W Durham
University

AR

Durham E-Theses

The generation and chemistry of some novel
perfluorinated dienes

Mullins, Steven John

How to cite:

Mullins, Steven John (1992) The generation and chemistry of some novel perfluorinated dienes, Durham
theses, Durham University. Available at Durham E-Theses Online: http://etheses.dur.ac.uk/5791/

Use policy

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

e a full bibliographic reference is made to the original source
e a link is made to the metadata record in Durham E-Theses
e the full-text is not changed in any way

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

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

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


http://www.dur.ac.uk
http://etheses.dur.ac.uk/5791/
 http://etheses.dur.ac.uk/5791/ 
http://etheses.dur.ac.uk/policies/
http://etheses.dur.ac.uk

UNIVERSITY OF DURHAM

The copyright of this thesis rests with the author.
No quotation from it should be published without

his prior written consent and information derived

A THESIS

entitled

from it should be acknowledged.

THE GENERATION AND CHEMISTRY OF
SOME NOVEL PERFLUORINATED DIENES

submitied by

STEVEN JOHN MULLINS B.Se.
(UNIVERSITY COLLEGE)

A candidate for the degree of Doctor of Philosophy

Department of Chemistry
1992

- 8 SEP 1832



'‘Go back? he thought. 'No good at alll Go sideways! Impessible! Go
forward? Only thing to do! On we go!' So up he got and troited along with his
little sword held in front of him and one hand feeling the wall, and his heart all

of a patter and a pitier.

J. R. R. Tolkein, The Hobbit.
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by Steven J. Mullins
Ahstiact

The work contained in this thesis is divided into three sections detailing
the formation of fluorinated dienes and some aspects of their chemistry:
a) Through cyclic voltammetry, an electrochemical investigation was carried
out to determine the reduction potentials of several gasily accessible
perfluorinated alkenes. Following this, sodium amalgam was successfully used
as a single electron transfer agent in order to reduce a number of these
fluoroalkenes by means of selective defluorination. This has enabled a series
of perfluorinated alkadienes to be prepared cleanly in good yield. A study of a
variety of other means of defluorination was also investigated.
o) These dienes have besn subjected to attack by mono- and bi- functional
nucleophiles in high vielding reactions. This has enabled an unusual
perfluorinated dieposxide to be synthesised which displays remarkable thermal
stability. A number of novel pyrrole and pyrrolo-guinoline derivatives have also
been made from a series of substituted anilines and these are discussed within
a mechanistic framework in order to justify the product distributions. Finally, the
reaction between potentially bi- functional carbon nucleophiles and these
perfluorinated dienes has been used as a means of synthesising a series of
poly(perfluoroalkyl)- substituted cyclopentadienyl anions including the
pentakis(trifluoromethyl)-cyclopentadienyl anion, the formation of which could
proceed by an unusual cyclisation and elimination mechanism.
(¢) Charge transfer salts have been prepared by complexation of
decamethylferrocene with various fluorinated dienes. These salis have been
the subject of X-ray crystallographic and molecular magnetic susceptibility

studies. No signs of organic ferromagnetism werg observed.

iii
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INTRODUCTION
AND
DISCUSSION



1.1 General Introduction

The most electronegative elementi, fluorine is uniquely capable of
replacing hydrogen at any site in any organic systemz2, creating an alternative,
complementary field of organic chemistry3.4.5.6. However, despite the carbon-
fluorine bond being the strongest of any single covalent bond to carbon? and
considering the remarkable geological abundance of fluorine, fluorocarbons
are found only very rarely in naiure; the best known example being potassium
monofluoroacetate found in the South African plant "Gifblaar® (Dichapetalum
cymosum)8; therefore the field of organofluorine chemistry is essentially
entirely synthetic. '

The foundations of organic fluorine chemistry have recently been
reviewed®.10,11 and more recent work has been reported in treatises
elsewhere; for examples see refs: 3,4.5,6,

The aim of this review is not to discuss these topics but instead to
concentrate specifically upon the subject of fluorinated dienes, their syntheses

and chemistry.



One of the methods for the preparation of fluorinated dienes is by
simply joining together iwo fluoroalkene units. This idea was first used by
Camaggi and co-workersi2 with the reductive coupling over hot copper-
bronze of various polyfluorovinyl halides. I[n this way, some interesting
stfaight-chainw polyfluoro-1,3-dienes and perfluorinated bicyclic dienes were

made (Scheme 1).

. F E cl F Cl F F
: i : f Cu
& — <
cl F cl_ F

mixture 10% 26%
F F
+ Cla A2 cl

Cu

230°C
Cu

D —
230°C

44% (Scheme 1)
In 1971, Camaggi further reportedt4 the reaction of hexafluoro-1,2-di-
iodocyclopentene (1) over copper-bronze, a process which afforded several

coupled products including the novel cyclo-octatetraene (2) (Scheme 2).

