46 
1.40 
1.64 
1.61 
2.53 
3.27 
2.22 
1.76 
1.38 
1.34 

1 Inc Mass Rel I n t Mass Rel Inc Mass Ral Ine 
0.19 312 0.13 566 0.09 630 0.12 
0.14 513 0.09 367 0.06 621 0.13 
0.13 514 0.07 563 0.09 622 0.12 
0.17 315 0.10 369 0.07 623 0.08 
0.18 516 0.13 570 0.08 624 0.11 
0.20 317 0.10 571 0.12 625 0.13 
0.15 318 0.10 372 0.13 626 0.18 
0.1S 319 0.10 373 0.09 637 0.13 
0.17 520 0.33 374 0.09 623 0.21 
0.16 521 0.38 57S 0.06 629 0.10 
0.13 322 0.32 576 0.09 630 0.06 
0.15 533 0.14 377 0.10 631 0.09 
0.15 534 0.14 578 0.12 632 0.06 
0.16 533 . 0.10 579 0.11 633 0.11 
0.15 526 0.17 580 0.11 634 0.09 
0.11 527 0.11 581 0.08 635 0.13 
0.13 528 0.09 583 0.09 636 0.13 
0.14 529 0.10 583 0.09 637 0.13 
0.16 530 0.10 584 0.09 638 0.09 
0.16 531 0.11 585 0.13 639 0.13 
0.18 533 0.10 586 0.16 640 0.30 
0.16 333 0.06 587' 0.08 641 0.13 
0.15 534 0.09 588 0.07 643 0.12 
0.16 • 535 0.08 589 0.06 643 0.08 
0.17 536 0.33 590 0.09 644 0.06 
0.17 537 0.16 591 0.13 645 0.11 
0.14 ' 538 0.13 592 0.17 646 0.10 
0.16 539 0.09 593 0.11 647 0.13 
0.23 S40 0.13 594 0.10 648 0.31 
0.14 341 0.16 593 0.08 649 0.14 
0.13 543 0.15 396 0.09 650 0.14 
0.13 543 0.11 397 0.14 651 0.18 
0.13 544 0.08 398 0.23 652 0.13 
0.17 343 0.09 599 0.15 653 0.34 
0.17 546 0.07 600 0.13 654 0.16 
0.17 547 0.07 601 0.08 655 0.17 
0.13 348 0.07 602 0.08 656 0.18 
0.16 549 0.07 603 0.05 657 0.12 
0.17 550 0.09 604 0.08 658 0.06 
0.16 551 0.10 605 0.09 659 0.08 
0.17 553 0.13 606 0.16 660 0.13 
0.13 553 0.09 607 0.10 661 0.12 
0.14 554 0.10 608 0.08 663 0.20 
0.13 555 0.08 609 0.05 663 0.14 
0.16 536 0.17 610 0.12 664 0.13 
0.13 557 0.11 611 0.15 665 0.29 
0.16 538 0.08 613 0.32 666' 0.30 
0.13 539 0.10 613 0.11 667 0.31 
0.23 360 0.09 614 0.06 668 0.12 
0.18 561 0.06 613 0.08 669 0.09 
0.16 362 0.03 616 .0.09 670 0.32 
0.14 363 0.05 617 0.08 671 0.17 
0.13 364 0.05 613 0.08 672 0.11 
0.15 563 0.08 619 0.08 673 0.10 

242 1.43 296 1.10 330 1.23 404 0 .24 
243 1.18 297 0.70 351 0 .39 405 0 .22 
244 2.78 298 1.18 332 0.31 406 0.19 
245 3.04 299 1.31 333 0.82 407 0 .20 
246 2.19 300 1.9S 354 . 1.13 408 0 .21 
247 1.50 301 1.45 355 2.65 409 0 .24 
248 1.71 302 1.92 3S6 0.36 410 0 .23 
249 1.92 303 1.09 357 0.94 411 0 .24 
250 4.07 304 1.33 353 0.87 412 0.22 
251 2.91 30S 2.55 359 1.57 413 0 .20 
252 7.89 306 2.13 360 0.79 414 0.13 
253 2.22 307 2.55 361 2.31 415 0 .19 
234 0.77 308 1.23 362 7.84 416 0.19 
255 1.09 309 0.38 3S3 19.34 417 0.18 
256 0.76 310 0.77 364 1.10 418 0.18 
237 0.83 311 0.78 365 0.33 419 0.16 
258 3.92 313 0.91 366 0.27 420 0.13 
259 2.35 313 1.36 367 0.4S 421 0.19 
260 2.34 314 1.88 368 0.34 422 0.24 
261 1.08 315 1.10 369 0.29 423 0.25 
262 2.52 316 1.80 370 0.25 424 0.24 
263 2.22 317 1.08 371 0.34 425 0.20 
264 3.41 318 2.44 373 0.45 426 0.20 
265 3.22 319 3.05 373 0.64 427 0.19 
266 3.01 330 3.22 374 0.73 428 0.21 
267 4.96 321 1.7S 373 0.56 429 0.22 
263 1.80 322 1.35 376 - 0.98 430 0.19 
269 0.99 323 0.38 377 1.29 431 0.19 
270 1.48 324 0.84 378 0.78 432 0.21 
271 1.23 325 0.37 379 0.33 433 0.13 
272 I.S7 326 0.91 380 0.38 434 0.19 
273 1.88 327 1.30 381 0.35 43S 0.18 
374 1.36 323 2.03 383 0.2a 436 0.25 
275 1.S3 329 2.29 383 0.23 437 0.21 
276 1.40 330 1.43 334 0.27 438 0.32 
277 1.30 331 1.35 383 0.35 439 0.20 
278 3.37 332 4.71 386 0.38 440 0.20 
279 4.61 333 3.47 387 0.34 441 0.19 
230 3.64 334 5.41 338 0.44 442 0.23 
281 1.22 335 2.17 339 0.43 443 0.19 
282 0.89 336 17.06 390 0.24 444 0.17 
283 0.34 337 2.85 391 0.25 445 0.16 
284 0.73 . 333 0.87 392 0.22 446 0.16 
285 1.00 339 0.91 393 0.23 447 0.19 
286 1.09 340 1.23 394 0.25 448 0.20 
287 1.82 '•341 1.35 395 0.24 443 0.19 
288 1.33 342 3.17 396 0.23 430 0.20 
289 1.34 .343 1.98 397 0.24 451 0.19 
290 1.38 344 1.19 398 0.30 452 0.25 
291 1.76 34S 1.67 399 0.24 453 0.19 
292 1.97 346 2.06 400 0.23 454 0.20 
293 2.68 347 4.37 401 0.32 455 0.17 
294 1.59 348 4.61 402 0.33 456 0.27 
295 1.04 349 3.82 403 0.24 437 0.20 

Mass Rel Inc Mass Sal Int Mass Ral I n t Mass Rel m t 
674 0.13 685 1.09 696 0.45 711 2.15 

. 673 0.19 636 0.40 697 0.21 712 0.40 
676 0.30 687 0.19 698 0.07 713 0.07 
677 0.24 6S 8 0.08 699 0.08 723 0.20 
678 0.42 689 0.03 704 0.08 724 0.38 
679 0.24 690 0.33 703 0.41 723 12.60 
680 1.18 691 0.73 706 0.37 726 3.33 
631 0.46 693 0.39 707 0.24 ' 727 0.57 
682 0.16 693 0.19 708 0.33 728 0.06 
683 0.13 694 0.37 709 0.27 
684 0.13 695 0.52 710 3.41 
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PHEX126 529 (8.668) 
No. 37 

Mass Rel Int Mass Rel Int Mass Rel Int Mass Rel Int 

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 
35 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 0 .18 284 0.26 
39 0 .03 125 1 .23 203 0 .56 286 0.20 
40 0 .02 126 0 .06 205 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 0 .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 
51 0 .06 136 3 .36 213 1 .12 304 0.03 
55 1 .61 13 7 0 .20 215 2 .05 305 0.03 
56 0 03 138 1 .73 216 0 .08 310 2.76 
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 .64 322 48.30 
74 4 55 151 0 18 229 0 69 323 3.27 
75 0 17 153 2 37 231 3 32 324 24.15 
76 1 12 155 4 38 232 0 13 325 1.57 
77 0 04 156 0 22 234 0 27 326 0.06 
79 5 23 158 0 15 236 1 13 327 0.15 
80 0 32 160 3 02 237 0 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 0 23 345 0.05 
95 0 05 172 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 0 05 354 0.10 

100 6.76 179 2 42 260 2 44 355 0.61 
101 0 30 180 0 09 261 0 13 356 0.05 
103 0 09 181 2 60 262 3 87 360 2.93 
105 4 08 132 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 54 183 0 09 263 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 

Mass Rel I n t Mass Rel In t Mass Rel I n t Mass Rel Int 

375 0 37 405 0 03 425 0 09 444 2.63 
389 0 03 420 0 84 439 48 30 445 0.15 
391 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 

C. 39. 



PH1S4 3G3 (6.951) 
No. 38 

Mass Rel I n t Mass Rel m e Mass Rel I n t Mass Rel I n t 

20 0 4 6 93 7 29 1 5 3 0 1 3 2 2 4 0 3 7 
2 4 0 OS 9 4 0 34 1 5 4 0 3 8 2 2 9 0 09 
2 6 0 5 4 95 0 OS 1SS 1 5 4 2 3 1 1 53 
2 3 5 55 98 0 87 1 5 6 0 1 0 2 3 2 0 25 
29 0 2 6 99 1 1 3 1 5 9 0 0 9 2 3 6 0 0 8 
3 1 1 1 4 6 1 0 0 4 76 1 6 0 0 4 3 2 4 1 0 1 5 
32 1 2 3 1 0 1 0 22 1 6 1 l 75 2 4 2 0 0 6 
35 0 2 9 1 0 4 0 3 1 1 6 2 7 5 9 2 4 3 0 2 0 
3 6 0 3 7 1 0 5 1 47 163 0 6 6 2 4 4 0 1 0 
37 0 2 6 1 0 6 0 1 9 1 6 4 0 0 4 2 4 6 0 03 
33 0 3 6 1 0 7 0 20 1 6 5 0 1 3 2 4 3 0 02 
39 0 0 6 1 1 0 0 1 1 1 6 6 0 1 5 2 5 0 1 58 
4 0 0 0 7 1 1 1 0 3 6 1 6 7 0 7 0 2 5 1 0 1 1 
4 1 0 0 4 1 1 2 1 62 1 6 8 0 0 7 2 5 5 0 0 4 
4 2 0 0 6 1 1 3 0 3 4 1 6 9 0 2 3 2 6 0 l a 0 1 
43 0 2 4 1 1 4 0 09 1 7 2 0 0 4 2 6 1 0 6 6 
4 4 0 4 9 1 1 6 0 39 1 7 3 0 0 5 2 6 2 1 9 05 
4 5 • 1 5 1 1 7 3 98 1 7 4 0 2 4 2 6 3 1 1 9 
4 7 a 22 1 1 8 0 33 1 7 5 0 0 3 2 6 5 0 0 7 
4 8 0 0 9 1 1 9 0 3 6 1 7 6 0 0 2 2 S 7 0 07 
50 2 4 6 1 2 2 0 1 0 1 7 7 0 0 8 2 7 2 0 1 5 
5 1 0 4 8 1 2 3 0 58 1 7 8 0 0 2 2 7 4 0 1 6 
5 2 0 03 1 2 4 2 49 1 7 9 0 0 9 2 3 1 4 2 6 
55 1 0 7 12S 0 1 7 1 8 0 1 4 5 2 8 2 0 4 8 
5 6 0 1 6 1 2 6 0 0 2 1 8 1 8 0 4 2 9 1 0 7 6 
5 7 0 1 7 1 2 8 0 1 1 1 8 2 1 0 9 2 9 3 0 7 7 
6 0 0 0 7 1 2 9 0 4 8 1 8 3 0 0 7 2 9 4 0 0 4 
6 2 2 0 6 1 3 0 1 79 1 8 4 0 0 4 3 0 0 1 2 1 
63 0 3 0 1 3 1 7 89 1 8 5 0 1 1 3 0 1 0 54 
64 0 0 4 1 3 2 0 53 1 8 6 0 5 3 3 1 0 2 62 
6 6 0 1 2 133 a 03 1 8 7 0 03 3 1 1 0 1 4 
6 7 0 33 1 3 5 0 26 1 8 8 0 0 7 3 1 2 2 59 
6 9 10O 0 0 1 3 6 I 1 3 1 9 0 0 03 3 1 3 0 23 
7 0 1 1 2 1 3 7 0 23 1 9 1 0 1 3 3 4 1 0 1 5 
7 4 2 3 1 1 3 8 0 3 6 1 9 3 1 1 7 3 4 3 0 1 4 
75 0 5 1 1 4 0 0 0 1 1 9 4 0 1 3 3 6 0 1 1 5 
7 6 0 9 1 1 4 1 0 07 1 9 8 0 0 4 3 6 1 0 09 
7 7 0 05 1 4 2 0 I S 2 0 0 2 4 2 3 6 2 0 84 
7 9 2 3 8 1 4 3 0 70 2 0 1 0 1 4 3 6 3 0 1 0 
3 1 6 9 9 1 4 4 0 25 2 0 5 0 95 3 7 9 1 4 1 4 — 
8 2 a 53 1 4 6 0 0 7 2 0 6 0 0 6 3 8 0 4 84 
83 0 0 4 1 4 7 0 0 7 2 1 0 0 2 9 3 8 1 9 3 8 — 
8 6 2 33 1 4 3 0 3 0 2 1 2 5 1 3 ' . 3 8 2 0 9 1 
8 7 0 2 0 1 4 9 0 1 3 2 1 3 0 53 4 1 0 0 06 
8 8 0 3 0 1 5 0 0 4 7 2 1 5 0 . 2 1 4 1 2 0 06 
89 0 03 1 5 1 0 0 6 2 1 7 0 3 0 4 4 8 0 2 7 
9 1 0 1 7 1 5 2 0 03 2 2 2 0 . 2 3 4 5 0 0 1 8 
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5FS 
69 

164 

144 

214 
165 

283 

? 84 

No. 39. 

sa isa 23Q 25B 3E3 4sa 4 s a 

Mass Rel Int Mass Rel Int Mass Rel Int Mass Rel Int 

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 
25 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 
35 0 08 84 0 06 138 0 36 206 0.16 
37 1 79 86 0 53 139 0 01 207 0.05 
38 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 14 8 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 OS 225 0.13 
50 1 14 100 1 25 155 0 15 232 0 .23 
51 1 80 101 0 08 156 0 43 233 0.36 
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 

C.41. 
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PHiaap S3G (11 .£31 ) 
294673 use 

5\ 
453 

453 460 383 
288 

sa I s . 

No. 40. 

453 
4 5 i , 

2sa. 3S9 3sa 450 

Mass Rel I n t Mass Rel Ent Mass Sel Ine Mass Rel I n t 

26 0 10 86 3 40 144 2 34 205 2.66 
27 0 24 87 0 19 145 0 41 206 0.73 
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 88 209 0.16 
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 1S1 0 .13 212 2 .40 
38 0 .13 95 1 35 153 3 91 213 0 .61 
37 0 .08 96 0 60 155 7 .02 214 0.13 
38 0 .57 98 1 78 1S6 0 47 215 3.04 
39 0 .13 99 1 35 1S7 0 13 216 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 1S1 0 12 219 0.08 
43 0 .63 103 0 08 162 S 61 220 0 .16 
44 0 .16 105 3 97 163 0 71 221 0.10 
45 0 .12 106 1 .10 164 0 16 222 2.79 
46 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 20 223 0.13 
52 0 .33 113 1 05 172 0 4 1 229 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 
55 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 9 1 235 0.52 
SO 0 .37 120 0 31 181 7 92 236 4.78 
61 0 .14 121 0 74 182 0 67 237 1.63 
62 2 .66 122 0 68 184 2 B8 238 2 .05 
63 0 .18 123 0 35 185 0 23 239 0 .41 
64 0 18 124 7 IS 186 3 11 240 1.87 
65 0 11 125 0 76 137 0 68 241 1.68 
66 0 15 126 0 51 133 0 23 242 10 .77 
67 0 .48 127 0 27 139 0 IS 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 13 0 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 0.37 
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 2S1 0 .79 
78 0 37 136 3 14 198 0 43 252 0 .28 
79 3 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 23 255 1.87 
82 1 .33 140 0 43 202 0 07 256 0.82 
83 0 IS 141 0 14 203 0 30 257 0.25. 
84 0 63 143 1 97 204 0 44 258 0.23 

Mass Rel l o t Mass Rel I n t Mass Sal I n t Mass Re l I n t 

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 29 307 0 18 348 0 IS 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 3S2 0 28 419 1.38 
272 2.15 314 0 09 353 0 81 420 0.14 
273 2 92 315 0 26 354 0 23 421 0.72 
274 2 02 316 0 18 355 0 62 422 0.07 
275 2 95 317 0 19 356 0 14 423 0.03 
276 0 4 1 318 0 10 3S7 4 74 435 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 S7 321 0 26 360 1 35 434 2.0S 
280 0 07 322 2 82 361 0 09 435 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 19 371 0 09 451 20 .51 
289 2 31 331 3 14 372 0 32 452 2.04 
290 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 04 455 14.10 
293 1 76 335 0 14 332 0 11 456 1.23 
294 0 73 336 0 08 384 0 22 457 0.09 
295 0 14 337 0 OS 386 0 11 
296 0 05 338 1 66 391 0 03 
298 0 20 339 0 83 398 0 10 

C. 42. 
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Mass Ral Lnt Mas3 Rel tat Mass Rel I n t Mass Rel I n t 

20 0 13 79 3 93 138 2 22 193 15.98 
24 0 .08 80 2 .53 139 1 83 194 6.36 
25 0 12 31 1 1 75 140 1 71 195 3.35 
26 1 41 32 2 53 141 1 31 196 3.35 
27 4 .61 33 1 55 142 0 86 197 1.23 
23 S 33 34 0 .63 143 8 38 198 6.18 
29 19 26 35 0 22 144 4 54 199 1.79 
30 5 .19 86 2 .03 145 4 34 200 6.13 
31 9 84 87 0 .89 146 2 22 201 0.94 
32 1 51 38 1 03 147 3 38 202 1.73 
33 5 12 39 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 0 35 93 22 13 131 1 79 206 7.96 
37 1 24 94 3 62 152 5 57 207 2.03 
33 5 60 95 5 81 153 7 27 208 1.52 
39 1 91 96 2 53 155 12 57 209 1.12 
40 0 84 97 0 44 156 2 25 210 13.99 
41 0 80 98 1 43 157 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 ISO 9 29 214 0.63 
45 1 16 102 2 49 161 0. 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 
43 0 20 106 3 24 164 2. 07 218 ' 2.02 
49 0 45 107 1 1 20 165 7. 51 219 4.58 
50 2 66 108 1 77 166 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. 83 225 2.97 
56 1 14 114 1 51 172 2. 15 226 4.38 
57 1 12 115 1 54 173 0. 64 227 1.40 
59 35 52 117 9 56 174 5. 16 228 1.47 
60 1 17 118 1 34 173 3. 83 229 2.90 
61 0 48 119 12 84 176 3. 11 230 0.37 
62 4 54 120 2 22 177 6. 93 231 5.33 
62 2 66 121 6 I S 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 
66 0 69 125 1 S7 181 5. 02 '235 5.64 
67 0 98 126 1 55 182 9. 15 236 11.61 
69 100 00 127 0 66 183 2. 66 •237 8.74 
70 1 55 128 0 78 184 2. 53 238 2.22 
71 13 93 129 2 94 135 0. 53 239 0.41 
72 1 07 131 14 2 1 186 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 0. 62 243 2.56 
76 1 59 135 0 43 190 1 . 76 244 12.16 
77 2 60 136 7 45 191 2 . 56 243 0.36 
73 10 33 137 1 1 75 192 0. 67 246 5.33 