(Scheme 2)



An analogous cyclo-octatetraene to (2), (3), was made in a similar
manneri5 by the reductive coupling of 1,2-di-iodotetrailuorocyclobuiene (4)

over hot copper (Scheme 3).

I O F
Z
F| Cu \ P - G
1 ° ¢ ,_</
T O T &
(4) (3) 34% 50%
(Scheme 3)

It is worthy of note that although the cyclo-octateiraene (2) has been
showni8 to adopt the expected tub shape, tetraene (3) was demonstraied by
X-ray crystallography to possess a planar ring systemi7. This compound is
also one of the most powerful neutral oxidanis knowni8, showing two

reversible one-electron reductions io give the 10x aromatic system (5)

(Scheme 4).

(Scheme 4)

Using the copper-induced reductive coupling methodology, various
other substituted bicyclic dienes have also been formed and reportedis. 19 but
this technigue is not restricted only to the formation of 1,3-dienes; a recent
patent20 of the synthesis of decafluorohexa-1,5-diene (6) by the coupling of 3-
iodoperfluoropropene (7) appeared in the literature lately and in the case of
this non-vinyl iodids, the reaction became gquantitative under UV irradiation

when in the presence of mercury (Scheme 5).

CF,=CFCF,| LA CF,=CFCF,CF,CF=CF,
(7) Hg (6) 100%

(Scheme 5)



1.2.1.2 Step-Wise Couplinos

In those copper promoted couplingsi2,14,15,19, it was inferredi2 that
the reaction itself is a two-step process staning with an attack by copper at the
carbon bearing the bromine or iodine to form an activated complex at the
metal surface. This complex would then react with a second molecule of the
bromide or iodide at the surface to give the final di- or poly- ene.

Indeed, Burton and co-workers2i observed only the simple coupled
symmetrical dienes when trying to generate fluorovinyl copper reagents by
this route (Scheme 6).

e.g.
2CF,=CFl +2Cu ——= CF,=CFCF=CF, +2Cul

(Scheme 6)
Apparently any vinyl copper intermediates which are formed react rapidly with
additional vinyl halide giving the coupled product. Atiempts, however, o make
fluoroalkenyl cadmium reagents were successful2i vig the direct reaction of

fluorovinyl iodides or bromides in DMF under mild conditions (Scheme 7).

e.g. |
RCF=CFX +Cd ReCF=CFCAX + (ReCF=CF},Cd

(X = Br, I) AT -60°C + Cdlp
(Scheme 7)

These reactions proceeded with a total retention on configuration
making the cadmium reagents invaluable in the further reaction with copper to

give the corresponding fluorovinyicopper reagents22 (Scheme 8).

e.g.
ReCF=CFCdX + (RgCF=CF),Cd _Cux _ RECF=CFCu
(X =Br, I) all 68-99%

(Scheme 8)
Again, this metathesis occurred stereospecifically and, as the route avoided
the presence of any vinyl iodides or bromides at the stage when vinyl copper
species were present, the re'sulting organo-copper reagents were prepared

unequivocally. These vinyl copper compounds are very versatile and have



been further shown by Dolbier and co-workers23 to be a good source of
fluorinated dienes (Scheme 9).

e.g.
ReCF=CFCu +RgRe'C=CFI ———— R:Re'C=CFCF=CR:F
(Scheme 9)

Using a similar methodology, this paper also reporied the synthesis of
fluorinated dienes via the coupling of perfluoropropenylzinc reagents24 with

trifluorovinyl iodide in the presence of tetrakis(triphenylphosphine)pailadium.

1.2.1.3

An intriguing variation on the coupling theme is that of chain-extension

or homologation. The initial work in this area, like many of the other methods
of diene formation, started with the formation of fluorinated alkenss. [t was first
reported25 that for the case of difluoromethylenetriphenylphosphorane (8),
prepared in sifu by the reaction of triphenylphosphine with alkali metal salts of
chlorodifluoroacetic acid, in reaction with aldehydes and perfluoroalkyl
substituted ketones gave terminal fluoro-alkenes26. However this method is
often complicated by HF addition and fluoride ion induced isomerisations to
give internal fluoroalkenes whenever this is possible27 (Scheme 10).

e.g. CF,

"CoFs  +PhgP=CF, —

(8)

i (Scheme 10)
The generation of the ylide (8) by reaction of triphenylphosphine with
dibromodifluoromethane (9) obviated these difficulties and allowed the

synthesis of the terminal fluoroalkene in high yield (Scheme 11).

CFBr, +2PhsP +RCORF 5. RRgC=CF, +PhyPO
(9) + PhyPBr,
(Scheme 11)

e.g. R=Ph 82% vyield

(<1% internal fluoroalkene, 0% HF addition product.)




The use of a metal, such as cadmium, zinc or mercury as a dehalogenator,
minimised the use of the phosphine28 and also sliminated the formation of the
halogenated phosphorane by-product.