Mass Ral l a c Mass S a l I n t Masa Rel I n t MasB Ral I n t 

247 1.32 296 0.38 345 0.34 399 0.05 
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 .35 343 0.26 402 0.08 
251 0.78 300 4 .00 349 0 . 8 1 403 0.09 
252 1.18 301 1.02 350 1.83 410 0.08 
2S3 10.52 302 3 . 1 1 351 2.19 412 0.07 
254 2.33 303 1.20 352 1.81 414 0.29 
2S5 10.23 304 2 .73 353 2.18 4 IS 0.06 
256 7.82 303 0.93 354 2.19 416 0.47 
257 3.24 306 1.78 355 1.03 417 0.63 
258 3.84 307 0.33 356 2.02 418 0.29 
259 2.60 308 o.ao 357 0.25 419 1.08 
260 36.07 309 0 .42 , 338 0.87 420 9.56 
261 3 .21 310 2 .29 359 0.07 421 1.30 
262 3 .91 311 0.58 360 1.43 422 17.62 
263 0.66 312 1.99 361 0.29 423 l.SS 
264 0.65 313 0 . 6 1 3S2 0.83 424 8.67 
265 1.47 314 0 .74 363 1.14 423 0.73 
266 2.36 315 66.12 364 0.37 426 0.05 
267 1.72 316 5.0S 365 1.96 429 3.59 
268 2.02 317 60.66 366 0.49 430 0.33 
269 0.67 318 4 . 7 1 367 1.05 431 6.86 
270 2.39 319 0 . 5 1 368 0.27 432 0.72 
271 0.59 320 1.38 369 0.88 433 3.38 
272 4.88 321 0.38 370 0.19 434 0.50 
273 2.46 322 2 .36 371 0.85 43S 0.13 
274 3.96 323 0.43 372 0 . 2 1 436 0.09 
275 4.10 324 1.20 374 0.08 437 0.04 
276 1.36 325 0.29 377 0.04 444 0.88 
277 0.93 326 16.80 379 0.36 445 0.10 
278 0.49 327 1.26 380 0.06 446 1.75 
279 0.99 328 15.57 381 0 . 6 1 447 0.21 
280 0.34 329 1.25 382 0.24 448 0.96 
281 0.34 330 0.26 383 0.46 449 0.17 
282 0.76 331 0.48 384 0.48 450 0.18 
283 0.38 332 0 .40 385 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 .11 335 2 .56 388 0.57 463 51.91 
287 3.96 336 1.44 389 0 .11 464 4.92 
288 1.72 337 2.32 389 0.17 465 ' 69.95 
289 1.10 338 2 .87 391 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 0.33 
293 0.68 342 0.40 39S 0.18 
294 1.24 343 0.47 397 0.02 
295 0.36 344 0.19 398 0.12 

C. 43. 
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Mass Rel I n t | Mass Rel I n t | Mass Rel I n t | Mass Rel I n t 

20 0 .27 77 5 52 131 a 50 135 0 54 
24 0 .06 78 9 18 132 2 34 136 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 25 189 1 07 
2a 17 .57 82 3 60 136 1 98 190 3 60 
29 15 .77 33 2 77 137 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 36 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 
35 0 .10 89 1 17 143 10 70 197 1 56 
36 0 .35 90 1 00 144 3 OS 198 4 05 
37 0 65 91 2 06 145 2 08 199 2 08 
38 1 69 92 1 52 146 2 01 200 3 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 36 97 0 94 1S1 5 41 205 10 42 
44 1 38 98 0 91 IS 2 7 77 206 4 50 
45 5 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 21 214 1 42 
53 2 39 107 12 50 161 1 28 215 2 36 
54 31 76 108 1 90 162 5 80 216 4 11 
55 2 79 109 10 75 163 2 91 217 2 55 
56 3 83 110 0 63 164 3 58 218 2 56 
57 1 84 111 0 47 165 5 30 219 4 05 
58 1 27 112 4 67 166 9 74 220 2 60 
59 24 77 113 4 OS 167 2 01 221 21 95 
60 3 08 114 1 79 168 2 15 222 5 12 
61 0 48 115 1 30 169 7 26 223 1 41 
62 1 62 116 5 18 170 4 17 224 4 50 
63 1 58 117 2 41 171 4 17 225 1 23 
64 1 06 118 0 65 172 1 66 226 2 94 
65 1 65 119 10 47 173 0 72 227 0 87 
66 1 31 120 9 46 174 4 05 228 1 96 
67 0 90 121 13 85 175 2 79 -. 229 2 36 
68 3 83 122 9 52 176 3 07 230 1 04 
69 66 67 123 0 S I 177 2 18 231 2 22 
70 2 44 124 8 45 178 3 21 232 2 44 
71 14 36 125 2 60 179 4 39 233 1 22 
72 1 20 126 1 65 190 . 1 93 234 5 80 
73 0 23 127 0 99 181 13 18 235 1 75 
74 2 20 128 1 46 132 4 73 236 2 39 
75 2 97 129 1 70 183 3 41 237 100 00 
76 1 32 130 0 53 184 1 52 233 7 49 

Mass Ral Inc I Mass Rel Inc j Mass Rel Inc I Mass Rel Inc 

239 1 07 280 0.67 321 1 94 363 0 14 
240 1 15 281 0.46 322 0 62 364 0 12 
241 2 20 282 0.80 323 0 25 365 0 15 
242 1 44 283 0.69 324 0 44 366 1 49 
243 2 17 284 1.31 325 0 24 367 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 
246 3 17 287 1.01 328 1 45 370 1 22 
247 2 74 288 4.67 329 0 26 371 1 39 
248 8 78 289 0.77 330 0 49 371 41 44 
249 2 42 290 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 0 . 5 6 ' 335 1 07 380 0 49 
254 1 14 295 5.74 336 0 58 381 14 41 
255 1 79 296 0.60 337 0 33 382 2 51 
2S6 1 68 297 1.96 338 0 79 383 14 30 
257 1 49 298 1.36 339 0 73 384 2 90 
258 2 08 299 1.98 340 1 75 385 0 53 
259 1 45 300 3.77 341 0 76 386 6 36 
260 7 43 301 1.56 342 1 91 387 0 83 
261 6 42 302 2.90 343 0 29 383 5 24 
262 20 27 303 2.25 344 21 62 389 0 58 
263 2 11 304 1.03 345 1 79 396 0 13 
264 1 34 305 0.97 346 20 05 398 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 13 308 1.35 350 0 36 401 1 51 
268 2 89 309 0.23 351 0 88 402 12 11 
269 1 32 310 0.90 352 1 53 403 1 37 
270 0 72 311 0.27 353 1 00 404 0 11 
271 1 49 312 0.90 354 2 04 414 1 55 
272 2 60 313 0.84 353 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 2.55 358 0 79 418 7 77 
276 2 04 317 13.02 359 1 25 419 0 84 
277 0 74 318 2.14 360 0 15 
278 20 OS 319 0.45 361 1 15 
279 2 03 320 0.62 362 0 17 

C. 44. 



No. 43. 

39 
N 

27 

55 

k4 a 

8 4 

53 

431 24© 4*35 

23B 3<BQ 353 

Mass Rel [nc Mass Rel Inc Mass Rel In t Mass Rel Inc 

20 0 I S 82 4 2 1 137 1 38 191 2 .67 
25 0 11 83 3 20 138 1 27 192 2 . 8 1 
26 3 80 84 46 52 139 1 23 193 9.97 
27 30 70 85 3 1 1 140 1 70 194 6.96 
28 27 22 86 0 92 1 4 1 1 66 195 2 .77 
29 25 00 87 0 45 142 0 56 196 1.76 
30 3 44 88 0 64 143 3 36 197 1 . 1 2 
3 1 2 S I 89 0 40 144 6 17 198 1.5S 
32 1 3 1 90 0 42 145 2 02 199 1.70 
33 1 46 9 1 0 1 4 146 0 65 200 3 .22 
36 0 13 92 0 20 147 0 60 201 1.70 
37 0 37 93 4 S5 148 1 86 202 1.56 
38 1 68 94 1 74 149 1 78 203 1.56 
39 39 24 95 1 58 150 2 57 204 1.09 
40 9 97 96 0 87 1 5 1 1 42 205 2 . 1 2 
4 1 96 20 97 0 43 152 1 1 2 206 1.40 
42 37 SS 98 0 66 153 1 94 207 1.92 
43 6 25 99 1 2 1 154 0 86 208 2 . 6 7 
44 1 94 100 3 I S 155 3 66 209 3 .05 
45 0 36 1 0 1 1 62 156 1 02 210 1 .31 
46 0 57 102 0 63 157 1 1 4 2 1 1 0.63 
47 0 30 103 0 1 2 i s a 1 00 212 8.23 
4S 0 19 105 0 89 159 0 88 213 4 . 4 9 
50 1 66 106 1 13 160 0 90 214 4 . 1 3 
5 1 3 44 107 1 1 4 1 6 1 0 65 2 I S 2 .83 
52 2 27 108 1 05 162 1 0 92 216 0 .77 
53 10 52 109 0 48 163 .5 38 217 2 .47 
54 1 0 05 1 1 0 0 20 164 2 33 218 0 .70 
55 57 9 1 1 1 1 0 3 1 165 1 1 7 219 1 . 1 4 
56 27 as 1 1 2 2 7 1 166 0 76 220 2 .63 
57 13 53 113 3 1 1 167 3 96 221 3 .03 
58 0 90 1 1 4 1 90 168 3 98 222 4 .73 
59 0 6 1 1 1 5 0 32 169 2 1 4 223 0.95 
SO 0 19 116 0 1 6 170 2 23 224 4 . 4 7 
61 0 1 4 1 1 7 3 24 1 7 1 3 62 225 1.03 
62 0 55 113 0 57 172 1 6S 226 3 .09 
63 0 84 119 2 00 173 0 as 227 2 . 1 6 
64 1 40 120 0 89 174 3 62 228 2 .06 
65 3 44 1 2 1 1 36 175 2 8 1 229 2 .63 
66 1 86 122 0 59 176 3 0 1 230 1.74 
S7 15 27 123 0 30 177 2 02 231 3.03 
68 5 85 124 5 38 178 1 1 9 232 3 .94 
69 100 00 125 1 1 0 179 1 92 233 1.50 
70 1 2 82 126 1 46 180 0 9 1 234 1.70 
71 1 33 127 3 73 1 3 1 3 0 1 235 1.08 
72 0 35 128 0 64 182 1 96 236 1.80 
74 0 as 129 2 02 133 0 87 237 o.ai 
75 1 19 130 0 42 134 1 26 238 0 . 7 1 
76 2 69 1 3 1 5 46 185 0 96 239 1.92 
77 0 49 132 1 3 1 186 4 53 240 15 .27 
78 0 74 133 0 57 187 2 39 2 4 1 6 . 4 1 
79 1 23 134 0 64 i a a 2 06 242 6.65 
30 1 84 135 0 65 189 2 95 243 s.aa 
81 2 02 136 1 36 190 1 2 1 8 244 5 .93 

Mass Rel lac Mass Rel Ine Mass Rel In t Mass Rel Inc 

24S 1 43 292 6 . 0 9 339 0 2 1 383 7 .67 
246 1 78 293 2 87 340 0 1 3 389 14 .48 
247 1 34 294 s 93 3 4 1 0 66 390 8 . 3 1 
248 3 .32 295 6 4 1 342 0 75 391 1 2 . 1 8 
249 1.38 296 4 02 343 0 76 392 1.29 
250 1 56 297 1 84 344 1 02 395 0 .76 
2 5 1 a 85 298 1 62 345 1 58 396 0 .73 
252 0 93 299 0 . 5 4 346 4 47 397 1.96 
253 3 1 6 300 0 65 347 1 09 398 0 .95 
3S4 3 07 3 0 1 1 33 348 3 44 399 1 . 2 1 
255 3 .82 302 0 79 349 1 33 400 0 .76 
256 1 05 303 1 44 350 0 27 401 8 .78 
2S7 1.22 304 0 . 4 4 3 5 1 0 90 402 2 . 1 4 
258 0 . 9 1 305 0 . 7 2 352 0 1 9 403 1 6 . 6 1 
259 7 1 2 306 1 .42 3S3 0 42 404 2 . 5 9 
260 1 70 307 0 77 354 0 1 2 405 3 .62 
2 6 1 0 62 303 1 88 355 0 6 1 406 1.04 
262 3 40 309 1 36 356 0 36 407 0 . 1 8 
263 2 .02 3 1 0 2 . 1 6 357 0 73 409 0 . 1 0 
264 0 62 3 1 1 2 27 358 0 70 412 0 . 2 0 
265 6 88 3 1 2 1 2 1 359 0 39 413 0 .38 
266 1 48 313 1 94 360 3 24 414 0 . 4 1 
267 10 28 3 1 4 0 . 3 8 3 6 1 20 25 415 21 .52 
268 2 .23 3 1 5 1 26 362 7 44 416 2 .93 
269 2 55 31S 0 47 363 1 9 94 417 3 0 . 1 7 
270 4 1 1 3 1 7 l.ao 364 5 46 418 2 . 6 7 
2 7 1 1 93 3 1 8 l 07 36S 1 0 60 419 0 .23 
272 5 .23 3 1 9 0 70 366 1 62 423 0 .24 
273 2 43 320 E 88 367 0 22 424 0 .28 
274 2 69 3 2 1 I 34 369 0 27 425 4 . 7 5 
275 3 20 322 6 . 88 370 0 33 426 0 .95 
276 1 46 323 1 . 54 3 7 1 0 79 427 4 . 6 1 
277 1 82 324 1 . 04 372 0 44 428 0 . 7 1 
278 1 02 325 0 . 60 373 0 58 429 2 .67 
279 0 99 326 0 . 65 374 1 34 430 0.3S 
280 2 25 327 1 . 44 375 4 53 4 3 1 2 .25 
2 8 1 3 46 328 0 . 65 376 1 2 74 432 0 .33 
282 5 30 329 1 . 33 377 6 65 4 4 1 0 .28 
233 1 72 330 0 . 47 378 1 1 47 442 0 .34 
284 2 . 6 1 3 3 1 0 . 43 379 2 00 443 1 3 . 5 1 
285 0 . 53 332 2 . 22 380 0 1 8 444 3 2 . 9 1 
286 1 . 04 333 0 . 67 382 0 20 445 19 .46 
287 0 . 63 334 4 . 96 333 0 33 446 27 .85 
288 0 . 54 335 1 . 36 384 0 3 1 447 3 .86 
289 0 . as 336 3 . 68 385 0 34 448 0 .29 
290 0 . 84 337 1 . 3 1 336 0 25 
291 1 . 34 338 0 . 40 387 2 22 

C.45. 



PH1S8CK 319 (5.317) 
No. 44 

Mass Rel Int j Mass Rel Int } Mass Rel Int | Mass Rel I n t 

2a 0 48 82 1 45 143 7- 49 192 0 67 
24 0 15 86 5 34 144 13 77 193 4 18 
2S 0 32 87 1 97 145 1 10 194 5 47 
26 1 97 88 0 22 146 0 14 195 0 61 
27 1 59 89 0 35 147 0 31 198 0 12 
23 IS 90 91 a 16 148 0 95 199 0 19 
29 1 35 93 12 25 149 1 13 204 0 16 
31 12 96 94 3 64 ISO 0 40 205 0 22 
32 4 63 95 0 30 151 0 30 206 0 07 
35 0 21 98 2 35 152 0 23 212 1 16 
36 0 3S 99 3 IS 153 0 52 213 1 31 
37 2 43 100 2 73 154 0 58 214 0 52 
38 1 72 104 0 40 155 1 20 217 1 •4 
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 18 232 3 59 
42 a 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 38 163 8 60 243 0 64 
45 0 63 113 12 25 1S4 2 13 244 23 48 
47 2 05 114 0 84 165 0 62 245 1 21 
48 0 25 l i s 3 04 1SS 0 78 262 0 54 
49 0 63 117 5 36 1S7 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 
33 0 24 121 0 14 173 0 29 275 0 66 
55 1 21 122 0 IS 174 0 95 282 5 39 
SS 1 67 123 1 25 175 1 13 283 1 08 
57 o 17 124 2 86 176 0 24 292 4 66 
62 a 93 125 a 32 177 0 22 293 0 21 
63 7 49 126 0 03 178 0 15 294 4 68 
66 0 46 128 0 53 179 0 21 301 0 17 
66 0 20 129 l 20 180 0 09 303 0 12 
69 100 00 130 l 33 181 1 06 323 0 14 
74 1 51 131 2 10 182 . 1 92 325 0 16 
74 4 91 132 0 58 183 0 12 342 2 68 
75 2 43 135 0 30 18S 0 49 344 2 66 
75 0 89 136 2 94 136 1 77 361 18 02 
79 3 09 137 2 48 187 1 72 362 0 72 
90 2 28 138 0 36 138 0 09 363 17 91 
31 3 95 142 0 60 191 0 17 364 1 03 

C. 46. 
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No. 45. 

Mass Rel Inc | Mass Rel In t | Mass Rel tat \ Mass Rel Inc 
20 0 05 86 0 . 9 a 152 0.33 215 0.82 
25 0.01 87 0 .85 153 0.81 217 1.37 
26 0 21 88 1 .65 154 0.14 218 0.56 
27 1.05 89 0 .85 155 2.35 219 2.90 
23 1 43 91 0 .76 156 0.44 220 3 .26 
29 1 36 93 4 .63 157 0.64 221 0 .34 
30 0 07 94 0 31 158 0.66 222 0.31 
31 1.26 95 0 .88 159 0.61 224 3 .99 
32 0 19 96 0 .25 160 0.1S 223 0 .S9 
33 0 14 99 2 .50 161 0.84 226 0.14 
36 0 01 100 2 .74 162 2.07 227 0.75 
37 0 09 101 1 10 163 8.66 228 0.14 
38 0 10 102 0 .36 165 0.27 229 0.66 
39 7 07 103 0 14 166 0.3S 232 16.22 
40 0 29 105 2 47 167 0.75 233 1.01 
42 0 65 106 1 35 168 0. SO 234 0.22 
43 2 65 ' 107 1 15 170 16.34 235 0.12 
43 3 32 108 0 97 174 2.01 236 0.33 
44 2 26 109 0 93 175 0.72 237 0.31 
45 2 32 111 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 1.9S 240 0.47 
48 1 SO 114 0 24 180 0.19 241 0.62 
49 4 45 115 0 19 181 2.44 242 1.07 
50 0 61 117 2 56 182 1.95 243 1.98 
51 1 33 118 0 19 183 0.40 244 1.34 
52 0 26 119 1 84 184 .0.75 245 0.21 
53 1.32 120 1 36 18S 0.38 246 0.13 
54 0 45 121 0 11 136 1.21 247 0.21 
55 0 73 122 0 24 187 0.45 248 0.73 
56 0 45 124 5 27 188 4.13 249 4.60 
57 1 12 125 0 90 139 2.77 250 1.04 
58 1 12 126 0 59 190 1.43 251 5.09 
59 0.25 127 0 44 192 0.33 252 0.S1 
SI 0 80 129 1 95 193 2.44 253 0.19 
62 1 75 130 0 25 194 1.07 254 0.55 
63 3.48 131 2 32 195 0.20 255 0.53 
64 0. 54 132 0 91 196 0.09 256 0.50 
65 0 42 133 0 37 198 1.27 257 1.36 
66 0 24 134 0 38 199 0.59 258 2.16 
67 0 67 136 1 39 200 0.47 259 0.45 
69 27.07 137 2 62 201 0.86 261 0.37 
70 0. 77 138 0 52 202 0.14 262 0.33 
72 27 44 139 3 17 203 0.41 263 0.37 
73 31. 71 140 0 31 205 •1.22 264 0.32 
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 0.26 268 3.11 
79 3. 78 146 0 21 210 0.26 270 11.34 
81 43.41 147 0 55 211 0.26 271 1.18 
82 2. 84 148 1 14 212 3.29 272 0.69 
83 1. 25 ISO 2 84 213 1.00 273 0.11 
85 1.69 151 0 76 214 0.39 274 0.85 

Ma a 8 Ral Inc Mass Rel Int. Mass Rel Inc Mass Rel Inc 
275 0 .07 309 0.04 247 0- 10 390 0.28 
277 1 .33 311 1.9S 348 0 21 391 0.03 