This method, however, initially proved to be unsuitable for the
preparation of fluorinated dienes as it was found2® that the polyfluorinated
diketones which were formed, cyclised via an intramolecular aldol-type
condensation route giving o,p-unsaturated cyclic ketones. This process was
found to be promoted by the basic dimethylamine produced by decomposition
of the solvent DMF. However, in 1280, Burton and co-workers published a
similar route30 to fluorinated terminal alkadienes by the chain-extension of

fluorinated alkenes (Scheme 12).

CF, +(PhyP'CFBrBrf —— - CF,
CIF,C or Hg PhsP*CF,CF BF
- PhP Ph F
+ (PhgP*CRBNBF  —— =
or Hg PhyP*CF,CF{  CF,P*Phg|2 Br
Ph, H
F F
=>
CF, CF,

54% (Scheme 12)
Subsequent work by Burton and co-workers3? revealed that fluorinated
dienes could be synthesised utilising this methodology by reacting various
polyfluorinated diketones with an excess of triphenylphosphine and
dibromodifluoromethane (9) in triglyme (Scheme 13).
xs PhyP

RC(O)(CF,),C(O)R F,C=C(R)(CF,),C(R)=CF,

0° + F,C=C(R)(CF,),C(O)R
tnglyme (Scheme 13)

Where R = Ph, Et; n = 2,3. Yields: diene:enong 50-60%:10-20%.



The absence of DMF coupled with the milder reaction conditions circumvenied
the aldol cyclisation problem giving various fluorinated dienes in modest

yields in a mixture with the corresponding enone.

1.2.2 Dehydrafion

Dehydration was one of the early methods be considered as a
reasonable route to fluorinated dienes. The first paper with this theme was
published in 185332 and used sulphuric acid to dehydrate tertiary alcohols
(Scheme 14).

CHyMg! CHy CH,
EtO,C(CR)COEt 370, HO-JG='-(CF2)4 =g=o»-a
CHg CHy
H2304 CHjz CH,

H,C gFCHZ
(CFy

(Scheme 14)

However, interest in such a method is diminished by its very limited scope.

1.2.3 Dehydrohalogenation

A more widely used method for the production of fluorinated alkadienes
has been that of dehydrohalogenation. Tarrant and Lovelace utilised this
technique3d3 in the preparation of 1,i-difluorobuta-1,3-diene (10)
(Scheme 15).

(PhCOy),
CFaBrz + CI'%=CHCI'Q; —_— CFzBfCHaCHfCI'b
(9) 85°C 67%
NBu;,
— /N
180°C

(10) 50%
(Scheme 15)

An analogous synthesis for diene (10) and 1,1-difluoroisoprene also
appeared in the patent literature34,
More interestingly, a synthesis of perfluoro-2,3-dimethylbutadiene (11)

was reported by some Soviet workers in 197335 via the aqueous electrolysis



of a-hydro-perfluoroisobutanoic acid (12) containing a little of its potassium

salt (Scheme 16).

2 (CF,CHCO,H  Kolbe . (cEVCHCH(CR) +CO, +H
(12) electrolysis 67%

(Scheme 16)
This was then dehydrofluorninated to give the diene (11) (Scheme 17).

£,C  CF
(CFa,CHCH(CFR,), KOH _ 3 3

B0 g¢” or,
(11) 39%
(Scheme 17)

1.2.4 Dacarboxylation

A further method which has been reported in the literature for the
formation of fluorinated dienes is the thermolytic decarboxylation of the alkali
metal salts of fluorinated dicarboxylic acids. This was first reporied in 195436
as a viable route to hexafluorobutadiene (13) from the pyrolysis of anhydrous

disodium octafluorohexane-1,6-dioate (14) (Scheme 18).

o E F

NaO,C(CF,),CONa _490°C_ H
(14) F,C CF,
(13) 30%

(Scheme 18)
A more recent development of this process37 is the decarboxylation of
the salts of polyfluorinated carboxylic acids which already comairn a terminal
double bond38 (Scheme 19).

CXH=CF(CF,;CO,Na ——3— CXH=CFCF,CF=CF,

(X=Cl, F) 76% X =Cl
95% X =F
(Scheme 19)

However, at the elevated temperatures needed to achieve thermolysis, a small

amount of the cyclic isomers37 was formed as an impurity.



1.2.5 |somerisation
In 1955, Haszeldine and Osbourne suggested3® thai hexafluoro-

butadiene (13) could be made, in an equilibrium, by simply heating

hexaifluorocyclobutene (15) (Scheme 20).

650°C RN F
F,C  CF,
(15) (13) 12%

(Scheme 20)

The theory40, kinetics and thermodynamics of this and related
systems41.42 have been studied more recently but, as the equilibrium lies
predominantly on the side of the cyclic compounds, this method has not been
proven to be a satisfactory synthesis of perfluorinaied dienes with a few
notable exceptions which were published by Chambers and co-workers43.
Starting from the pyridine-formed44.45 trimer (16) of cyclobutene (15),

pyrolysis yielded two isomeric dienes4é (Scheme 21).

F F n_ [F Fl, [F G
— 510°C 1 N7
3 F,C CF, FsC  CFy
(16) (17) 15% (18) 40%

(Scheme 21)

Diene (18) has been formed by fluoride ion isomerisation from (17).



The major route to fluorinated dienes, in the literature, is that of
dehalogenation. Haszeldine, in 1852, was the first to repori47 a
dechlorination route to a diene. Starting from chlorotrifluoroethene (19),

hexafluorobutadiene (13) was made in good yield overall (Scheme 22).

cFcacr, 22%C_ circcrcl —™ —  CIF,C(CCIFLCF,C!
(19) ICI 97% Hg 82-89%
EF
ZW/EIOH Y

reflux F,C CF,

(13) 98%

(Scheme 22)
More recently, zinc dechlorination has been used in the formation of
perfluoro-2-methyl-penta-2,4-diene48 (20) (Scheme 23).

FsC CFCI=CFCl F,C F
>§CF2 —_—
FaC

SbFs FsC CFCI-CF,CI
(21)
Zn F3C F
—_—T =
diglyme Fac>=§:cp )
F
(20) 40%

(Scheme 23)
Other zinc dehalogenations have also appeared in the patent

literature49.,50 and elsewhere51,52,53 (Table 1).
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[able i

HCFC,COMe %" . HCF=CF-CF=CFCO,Me 49
- Cb
(BICF,-CFCI), _a F,C=CF-CF=CF, 50
- BrCl (13)
CIF,CCCIFCF,CF=CF, %" . CF,=CFCF,CF=CF, 51
- CFQ
CF,CICFCI(CR,),Cl o CF=CF(CF)Cl 52
-Ch 54%
CF=CF(CF)C! %M . CF=CF(CF),CF=CF, 52
- FCI 50%
CF,=CF(CF,CFCILCF,Cl 2" (CF,=CFCF,L,CFCI 53
- Cb
(CF,=CFCF,LCFCI 2" . CF,=CF-CF=CF-CF,-CF=CF, 53
- FCI

In a category of its own lies some paricularly interesting Soviet work.
Knunyants and co-workers reported54 the reaction of perfluoroisobutene (21)
with triphenylphosphine to give the cross-conjugaied periluorotriene (22)

through a defluorination-coupling (Scheme 24).

F. CFs
FyC PP FsC. —
>=CF, L B N gg;a + F,PPhy
FsC FsC __ '3
F’  CF,
(21) (22)

(Scheme 24)
(It should be noted here that although this method can provide a good
route to some relatively inaccessible dienes, the starting material
perfluoroisobutene (21) is known to be highly toxic and the by-products which

contain phosphorous-fluorine bonds are even more so.)

The assumption that the ylide PhgP=C=C(CF3)2 is formed as an

intermediate in this reaction was confirmed in a later paperd5 as well as the

11



result that if fluoroalkene (21) was reacted with tributylphosphine in
acetonitrile, triene (22) was made along with a substantial amount of

perfluoro-2,5-dimethyl-hexa-2,4-diens (23) (Scheme 25).

F CF
CH,CN 3 .
(21) +PBuy — 2~ (22) FC A = + F,PBu
-30°C CFs
26% CFa F
(23) 37%

(Scheme 25)
These findings were expanded furtherd8é for various cyclic and acyclic

fluoroalkenes (Scheme 26).

75%
(Scheme 26)
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Butadiene itself has been shown to exist in the gas phase primarily in
the trans-planar (C2p) conformation57 but a small amount of the gauche form
(C2) has also recently been predicted8 to be present. It has likewise been
established by Raman, infrared5® and microwaves0 spectra that 1,1,4,4-
tetrafluorobutadiene also adopts the Cap conformation.

The vibrational spectra of hexafluorobutadiene (13), however, were
demonstratedé1 to be inconsistent with the Cz, conformation. These spectral
data were consistent with the Coy symmetry, but the gauche conformation or a

mixture of several configurations could not be ruled out (Figure 1).

(R F E E E F
Fo A2 2
F=2ﬁ<>=F A =
FF F F F
sz Cz,, Cz (Figur@ 1)

Photoelectron and optical spectroscopy studies62 have since
determined that hexafluorobutadiene (13) exists in a non-planar skew cisoid
conformation with a dihedral angle from the cis structure of 42°+15° which is in
good agreement with an angle of 47.4°t2.4° obtained from gas-phase
electron diffraction63. From NMR studies too, the apparent angular
dependence of five bond fluorine-fluorine coupling of diene (13) also supports
this non-planarity64 and more recently, the vibrational spectrum was
assigned65 and was shown to be consistent with the skew C2 structure.