- 279 0 .34 312 0.18 349 2 44 392 0.06 
280 0 .92 313 1.89 350 0 41 398 0.04 
281 0.24 3 IS 0.07 351 2 53 399 0.06 
282 0.96 316 0.03 352 0 29 401 0 .05 
283 0.12 317 0.16 354 3 90 402 0.02 
284 0 .37 313 0.38 355 a 49 403 0.05 
28S 1.11 319 0.33 356 0.14 404 0.07 
286 0 .25 320 0.41 357 0.48 405 0.06 
287 0 .43 322 0.24 358 0 04 406 0.07 
288 0 27 323 0.04 3S9 0 45 412 0.24 
289 0 .43 324 0.52 360 0 17 413 0.O7 
290 0 29 329 ,0.31 361 0 OS 414 0.3O 
291 0 88 330 0.14 362 0 17 415 0.05 
292 a 12 331 0.34 363 0 08 416 0.28 
293 0 84 332 0.16 364 0 10 417 0.40 
29S 0 OS 333 0.04 365 0 03 418 14.88 
296 0 19 334 0.20 366 0 08 419 2.3S 
297 0 OS 335 0.22 367 0 02 420 14.27 
298 0 73 336 0.13 368 0 06 421 2.04 
299 1 00 337 1.13 370 0 07 422 0.55 
300 a 83 338 0.26 372 0 02 432 0.12 
301 0 96 339 1.68 374 0 01 433 0.23 
303 0 08 340 0.35 376 0 01 434 0.15 
304 0 28 341 0.13 382 0. 02 43 S 0.24 
305 0 09 343 0.12 384 0. 04 436 0.04 
306 0 08 344 0.03 386 0. 05 

0.04 

307 0 03 345 0.12 388 0. 23 

C. 47. 
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No. 46. 

13B 2t5t8 4BS 5BB Bigg 

Mass Rel Inc Mass Rel In t Mass Rel In t Mass Rel Int 
28 0 .32 147 0 33 248 4 . 8 1 360 0 .32 
3 1 0 . 3 7 148 1 87 249 0 . 3 6 362 1.S3 
32 0 . 4 2 149 0 23 2S0 0 .40 363 0 . 1 6 
40 0 . 1 2 150 0 26 253 0 . 4 2 367 1 . 1 2 
4 1 0 .06 153 0 47 255 8.33 372 0 .34 
43 0 . 0 6 1S5 3 63 2S6 0 .89 374 4 . 8 1 
44 0 .36 156 0 26 257 0 .08 375 0.63 
SO 0 .32 ISO 0 66 260 2 . SO 379 0 . 1 7 
55 0 . 4 7 162 2 59 262 3 .50 381 0 .85 
57 0 . 1 1 163 0 1 6 263 0 . 2 9 384 0 .33 
62 0 . 1 3 165 0 66 265 0 . 7 0 386 0 .95 
67 0 . 1 1 167 2 32 267 1 .76 3 9 1 0 . 1 9 
S9 100 .00 168 0 1 3 268 0 . 1 0 393 7 .83 
74 0 .78 169 0 55 269 0 .35 394 0 . 6 1 
76 0 . 5 7 172 0 88 270 0 . 3 6 398 0 . 5 4 
79 0 .48 174 1 0 1 272 0 . 3 4 403 1.42 
8 1 0 . 7 7 177 0 57 274 3 . 4 1 404 0 . 1 6 
82 0 .09 179 2 03 275 0 . 4 1 405 2 .03 
86 1 . 8 1 1 8 1 2 08 278 0 . 0 9 406 0 .28 
87 O.OS 182 0 1 2 279 2 . 3 0 4 1 2 1.3S 
93 3 . 6 5 184 0 29 280 0 .32 4 1 5 0 .09 
94 0 . 1 3 186 3 68 2 8 1 0 .93 4 1 7 1 . 5 1 
98 0 . 1 7 187 0 57 284 0 . 1 3 422 1.65 
98 0 . 3 7 188 0 3 1 286 3 . 7 0 423 0 . 1 7 

100 0 . 4 6 1 9 1 0 53 287 0 . 3 7 424 3 .34 
100 1 . 1 5 193 2 64 2 9 1 0 .23 425 0 .45 
103 0 . 0 7 194 0 2 1 293 - 7 . 0 4 4 3 1 0 .67 
104 0 .29 198 1 08 294 0 . 8 1 434 0 . 2 2 
105 1.03 200 1 54 298 1.35 436 1.5a 
106 0 .08 203 0 83 299 0 . 1 6 437 0 .22 
107 0 . 0 7 205 3 23 300 0 . 1 1 4 4 1 4 . 0 8 
110 0 .25 207 0 34 303 0 . 1 7 442 0 .42 
1 1 1 0 . 1 1 2 1 0 2 1 6 305 3 . 0 4 443 9 .20 
112 0 .33 2 1 1 2 1 2 306 0 . 4 0 444 1.20 
113 0 . 0 4 2 1 2 3 66 3 1 0 1.5S 446 0 .64 
1 1 4 0 . 2 1 2 1 5 0 84 3 1 3 1.47 448 0 .68 
116 0 . 7 6 2 1 7 2 68 3 1 5 0 . 3 1 449 0 .08 
117 4 . 1 7 219 0 1 3 3 1 7 1.78 453 1.87 
118 0 . 2 5 222 0 70 322 0 . 2 8 454 0.23 
119 0 .S4 224 6 47 324 6 . 6 1 455 2 .05 
122 0 . 1 4 225 0 54 325 0 .65 456 0.2S 
124 2 . 1 7 227 0 23 329 0 .78 462 2 .68 
125 0 . 1 6 229 2 42 330 0 . 6 2 463 0 . S 1 
129 1.04 230 0 1 3 3 3 1 0 . 7 7 467 0.2S 
131 1.6S 2 3 1 2 1 4 336 1 . 1 0 472 1.54 
132 0 . 0 6 234 0 34 337 0.17- 473 0 . 1 5 
134 0 . 0 7 236 3 04 3 4 1 0 . 1 S 474 1 . 8 1 
136 1 . 5 1 237 a 2 6 343 8 .26 47S 0 .26 
137 0 .09 238 0 24 344 0 .75 477 0 .05 
138 0 . 3 1 2 4 1 l 07 348 0 .92 479 0 .07 
140 0 . 1 3 242 a . 1 3 350 1 . 1 0 4 8 1 0 .55 
141 0 .88 243 I . 90 353 0 .67 486 2 . 8 0 
143 1 .87 244 0 . 1 3 355 3 . 4 8 487 0 .42 
144 0 . 1 0 246 0 .33 356 0 .40 4 9 1 1 . 3 1 

Mass Rel Inc Mass Rel Int- Mass Rel Inc Mass Rel Inc 
492 0 .25 522 0 70 . 546 0'. 15 S93 1.63 
493 3 .48 523 0 1 1 548 0 . 1 5 S94 0 .29 
494 0.S2 324 0 67 562 0 .49 641 4 . 8 1 
496 0 .29 525 0 09 563 0 . 1 1 642 0 .79 
498 0 .29 5 3 1 0 57 572 0 .58 643 4 . 8 1 
503 O.SO 532 0 1 0 573 0 . 1 0 644 0 .82 
504 0 .08 536 0 1 6 574 0 .59 660 18 .97 
SOS 1.03 541 7 40 S81 3.23 661 3 .20 
506 , 0 . 1 3 S42 1 06 582 0 .66 662 18 .97 
512 4 . 4 7 543 7 33 5 9 1 1.56 663 3 .20 
513 0 .74 544 1 07 592 0 .27 664 0.23 

C. 48. 



MllsSttt 369 (16.151) 
89 

2FS 

PH185CR 983 (16.1S1) 
672 

671 

n/z 643 sea 

iiasot 
874 

675 

No. 47. 

680 

2B8 3fflffl 
S i 

6fl<3 

Mass Rel Int Mass Rel Inc Mass Rel Inc Mass Rel Inc Mass Rel Inc Mass Rel Inc Mass Rel Inc Mass Rel 
28 0 41 105 l 34 172 1 02 236 4 31 299 0 .36 366 0.19 423 1 .39 478 0 
29 0 45 106 0 32 174 4 06 237 2 20 300 0 .48 367 2.67 424 2 .33 479 1 
30 0 17 107 0 24 175 0 60 238 1 13 301 0 .22 368 0.76 425 2 94 480 0 
31 0 43 108 0 14 176 0 40 239 0.31 302 0 .19 369 0.S8 426 0 .80 481 8 
32 0 19 109 0 19 177 0 90 240 0 15 303 0 .63 370 0.20 427 1 .22 482 1 
33 0 13 110 0 24 178 0 27 241 1 33 305 5 .00 371 0.75 428 0 37 483 0 
39 0 06 111 0 28 179 3 23 242 0 25 306 1 .81 372 1.23 429 0 70 484 1 
40 0 OS 112 0 73 180 0 32 243 8.06 307 0 .57 373 0.12 431 2 42 485 0 
41 0 07 113 0 32 181 1 59 244 1 05 309 0 .78 3 74 5.19 432 0 37 486 2 
43 0 48 114 0 33 182 0 65 245 0 13 309 0 .21 375 3.11 433 0 .26 487 0 
44 0 24 115 0 15 183 0 54 246 0 36 310 2 .08 376 0.77 434 1 23 4B8 0 
45 0 13 116 1 14 184 0 74 248 9 25 311 0 .36 377 0.83 435 1 38 499 
47 0 39 117 3 19 186 5 13 249 1.05 312 6 .94 378 0.20 43 6 3 36 490 0 
50 0 86 118 0 39 187 1 39 250 1 03 313 1 .00 379 0.82 437 1 67 491 X 
51 0 48 119 1 09 198 1 22 251 0 27 315 0 .47 380 0.22 438 0 70 492 o 
54 0 30 120 0 16 189 0 60 253 0 71 317 3 .78 381 1.27 439 0 31 493 
55 0 33 122 0 19 191 1 03 254 0 22 318 1 .00 382 0.18 440 0 65 494 2 
56 0 17 124 1 61 192 0 38 255 9 44 319 0 .65 384 0.68 441 1 80 495 o 
57 0 23 124 5 69 193 7 44 256 1 83 320 0 27 385 0.56 442 0 29 496 o 
60 0 58 125 0 45 194 0 96 257 1 16 321 0 40 386 3.00 443 2 63 497 o 
61 0 03 126 0 17 196 0 48 258 0 54 322 0 88 387 1.48 444 1 19 498 o 
62 0 15 129 1 06 196 0 22 260 1 92 324 3 41 388 0.68 445 0 52 499 o 
63 0 07 130 0 75 199 1 91 261 0 75 325 2 50 389 0.42 446 0 46 500 o 
65 0 25 131 2 44 199 0 59 262 7 31 326 0 91 390 0.62 447 0 19 502 o 
67 0 14 132 0 20 200 2.72 263 0 86 327 0 78 391 1.92 448 0 77 503 1 
69 100 00 133 0 23 201 0 44 264 0 41 329 1 78 392 0.26 449 0 IS 504 o. 
71 0 17 134 0 24 203 -2 59 265 1 06 330 0 55 393 3.81 450 0 51 505 3 
73 0 11 136 1 75 204 0 SO 267 4 06 331 0 85 394 1.17 451 0 09 506 1 
74 4 06 137 0 58 205 4 50 268 1 27 332 0 66 395 0.52 452 0 25 507 1 
75 0 58 138 0 65 206 1 41 269 1 73 334 0 93 396 0.61 453 1 02 508 o 
76 1 17 139 0 26 207 1 28 270 0 34 336 6 25 398 1.67 454 0 64 S09 4 . 
79 0 72 141 1 23 208 0 79 271 0 50 337 2 28 399 0.57 4S5 4 75 510 2 . 
30 0 13 143 5 00 210 2 97 272 0 90 339 0 49 400 0.45 456 1 92 511 0. 
81 1 64 144 0 46 211 0 73 274 3 78 340 0 43 401 0.34 4S7 1 20 512 1 
82 0 21 145 0 13 212 3 78 275 1 80 341 1 00 403 1.25 453 1 13 513 0 . 
83 0 23 146 0 36 213 0 79 276 1 17 343 6 69 404 1.22 459 1 28 514 o. 
84 0 22 148 2 94 215 1 66 277 0 73 344 1 11 405 4.50 460 0 71 515 0 . 
86 1 47 149 0 43 217 7 00 277 1 69 345 0 25 406 2.33 461 0 17 . 516 0. 
87 0 20 150 1 22 218 2. 58 279 4 13 346 0 25 407 1.11 462 0 68 517 0. 
88 0 14 151 0 17 219 1. 61 280 a 93 348 2 28 408 0.91 463 1 77 518 0. 
89 0 08 153 1 03 220 0 32 281 1.55 349 0 34 409 0.45 464 0 38 519 o. 
92 0 34 155 7 56 221 0 18 282 1 13 350 0 SO 410 0.61 465 0 94 520 o. 
92 3 67 156 0 73 222 1 45 284 1 38 351 0 30 411 0.10 466 0 50 521 0. 
93 5 50 157 0 23 223 0 29 286 6 75 352 0 20 412 5.00 467 1.31 522 0. 
94 0 41 158 0 25 224 7 31 287 2 33 353 0 97 413 0.49 469 0 80 523 4. 
95 0 24 160 0 92 225 1. 06 288 0 87 354 0 S5 414 0.19 469 0 79 524 13 . 
96 0 11 162 3 64 226 0 42 289 0 S7 355 4 63 415 1.16 470 0 13 325 7. 
97 0 19 163 0 31 227 1 14 290 0.35 356 2 00 416 0.41 471 0 54 526 1. 
98 0 40 164 0 30 229 3.95 291 0 94 357 1 16 417 2.2S 472 0 63 527 0. 
99 1 38 165 0 73 230 1. 20 293 11 38 358 0 75 418 0.71 473 1. 48 528 0. 

100 2 44 167 2.31 231 2 . 86 294 1 50 360 0 86 419 0.87 474 1. 66 529 0. 
102 0 84 168 1 03 232 0. 77 295 a 25 361 0 17 420 0.18 475 2.69 530 0. 
103 0 12 169 1.53 233 0 21 296 0.13 362 4 56 421 0.75 476 1 14 531 0. 
104 0 48 170 0 54 234 1. 00 298 3.80 365 0 73 422 1.20 477 1.56 532 0. 

Mass Rel In t Mass Rel Inc Mass Rel InC Mass Rel toe 
533 0 77 SSI 0 19 591 0 21 630 a .06 
534 0 79 362 0 .82 392 0 09 631 0 .38 
535 1 47 563 3 09 593 1 69 632 0 .06 
536 1 11 364 0 71 594 0 41 633 a .12 
537 0 80 365 0 38 595 0 04 63S 0 .08 
538 0 61 566 0 11 596 0 09 638 2 30 
539 0 14 567 0 .13 597 0 12 639 a .43 
540 0 .34 569 0 .51 598 0 .12 640 ' 2 .23 
541 a 65 570 0 .11 399 0 .12 641 0 .59 
542 0 .12 571 0 55 602 0 95 642 l .50 
543 0 .78 572 0 .32 603 0 77 643 7 .88 
544 0 25 573 1 81 604 1 27 644 2 .77 
545 l .03 574 3 .33 605 0 .80 64S 7 .81 
546 2 .78 575 2 .58 606 0 .35 646 1 .31 
547 0 .48 576 2 .86 607 0 .17 647 0 .07 
548 2 .53 577 1 .06 610 0 .11 653 7 .00 
549 0 .42 578 2 .58 612 0 .10 654 1 .44 
550 0 .69 579 0 .37 615 0 .39 655 7 .00 
551 0 .15 S80 0 .08 616 0 .07 656 1 .42 
552 0 .34 581 0 .14 617 0 .39 657 0 .32 
553 4 .13 583 0 .96 618 0 .07 659 0 .17 
554 1 .19 584 0 .71 622 0 .96 671 13 .75 
555 5 .75 585 1 .03 623 a .55 672 25 .75 
556 1 .33 586 a .76 624 l .80 673 16 .SO 
S57 1 .59 SS7 0 .16 625 0 .84 674 23 .50 
558 0 .39 588 0 .57 626 0 .89 67S 4 .13 
559 0 .62 589 0 .08 627 •0 .34 676 0 .41 
560 0 .95 590 0 .52 629 0 .41 

.1 

.1 

. ! 

C. 49. 
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Mass Rel Inc Mass Rel Inc Mass Rel Int Mass Rel In t 
27 0.04 83 0 .54 137 0 .21 191 0 .06 
29 0.34 84 0 .29 138 0 .17 192 0 .08 
29 0.12 B5 0 .43 139 0 .28 193 0 .29 
30 0.01 36 0 .20 140 0 .22 194 0 .25 
31 0.08 87 0 .77 141 0 .11 195 0.22 
32 0.22 88 0 6a 142 0 08 196 0 .37 
33 0.02 89 0 .61 143 0 49 197 0 .32 
36 0.02 90 0 .17 144 0 26 198 0 .15 
37 0.02 91 0 34 145 0 58 199 0.11 
38 0.03 92 0 13 146 0 25 200 0 .18 
39 0.37 93 0 53 147 0 30 201 0 .10 
40 0.07 94 0 .21 14 a 0 13 202 0 .11 
41 0.09 95 0 31 149 0 23 203 0.06 
42 0.25 96 0 14 ISO 0 27 204 0.07 
43 3.08 97 0 13 151 0 19 205 0.07 
44 1.70 98 0 19 IS 2 0 12 206 0.07 
45 11.75 99 0 SO 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 a 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 0.57 105 0 47 159 0 20 213 0.21 
52 0.13 106 0 34 160 0 10 214 0.18 
53 0.49 107 0 22 161 0 21 215 0.16 
54 0.31 ioa 0 26 162 0 28 216 0.41 
55 0.57 109 0 21 163 a 72 217 0.13 
56 0.26 110 0 09 164 0 20 218 0.08 
57 1.01 111 0 12 165 0 20 219 0.14 
58 1.2S 112 0 29 166 0 74 220 0.23 
59 0.39 113 0 48 167 0 18 221 0.10 
60 0.11 114 0 17 168 0 14 222 0.07 
61 0.18 115 0 23 169 0 81 223 0.09 
62 0.51 116 0 13 170 1 03 224 0.62 
63 2.03 117 0 31 171 0 20 225 0.13 
64 0.2S 11 a 0 48 172 0 06 226 0.20 
65 0.13 119 0 29 173 0 06 227 0.13 
66 0.10 120 0 25 174 0 23 223 0.20 
67 0.25 121 0 12 175 0 21 229 0.12 
68 0.11 122 0 18 176 0 44 230 0.12 
69 4.01 123 0 22 177 a 13 231 0.26 
70 0.47 124 0 48 178 0 0B 232 0.63 
71 0.54 125 0 36 179 0 24 233 0.15 
72 2.66 126 0 15 180 a 24 234 0.19 
73 100.00 127 0.17 181 0 27 235 O.10 
74 10.07 123 0 OS 182 0 IS 236 0.09 
75 5.15 129 0 oa 183 0 13 237 0.04 
76 1.S0 130 0 14 184 0 29 23S 0.10 
77 31.34 131 0 23 18S 0 33 239 0.05 
78 2.43 132 0 26 186 0 21 240 0.09 
79 1.27 133 0 27 187 a IS 241 0.07 
80 0.47 134 0 25 188 0 20 242 0.27 
81 8.96 135 0 17 189 0 28 243 0.13 
82 0.75 136 0 36 190 0 24 244 0.08 

Mass Rel In t | Mass Rel In t | Mass Rel Inc | Mass Rel Inc 
245 0.12 273 0 06 314 0 57 350 0.38 
246 0.72 279 0 13 31S 0 21 351 1.03 
247 0.63 280 0 31 316 0 83 352 0.35 
248 0.18 281 0 23 317 0 17 3S3 0.19 
249 0.06 282 0 12 318 0 11 354 1.39 
250 0.12 283 0 06 320 0 44 355 0.24 
251 0.19 284 0 11 321 0 11 356 0 .07 
252 0.07 295 0 21 322 0 OS 357 0.02 
253 0.05 286 0 07 324 0 I S 358 0 .02 
254 0.28 287 0 02 325 0 04 368 0.04 
255 0.12 288 0 11 326 0 06 369 0.01 
256 0.06 289 0 02 327 0 24 382 0.09 
257 0.06 290 0 05 328 0 24 383 0.03 
253 0.33 291 b 02 329 0 14 384 0.04 
259 0.13 292 0 06 330 1 63 392 0.03 
260 0.24 293 0 28 331 4 34 396 0.62 
261 0.32 294 0 10 332 0 88 397 0.13 
262 1.49 295 0 04 333 0 27 398 0.06 
263 0.35 296 0 11 334 1 25 408 0.24 
264 0.26 297 0 05 335 6 34 409 0.05 
263 0.46 298 0 02 336 2 24 410 0.20 
266 1.66 299 0 01 337 0 49 411 0.14 
267 0.48 300 0 10 338 0 11 412 14.37 
263 0.14 301 0 06 339 0 17 413 3.15 
269 0.09 302 0 06 340 0 11 414 1.09 
270 0.24 303 0 03 341 0 10 415 0.17 
271 0.09 304 0 03 342 • 0 i a 416 0.03 
272 0.08 306 0 09 343 1 20 426 0.21 
273 0.04 307 0 03 344 0 30 427 0.07 
274 0.17 308 0 03 345 0 12 428 0.03 
275 0.12 310 0 03 346 0 03 
276 0.09 312 0 10 348 0 3a 
277 0.16 313 0 10 349 0 13 