An interesting theoretical paper has recently been publishedé®é
outlining the determinatioh of the electronic structure of hexafluorobuiadiene
(13) from ab initio molecular orbital calculations. This gave the minimum
energy structure to be a skew-cis conformation with an optimised dihedral
torsion angle, wopr, Of 58.4°. Analysis of the theorstical molecular orbitals
proved to be consistent with the majority of the previous speciroscopic rasults
implying that, if the theoretical modelling was correct, some of the minor
spectral data for diene (13) had been misinterpreted and that this was the

reason for the differences in the value of .
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Comparatively few papers detailing examples of reactions of fluorinated
dienes can be found in the literature. For the most pant, those that do appear

outline reactions in which the dienes are considered as simple fluorinated

alkenes and treated accordingly.

Knunyants and co-workersé7 were among the first to report their
findings between hexafluorobutadiene (13) and various alcohols

(Scheme 27).

EigN
CFp=CF-CF=CF, +ROH ———r— CF,=CF-CFH-CF,0R
(13) (R = Me, EY)

——— CF;-CF=CH-CF,0OR
(Scheme 27)

In the presence of a base, the intermediate terminal fluoroalkene rearranged

to give the final, more stable, intermnal fluoroalkene.
Perfluoro-2,3-dimethylbutadiene (11) has received some attention in

the literature. The hydration of diene(11) proceeds in acetoned8 to give

mainly the carboxylic acid (24) plus a few minor products (Scheme 28).

FaC CF3 H,0/Me,CO
—= FC CO,H
F.C CF, CF

(11) (24)
(Scheme 28)

Diene (11) reacts slowly with neutral methanol8® at room temperature
to give a mixture of the 1,2-addition product (25) and a substitution product
(26) (Scheme 29).

FaC CF, FaC CF; FsC CF4

H + MeOH —> HvH W
F2C CF2 cm CFZOMG FzC F
MeO
(11) (25) 17% (26) 3%9%
(Scheme 29)
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Stronger nucleophilic conditions using sodium methoxide were needed 1o
bring about a second substitution of diene (11) or substitution product (26)68.
Interestingly, perfluoro-2-methylpenta-2,4-diene (20)48 reacts with

neutral methanol to give the 1,4-addition product (27) (Scheme 30).

H F
FaC."
F3C>z<; sMeOH —2C " \
FsC CF, FsC'  »—CF,0Me
F F
(20) (27) 89%

(Scheme 30)
whereas hexafluorobutadiene (13) adds alcohols only under nucleophilic

catalysis70.

Very few reactions of fluorinated dienes with fluoride ion have been
published. The simplest case, hexafluorobutadiene (13) was shown’i to
rearrange to give the alkyne hexafluorobut-2-yne (28) by the passage, in the

vapour phase, over caesium fluoride (Scheme 31).

N
FM F_GCsF p — = F5C

CF,

. 510°- ?90°c 7y bR
(13) no solvent [ (28) 80-90%
(optimum)

(Scheme 31)

Analogously, octafluoropentadiene (29)51 was isomerised’1 to give its

more stable internal isomers and ukimately the alkyne (30) (Scheme 32).

F F F
F 2 N F \7 = £
g no solvent R CF3
FFFF . F F
(29) F- trace
F
%ﬁ;{ —_— F5C2 CFa
FoC irace CFa (30) 95%

(Scheme 32)
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In a similar vein, terminal diene decafluorohexa-1,5-diene (6)20 was
reported72 to react with fluoride ion to give the more stable internal diene,
decafluorohexa-2,4-diene.

However, in the case of diene (11), preferential isomerisation does not
occur, instead fluoride ion induces an oligomerisation to give two dimers (31)

and (32)73 (Scheme 33).

F3C CFs F F3C CFa F3@ CFa FSC CFg
He T H or
F,C  CF, F,C  CF, £C- CF, \ B0 CR,
(11) (33) (34)
$ (11) J] (11)

= =

F.C  CF,

(32) Eand £
(Scheme 33)

The ratio of the dimers was found to be temperature dependent; attack through
the more sterically hindered contributor anion (33) rather than (34) was
increased with an increase in temperature leading to an increase in the

proportion of diene (32).

Antimony pentafluoride, like fluoride ion, can isomerise fluorinated

dienes. It has been shown74 that contacting various terminal dienes with a
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catalytic amount of antimony pentafluoride resulied in the exothermic

isomerisation to their corresponding internal dienes (Scheme 34).

CF,=CF(CF,),CF=CF,
(n=2,4,86,12)

bF;

S
— >+ CFyCF=CF(CF,),2,CF=CFCF,

(Scheme 34)

Heating some of these internal dienes with antimony pentafluoride gave a

mixture of cyclic products (Schemes 35 and 386).

e.g.
CF4CF=CFCF,CF,CF=CFCF,

CF,CF=CFCF,CF,CF=CFCF,

SbF;
—° ~~  CF,CF,CF=CFCF,CF=CFCF,

=]

SbF;
e e P

(Scheme 35)

SbFg
(catalytic)
—————d

100°C

CF4CF,CF=CFCF=CFCF,CF,

+ CF4CF=CFCF=CFCF,CF,CF;

J]1 ,4-cyclisation

V
F F
F.C” | CaFy F5Cs CoFs
J]sm:s é73bF5
£ E
- AN
FC~  CsFy FsC3 C,Fs

(Scheme 36)
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However, in the case of perluoropenta-1,3-diene (35), heating with
excess antimony pentafluoride?s forced a cyclodimerisation to give the cyclic

diene (36) presumed to proceed via the allene (37) (Scheme 37).