C. 50. 
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Mass Rel Inc | Mass Rel In t | Mass Rel In t | Mass Rel In t 

20 0 11 79 3.58 134 1 94 188 6.38 
25 0 11 80 11.23 135 4 34 189 3 .94 
26 2 74 81 21.12 136 6 58 190 6.12 
27 21 93 82 3.68 13 7 5 25 191 2.44 
2a 4 28 83 1.76 138 2 84 192 3.84 
29 33 42 84 0.56 139 1 99 193 4.21 
30 0 39 85 3.44 140 2 03 194 11.23 
31 3 78 36 5.75 141 2 61 195 4.98 
32 0 70 87 4.95 142 3 78 196 0.79 
33 0 24 88 4.01 143 7 12 197 0.39 
35 0 04 89 1.04 144 3 38 198 1.38 
36 0 13 90 0.48 145 2 00 199 9.63 
37 0 64 91 0.78 146 1 29 200 33.16 
3a 1 74 92 4.28 147 2 44 201 14.30 
39 10 33 93 10.56 148 3 78 202 3.07 
40 1 99 94 2.27 149 5 03 203 1.45 
41 9 49 95 1.15 150 18 98 204 3.48 
42 6 08 96 0.67 151 13 90 205 8.96 
43 0 32 97 0.37 152 11 76 206 4.28 
44 0 18 98 3.07 153 4 01 207 4.24 
45 0 19 99 13 .90 154 8 46 208 7.65 
46 0 28 100 9.63 155 9 09 209 3.28 
47 0 31 101 2.03 156 2 97 210 6.28 
4a 0 08 102 0.57 157 1 86 211 6.38 
49 0 53 103 1.24 i s a 5 15 212 12.03 
50 5 98 104 5.05 159 S 75 213 5.31 
51 8 56 105 10.29 160 S 75 214 5.78 
52 2 11 106 6.92 161 7 19 215 2.11 
53 3 91 107 2.91 162 6 25 216 0.48 
54 0 58 108 1.33 163 5 75 217 2.61 
55 0 59 109 2.34 164 5 68 218 4.21 
56 1 59 110 1.69 165 1 56 219 3.28 
57 4 85 111 4.85 166 0 .53 220 2.17 
58 0 36 112 7.42 167 6 05 221 0.56 
59 1 09 113 2.94 163 7 .89 222 0.31 
60 0 15 114 1.07 169 4 .61 223 10.03 
61 4 51 115 0.47 170 3 .34 224 5.61 
62 4 .78 116 2 .17 171 0 .96 225 2.34 
63 6 12 117 10.16 172 0 .36 226 6.65 
64 3 .21 118 3.54 173 6 .12 227 2.57 
65 5 .15 119 2.91 174 .9 .09 228 4.91 
66 3 .78 120 0.83 175 3 .24 229 6.62 
67 7 .39 121 0.46 176 4 .78 230 16.71 
68 3 .78 123 20.19 177 3 .58 231 3.56 
69 79 .14 124 13.10 178 3 .93 232 6.22 
70 2 .06 125 3.48 179 13 .64 233 1.84 
71 0 .48 126 1.40 180 9.56 234 0.72 
72 0 .29 127 1.33 i a i 26 .47 235 0.58 
73 0 .68 128 0.78 182 10 .43 236 2 .97 
74 a .32 129 4.41 183 4.34 237 5.65 
75 12 .17 130 15.11 184 1.60 238 2.87 
76 6 .39 131 11.36 185 4 .41 239 14.71 
77 2 .91 132 3 .as 186 9 .39 240 7.22 
78 2 .67 133 3.94 187 10 .83 241 11.90 

Mass Rel Int | Mass Rel Inc Mass Rel InC Mass Rel InC 

242 S.4S 237 0.99 332 12 33 37S 0 17 
243 5.69 288 1.44 333 2 37 379 0 43 
244 3.01 289 1.09 334 0 44 380 0 40 
245 3 . S I 290 1.23 335 0 16 381 a 53 
246 0.93 291 0.78 336 0 23 382 0 43 
247 0.34 292 2.21 337 0 14 383 0 16 
248 1.45 293 13.37 338 1 45 385 11 36 
249 2.91 294 2.12 339 1 33 386 2 14 
250 4S.99 295 12.03 340 1 26 387 11 10 
251 a.92 296 , 1.41 341 1 52 383 2 44 
252 4.11 297 0.40 342 0 88 389 0 37 
253 1.09 298 1.34 343 52 41 390 0 29 
254 1.11 299 1.62 344 6 15 391 a 07 
255 1.39 300 3.11 345 48 66 392 a 05 
256 4.45 301 4.48 346 6 12 393 0 17 
257 2.27 302 1.14 347 1 51 394 0 10 
258 4.31 303 0.56 348 2 61 395 0 15 
259 3.71 304 0.91 349 0 91 396 0 08 
260 10.16 305 0.69 350 0 51 397 0 20 
261 3.21 306 3.64 351 0 53 39a 33 02 
262 3.88 307 3.34 352 0 08 399 16 71 
263 2.87 308 3.14 353 0 04 400 32 49 
264 3.58 309 3.58 354 0 18 401 16 44 
265 1.93 310 3.41 355 0.22 402 2 51 
266 6.52 311 0.86 356 1 32 403 0 25 
267 2.24 312 2.71 357 9.09 406 0 07 
268 9.09 313 0.74 358 6 OS 407 0 14 
269 3.21 314 1.17 359 8 32 408 0 30 
270 1.78 315 0.56 360 5 11 409 0 22 
271 0.71 316 1.4S 361 1 a i 410 0 79 
272 0.94 317 1.28 362 0 54 412 100 00 
273 1.S6 31B 2.17 363 1 34 413 10 70 
274 1.59 319 5.41 364 0 36 414 74 33 
275 0.74 320 1.15 365 0 06 415 9 09 
276 1.98 321 1.30 366 0 04 416 0 63 
277 1.61 322 0.33 368 0 26 424 0 04 
278 9.49 323 0.23 369 0 03 425 0 11 
279 18. OS 334 2.05 370 0 24 426 10 56 
280 14.84 325 0.29 371 0 14 \ 427 48 66 
291 12.17 326 1.97 372 0 OS , 428 12 57 
282 13.64 327 0.33 373 0 09 • 429 38 SO 
283 1.91 328 3 . S I 374 0 76 430 4 95 
294 0.35 329 9.76 375 1.47 431 0 37 
295 0.34 330 13 .90 376 0 76 
286 0.87 331 10.29 377 1 41 
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Mass Rel tnt Mass Rel Int Mass Rel Int Mass Rel Int 
20 0 .18 30 2 02 134 0 .63 188 7.30 
25 0 .07 81 5 13 135 1 33 189 8.99 
26 1 .41 82 0 a i 136 1 79 190 4.46 
27 17 .59 83 0 92 137 1 .25 191 2.18 
23 4 .43 84 0 26 13 8 1 .31 192 3.08 
29 30 .16 85 0 88 139 0 60 193 5.56 
30 0 .77 86 1 27 140 0 44 194 4.00 
31 0 .81 87 2 .35 141 0 .90 195 2.81 
32 1 .37 83 1 19 142 1 .17 196 3.34 
33 0 .11 89 0 65 143 4 .03 197 2.35 
36 0 .11 90 0 38 144 1 .22 198 8.47 
37 0 .29 91 0 .95 145 0 .97 199 4.93 
38 0 .92 92 1 60 146 0 .68 200 8.37 
39 9 .39 93 3 37 147 0 98 201 7.87 
40 1 .50 94 1 78 148 1 .21 202 11.51 
41 9 .79 95 0 78 149 2 .08 203 6.02 
42 2 .55 96 0 56 150 2 .04 204 3.24 
43 1 .07 97 0 37 151 2 .78 205 9.66 
44 0 .27 98 1 .19 152 1 18 206 5.26 
45 0 .12 99 4 10 153 0 73 207 3.84 
46 0 .18 100 1 SO 154 1 78 208 3.67 
47 0 28 101 1 22 155 2 98 209 2.00 
48 0 .09 102 0 32 156 1 .98 210 1.97 
49 0 12 103 0 57 157 1 07 211 5.62 
50 2 12 104 1 79 158 0 .98 212 7.04 
51 6 65 105 5 69 159 0 80 213 5.22 
52 2 31 106 1 54 160 0 86 214 6.78 
53 3 51 107 1 14 161 3 47 215 6.08 
54 0 49 108 0 43 162 2 03 216 9.13 
55 14 IS 109 0 92 163 1 88 217 5.46 
56 0 .94 110 0 79 164 1 .79 218 10.85 
57 2 25 111 1 74 165 0 90 219 6.78 
58 0 16 112 1 51 166 0 77 220 6.65 
59 0 sa 113 1 20 167 2 33 221 2.81 
60 0 OS 114 0 69 168 3 01 222 2.38 
61 0 93 115 0 83 169 4 37 223 4.10 
62 1 60 116 1 05 170 3 54 224 5.99 
63 4 53 117 1 89 171 1 SO 225 9.13 
64 2 35 118 0 89 172 1 34 226 13.62 
65 6 12 119 0 93 173 2 68 227 10.32 
66 2 65 120 0 77 174 7 54 228 5.06 
67 4 89 121 0 22 175 4 .46 229 3.31 
63 0 96 122 0 52 176 3 41 230 3.60 
69 13 89 123 5 65 177 3 .04 231 4.99 
70 0 62 124 4 27 178 i- 16 232 7.34 
71 0 2S 125 2 25 179 1 .27 233 3.77 
72 0 12 126 1 35 180 2 .22 234 2.S8 
73 0 20 127 1 08 181 2 78 235 1.44 
74 3 47 128 0 63 182 3 70 236 2.88 
75 4 36 129 1 04 183 2 51 237 2.78 
76 2 OS 130 1 41 184 1 38 238 22.09 
77 3 34 131 1 60 185 3 64 239 17.33 
78 1 88 132 1 18 186 3 70 240 4.53 
79 1 01 133 1 87 187 5 .59 241 1.52 

Mass Rel Int Mass Ral In t Mass Rel i n t Mass Rel In t 
242 2 55 284 2 OS 326 1 07 368 0.94 
243 3 87 285 0 55 327 1.03 369 0.37 
244 3.27 286 0.S7 328 0 76 370 1.62 
245 5 13 287 1 45 329 1 71 371 17.86 
246 S.46 288 4.46 330 1.3S 372 11.38 
247 3.57 289 22.62 331 31.22 373 1.97 
248 3.21 290 5.42 332 5 06 374 0.66 
249 3.34 291 1 43 333 1 17 375 0.15 
250 4 76 292 0 71 334 1 IS 376 0.24 
251 4 66 293 1.33 335 0 28 377 0.12 
252 27.51 294 1.17 336 0.42 378 0.14 
253 8 86 293 2 74 337 0 09 379 0.07 
254 1.74 296 4 07 338 0 43 380 0.8S 
253 1 32 297 2 38 339 0.23 381 0.2S 
256 2.38 298 2 38 340 0 47 382 0.42 
257 1.47 299 1.07 341 0 19 383 0.19 
238 2 I S 300 1.40 342 0 26 384 9.66 
259 0 83 301 4.30 343 0 55 385 4.10 
260 1 03 302 26 98 344 3 31 386 65.08 
261 1 55 303 12 70 345 a 37 387 72.49 
262 2 65 304 2.38 346 3.51 388 11.38 
263 3 11 305 0.S1 347 0 sa 389 1.05 
264 3. 94 30S 0. 55 348 0 53 390 0.11 
265 8. 20 307 0.79 349 0 32 394 0.27 
266 9.32 308 2 I S 3S0 0 20 395 0.68 
267 3. 49 309 0.48 351 0. 17 396 4.10 
268 2. 81 310 1.00 352 0.37 397 0.98 
269 2.43 311 0 94 3S3 0. 26 398 1.66 
270 3. 47 312 1. 38 354 0.31 399 0.43 
271 1. 20 313 1. 12 335 0. 09 400 72.49 
272 0. 74 314 1. 69 336 0. 45 401 11.77 
273 0. 84 31S 8.47 337 S. 62 402 1.01 
274 1.33 316 11.24 358 34. 39 403 0.08 
275 3.41 317 8. 20 359 7.64 412 0.22 
276 5. 49 318 9. 13 360 1.58 413 0.37 
277 2. 61 319 1. 75 361 0. 27 1 4 1 4 

.' 415 
24.21 

278 1. 37 320 1. OS 362 0. 32 1 4 1 4 

.' 415 100.00 
279 2. 04 321 0. 65 363 1. 07 .' 416 15.34 
280 0. 38 322 0. 42 364 0. 30 417 1.36 
281 8. 47 323 0. 11 365 0. 14 418 0.12 
282 3. 14 324 0. 25 366 1.73 

0.12 

283 3. 77 325 0. 22 367 1. 03 

C. 52. 
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Mass Rel Inc Mass Rel Inc Mass Rei Inc Mass Rel Inc 

36 2 .43 107 7 38 167 9 04 242 5.19 
37 1 03 103 2 11 168 9 11 243 9 .77 
33 2 .99 109 3.09 169 2 94 244 66.22 
39 9 .31 110 4 26 170 1 70 245 11.50 
40 3 77 111 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 ia 174 3 39 248 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 9 .91 116 7 18 178 0 55 255 2.18 
51 12 .77 117 16 69 179 1 70 256 0.89 
52 4 72 118 11 30 181 0 90 260 0.82 
55 1 56 119 3.27 132 3 71 261 1.10 
56 0 78 120 1.16 185 3 47 262 26.36 
57 1 99 122 a 44 186 15 89 263 32.9a 
61 3 24 123 13 03 137 8 11 264 5.39 
62 5 52 124 7 91 188 0 9a 26S 2.81 
63 12 83 125 1 86 191 1 94 266 1.16 
64 1 93 127 3 51 192 4 19 267 2.86 
65 0 84 128 4 as 193 3 OS 268 2.31 
67 0 83 129 4 72 194 19 68 273 3.31 
69 68 09 130 4 92 19 S 3 44 274 1.89 
70 3 08 131 9 77 197 2 58 275 4.79 
71 0 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 0.83 
75 12 90 135 4 79 204 1 63 286 3.89 
76 6 98 136 - 6.05 205 2 38 287 3.19 
77 6 45 137 1 43 206 3 31 291 0.77 
73 1 00 139 0 66 207 1 91 292 1.18 
79 3 39 140 1 75 209 1 00 293 30.32 
30 4 92 141 4 65 210 0 94 294 12.83 
31 6 32 142 4 79 211 4 65 295 1.91 
82 1 60 143 6 45 212 4 45 305 0.58 
34 2 14 144 23 94 213 23 40 311 0.78 
85 S 59 145 3 54 214 3 92 312 7.58 
86 11 30 147 7 93 215 2 84 313 26.33 
87 a 91 148 4 59 216 3 04 314 4.26 
88 3 64 149 1 46 217 12 03 315 1.35 
89 i 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 33 220 0.48 323 3.26 
93 15 89 153 1 56 222 0 39 324 5.85 
94 a.24 154 4 14 223 2 31 325 3.14 
95 2 21 IS 5 4 45 224 11 44 332 1.36 
96 0 89 156 2 23 22S 3 72 341 0.57 
97 1 99 158 2 39 229 0 80 342 14.89 
93 10 17 159 1 98 231 IS 36 343 3.26 
99 12 63 160 1 39 222 16.42 344 15.16 

100 11.24 161 3 24 23S 3 03 345 2.29 
101 2 53 162 3 76 236 6 98 3S3 3.11 
103 1 25 163 5 05 237 9 57 354 0.78 
104 6.38 165 1 89 233 1.48 355 2.86 
105 a 58 166 2 63 241 0 .45 356 0.35 

Mass Rel Inc | Mass Rel Inc Mass Rel Inc Mass Rel Inc 

363 2. 59 375 2. 61 394 2 11 461 100.00 
364 0. 85 382 5.52 442 5. 92 462 16.76 
372 6. 32 383 3. 44 443 1 13 463 95.74 
373 2. 81 384 0. 64 444 S 72 464 16.76 
374 6.13 392 2. 11 445 1 26 465 1.70 

C. 53. 
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Mass Rel Inc Mass Rel Inc Mass Rel Inc Mass Rel Inc 

20 0 .05 91 0 15 147 7 06 203 0.29 
26 0 .09 92 1 09 148 3 81 204 0.45 
27 0 .34 93 2 55 149 3 06 205 0.68 
28 1 .09 94 0 90 ISO 1 54 206 2.76 
29 0 .04 95 0 31 151 2 46 207 1.60 
31 0 .14 96 0 21 1S2 1 04 208 0.27 
32 1 .23 97 0 11 IS 3 0 74 209 0 .61 
36 0 .15 98 1 82 154 0 32 210 0.52 
37 0 .07 99 2 48 155 1 35 211 1.14 
38 0 .27 100 2 67 156 9 71 212 0.51 
39 1 .97 101 1 04 158 3 56 213 0.77 
40 0.29 102 0 37 1S9 5 03 214 0.23 
41 0 .15 103 0 19 160 1 19 215 0.42 
42 0.08 104 0 98 162 2 87 216 0.97 
43 0.06 105 1 49 162 2 50 217 13 .41 
44 0.73 106 0 51 163 2 44 218 7.22 
45 0 .06 107 0 25 164 0 58 219 1.23 
49 0 .08 108 0 24 165 0 63 220 0.38 
50 1.69 109 0 41 166 0 85 221 0.27 
51 2.72 110 0 84 167 4 52 222 0.72 
52 1.38 111 1 47 168 11 69 223 0.81 
53 0.13 112 0 93 169 3 46 224 1.19 
55 0.11 113 1 64 170 0 32 225 0.49 
58 0.09 114 0 49 171 4 12 226 0.98 
57 0.28 115 0 23 172 6 66 227 0.37 
59 0.03 116 1 54 173 3 23 228 0.62 
61 0.22 117 1 79 174 1 65 229 0.60 
82 0.60 118 1 59 175 2 81 230 0.50 
63 2.25 119 0 62 176 0 56 231 0.37 
64 0.27 120 0 67 177 0 50 232 0.88 
65 0.07 121 1 21 179 0 93 234 0.23 
67 0 .05 122 0 49 179 1 IS 235 1.28 
68 0.10 123 2 31 130 1 52 236 2.30 
69 3 .14 124 0 71 181 7 37 237 IS . 87 
70 0.29 125 0 84 182 30 08 238 2.62 
71 0.06 127 9 45 184 0 58 239 0 .31 
73 0.23 128 1 99 185 1 79 240 0.48 
74 2.02 129 1 51 186 3 94 242 74.80 
75 2.34 130 1 50 187 10 21 244 0.33 
76 1 .47 131 1 69 188 2 90 24S 0.33 
77 3 .06 132 1 08 189 0 33 246 0.26 
78 0 .30 133 1 32 190 '0 19 247 0.70 
79 0 .30 134 2 27 191 0 95 248 1.47 
80 0.35 135 2 49 192 0 86 249 0.74 
81 0.76 136 1 28 193 0 35 250 0.45 
82 0.17 137 2 05 194 0 40 251 0.48 
83 0.17 138 1 00 195 0 14 252 0 .20 
34 0.12 140 1 30 197 4 42 253 0.23 
85 0.74 141 1 58 197 2 06 254 0.38 
86 1 .03 142 1 37 198 2 95 255 0.66 
87 1.38 143 4 07 199 6 30 256 0.51 
88 0.84 144 5 94 200 1 31 257 0.23 
89 0.33 145 1 40 201 0.30 258 0.21 
90 0.10 146 2 34 202 0.34 259 0.30 