SbF,

CF,CF=CFCF=CF, ——— 5 [CF4CF=C=CFCF,]
F F

FaC J_cF

S

F,CC  \CF,

(36) 80-90%
(Scheme 37)

Very recently76, it has been shown that some perfluorinated dienes can
be electrophilically co-oligomerised with tetrafluoroethene (38) under the

action of antimony pentafluoride. (Scheme 38).

e.g. E

SbFs F. F i

CF;CF=CFCF=CF, ——— (;1 SbFsn.1
(35) FoC Fa

38
L; [CF,=CFCF=CFCF,CF,CF;"] SbyFsp,1’

— % [CF,=CFCF=CFCF,CF,CF;]

——= CF;CF=CFCF=CFCF,CF;
E,E75%, E,Z8%, ZE17%
(Scheme 38)

The resulting diene can further add another tetrafluoroethene (38) unit under

these conditions (Scheme 39).

F.
e SbFs | E :
CFiCF=CFCF=CFCF,CF; ——— ) SthFsn.1
+
FL PN

- (38
—(—=Lb’> CF3CF20F2CF =CFCF=CFCF2CF3

(Scheme 39)
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1.5  Defluorination
The great strength of the carbon-fluoring bond (545 kJmol-1 for C-F in

CF4 versus 436 kdmol-1 for C-H in CHg4 and 293 kJmol-1 for C-Cl in CCl41)
accounts for the remarkable thermal stability of fluorocarbon compounds.
Indeed, high temperature thermolyses have proven to be one of the more
widely used synthetic procedures for the convenient formation of some
otherwise difficult to obtain compounds5.6,77. Various thermal
decompositions and fragmentations involving the elimination of
difluoromethylene or tetrafluoroethene moisties have been reported’8.79,80,81
but it is the metal-induced pyrolytic defluorination of cyclic and polycyclic
perfluoroalkanes to perfluoroaromatics82.83 which has been the most widely
used process to date (Scheme 40).

Fe

As well as iron, analogous defluorinations have also bsen reporied
over nickel turnings84 and activated carbon85. More recently, a similar
defluorination has been reporied86 using exhausted caesium
tetrafluorocobaltate(lll) - assumed to be caesium trifluorocobaltate(l!)

(Scheme 41).

(Scheme 41)

The initial step in these defluorinations is presumably the removal of
one of the tertiary fluorines but as the reaction proceeds, the extra stability

arising from aromaticity has enabled these products to be isolated from the
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reaction mixture rather than mineralisation occurring. However, when there is
no aromatic product along the reaction pathway, milder conditions are
required in order to avoid the complsete decomposition of the fluorocarbons.

The reaction directly between fluorinated organics and alkali metals is
known to be very vigorous to the extent of being potentially explosive3, indeed
this reaction remains a valuable tool for the analysis of fluorinated
compounds87. Wilder varations on this theme are the analytical technigues of
using sodium in an ammonia solution88 or as a biphenyl-sodium-
dimethoxyethane compiex89.20 both again for use in the semimicro
determination of fluorine (and chlorine) in organic compounds.

Recently, under relatively mild conditions, the sodium radical anion of
naphthalene has been used to completely defluorinate 1,2,4,5-tstrafluoro-
benzene and perfluorotoluene®i. This foliowed earlier work in which the
same naphthalene radical anion was used to parially defluorinate the surfacs
of poly(tetrafluorosthene) (PTFE) in order to bring about effective bonded
using commercial resins92,93,

In fact, surface modification of PTFE has long been a target of interest in
research. Dousek and Jansta%4.95 reporiad the electrochemical surface
corrosion by various alkali metal amalgams to give black-coloured
carbonaceous products which are typical of the chemical reduction of PTFE
and in the recent literature®8, even non-polymers including
hexafluorobenzene and tetradecafluorohexane. reduced in the gas phase by
the action of a lithium amalgam.

More recently, however, the surface of PTFE has been modified
reductively by the action of the potassium benzoin dianion87.98 giving a
reflective metallic lustre (silver or gold). Chakrabarti and Jacobus were also
able to report®® the chemical reduction of bulk PTFE into high density
polysthene by the action of lithium in liguid ammonia.