Mass Rel tnc Mass Ral Ine Mass Rel Inc Mass Rel In t 
260 0 50 296 5 09 332 0 09 374 0.60 
261 0 73 297 1 30 333 0 08 375 1.65 
262 0 83 298 0 74 334 0 10 376 0.49 
263 0 33 299 0 99 335 0 26 377 0.08 
264 0 29 300 0 46 336 0 47 382 0.03 
265 0 32 301 0 13 337 0 99 383 0.04 
266 1 27 302 0 10 338 0 34 386 0.05 
267 2 55 303 0 17 339 0 09 387 0.11 
268 5 59 304 0 61 340 0 12 383 0.05 
269 1 94 305 0 59 341 0 19 391 0.07 
270 0 45 306 i 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 09 344 13 21 394 3.14 
273 0 66 309 0 14 345 5 64 39S 1.65 
274 0 94 310 0 29 346 1 03 396 0.31 
275 1 63 311 0 80 347 0 19 397 0.05 
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 51 315 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 SO 416 0.10 
282 0 26 318 1 24 356 0 52 431 0.04 
283 0 16 319 0 84 357 0 IS 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 
236 2 36 322 0 53 362 - 1 45 446 0.12 
287 7 16 323 0 63 363 2 35 464 3.71 
288 1 28 324 4 17 364 5 79 465 1.14 
299 0 30 325 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 79 329 0 17 369 0 05 485 2.63 
294 3 15 330 0 20 372 0. 08 486 0.22 
295 22 36 331 0 18 373 0. 67 
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Mass Rel Int Mass Rel Int Mass Rel Int Mass Rel Int 
20 2 .14 80 3 59 139 0 26 193 1.00 
24 0 .61 81 4 22 140 0 64 194 1.32 
25 1 .63 82 6 81 141 0 33 195 1.03 
26 11 .04 84 65 77 142 0 26 196 0.81 
27 27 .03 85 3 83 143 1 28 197 0.99 
28 37 .39 86 0 72 144 1 13 198 0.61 
29 24 .32 87 0 26 145 0 71 199 0.35 
30 4 .73 88 0 52 146 0 39 200 0.89 
31 6 .14 89 0 36 147 0 24 201 0.38 
32 2 .79 90 0 44 148 0 68 202 0.36 
33 2 .11 91 0 42 149 0 76 203 0.66 
34 0 .06 93 3 66 ISO 1 34 204 0.61 
35 1 .20 94 2 34 151 0 62 205 0.87 
36 1 .75 95 1 49 152 0 68 206 0.46 
37 1 .84 96 1 48 153 1 48 207 0.49 
33 3 .49 97 0 73 1S4 0 63 208 0.52 
39 29 .05 98 0 64 155 1 94 209 1.03 
40 5 .91 100 4 62 156 0 50 210 1.11 
41 100 .00 101 0 71 157 0 43 211 0.41 
42 37 .84 102 0 36 158 0 23 212 1.22 
43 6 76 103 0 20 159 0 87 213 0.39 
44 2 .42 105 0 34 160 0 48 214 1.17 
45 0 .70 106 1 07 161 0 44 215 1.13 
46 0 .41 107 1 08 162 1 38 216 1.34 
47 2 .00 108 0 94 163 0 76 217 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 0.40 
52 2 .87 112 0 90 167 0 62 221 1.01 
53 9 .91 113 0 84 168 0 84 222 1.22 
54 13 63 114 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 S3 226 0 .63 
58 0 60 119 0 94 173 0 49 227 0.51 
59 0 49 120 0 26 174 0 36 223 0 .44 
60 0 39 121 0 78 17S 1 13 229 0.76 
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 0 53 232 0.73 
64 0 .63 125 0 24 179 0 38 233 0.54 
65 4 23 126 0 70 180 0 25 234 0.93 
66 3 33 127 0 34 181 1 25 235 0.27 
67 22 75 128 0 34 182 0 80 236 1.42 
69 70 27 129 0 63 133 0 57 237 2.67 
70 4 67 130 0 59 184 0 79 238 0.57 
71 1 63 131 1 82 185 0 38 239 0.30 
72 0 33 132 0 50 186 0 62 240 1.23 
74 1 24 133 0 43 187 0 49 241 0.38 
75 2 07 134 0 40 183 0 69 242 1.30 
76 1 86 135 0 25 189 0 55 243 0.36 
77 0 38 136 0 83 190 0 72 244 1.86 
7S 1 10 137 0 99 191 a 74 245 3.03 
79 2 31 133 0 71 192 0 39 246 0.40 

Mass Rel Cnt Mass Rel Int Mass Rel In t Mass Rel Int 
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 0 14 402 1.34 
251 1 30 301 0 94 351 0 43 403 o.ao 
252 1 31 302 0 43 352 0 60 404 0.17 
253 0 91 303 5 01 353 0 72 405 0.06 
254 0 63 304 0 70 354 0 75 406 0.13 
255 1 55 304 2 65 3S5 0 70 407 0.26 
256 0 52 306 1 07 356 0 S5 408 0.17 
257 0 59 307 0 59 357 1 04 409 0.45 
253 0 60 308 0 29 358 1.68 410 0.1S 
259 0 73 309 0 27 3S9 1 44 411 0.96 
260 1 31 310 0 60 360 1 37 412 0.45 
261 0 67 ' 311 0 35 361 1 63 413 4.45 
262 1 93 312 0 56 362 0 96 414 0.39 
263 1 91 313 1 17 363 0 36 415 4.05 
264 3 42 314 1 04 36S 0 64 416 0.67 
265 2 46 315 1 17 366 0 32 417 0.55 
266 5 41 316 2 66 367 1 80 418 0.23 
267 0 87 317 1 21 368 0 47 419 0.25 
268 0 46 318 2 66 369 1 37 420 0.12 
269 0 57 319 2 89 370 0 50 421 1.75 
270 0 39 320 0 59 371 1 55 422 1.44 
271 0 91 321 2 35 372 1 00 423 1.69 
272 0 53 322 0 56 373 2 04 424 1.34 
273 1 52 323 0 57 374 •• 0 90 425 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 35 428 0.29 
277 1 94 327 1 07 378 0. 67 429 0.91 
278 1 21 328 0 49 379 0. 80 430 0.12 
279 1 24 329 1 07 380 0. 22 436 0.13 
280 0 65 330 0 86 381 1 27 437 1.45 
281 0 59 331 2 21 382 0 31 438 0.46 
282 0 44 332 0 81 383 1 10 439 2.53 
283 0 30 333 2 29 384 1. 14 440 0.90 
284 0 58 334 0 53 385 3. 39 441 ia .02 
285 0 65 335 0 26 336 1. 76 442 3.15 
286 0 81 336 0 18 387 5. 91 443 16.22 
287 1 72 337 0 24 338 1. 11 444 2.31 
288 1 55 338 0 41 389 3. 27 445 0.22 
239 0 94 339 0 99 390 0. 45 454 0.48 
290 1 35 340 2.01 391 0. 20 455 2.18 
291 1 66 341 1 13 393 1. 17 436 20.27 
292 2 04 342 2 46 394 0. 22 4S7 6.08 
293 2 74 343 2 SI 395 1. 23 458 19.37 
294 1 01 344 0. 97 396 0. 52 459 4.05 
295 0 64 345 2. 58 397 0. 73 460 0.44 
296 0 34 346 1. 30 398 0. S7 
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Mass Rel Inc Mass Rel Inc | Mass Rel Inc 
37 0 .68 116 6 96 174 3 36 231 2.52 
33 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 38 177 3 60 235 1.96 
43 1 .00 121 0 46 178 1 33 236 13.84 
44 3 .26 122 1 .92 179 2 13 237 6.52 
50 7 .06 123 3 70 180 1 58 233 1.32 
51 9 41 124 4 70 181 3 36 241 0.73 
52 3 .97 125 1 39 182 44 62 242 1.23 
S5 0 .81 126 3 .13 183 5 98 243 1.77 
57 0 .51 127 37 .63 184 18 95 244 4.07 
61 1 .76 128 20 .16 185 3 13 24S 2.39 
62 4 .64 129 3 06 186 20 70 246 0.96 
63 14 .38 130 3 .80 187 5 04 247 1.87 
64 1 .86 131 7 33 133 1 87 249 0.75 
65 1 28 132 7 53 139 0 92 250 1.01 
69 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 .43 194 9 01 2S5 4.47 
75 2 79 137 3 23 195 11 16 2S6 2.55 
76 3 02 138 4 23 196 5 04 257 4.17 
77 3 87 139 3 70 197 4 54 258 1.76 
73 1 10 140 9 41 198 1 92 260 1.11 
81 1 23 141 9 14 199 4 07 262 7.93 
84 0 93 142 7 33 200 3 09 263 2.79 
85 1 34 143 5 31 201 5 43 264 1.42 
36 8 53 144 4 37 202 1 60 265 0.88 
37 6 25 145 1 53 203 1 65 266 1.50 
88 4 33 146 1 41 204 1 50 267 0.92 
89 2 10 147 3 80 205 4 33 268 1.24 
90 0 57 148 1 83 206 4 74 269 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 
94 1 17 153 30 11 210 1 44 277 11.42 
97 0 50. 154 8 23 211 1 39 278 4.33 
98 2 15 155 53 76 212 1 64 279 1.26 
99 4 60 156 11 33 213 12 50 280 0.81 

10O 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 60 213 2 22-- 286 1.19 
105 9 27 163 4 30 219 2 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 45 225 6 65 291 0.70 
111 4 07 168 11 56 226 11 56 293 0.97 
112 5 44 169 4 S4 227 8 74 294 2.SS 
113 23 52 170 5 21 228 9 14 29S 2.22 
114 4 44 171 2 76 229 2 09 296 2.72 
115 23 90 172 0 92 230 0 92 297 6.45 

Mass Rel Inc Mass Rel Inc' Mass Rel Inc Mass Rel Inc 

298 1 42 337 1 79 377 1 69 436 0.57 
301 1 68 338 1 36 378 1 69 439 3.80 
303 36 02 339 0 76 379 6 22 440 2.01 
304 4 54 342 0 94 380 1 35 441 3.93 
305 37 63 344 1 06 383 0 94 442 1.81 
306 5 28 346 4 44 384 5 51 444 1.33 
307 3 39 347 1 97 385 2 13 446 l.SS 
303 2 15 351 2 07 386 5 58 443 0.43 
309 2 42 352 0 70 387 1 47 452 1.69 
310 5 48 353 1 43 394 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 1.66 
313 0 44 356 2 15 398 3 33 456 1.39 
319 0 73 357 0 34' 402 1 54 458 0.39 
324 3 19 358 1 82 403 4 33 4S9 0.40 
325 4 50 361 3 09 404 6 82 460 0.41 
326 1 92 362 0 70 405 5 04 461 0.40 
327 1 98 363 2 36 406 5 31 472 13.44 
329 1 83 364 2 15 407 0 92 473 32.66 
331 0 79 365 0 68 430 4 44 474 18.55 
332 0 61 366 1 89 431 0 76 475 31.18 
334 1 14 374 2 OS 432 4 74 476 6.22 
33S 1 65 375 1 80 433 1 23 477 0.57 
336 2 15 376 2 49 434 1 22 
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Mass Rel Int MaBS Rel Int Mass Rel Int Mass Rel Int 

26 0 .34 82 1 .73 136 5 14 190 6.50 
27 3 .S8 83 1 .40 137 6 .00 191 5.39 
2S 1 .36 84 0 32 138 8 .06 192 15.30 
29 6 .74 85 1 .90 139 2 .sa 193 31.09 
30 0 .31 86 1 93 140 2 .18 194 12.50 
31 0 .69 87 2 92 141 2 .58 195 3.91 
32 0 .21 83 S 38 142 1 .25 196 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 5 51 201 10 .28 
40 a 64 94 2 44 148 8 .88 202 5.30 
41 4 32 95 2 21 149 3 39 203 2.51 
42 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 93 1 59 152 8 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 1SS 10 03 209 2.31 
48 0 IS 102 1 89 156 6 33 210 4.19 
49 0 36 103 1 10 157 3 50 211 7.57 
50 3 70 104 3 08 158 7 57 212 13.98 
51 6 21 105 10 07 159 7 20 213 6.29 
52 2 01 106 7 24 160 11 51 214 6.87 
53 3 99 107 3 95 161 31 09 21S 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 
S6 a 85 110 0 96 164 8 63 218 18.09 
57 4 48 111 3 04 165 4 61 219 22.86 
S8 0 19 112 6 21 166 2 61 220 8.88 
S9 0 39 113 2 84 167 4 44 221 13 .98 
60 1 10 114 1 31 168 11 18 222 6.21 
61 2 05 115 0 87 169 17 60 223 5.26 
62 2 51 116 1 21 170 12 83 224 4.07 
63 4 40 117 5 06 171 4 52 22S 3.33 
64 2 53 118 2 96 172 9 42 226 4.93 
65 4 35 119 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 19 175 S 84 229 4.23 
63 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 33 232 12.01 
71 2 71 125 6 37 179 3 92 - 233 7.03 
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 3.70 
76 S 18 130 7 65 184 5 63 238 10.36 
77 4 S9 131 7 20 135 3 29 239 3.50 
78 2 63 132 S 88 186 3 91 240 4.28 
79 0 88 133 12 83 187 12 83 241 4 .77 
30 3 37 134 S 76 188 18 75 242 5.02 
81 7 52 135 3 99 189 5 14 243 7.28 

Mass Rel Inc | Mass Rel Int | Mass Rel I n t | Mass Rel Int 

244 3.21 292 2 43 340 3 91 388 0 17 
245 2.33 293 2.07 341 2 75 389 0 20 
246 19.24 294 1 39 342 4 07 390 2 47 
247 54.61 295 1 01 343 2 26 391 0 43 
248 23.85 296 4 07 344 5 35 392 2 SO 
249 24.67 297 4 36 345 2 41 393 0 46 
250 4.85 29S 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 3 41 350 0 2a 398 12 01 
255 2.15 303 7 61 351 0 35 399 4 36 
256 5.67 304 2 15 352 0 43 400 0 87 
257 2.75 305 2 75 ' 353 0 25 401 0 14 
258 3.45 306 1 27 354 2 42 402 0 09 
259 2.06 307 3 17 355 1 04 404 1 11 
260 3.63 308 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 24 358 0 85 407 S 10 
263 7.65 311 1 28 359 0 54 408 0 81 
264 3.25 312 5 76 360 1 75 409 7 89 
265 2.01 313 2 92 361 0 79 410 23 52 
266 8.31 314 S 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 3.33 317 14 31 365 0 30 414 1 S9 
270 2.75 318 3 62 366 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 2.37 322 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 5.10 325 3 13 373 0 30 425 9 79 
278 1.88 326 5 26 374 1 33 426 62 50 
279 1.93 327 4 07 375 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 IS 378 2 38 437 0 12 
283 2.06 331 2 54 379 0 82 438 7 85 
284 0.82 332 0 59 380 0 50 439 100 00 
285 1.00 333 0. 29 381 IS 13 440 20 39 
286 1.49 334 0 24 382 2 23 441 30 92 
287 1.52 335 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. 52 385 0 42 
290 6.70 338 0 76 386 0 64 
291 7.11 339 0. 53 387 0 33 
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Compound Number: Name: 

(27) 26,28-diaza-5,17-bis[ 1,2,2,2-tetrafluoro-1 -

(trifluoromethyl)ethyl]-4,6,16,I8-tetrafluoro-J 1,23-

diinethyl-2,8,14,20-tetraoxapentacyclo[ 19.3.I.1 

<3,7>. I<9,13>.l<l5,19>Joctacosa-

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

dodecaene 

D. 



Table 1. Crystal data and structure refinement 

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 reflections 

Completeness to theta = 25.50° 

Absorption correction 

Max. and min. transmission 

Refinement method 

Data / restraints / parameters 

Goodness-of-fit on F 2 

Final R indices [I >2sigma(I)] 

R indices (all data) 

Absolute structure parameter 

Largest diff. peak and hole 

• (27) 

103s 

C30 H12 Fis N: 04 

806.42 

120.0(2) K 

0.71073 A 

Monoclinic 

C c 

a = 13.473(3) A <x= 90°. 

b = 23.261(5) A p= 113.78(3)°. 

c = 11.079(2) A y = 90°. 

3177.2(11) A3 

4 

1.686 Mg/m3 

0.182 mm 1 

1600 

0.46 x 0.40 x 0.20 mm3 

1.75 to 25.50°. 

-16< =h< =16, -28< = k < =28, -13< =1< =13 

15431 

5778 [R(int) = 0.0281] 

100.0 % 

Semi-empirical from equivalents 

0.9644 and 0.9208 

Full-matrix least-squares on F 2 

5778 / 2 / 408 

1.095 ' 

Rl = 0.1168, wR2 = 0.2795 

R l = 0.1322, wR2 = 0.3100 

0.1(18) 

0.745 and -0.645 e .A 3 
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Table 2. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters ( A 2 x I0 3 ) 

for (27) U(eq) is defined as one third of the trace of the orthogonalized U'J tensor. 

Atom X y z U(eq) 

0(1) 8676(4) 8924(2) 4069(5) 42(1) 

0(2) 10025(6) 7507(2) 1959(7) 57(2) 

0(3) 11385(5) 8909(3) 61(6) 53(2) 

0(4) 9668(5) 10316(3) 1763(6) 50(1) 

N( l ) 9165(5) 9628(3) 2904(6) 35(1) 

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) 

C(4) 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(7) 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 ( l l ) 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) 

C(17) 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) 

C(20) 9034(6) 10135(3) 2397(7) 38(2) 

C(21) 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) 
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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) 3740(20) 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) 

F(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(l) 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 ( l l ) 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) 
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Table 3. Bond lengths [A] and angles [°] for (27) 

O 

O 

o 
o 
o 
0 

0 

0 

H 

N> 

N 

N 

C 

C 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
o 

1) -C(24) 

D-C(l) 

2) -C(8) 

2) -C(5) 

3) -C(12) 

3) -C(13) 

4) -C(20) 

4) -C(17) 

1)-C(20) 

1) -C(24) 

2) -C(12) 

2)-C(8) 

D-C(2) 

D-C(6) 

24)-0(l)-C(l) 

8)-0(2)-C(5) 

12)-0(3)-C(13) 

20)-O(4)-C(17) 

;20)-N(l)-C(24) 

12)-N(2)-C(8) 

2)-C(l)-C(6) 

;2)-C(l)-0(l) 

:6)-c(i)-o(i) 
1) -C(2)-C(3) 

;4)-C(3)-C(2) 

;4)-C(3)-C(7) 

2) -C(3)-C(7) 

;5)-C(4)-C(3) 

6)-C(5)-C(4) 

6)-C(5)-0(2) 

;4)-C(5)-0(2) 

5) -C(6)-C(l) 

2)-C(8)-C(9) 

1.358(9) 

1.414(10) 

1.329(11) 

1.409(10) 

1.368(11) 

1.400(9) 

1.374(9) 

1.392(9) 

1.287(10) 

1.326(9) 

1.331(11) 

1.369(11) 

1.348(12) 

1.394(11) 

C(2)-C(3) 

C(3)-C(4) 

C(3)-C(7) 

C(4)-C(5) 

C(5)-C(6) 

C(8)-C(9) 

C(9)-F(ll) 

C(9)-C(10) 

C(10)-C(1I) 

C(10)-C(28) 

C(ll)-F(10) 

C(ll)-C(12) 

C(13)-C(18) 

116.2(6) 

117.4(6) 

118.5(6) 

117.5(6) 

119.7(6) 

118.1(7) 

121.9(8) 

119.1(7) 

118.9(7) 

121.5(8) 

115.9(8) 

122.2(9) 

121.9(9) 

121.5(8) 

121.8(8) 

119.6(8) 

118.7(8) 

117.4(8) 

121.1(8) 

1.402(12) 

1.393(13) 

1.552(15) 

1.379(14) 

1.349(13) 

1.361(12) 

1.392(13) 

1.406(16) 

1.355(16) 

1.518(17) 

1.382(12) 

1.383(12) 

1.380(11) 

C(13)-C(14) 

C(14)-C(15) 

C(15)-C(16) 

C(15)-C(19) 

C(16)-C(17) 

C(17)-C(18) 

C(20)-C(21) 

C(21)-F(l) 

C(21)-C(22) 

C(22)-C(23) 

C(22)-C(25) 

C(23)-F(2) 

C(23)-C(24) 

N(2)-C(12)-0(3) 

N(2)-C(12)-C(ll) 

0(3)-C(12)-C(ll) 

C(18)-C(13)-0(3) 

C(18)-C(13)-C(14) 

0(3)-C(13)-C(14) 

C(13)-C(14)-C(15) 

C(16)-C(15)-C(14) 

C(16)-C(15)-C(19) 

C(14)-C(15)-C(19) 

C(17)-C(16)-C(15) 

C(16)-C(17)-C(18) 

C(16)-C(17)-0(4) 

C(18)-C(17)-0(4) 

C(13)-C(18)-C(17) 

N(l)-C(20)-O(4) 

N(l)-C(20)-C(21) 

O(4)-C(20)-C(21) 

F(l)-C(21)-C(22) 

1.403(13) 

1.406(14) 

1.397(12) 

1.491(19) 

1.377(12) 

1.389(11) 

1.394(10) 

1.348(10) 

1.370(12) 

1.405(12) 

1.540(14) 

1.355(9) 

1.401(10) 

117.5(7) 

121.8(9) 

120.6(8) 

121.6(7) 

121.4(8) 

117.0(7) 

119.9(8) 

118.4(9) 

120.2(12) 

121.3(12) 

120.0(8) 

122.5(7) 

118.8(8) 

118.5(7) 

117.7(7) 

120.0(6) 

123.5(7) 

116.5(7) 

120.7(7) 

D . 6. 