An intriguing paper from MacNicol and Robertson appeared in the

literature recently100. The authors reported that perfluorodecalin (39) was
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completely defluorinaied and aromatised by the action of sodium thiophenate

under fairly mild conditions (Scheme 42).

excess NaSPh PhrS
DMEU

—_—
10 days PhS
80-70°C SPh SPh
(Scheme 42)
0
DMEU = 1,3-dimethylimidazolidin-2-one Mo~y )kNaMe
/

It is worthy of note here, that only model systems in which a teriary
fluorine site or a site of unsaturation was present, underwent this type of
reaction®8 suggesting that it is at these positions that the initial reduction takes
place. In a similar vein, a very recent paperi0i reporied the reduction of
pertluorobicyclo[4.4.0]dec-1(6)-ene (40) by activated zinc to give various
defluorinated products depending upon the polarity of the solvent present

(Scheme 43).

Zn
[ >
dioxane

Zn
T
CH,CN

DMF

Zn
MeOH

Z NS
|

OMe34% (Scheme 43)

Under these circumstances, however, perfluorodecalin (39) could not be

defluorinatedi01,
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A few papers have been published which outline thermolytic
defluorination of perfluorinated alkenes over activated metal surfaces as a
viable route to non-aromatic unsaturated fluorocarbons. Among the first was a
communication released by Haszsidine and co-workersi02 wherein
hexakis(pentafluoroethyl)oenzene (41) was defiuorinaied over activated zinc

to give a stable xylylene, the structure of which was not unequivocally

assigned (Scheme 44).

CFCF; - CoFs
FsCa A\ _CoFs FsCax _CFCF,
(e
FsC” Y CoFs FsC; SCFCF,

CFCF, C,Fs
(unassigned) (Scheme 44)

Thermolytic defluorination has been used to good efiect in these
laboratories; Marper found5.103 that perfluorobicyclopentylidene (42) could be
reductively defluorinated over hot iron to give the diene perfluorobicyclopent-

1,1"-enyl (43) (Scheme 45).

(42)

(Scheme 45)

whilst Taylor46é performed similar thermolyses on perfluorobicyclobutylidens
(44) and perfluoro-1-cyclobutylcyclobutene (45) to give the similar diene (46)
and perfluoro-1-(methylethyl)-cyclopeniene (47) to give the diene (48) in
modest yields (Scheme 46).

=X CF3 Fe FZ

H F)—F — ¢
(47) (48) 35%
(Scheme 46)
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Perfluoro-3,4-dimethylhex-3-ene (both E- and Z-) (49), the readily
availablei04,105,106 tetramer of tetrafluoroethene (38), has also been
thermolytically defluorinated81,107 over iron to give the isomeric dienes (50)
and (51) in good yield along with some of the thermally cyclised product (52)
(Scheme 47).

FCe  CFa rg CF; CF, CFy F
— N N O NN\
o€ CoFs 340°C - < oFs
3 2"s CF, CF, CF, CF,
(49) (50) 45% (51) 12%
FiC CFs
+ ¥ + isomers of (49)
FC” CF,
(52) 15% (Scheme 47)

It is significant to note that pyrolysis of the tetramer (42) over caesium
fluoride resulted in appreciable defluorination8i [ca. 30% yield for (50), (51)
and (52) combined] possibly through the formation of caesium polyfluorides.
A similar defluorination over activated carbon has recently appeared in the
patent literature108 whereby tetramer (49) was reduced to the diene (50) at
400°C. The absence of any reference to the thermally cyclised isomer,
cyclobutene derivative (52), among the products is noteworthy considering the
high temperature of the reaction.

A certain amount of interest has been generated in the chemical
literature recently over the activation of carbon-fluorine bonds by the oxidative
addition to a metal centre in the cases of fluorinated aromatic systemsi09 and
perfluoroalkenesii0. In a paper by Jones and McDonaldi11, this idea of
metal insertion was extended and the alkane hexafluorosthane was
successfully (if slowly) defluorinated in the gas phase by [Mn(CO)3], a
fragment generated by dissociative electron attachment to Mn2(CO)1o.

When zero-valent bis(arene)chromium complexes were used as
initiators for hexafluoropropene oligomerisation, two of the trimerisation

products were found to have been defluorinatedii2 although no yields are
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given for the process. The authors attribuied the apparent defluorination to

hydrogenation followed by dehydrofluorination (Scheme 48).

. CF;
FSC CFS 24 FaC M H CFa
FsC  CoFs FaC  C,Fs CFa
-2HF
FaC {] E CF3
FaG, / CF, FoGC CF,
.
FaC CoFs FaC ) CF,4
F

(Scheme 48)

This idea was reinforced through deuterium labelling in that the source
of hydrogen was found to be from the aryl ligand upon chromiumii3 and

presumed to react after né-n' rearrangement (Scheme 49).

In a more recent example of defluorination of perfluoroalkenes by
organometallic reagents, Watson and co-workers reportedii4 fluorine
abstraction by various divalent Iamhanoid complexes to give trivalent
lanthanoid fluorides M(CsMes)2F.L (M = Yb, Eu, Sm; L = diethyl ether,
tetrahydrofuran). The driving force for these reactions was the negative

reduction potentials of the metal ions [M(lIl) — M(Il)] and the ultimate formation

of very strong lanthanoid fluoride bonds.
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Previous attempis in our laboratories to electrochemically reduce
fluorinated alkenes to their corresponding dienes have not met with general
successi15,116,117, The major problems with electrochemical reductions of
fluorinated substrates have involved complicating side reactions; namely
reaction of the substrate with the bulk solvent or the supporting electrolyte, or
with fluoride ion formed by slimination which may induce isomerisation or
dimerisation with further fluorinated material.