0(2)-C(8)-N(2) 119.5(8) 

C(9)-C(8)-N(2) 119.5(9) 

C(8)-C(9)-F(ll) 116.1(9) 

C(8)-C(9)-C(10) 124.4(10) 

F(ll)-C(9)-C(10) 119.5(8) 

C(ll)-C(10)-C(9) 112.9(8) 

C(ll)-C(10)-C(28) 121.6(11) 

C(9)-C(10)-C(28) 125.5(11) 

C(10)-C(ll)-F(10) 121.9(8) 

C(10)-C(ll)-C(12) 123.3(9) 

F(10)-C(ll)-C(12) 114.7(9) 

F(l)-C(21)-C(20) 119.7(7) 

C(22)-C(21)-C(20) 119.5(8) 

C(21)-C(22)-C(23) 116.5(7) 

C(21)-C(22)-C(25) 123.0(8) 

C(23)-C(22)-C(25) 120.5(8) 

F(2)-C(23)-C(24) 117.5(7) 

F(2)-C(23)-C(22) 122.6(6) 

C(24)-C(23)-C(22) 119.9(6) 

N(l)-C(24)-0(1) 121.1(6) 

N(l)-C(24)-C(23) 120.8(7) 

0(1)-C(24)-C(23) 118.0(6) 

D . 7. 



Table 4. Anisotropic displacement parameters (A 2 x 103) for (27) The anisotropic 

displacement factor exponent takes the form: -2n2[ h 2 a* 2 U" + ... + 2 h k a* b* U ' 2 J 

Atom U 1 1 U 2 2 U« U 2 3 U 1 3 U 1 2 

0(1) 45(3) 39(3) 47(3) 8(2) 24(2) 4(2) 

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(l ) 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( l ) 40(4) 47(4) 35(4) 7(3) 19(3) -3(3) 

C(2) 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) 

C(7) 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 ( l l ) 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) 10(3) 

C(21) 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) 21(3) -6(3) 

C(24) 31(4) 43(4) 37(4) 0(3) 14(3) -2(3) 
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Table 5. Hydrogen coordinates ( x 104) and isotropic displacement parameters ( A : x 10 3 ) 

for (27) 

Atom x y z U(eq) 

H(2A) 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. 



Compomumd Number : Name: 

(29) 6-(2-{3,5-difluoro-6-propoxy-4[l,2,2,2-tetrafluoro-l-

(trifluoromethyl)ethyl](2-pyridyloxy)Jethoxy)-3,5-

difluoro-4-1,2,2,2-tetrafluoro-l -

(trifluoromethyl)ethyl]pyridin-2-ol 

F8 

CIO F2 02 F7 C6 Fi F4A C4 CS 
F1A ca C3 01A C7A C9A F5A N1 F3 eiA 

FoA 
CI C2 F3A 

eg F5 F6 N1A C3A C7 C3A 01 F1 
C4A C10A FiA 

F4 C3A 02A F2A 
F7A 

F8A 

D. 10. 



Table 1. Crystal data and structure refinement 

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 reflections 

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(Q] 

R indices (all data) 

Largest dift", peak and hole 

for (29) 

sl39 

C:» Hs Fis N : CM 

682.28 

120.0(2) K 

0.71073 A 

Monoclinic 

P 21/c 

a = 14.2011(5) A a = 90°. 

b = 8.4725(3) A (3= 102.114(1)°. 

c = 9.4479(3) A y = 90°. 

1111.45(7) A 3 

2 

2.039 Mg/m 3 

0.240 mm-' 

672 

0.32 x 0.26 x 0.06 mm 3 

1.47 to 30.31°. 

-19 < = h < = 19, - I K = 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 2 

3089 / 0 / 215 

1.022 ' 

Rl = 0.0429, wR2 = 0.0997 

Rl = 0.0643, wR2 = 0.1101 

0.538 and -0.284 e.A"3 

D. I I 



Table 2. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (A 2 x 103) 

tor (29) U(eq) is defined as one third of the trace of the orthogonalized U'J tensor. 

Atom X y z U(eq) 

0(1) 5187(1) 1388(2) 2974(1) 20(1) 

0(2) 2922(1) 79(2) -1180(1) 20(1) 

N(l) 4077(1) 651(2) 900(2) 17(1) 

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) 

C(4) 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(7) 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(l) 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) 31(1) 

F(8) 1034(1) 2539(1) 1901(1) 3 K D 

F(9) 445(1) 1825(2) ' 3727(1) 33(1) 

D. 12 



Table 3. Bond lengths [A] and angles [°J lor (29) 

0(1)-C(1) 

0(1)-C(7) 

0(2)-C(5) 

0(2)-C(6) 

N(l)-C(l) 

N(l)-C(5) 

C(l)-C(2) 

C(2)-F(l) 

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) 

C(3)-C(4) 

C(3)-C(8) 

C(4)-F(2) 

C(4)-C(5) 

C(6)-C(7)#l 

C(7)-C(6)#l 

C(8)-F(3) 

1.401(2) 

1.394(2) 

1.524(2) 

1.342(2) 

1.392(3) 

1.518(3) 

1.518(3) 

1.379(2) 

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) 

1.546(3) 

1.570(3) 

1.327(2) 

1.329(2) 

1.340(2) 

1.324(2) 

1.331(2) 

1.332(2) 

C(l)-0(1)-C(7) 116.60(13) 0(I)-C(7)-C(6)#1 108.49(14) 

C(5)-0(2)-C(6) 117.43(13) F(3)-C(8)-C(3) 109.30(14) 

C(l)-N(l)-C(5) 119.24(15) F(3)-C(8)-C(9) 105.81(14) 

N(l)-C(l)-0(1) 120.93(15) C(3)-C(8)-C(9) 110.35(15) 

N(l)-C(l)-C(2) 122.31(15) F(3)-C(8)-C(10) 103.96(14) 

0(1)-C(1)-C(2) 116.73(15) C(3)-C(8)-C(10) 115.19(14) 

F(l)-C(2)-C(l) 117.64(15) C(9)-C(8)-C(10) 111.61(15) 

F(l)-C(2)-C(3) 122.36(15) F(6)-C(9)-F(5) 108.99(15) 

C(l)-C(2)-C(3) 120.00(15) F(6)-C(9)-F(4) 107.78(15) 

C(4)-C(3)-C(2) 115.75(15) F(5)-C(9)-F(4) 108.13(15) 

C(4)-C(3)-C(8) 123.02(15) F(6)-C(9)-C(8) 111.74(16) 

C(2)-C(3)-C(8) 121.21(15) F(5)-C(9)-C(8) 111.26(15) 

F(2)-C(4)-C(5) 118.36(15) F(4)-C(9)-C(8) 108.81(15) 

F(2)-C(4)-C(3) 120.92(16) F(7)-C(10)-F(9) 107.85(15) 

C(5)-C(4)-C(3) 120.71(16) F(7)-C(10)-F(8) 109.24(15) 

N(l)-C(5)-0(2) 121.05(15) F(9)-C(10)-F(8) 108.04(16) 

N(l)-C(5)-C(4) 121.88(16) F(7)-C(10)-C(8) 112.66(15) 

0(2)-C(5)-C(4) 117.05(15) F(9)-C(10)-C(8) 108.97(15) 

0(2)-C(6)-C(7)#l 109.66(15) F(8)-C(10)-C(8) 109.96(15) 

Symmetry transformations used to generate equivalent atoms: 

#1 -x+ l,-y,-z 

D. 13. 



Table 4. Anisotropic displaeement parameters (A 2 x 103) for (29) The anisotropic 

displacement factor exponent takes the form: -2K2[ h 2 a* 2 U" + ... + 2 h k a* b* U 1 2 J 

Atom U " U 2 2 U " U 2 3 U 1 3 U 1 2 

0(1) 16(1) 25(1) 18(1) -6(1) 5(1) -3(1) 

0(2) 17(1) 30(1) 14(1) -3(1) 4(1) K D 
N(l ) 18(1) 15(1) 18(1) - K D 4(1) 0(1) 

C ( l ) 17(1) 13(1) 17(1) - K D 5(1) 0(1) 

C(2) 19(1) 17(1) 14(1) - K D 4(1) 0(1) 

C(3) 19(1) 13(1) 17(1) K D 7(1) K D 
C(4) 16(1) 18(1) 19(1) -1(1) 3(1) 0(1) 

C(5) 19(1) 17(1) 15(1) 0(1) 5(1) K D 
C(6) 19(1) 23(1) 15(1) K D 5(1) 0(1) 

C(7) 15(1) 21(1) 18(1) -2(1) 5(0 -3(1) 

C(8) 18(1) 20(1) 16(1) -2(1) 4(1) 0(1) 

C(9) 22(1) 23(1) 21(1) 3(1) 6(1) -2(1) 

C(10) 21(1) 29(1) 21(1) 2(1) 7(1) 6(1) 

F(l) 21(1) 31(1) 15(1) -4(1) 4(1) -2(1) 

F(2) 16(1) 34(1) 20(1) -5(1) 3(1) -3(1) 

F(3) 23(1) 26(1) 19(1) -6(1) 7(1) 0(1) 

F(4) 30(1) 25(1) 26(1) 7(1) 1(1) 1(1) 

F(5) 33(1) 23(1) 29(1) -2(1) 3(1) -7(1) 

F(6) 32(1) 39(1) 40(1) 10(1) 21(1) -4(1) 

F(7) 17(1) 47(1) 28(1) -3(1) 2(1) 0(1) 

F(8) 33(1) 31(1) 31(1) 11(1) 11(1) 12(1) 

F(9) 26(1) 48(1) 27(1) -K'D 12(1) 14(1) 
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Table 5. Hydrogen coordinates ( x 104) and isotropic displacement parameters ( A 2 x 10 3 ) tor (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) 3348(17) 480(30) -2930(30) 28(6) 
H(62) 4180(16) 870(30) -1550(20) 24(6) 

Table 6. Torsion angles [°J for (29) 

C(5)-N(l)-C(l)-0(1) -175.33(15) C(l)-0(l)-C(7)-C(6)#l -84.91(18) 
C(5)-N(l)-C(l)-C(2) 2.5(2) C(4)-C(3)-C(8)-F(3) -158.50(15) 
C(7)-0(1)-C(l)-N(l) -1.8(2) C(2)-C(3)-C(8)-F(3) 23.1(2) 
C(7)-0(1)-C(l)-C(2) -179.69(15) C(4)-C(3)-C(8)-C(9) 85.5(2) 
N(l)-C(l)-C(2)-F(l) 176.55(15) C(2)-C(3)-C(8)-C(9) -92.86(19) 
0(1)-C(i)-C(2)-F(l) -5.6(2) C(4)-C(3)-C(8)-C(10) -41.9(2) 
N(l)-C(l)-C(2)-C(3) -4.0(3) C(2)-C(3)-C(8)-C(10) 139.66(17) 
0(1)-C(1)-C(2)-C(3) 173.85(15) F(3)-C(8)-C(9)-F(6) 64.55(19) 
F(l)-C(2)-C(3)-C(4) -177.09(15) C(3)-C(8)-C(9)-F(6) -177.33(14) 
C(l)-C(2)-C(3)-C(4) 3.5(2) C(10)-C(8)-C(9)-F(6) -47.9(2) 
F(l)-C(2)-C(3)-C(8) 1.4(3) F(3)-C(8)-C(9)-F(5) -173.38(13) 
C(l)-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(l)-N(l)-C(5)-0(2) 177.46(15) F(3)-C(8)-C(10)-F(7) -152.64(15) 
C(l)-N(l)-C(5)-C(4) -0.6(2) C(3)-C(8)-C(10)-F(7) 87.81(19) 
C(6)-0(2)-C(5)-N(l) 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(l) 179.64(15) C(3)-C(8)-C(10)-F(9) -152.55(16) 
C(3)-C(4)-C(5)-N(l) 0.4(3) C(9)-C(8)-C(10)-F(9) 80.61(19) 
F(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(7)#l 91.13(18) C(9)-C(8)-C(10)-F(8) -161.15(15) 

Symmetry transformations used to generate equivalent atoms: 

#1 -x+ l,-y,-z 
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Compound Number: Name: 

(31) 25.26-cliaza-11,23-bis[1,2,2.2-tetrafluoro-l-

(trifluoromethyl jethyl ]-/0, 12,22,24-tetrafluoro-

2,5,8,14,17,20-

l\exaoxatricyclo[ 19.3.1.1 <9,13> Jhexacosa-

l(24),9(26),I0,12,21(25),22-hexaene 

F6 F18 
F8 F15 

C24 F16 C20 
C21 F3 J C23 

F12 F4 F17 22 F14 F7 F9 C19 

F13 
C12 F10 F2 C3 

F11 C11 C4 F1 C13 
C2 

C10 C5 
C14 01 03 

C1 
N2 02 04 N1 C7 

06 C9 C8 :6 f C6 

C15 C18 
05 • C16 

C17 
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Table I . Crystal data and structure re 

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 reflections 

Completeness to theta = 30.20° 

Absorption correction 

Max. and min. transmission 

Refinement method 

Data / restraints / parameters 

Goodness-of-fit on F~ 

Final R indices [I>2sigma(I)] 

R indices (all data) 

Largest d i f f . peak and hole 

nement for (31) 

sl38 

C M H | 6 F , 8 N : 0 6 

770.39 

120.0(2) K 

0.71073 A 

Monoclinic 

P2,/c 

a = 11.0542(4) A a= 90°. 

b = 14.1784(5) A p= 102.96(1)°. 

c = 18.7552(6) A y = 90°. 

2864.64(17) A 3 

4 

1.786 M g / m 3 

0.202 m m " 1 

1536 

0.36 x 0.32 x 0.32 m m 3 

1.89 to 30.20°. 

_14<=h<=l4, -19<=k<=19, -26<=1<=26 

33009 

7801 [R(int) = 0.0287] 

91.6 % 

None 

0.9382 and 0.9308 

Full-matrix least-squares on F-

7801 / 0 / 515 

1.053' 

R I =0.0439, wR2 = 0.1101 

R l =0.0532, wR2 = 0.1175 

0.674 and -0.314 e.A~3 
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Table 2. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters ( A 2 x 103) for (31) U(eq) 

is defined as one third of the trace of the orthogonalized U 1' tensor. 

Atom X y z U(eq) 
0(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) 
0(4) 5381(1) 10492(1) 8395(1) 24(1) 
0(5) 3611(1) 9417(1) 8971(1) 25(1) 
0(6) 4436(1) 7757(1) 9876(1) 24(1) 
N( l ) 4659(1) 7656(1) 8676(1) 20(1) 
N(2) 5308(1) 10370(1) 7146(1) 20(1) 
C(l ) 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) 5379(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) 
C ( l l ) 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) 8048(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) 
C(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) 7259(1) 39(1) 
F(l) 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) ' 41(1) 
F(6) 10326(1) 6529(1) 9S02(1) 48(1) 
F(7) 9275(1) 7867(1) 10717(1) 49(1) 
F(8) 10387(1) 8501(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 ( l l ) 7798(1) 10295(1) 8740(1) 37(1) 
F(12) 9775(1) 9909(1) S384(l) 40(1) 
F(13) 9440(1) 11676(1) 7937(1) 47(1) 
F(14) 9341(1) 11326(1) 6810(1) 37(1) 
F(15) 11031(1) 11060(1) 7620(1) 53(1) 
F(16) 10078(1) 9513(1) 6612(1) 43(1) 
F(17) 9149(1) S501(l) 7164(1) 51(1) 
F(18) 10981(1) 9005(1) 7676(1) 61(1) 
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Table 3. Bond lengths [A] and angles [°] for (31) 

0(1) -C(5) 1.3456(18) C(2)-C(3) 

0(1) -Q6) 1.4497(19) C(3)-C(4) 

0(2) -C(7) 1.4165(19) C(3)-C(19) 

0(2) -Q8) 1.4173(19) C(4)-F(2) 

0(3) -C(10) 1.3503(18) C(4)-C(5) 

0(3) -C(9) 1.4476(18) C(6)-C(7) 

0(4) -C(14) 1.3504(17) C(8)-C(9) 

0(4) -C(15) 1.4511(18) c ( i o ) - q i i ) 

0(5) -Q16) 1.4215(18) C(l 1)-F(10) 

0(5 -C(17) 1.4225(17) C(ll)-C(12) 

0(6 -C(l) 1.3555(17) C(12)-C(13) 

0(6^ -C(18) 1.4581(18) C(12)-C(22) 

N(P -C(l) 1.3202(19) C(13)-F(ll) 

N( l -C(5) 1.3219(19) C(13)-C(14) 

N(2 -C(14) 1.3259(19) C(15)-C(16) 

N(2 -C(10) 1.3326(18) C(17)-C(18) 

C(P -Q2) 1.396(2) C(19)-F(3) 

C(2' -F(l) 1.3444(17) 

1.403(2) C(19)-C(20) 1.551(2 

1.388(2) C(19)-C(21) 1.563(2 

1.531(2) C(20)-F(4) 1.325(2 

1.3473(17) C(20)-F(5) 1.329(2 

1.402(2) C(20)-F(6) 1.3409( 

1.505(2) C(21)-F(9) 1.329(2 

1.507(2) C(21)-F(7) 1.330(2 

1.391(2) C(21)-F(8) 1.333(2 

1.3504(16) C(22)-F(12) 1.3776( 

1.392(2) C(22)-C(23) 1.555(3 

1.394(2) C(22)-C(24) 1.561(3 

1.526(2) C(23)-F(14) 1.325(2 

1.3489(17) C(23)-F(15) 1.334(2 

1.398(2) C(23)-F(13) 1.336(2 

1.506(2) C(24)-F(17) 1.329(2 

1.510(2) C(24)-F(16) 1.332(2 

1.3768(18) C(24)-F(18) 1.337(2 
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C(5) -0 ( l ) -C(6 ) 115.63( 12) 0 (4) -C(I4) -C(13) 1 16.23( 13) 
C(7)-0(2)-C(8) 114.23( 12) 0(4)-C(15)-C(16) 107.05( 12) 
C(10)-O(3)-C(9) 119.12( 11) 0(5)-C(16)-C(15) 107.99( 12) 
C(14)-0(4)-C(15) 117.50( 11) 0(5)-C(17)-C( lS) 108.24( 12) 
C(16)-0(5)-C(17) 112.65( 11) 0(6)-C(18)-C(17) 1 11.21( 13) 
C( l ) -0 (6 ) -C(18) 116.45( 11) F(3)-C(19)-C(3) 109.94( 13) 
C ( l ) - N ( l ) - C ( 5 ) 119.80( 13) F(3)-C(19)-C(20) 105.73( 13) 
C(14)-N(2)-C(10) 118.68( 13) C(3)-C(19)-C(20) 110.13( 13) 
N ( l ) - C ( l ) - 0 ( 6 ) 120.51( 13) F(3)-C(19)-C(21) 103.98( 13) 
N ( l ) - C ( l ) - C ( 2 ) 121.36( 13) C(3)-C(19)-C(21) 115.26( 13) 
0 (6 ) -C( l ) -C(2 ) 118.13( 13) C(20)-C(19)-C(21) 111.21( 14) 
F ( l ) - C ( 2 ) - C ( l ) 118.94( 13) F(4)-C(20)-F(5) 108.18( 15) 
F( l ) -C(2)-C(3) 120.58( 13) F(4)-C(20)-F(6) 108.16( 14) 
C( l ) -C(2)-C(3) 120.47( 14) F(5)-C(20)-F(6) 108.27( 15) 
C(4)-C(3)-C(2) 116.27( 14) F(4)-C(20)-C(19) 109.01( 14) 
C(4)-C(3)-C(19) 121.06( 13) F(5)-C(20)-C(19) 112.27( 14) 
C(2)-C(3)-C(19) 122.63( 14) F(6)-C(20)-C(19) 110.84( 14) 
F(2)-C(4)-C(3) 122.84( 14) F(9)-C(21)-F(7) 108.66( 15) 
F(2)-C(4)-C(5) 117.39( 14) F(9)-C(21)-F(8) 108.37( 16) 
C(3)-C(4)-C(5) 119.77( 14) F(7)-C(21)-F(8) 106.74( 15) 
N ( l ) - C ( 5 ) - 0 ( 1 ) 120.33( 13) F(9)-C(21)-C(19) 110.97( 15) 
N( I ) -C(5) -C(4) 122.21( 14) F(7)-C(21)-C(19) 112.24( 16) 
0(1)-C(5)-C(4) 117.45( 13) F(S)-C(21)-C(19) 109.71( 14) 
0(1)-C(6)-C(7) 106.80( 13) F(12)-C(22)-C(12) 110.29( 13) 
0(2)-C(7)-C(6) 106.61( 13) F(12)-C(22)-C(23) 104.97( 14) 
0(2)-C(8)-C(9) 107.74( 12) C(12)-C(22)-C(23) 108.61( 14) 
0(3)-C(9)-C(8) 111.14( 13) F(12)-C(22)-C(24) 104.81( 14) 
N(2)-C(10)-O(3) 121.99( 13) C(12)-C(22)-C(24) 115.43( 15) 
N ( 2 ) - C ( 1 0 ) - C ( l l ) 121.67( 13) C(23)-C(22)-C(24) 112.17( 14) 
O ( 3 ) - C ( 1 0 ) - C ( l l ) 116.32( 13) F(I4)-C(23)-F(15) 108.60( 15) 
F (10) -C( l l ) -C(12) 120.62( 13) F(14)-C(23)-F(13) 107.78( 16) 
F (10) -C( l l ) -C(10) 118.18( 13) F(15)-C(23)-F(13) 108.20( 15) 
C(12) -C( l l ) -C(10) 121.18( 13) F(14)-C(23)-C(22) 112.17( 15) 
C( l l ) -C(12) -C(13) 115.78( 14) F(15)-C(23)-C(22) 111.16( 16) 
C ( l 1)-C(12)-C(22) 121.74 13) F(13)-C(23)-C(22) 108.82 14) 
C(13)-C(12)-C(22) 122.19 14) F(17)-C(24)-F(16) 108.49 18) 
F(U)-C(13)-C(12) 122.42 14) F(17)-C(24)-F(18) 108.16 17) 
F ( l l ) -C(13) -C(14) 117.52 13) F(16)-C(24)-F(18) 107.01 15) 
C(12)-C(13)-C(14) 120.02 13) F(17)-C(24)-C(22) 110.51 14) 
N(2)-C(14)-0(4) 121.17 13) F(16)-C(24)-C(22) 113.09 16) 
N(2)-C(14)-C(13) 122.59 13) F(18)-C(24>-C(22) 109.41 17) 
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Table 4. A n i s o t r o p i c d i sp l acemen t parameters ( A 2 x 10 3 ) f o r ( 3 1 ) The an i so t rop ic 

d i sp lacement f ac to r e x p o n e n t takes the f o r m : - 2 p : [ h z a * : U " + ... + 2 h k a* b* U 1 2 ] 

A t o m u " U 2 2 U23 U 1 2 

0 ( 1 ) 25(1) 28(1) 22( 1) 0(1) 6(1) 5(1) 
0 ( 2 ) 39(1) 21(1) 20(1) 0( 1) 2(1) -6(1) 
0 ( 3 ) 20(1) 40(1) 18(1) -3(1) 4(1) -2(1) 
0 ( 4 ) 20( 1) 34(1) 18(1) 0(1) 6(1) -1(1) 
0 ( 5 ) 30(1) 22(1) 27(1) 5(1) 16(1) 4(1) 
0 ( 6 ) 22(1) 30(1) 21(1) 6(1) 7(1) 6(1) 
NO) 20(1) 18(1) 23(1) 2(1) 5(1) 2(1) 
N(2) 19(1) 21(1) 19(1) -1(1) 5(1) -2(1) 
C ( l ) 20(1) 18(1) 24(1) 1(1) 7(1) 2(1) 
C(2) 21(1) 23(1) 21(1) -1(1) 3 ( D 3(1) 
C(3) 18(1) 20(1) 2S(I) -2(1) 5 ( D I d ) 
C(4) 22(1) 23(1) 26(1) - K D 10(1) K D 
C(5) 23(1) 17(1) 24(1) 0(1) 6(1) 2(1) 
C(6) 24(1) 23(1) 26(1) 1(0 3 d ) 0(1) 
C(7) 33(1) 21(1) 25(1) -2(1) 0(1) -4(1) 
C(S) 27(1) 27(1) 18(1) -2(1) 0(1) -2(1) 
C(9) 20(1) 25(1) I 9 ( l j 1(0 2(1) 1(U 
C(10) 20(1) 23(1) 19(1) -3(1) 4(1) -3(1) 
C O D 21(1) 29(1) 21(1) -2(1) 9(1) -1(1) 
C ( I 2 ) 18(1) 27(1) 24(1) 2(1) 5(1) 0(1) 
C( 13) 21(1) 30(1) 1S(1) 2(1) 3(1) -2(1) 
C ( I 4 ) 21(1) 20(1) 19(1) 0(1) 6(1) -3(1) 
C ( I 5 ) 21(1) 24(1) 24(1) 4(1) 7(1) 2(1) 
C ( I 6 ) 25(1) 22(1) 25(1) 2(1) 11(1) 4(1) 
C(17) 24(1) 29(1) 26(1) 7(1) 14(1) 7 ( D 
C ( l 8) 19(1) 31(1) 2S(1) 9(1) 10(1) 3 ( 0 
C(19) 19(1) 31(1) 26(1) -3(1) 7(1) -1(1) 
C(20) 18(1) 35(1) 43(1) 0(1) 7(1) 5(1) 
C(21) 23(1) 49(1) 34(1) -12(1) 5 ( 0 -6(1) 
C(22) 18(1) 42(1) 25(1) 6(1) 3 d ) 1(1) 
C(23) 23(1) 49(1) 32(1) 2(1) 4(1) -9(1) 
C(24) 25(1) 49(1) 45(1) 8(1) 12(1) 8(1) 
F ( l ) 26(1) 38(1) 21(1) -2(1) 2(1) 5(1) 
F(2) 27(1) 44(1) 27(1) -2(1) 13(1) 2(1) 
F(3) 28(1) 45(1) 30(1) 1(0 12(1) -5(1) 
F(4) 33(1) 34(1) 53(1) -11(1) 17(1) 4(1) 
F(5) 32(1) 47(1) 44(1) 15(1) S(D 5(1) 
F(6) 15(1)" 52(1) 69(1) 6(1) 5(1) 10(1) 
F(7) 39(1) 80(1) 26(1) -7(1) 1(1) -2(1) 
F(8) 24(1) 70(1) 55(1) -25(1) 10(1) -18(1) 
F(9) 41(1) 40(1) 57(1) -21(1) 12(1) -7(1) 
F(10) 24(1) 51(1) 24(1) -6(1) 11(1) 0(1) 
F ( l l ) 24(1) 66(1) 1S(1) 2(1) 1(1) -1(1) 
F ( I 2 ) 23(1) 67(1) 2S(1) 13(1) 2(1) 5 ( 0 
FC13) 48(1) 50(1) 42(1) -13(1) 8(1) -20(1) 
F ( I 4 ) 30(1) 47(1) 33( 1) 9(1) 6(1) -7(1) 
F ( I5 ) 21(1) 82(1) 53(1) 14(1) H I ) -16(1) 
F(16) 33(1) 57(1) 43(1) 0(1) 20(1) 3(1) 
F(17) 46(1) 36(1) 79(1) 5(1) 32(1) 8(1) 
F(18) 3 K D 91(1) 62(1) 17(1) 12(1) 30(1) 
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Table 5. Hydrogen coordinates ( x 10 J) and isotropic displacement parameters ( A 2 x 10 3 ) 

for (31) 

Atom X y z U ( e q ) 

H ( 6 I ) 3290(18) 8260(14) 7543(10) 23(5) 

H(62) 3190(20) 7170(16) 7368(1 1) 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) 8862(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(1 1) 23(5) 

H(151) 3660(20) 10249(15) 7820(12) 30(5) 

H(152) 3877(19) 11291(16) 8077(11) 29(5) 

H( 161) 2732(18) 10648(13) 8835(10) 21(4) 

H(162) 4080(20) 10724(16) 9322(12) 34(5) 

H(171) 3428(19) 9396(14) 9999(11) 26(5) 

H(172) 2190(19) 9270(14) 9434(1 1) 24(5) 

H ( 1 8 l ) 2826(18) 7751(14) 9118(11) 25(5) 

H(182) 2731(19) 7809(15) 9943(11) 29(5) 
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T a b l e 6. T o r s i o n angles [° ] f o r ( 3 1 ) 

C(5)-N(l)-C0)-O((>) 
C(5)-N(l)-C(l)-C<2) 
C( IK) -0 (6K ' ( ! ) -N( I ) 
C(IS)-0(6)-C(l)-C(2) 
N(l)-C(l)-C(2)-F(l) 
0(6)-C(l)-C(2)-F(l) 
N(l)-C(l)-C(2)-C(3) 
0(6)-C(l)-C(2)-C(3) 
F(l)-C(2)-C(3)-C(4) 
C(l)-C(2)-C(3)-C(4) 
F(I)-C(2)-C(3)-C(I9) 
C(I)-C(2)-C(3)-C(I9) 
C(2)-C(3)-C(4)-F(2) 
C(19)-C(3)-C(4)-F(2) 
C(2)-C(3)-C(4)-C(5) 
C(19)-C(3)-C(4)-C(5) 
C( l ) -N( l ) -C(5)-0( l ) 
C(l)-N(l)-C(5)-C(4) 
C(6)-0(1)-C(5)-N(l) 
C(6)-0(l)-C(5)-C(4) 
F(2)-C'(4)-C(5)-N(l) 
C(3)-C(4)-C(5)-N(l) 
F(2)-C(4)-C(5)-0(l) 
C(3)-C(4)-C(5)-0(l) 
C(5)-0(I)-C(6)-C(7) 
C(S)-0(2)-C(7)-C(6) 
0(l)-C(6)-C(7)-0(2) 
C(7)-0(2)-C(8)-C(9) 
C(IO)-0(3)-C(9)-C(S) 
0(2)-C(8)-C(9)-0(3) 
C(I4)-N(2)-C(IO)-0(3) 
C(I4)-N(2)-C(I0)-C(II) 
C(9)-O(3)-C(!0)-N(2) 
C(9)-O(3)-C(10)-C(ll) 
N(2)-C(10)-C(I l)-F(IO) 
0(3)-C(IO)-C(I l)-F(IO) 
N(2)-C(!0)-C(l l)-C(12) 
O(3)-C(10)-C(ll)-C(l2) 
F(I0)-C(1 l)-C(!2)-C(13) 
C(I0)-C(1 I)-C(I2)-C(13) 
F(10)-C(l l)-C(!2)-C(22) 
C(I0)-C(I 1)-C(12)-C(22) 
C(II)-C(I2)-C(13)-F(11) 
C(22)-C(I2)-C(13)-F(I1) 
C(l I)-C(I2)-C(I3)-C(I4) 
C(22)-C(12)-C(13)-C(14) 
C(IO)-N(2)-C(I4!-0(4) 
C(10)-N(2)-C(14)-C(I3) 
C(l5)-0(4)-C(l4)-N(2) 
C(15)-0(4)-C(l4)-C(13) 
F(1!)-C(I3)-C(I4)-N(2) 
C(I2)-C(13)-C(I4)-N(2) 
F(ll)-C(13)-C(14)-0(4) 
C(l2)-C(l3)-C(l4)-0(4) 

176.33(13) C(l4)-0(4)-C(15)-C(l6) 159.21(13) 
-4 3(2) C(17)-0(5)-C(l6)-C(l5) -172.SOM3/ 
-17.2(2) 0(4)-C(l5)-C(U>)-0(5) -72.88115) 
163.35(13) C(16)-0(5)-C(l7)-C(18) -178.83(13) 
-175.94(13) C(l)-0(6)-C(l8)-C(l7) -83.71(16) 
3.5(2) 0(5)-C(17)-C(18)-0(6) 69.53(17) 
38(2) C(4)-C(3)-C(I9)-F(3) 21.7(2) 
-176.78(13) C(2)-C(3)-C(19)-F(3) -160.70(14) 
178.14(13) C(4)-C(3)-C(I9)-C(20) -94.40(17) 
-1.6(2) C(2)-C(3)-C(I9)-C(20) 83.18(18) 
0.4(2) C(4)-C(3)-C(19)-C(21) 138.80(16) 
-179.29(14) C(2)-C(3)-C(I9)-C(21) -43.6(2) 
-179.14(14) F(3)-C(I9)-C(20)-F(4) -58.52(16) 
-1.4(2) C(3)-C(19)-C(20)-F(4) 60.21(17) 
0.0(2) C(21)-C(19)-C(20)-F(4) -170.76(13) 
177.78(14) F(3)-C(19)-C(20)-F(5) -178.37(13) 
-176.81(13) C(3)-C(19)-C(20)-F(5) -59.64(18) 
2.7(2) C(2I)-C(I9)-C(20)-F(5) 69.39(18) 
5.36(19) F(3)-C(I9)-C(20)-F(6) 60.41(18) 
-174.15(13) C(3)-C(19)-C(20)-F(6) 179.14(14) 
178.68(13) C(21)-C(19)-C(20)-F(6) -51.83(19) 
-0.5(2) F(3)-C(19)-C(21)-F(9) 86.94(16) 
-1.8(2) C(3)-C(I9)-C(2I)-F(9) -33.5(2) 
178.95(13) C(20)-C(19)-C(21)-F(9) -159.72(15) 
165.54(12) F(3)-C(19)-C(21)-F(7) -151.27(14) 
1 75.22(13) C(3)-C(I9)-C(21)-F(7) 88.32(18) 
-73.68(16) C(20)-C(19)-C(21)-F(7) -37.92(19) 
-173.46(13) F(3)-C( 19)-C( 2 l)-F(8) -32.8(2) 
-87.71(16) C(3)-C(19)-C(21)-F(8) -153.1S(15) 
73.19(16) C(20)-C(19)-C(21)-F(S) 80.57(19) 
179.77(13) C(l l)-C(12)-C(22)-F(12) -168.41(15) 
-2.1(2) C(13)-C(12)-C(22)-F(12) 18.0(2) 
-8.7(2) C(l 1)-C(12)-C(22)-C(23) 77.07(19) 
173.07(13) C(13)-C(12)-C(22)-C(23) -96.49(18) 
-179.02(13) C(l 1)-C(12)-C(22)-C(24) -49.9(2) 
-0.8(2) C(13)-C(I2)-C(22)-C(24) 136.56(16) 
-0.6(2) F(12)-C(22)-C(23)-F(14) -175.25(14) 
177.59(14) C(12)-C(22)-C(23)-F(14) -57.29(19) 
-179.45(14) C(24)-C(22)-C(23)-F(14) 71.50(19) 
2.2(2) F(12)-C(22)-C(23)-F(15) 62.95(18) 
6.6(2) C(12)-C(22)-C(23)-F(15) -179.09(14) 
-171.74(15) C(24)-C(22)-C(23)-F(I5) -50.3(2) 
-178.63(15) F(12)-C(22)-C(23)-F(13) -56.10(17) 
-47(2) C(12)-C(22)-C(23)-F(13) 61.86(18) 
-1.2(2) C(24)-C(22)-C(23)-F(I3) -169.35(15) 
172.76(15) F(I2)-C(22)-C(24)-F(17) 90.14(18) 
-177.95(13) C(I2)-C(22)-C(24)-F(I7) -314(2) 
3-2(2) C(23)-C(22)-C(24)-F(I7) -156.52(15) 
-0.4(2) F(I2)-C(22)-C(24)-F(I6) ; -148.01(15) 
178.53(13) C(12)-C(22)-C(24)-F(16) 90.45(19) 
176.04(14) C(23)-C(22)-C(24)-F(16) -34.7(2) 
-1.6(2) F(12)-C(22)-C(24)-F(I8) -28.8(2) 
-2.9(2) C(12)-C(22)-C(24)-F(18) -150.37(15) 
179.55(14) C(23)-C(22)-C(24)-F(1S) 84.50(19) 
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Compound Number: Name: 

(40) 2,6-dibromo-3-fluoro-5-methoxy-4-( 1 ^H-tetrafluoro-

l-trifliwromethyl-ethylj-pyridine 

F4 

F3 

C8 F6 
F8 

F5 

C9 
F2 

C7 
F7 

F1 C3 01 

C6 C2 
C4 

C1 C5 
Br1 

N1 Br2 
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Table 1. Crystal data and structure refinement for 

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 reflections 

Completeness to theta = 27.50° 

Absorption correction 

Max. and min . transmission 

Refinement method 

Data / restraints / parameters 

Goodness-of-fit on F 2 

Final R indices [I>2sigma(I)] 

R indices (al l data) 

Largest d i f f . peak and hole 

(40) 

sl94s 

C9 H3 Br2 F8 N O 

452.94 

120(2) K 

0.71073 A 

Monoclinic 

P 2(1 )/c 

a = 10.446(2) A a = 90° . 

b = 7.122(1) A (3=93.71(3)° 

c = 17.251(4) A y = 90° . 

1280.8(4) A 3 

4 

2.349 M g / m 3 

6.424 mm" 1 

856 

0 .50x0 .32 x0 .26 m m 3 

1.95 to 27 .50° . 

-13<=h<=13, -9<=k<=9, -22<=1<=22 

12605 

2941 [R(int) = 0.0321] 

99.8 % 

Semi-empirical f r o m equivalents 

0.2859 and 0.1415 

Full-matrix least-squares on F 2 

2941 / 0 / 176 

1.008 ' 

R l =0 .0528, wR2 = 0.1338 

R l =0 .0677, wR2 = 0.1435 

1.341 and-1.793 e.A"3 

D. 25 



Table 2. Atomic coordinates ( x 10 4) and equivalent isotropic displacement parameters ( A : x 10 J) 

for (40) U(eq) is defined as one third o f the trace o f the orthogonalized U'J tensor. 

x y z U(eq) 

B r ( l ) 11564(1) 8405(1) 8186(1) 48(1) 

Br(2) 10184(1) 6911(1) 11125(1) 34(1) 

N ( l ) 10581(4) 7670(6) 9602(2) 25(1) 

0 ( 1 ) 7464(4) 7660(6) 10415(3) 50(1) 

C ( l ) 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 ( l ) 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) 

F(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) 

C(7) 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) 

D. 26. 



Tab le 3. B o n d lengths [A] and angles [ ° ] f o r (40) 

B r ( I ) - C ( l ) 

Br(2)-C(5) 

N ( l ) - C ( 5 ) 

N ( l ) - C ( l ) 

0(1)-C(4) 

0(1)-C(6) 

C( l ) -C(2) 

C(2) -F( l ) 

C(2)-C(3) 

C(3)-C(4) 

C(3)-C(7) 

C(3)-C(7) 

C(4)-C(5) 

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) 

C ( 5 ) - N ( l ) - C ( l ) 118.0(5) 

C(4 ) -0 ( l ) -C(6 ) 117.1(5) 

N ( l ) - C ( l ) - C ( 2 ) 121.7(5) 

N ( l ) - C ( l ) - B r ( l ) 118.5(4) 

C ( 2 ) - C ( l ) - B r ( l ) 119.8(4) 

F ( l ) - C ( 2 ) - C ( l ) 118.7(6) 

F( l ) -C(2)-C(3) 119.8(5) 

C( l ) -C(2)-C(3) 121.6(5) 

C(2)-C(3)-C(4) 116.9(5) 

0(1)-C(4)-C(3) 122.0(5) 

0(1)-C(4)-C(5) 120.9(5) 

C(3)-C(4)-C(5) 116.9(5) 

N( l ) -C(5) -C(4) 124.9(5) 

N( l ) -C(5) -Br (2 ) 116.0(4) 

C(4)-C(5)-Br(2) 119.1(4) 

Symmetry transformations used to generate equivalent atoms: 

D . 27 . 



Table 4. Anisotropic displacement parameters ( A 2 x 10 3) for (40). The anisotropic 

displacement factor exponent takes the form: - 2 T T 2 [ h- a * 2 U ' 1 + ... + 2 h k a* b* U 1 2 ] 

U " U 2 2 U 3 3 U 2 3 U 1 3 U ' 2 

B r ( l ) 63(1) 41(1) 42(1) 1(1) 21(1) -4(1) 

Br(2) 54(1) 23(1) 25(1) -1(1) -5(1) 1(1) 

N ( l ) 27(2) 18(2) 30(2) -2(2) -3(2) 1(2) 

0 ( 1 ) 39(2) 30(2) 83(4) -1(2) 27(2) 7(2) 

C ( l ) 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) 2(2) 

C(6) 40(4) 42(4) 71(5) 11(3) 19(3) 6(3) 

F ( l ) 95(3) 47(2) 31(2) 0(2) -19(2) 22(2) 

Table 5. Hydrogen coordinates ( x lO 4 ) and isotropic displacement parameters ( A 2 x 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 
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Compound Number: Name: 

(41) 2,6-dihromO'3,5-dimetfwxy-4-(l,2,2,2-tetrafluoro-l-

trifluommethyl-ethylj-pvridine 

F3 

F5 

C7 F4 
F6 

F2 
C8 

F1 
C6 

F7 

02 
01 C3 

C10 
C4 

C2 
C9 

C5 
C1 

Br2 
N1 

Br1 
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Table 1. Crystal data and structure refinement 

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 reflections 

Completeness to theta = 30.55° 

Absorption correction 

Max. and min. transmission 

Refinement method 

Data / restraints / parameters 

Goodness-of-fit, on F 2 

Final R indices [I>2sigma(I)] 

R indices (all data) 

Largest d i f f . peak and hole 

fo r (41) 

s l97 

C l 0 H 0 B r : F- N 0 : 

464.98 

120(1) K 

0.71073 A 

Monoclinic 

P 2,/c 

a = 8.7159(2) A a = 9 0 ° . 

b = 12.5425(3) A P= 91.50(1)° . 

c = 12.8367(3) A y = 90° . 

1402.82(6) A 3 

4 

2.202 M g / m 3 

5.864 m n r 1 

888 

0.30 x 0.15 x 0.06 m m 3 

2.27 to 30 .55° . 

-10<=h<=12, -17<=k<= 16,-17<=1<= 17 

16148 

3888 [R(int) = 0.0426] 

90.4 % 

Semi-empirical f r om equivalents 

0.7199 and 0.2722 

Full-matrix least-squares on F 2 

3 8 8 8 / 0 / 223 

1.029 

R l = 0.0321, wR2 = 0.0634 
1 

R l =0.0518, wR2 = 0.0689 

0.627 and -0.640 e.A"3 

D 30 . 



Table 2. Atomic coordinates ( x 10 4) and equivalent isotropic displacement parameters ( A : . \ 10') 

for (41) U(eq) is defined as one thud of the trace o f the orthogonalized U' J tensor. 

Atom X y z U(eq) 

B r ( l ) 6727(1) 8044( 1) 11328(1) 34(1) 

Br(2) 3147(1) 4514(1) 11223(1) 28(1) 

F ( i ) 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(5) 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 ( l ) 4771(2) 6359(2) 1 1003(2) 21(1) 

0(1) 4562(2) 8863(1) 9616(2) 27(1) 

0 (2 ) 1367(2) 5754(1) 9399(1) 24(1) 

C ( l ) 5068(3) 7316(2) 10649(2) 22(1) 

C(2) 4228(3) 7831(2) 9855(2) 21(1) 

C(3) 2995(3) 7271(2) 9393(2) 19(1) 

C(4) 2652(3) 6246(2) 9770(2) 19(1) 

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) 

D. 31 



Table 3. B o n d lengths [ A ] and angles [ " ] for (41) 

B r ( l ) - C ( l ) 1.903(3) F(7)-C(8) 1.334(4) C( l ) -C(2 ) 1.397(4) 

Br(2)-C(5) 1.898(2) N ( l ) - C ( l ) 1.311(3) C(2)-C(3) 1.403(4) 

F( l ) -C(6) 1.377(3) N( l ) -C(5 ) 1.324(3) C(3)-C(4) 1.408(3) 

F(2)-C(7) 1.329(4) 0(1)-C(2) 1.363(3) C(3)-C(6) 1.533(3) 

F(3)-C(7) 1.335(3) 0(1)-C(9) 1.458(3) C(4)-C(5) 1.402(3) 

F(4)-C(7) 1.331(4) 0(2)-C(4) 1.355(3) C(6)-C(7) 1.548(4) 

F(5)-C(8) 1.338(3) O(2)-C(10) 1.459(3) C(6)-C(8) 1.563(4) 

F(6)-C(8) 1.337(3) 

C ( l ) - N ( l ) - C ( 5 ) 117 9(2) F( l)-C(6)-C(3) 110.0(2) 

C(2) -0 ( l ) -C(9) 115 8(2) F(l)-C(6)-C(7) 104.9(2) 

C(4)-O(2)-C(10) 118 7(2) C(3)-C(6)-C(7) 110.2(2) 

N ( l ) - C ( l ) - C ( 2 ) 124 9(2) F(l)-C(6)-C(8) 102.2(2) 

N ( l ) - C ( l ) - B r ( l ) 115 8(2) C(3)-C(6)-C(8) 117.0(2) 

C ( 2 ) - C ( l ) - B r ( l ) 119 3(2) C(7)-C(6)-C(8) 111.6(2) 

0(1)-C(2)-C(1) 119 5(2) F(2)-C(7)-F(4) 108.4(3) 

0(1)-C(2)-C(3) 123 1(2) F(2)-C(7)-F(3) 108.1(3) 

C(l ) -C(2)-C(3) 117 2(2) F(4)-C(7)-F(3) 107.7(3) 

C(2)-C(3)-C(4) 118 6(2) F(2)-C(7)-C(6) 109.8(3) 

C(2)-C(3)-C(6) 120 2(2) F(4)-C(7)-C(6) 111.5(2) 

C(4)-C(3)-C(6) 120 9(2) F(3)-C(7)-C(6) 111.2(2) 

0(2)-C(4)-C(5) 123 7(2) F(7)-C(8)-F(6) 108.5(3) 

0(2)-C(4)-C(3) 118 4(2) F(7)-C(8)-F(5) 107.2(2) 

C(5)-C(4)-C(3) 117 6(2) F(6)-C(8)-F(5) 105.9(2) 

N( l ) -C(5) -C(4) . 123 7(2) F(7)-C(S)-C(6) 110.8(2) 

N( l ) -C(5) -Br (2) 114 8(2) F(6)-C(8)-C(6) ; 
114.4(2) 

C(4)-C(5)-Br(2) 121 4(2) F(5)-C(8)-C(6) 109.8(2) 

D. 32. 



Tabic 4. Anisotropic displacement parameters ( A 2 . \ 10 3) for (41). The anisotropic 

displacement factor exponent takes the form: -2n2[ h 2 a * 2 U " + ... + 2 h k a* b* U 1 2 J 

A t o m U " U 2 2 U " I P U ! 3 U 1 2 

B r ( l ) 30(1) 41(1) 29(1) -11(1) -4(1) -10(1) 

Br(2) 38(1) 23(1) 24(1) 5(1) 7(1) 2(1) 

F ( l ) 37(1) 36(1) 32(1) 15(1) K D -6(1) 

F(2) 54(1) 39(1) 58(1) -6(1) 10(1) 21(1) 

F(3) 42(1) 73(1) 52(1) 32(1) 5(1) 29(1) 

F(4) 30(1) 57(1) 41(1) 18(1) 13(1) 14(1) 

F(5) 46(1) 66(1) 24(1) 18(1) -9(1) -7(1) 

F(6) 27(1) 62(1) 35(1) 13(1) -9(1) -13(1) 

F(7) 40(1) 49(1) 25(1) -7(1) 1(1) - K D 

N ( l ) 22(1) 26(1) 16(1) -4(1) 0(1) 2(1) 

0 ( 1 ) 31(1) 20(1) 31(1) - K D 9(1) -3(1) 

0 ( 2 ) 18(1) 25(1) 28(1) -3(1) 0(1) -3(1) 

C ( l ) 20(1) 27(1) 19(1) -7(1) 2(1) - H D 

C(2) 23(1) 19(1) 20(1) -2(1) 6(1) K D 

C(3) 20(1) 20(1) 19(1) 1(1) 3(1) 2(1) 

C(4) 17(1) 22(1) 19(1) -3(1) 2(1) - K D 

C(5) 23(1) 20(1) 17(1) 0(1) 4(1) 2(1) 

C(6) 25(1) 29(1) 24(1) 9(1) K D 2(1) 

C(7) 35(2) 48(2) 31(2) 13(1) 4(1) 17(2) 

C(8) 25(2) 48(2) 22(1) 9(1) - K D -3(1) 

C(9) 36(2) 32(2) 34(2) H D U ( D -10(1) 

C(10) 32(2) 26(1) 32(2) -8(1) -1(1) -5(1) 

D. 33. 



Table 5. H y d r o g e n coordinates ( x 10 J) and isotropic displacement parameters ( A 2 x 10 J ) 

for (41) 

Atom X V z U(eq) 

H(91) 6070(50) 9710(40) 8870(30) 69(13) 

H(92) 6680(50) 8580(40) 9070(30) 69(13) 

H(93) 5610(50) 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) 840(50) 4710(30) 8340(30) 56(11) 
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Compound Number: Name: 
(53) 4-11-(trifliioromethyl)-1,2,2,2-tetrafluoroethyl J-2-

bronio-3-fluoro-5-methoxy-6-piperidylpyridL line 

F8 

F5 
C13 F4 

F7 C12 
F6 F2 F3 C11 

0 
C3 

0 4 F 
C4 

C2 

C6 
C 

C5 
C7 N2 

N Br1 

CO 
C8 

09 
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Table I. Crystal data and structure refineme 

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 reflections 

Completeness to theta = 27.50° 

Absorption correction 

Max. and min. transmission 

Refinement method 

Data / restraints / parameters 

Goodness-of-fit on F 2 

Final R indices [I>2sigma(I),] 

R indices (all data), 

Extinction coefficient 

Largest diff. peak and hole 

t for (53) 

187s 

C 1 4 H I 3 Br F 8 N : 0 

457.17 

120(1), K 

0.71073 A 

Monoclimc 

P 21/c 

a = 10.530(2), A cc=90°. 

b = 13.802(3), A P= 90.86(3) ,° . 

c = 1 1.485(2), A y = 90°. 

1669.1(6), A 3 

4 

1.819 Mg/m 3 

2.553 mm-' 

904 

0.52 x0.45 x 0.24 mm 3 

1.93 to 27.50°. 

-13<=h<=13, -16<=k<=17, -14<=1<=14 

17323 

3834 [R(int), = 0.0278] 

99.9 % 

Semi-empirical from equivalents 

0.5794 and 0.3503 

Full-matrix least-squares on F 2 

3 8 3 4 / 0 / 238 

1.118 

R l =0.0692, wR2 = 0.1712 

R l =0.0827, wR2 = 0.1S02 

0.005(1), 

2.249 and-1.279 e.A"3 



Table 2. Atomic coordinates ( x 10 J), and equivalent isotropic displacement parameters ( A 2 x 10-1). 

for (53) U(eq), is defined as one third of the trace of the orthogonalized U" tensor. 

Atom X Y z U(eq) 
Br(l) 21667(1) 5069(1) 3271(1) 39(1) 
F(l) 19361(3) 3966(2) 3933(2) 41(1) 
0(1) 16669(3) 4920(3) 762(3) 39(1) 
N( l ) I98SS(4) 5627(3) 1598(3) 24(1) 
N(2) 18556(3) 6335(3) 172(3) 24(1) 
C(l) 20060(5) 5043(3) 2503(4) 27(1) 
C(2) 19121(5) 4460(3) 2942(4) 31(1) 
C(3) 17966(5) 4391(4) 2344(4) 34(1) 
C(4) 17789(5) 4987(3) 1358(4) 30(1) 
C(5) 18751(4) 5648(3) 1057(4) 24(1) 
C(6) 17490(5) 7008(4) 391(4) 33(1) 
C(7) 17183(5) 7598(4) -701(4) 36(1) 
C(8) 18358(5) 8156(3) -1107(4) 33(1) 
C(9) 19436(5) 7444(3) -1299(4) 32(1) 
C(IO) 19710(4) 6846(3) -201(4) 27(1) 
C(I4) 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 ( l l ) 16994(8) 3650(6) 2733(7) 42(2) 
C(12) 16411(7) 2973(5) 1716(6) 41(2) 
C(I3) 16001(9) 4158(8) 3463(8) 53(2) 
F(1D) 15778(12) 2350(9) 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(IOD) 16381(13) 4861(12) 4374(12) 24(3) 
C(l ID) 16630(30) 3900(20) 2810(20) 32(6) 
C(I2D) 16750(30) 2840(20) 2950(30) 46(6) 
C(13D) 15690(20) 3690(17) 1750(20) 26(4) 
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Table 3. Bond lengths [A] and angles ['] for (53) 

B r ( l ) - C ( l ) 1.897(5) C( l ) -C(2) 1.376(7) F ( 2 ) - C ( U ) 1.378(9) 

F(l) -C(2) 1.348(5) C(2)-C(3) 1.391(7) F(3)-C(12) 1.251(8) 

0(1)-C(4) 1.357(6) C(3)-C(4) 1.411(7) F(4)-C(12) 1.351(8) 

0(1)-C(14) 1.451(6) C ( 3 ) - C ( l l ) 1.518(9) F(5)-C(12) 1.342(9) 

N ( l ) - C ( l ) 1.325(6) C(4)-C(5) 1.410(6) F(6)-C(13) 1.622(13) 

N(l)-C(5) 1.341(6) C(6)-C(7) 1.526(6) F(7)-C(13) 1.313(10) 

N(2)-C(5) 1.402(5) C(7)-C(8) 1.535(7) F(8)-C(13) 1.317(12) 

N(2)-C(10) 1.474(6) C(8)-C(9) 1.520(7) C ( l l ) - C ( 1 3 ) 1.521(13) 

N(2)-C(6) 1.482(6) C(9)-C(10) 1.530(6) C ( l l ) - C ( 1 2 ) 1.611(10) 

C(4)-0( l ) -C(14) 116.3(4) C(9)-C(S)-C(7) 109.1(4) 

C( l ) -N( l ) -C(5) 119.2(4) C(8)-C(9)-C(10) 111.1(4) 

C(5)-N(2)-C(10) 115.0(3) N(2)-C(10)-C(9) 110.6(4) 

C(5)-N(2)-C(6) 113.8(3) F(2) -C( l l ) -C(3) 110.8(6) 

C(10)-N(2)-C(6) 112.2(4) F(2) -C( l l ) -C(13) 104.9(7) 

N( l ) -C( l ) -C(2 ) 123.5(4) C(3) -C( l l ) -C(13) 108.9(7) 

N(l)-C(l)-ESr(l) 117.6(4) F(2) -C( l l ) -C(12) 102.0(6) 

C(2 ) -C( l ) -Br( l ) 118.8(3) C(3) -C( l l ) -C(12) 115.4(6) 

F ( l ) - C ( 2 ) - C ( l ) 118.6(4) C(13)-C( l l ) -C(12) 114.1(7) 

F( l ) -C(2)-C(3) 122.2(4) F(3)-C(12)-F(5) 112.1(6) 

C( l ) -C(2)-C(3) 119.2(4) F(3)-C(12)-F(4) 111.6(6) 

C(2)-C(3)-C(4) 117.4(4) F(5)-C(12)-F(4) 105.5(6) 

C(2 ) -C(3 ) -C( l l ) 119.3(5) F(3) -C(12) -C( l l ) 112.1(6) 

C(4 ) -C(3 ) -C( l l ) 123.2(5) F(5)-C(I2)-C(11) 106.9(6) 

0(1)-C(4)-C(5). 122.8(4) F(4) -C(12)-C( l l ) 108.4(6) 

0(1)-C(4)-C(3) 118.0(4) F(7)-C(13)-F(8) 105.0(8) 

C(5)-C(4)-C(3) 119.1(4) F(7) -C(13) -C( l l ) 110.8(8) 

N(l)-C(5)-N(2) 118.1(4) F(S)-C(13)-C(11) 120.2(9) 

N(l)-C(5)-C(4) 120.8(4) F(7)-C(13)-F(6) 97.6(7) 

N(2)-C(5)-C(4) 121.1(4) F(8)-C(13)-F(6) 104.4(9) 

N(2)-C(6)-C(7) 110.3(4) C( l l ) -C(13) -F(6) 116.2(7) 

C(6)-C(7)-C(8) 110.8(4) 
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Table 4. Anisotropic displacement parameters (A 2 x 10 3). for (53) The anisotropic 

displacement factor exponent takes the form: -2;r2[ h 2 a * 2 U ' 1 + ... - 2 h k a* b* U 1 2 ] 

Atom U " U 2 2 U " I P U 1 3 U ' 2 

Br( l ) 41(1) 51(1) 26(1) 6(1) -8(1) 4(1) 
F ( l ) 57(2) 39(2) 27(1) 13(1) 3(1) 6(1) 
0(1) 31(2) 55(2) 32(2) -1(2) K l ) -13(2) 
N( l ) 30(2) 22(2) 21(2) -1(1) 0(1) 0(1) 
N(2) 27(2) 24(2) 20(2) 2(1) 2(1) K D 
C ( l ) 35(2) 26(2) 20(2) -2(2) -1(2) 6(2) 
C(2) 48(3) 23(2) 23(2) 4(2) 4(2) 3(2) 
C(3) 43(3) 30(2) 30(2) 5(2) 7(2) -7(2) 
C(4) 33(2) 31(2) 26(2) -1(2) 0(2) -4(2) 
C(5) 31(2) 21(2) 21(2) -1(2) 2(2) 0(2) 
C(6) 35(2) 38(3) 26(2) 4(2) 6(2) 9(2) 
C(7) 40(3) 37(3) 30(2) 7(2) 1(2) 15(2) 

C(8) 49(3) 27(2) 22(2) 5(2) 1(2) 10(2) 
C(9) 40(3) 27(2) 29(2) 5(2) 5(2) 2(2) 
C(10) 29(2) 24(2) 26(2) 2(2) 1(2) -1(2) 
C(14) 38(3) 51(3) 31(3) -3(2) -8(2) -3(2) 
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Table 5. Hydrogen coordinates ( x 104), and isotropic displacement parameters ( A : x 10 3 ) . 

for (53) 

Atom X y 2 U(eq) 
H(6A) 17722 7450 1039 39 

H(6B) 16732 6635 622 39 

H(7A) 16491 8061 -535 43 

H(7B) 16886 7159 -1330 43 
H(8A) 18158 8504 -1840 39 
H(8B) 18613 8639 -511 39 
H(9A) 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 
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