However, some succassful elecirochemical reductions of perfluorinated
alkenes have been published in the literature. For example, fluorinated
aromatics have been generated by the reduction of some fluorinated
cyclohexadienes118,119,120, Thus, octafluorocyclohexa-1,3- and -1,4-diene (53)
and (54)121 were electrochemically defluorinated to give hexafluoro-benzene

(55) via a step-wise mechanism (Scheme 50).

or @ + ’ +2F
) =222 UUJ

2¢e
(3) (54) Et(;-:g/H 0 (85)
2 (Scheme 50)

Soviet workers122 rgported the electrochemical reduction of perfluoro-4-
methylpent-3-ene (56), the thermodynamic dimer of hexafluoro-propene103,123,
The result of this reduction was the formation of two unusual cyclic dimerisation

products (57) and (58) (Scheme 51).
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IF3C F - 2 e- Fac F (56)
>==<'=’ - —_—
FQC i CZFS ° F- F30>—§—\g=CF3
(56) F
| F
F FsC
‘??( o TN\ cr,
A S F FC CFs
25 F.C F
CFa 3¥. -
F +2€
-2F
CF, CFa
FsC F CF, FaC N\ CF,
FaC C,Fs FsC |
FoC F FC  CoFs
(57) (58)
(Scheme 51)

However, the range of clean electrochemical defluorinations is still quite small.

Due to the relative strength of the carton-fluorine bondi, a further limiting

factor is the size of the applied potential which is needed to reduce fluorinated

organics.

derivatives, cyclic voliammetry was used.
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Cyclic voltammetry (C.V.) is a useful analytical technique in the
investigation of the mechanistic aspects of some electrochemical processes. In
C.V. an electrode potential is swept between the limits £5 and £ at a constant
sweep rate v which can be either positive or negative. Upon reaching £z the
sweep is reversed (usually, but not necessarily, at the same sweep rate) until
the potential reaches the initial value of Ey. After this, the process may be

stopped, repeated or continued further to a value £3.

o
E &

Figure 2. A C.V. potential-time profile.

The current is recorded as a function of the potential applied across the
cell. In the simplest case for a reduction, oxidised species O is converted to the

reduced species R (Scheme 52).
O+e==R (Scheme 52)

initially, only O is present in solution and, if a very slow linear potential
ramp is applied, the resultant voltammogram would be a steady state / versus £
curve. By increasing the sweep rate v, a peak of increasing size develops.

This is shown overleaf in Figure 3.
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increasing
sweep
rate

Figure 3. A series of linsar sweep voliammograms at varnious sweep rates.

To understand this, we must consider the steady state conditions for the
system when the concentrations of the electroactive substrate O are uniform
throughout the bulk solution and are maintained that way by natural convection.
However, in the region immediately next to the electrode - known as the Nernst
diffusion layer - the concentration gradients are approximately linear, with the
ratio of [Oo]/[Ro] given by the Nemst eguation.

E = Eo - BT In [BR9)
nF [O9]

Where £0 is the standard potential of the system, [Ro] is the concentration of R
at a small distance ¢ from the electrode and [O¢c] is the concentration of O at
the same distance.

This means that, for this system, as the potential £ is made more
negative, the surface concentration [O] will be decreased, thereby increasing
the concentration gradient and thus the resulting current. The current will reach
a plateau value when the surface concentration reaches zero.

If the sweep rate v is increased, the diffusion layer cannot relax to its
equilibrium state so it leads to a non-linear concentration gradient. Once the
potential is able to reduce O, its concentration decreases in order to satisfy the
Nernst equation. This causes a current proportional to the concentration
gradient created to flow in the circuit. Diffusion will decrease this gradient but

the changing electrode potential in turn decreases the amount of O at the
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elecirode. It can therefore be seen that, for any given potential, the
concentration gradient at the suiface is greaier than for the steady state case
and therefore the current is larger. Once the concentration of O at the surface
reaches zero, the gradient will decrease through difiusion thergby relaxing the
system hence the current will also decrease leaving a peak in the cyclic
voliammogram.

For a very slow sweep (i.e. pseudo steady state) the current for the
reverse sweep should track the forward one but for faster sweeps, a significant
amount of R has been formed in the diffusion layer and continues to be
generated until the potential reaches £0. As the potential approaches this value
it starts to be oxidised back to O causing a reverse current to flow. Eventually
all the R in the region will be consumed and, in an analogous way to the
reductive process, a peaked response will be given in the voltammogram (in the
oppbsite direction). The charge associated with the oxidative peak will be
smaller than the reductive case as the concentration differences will have driven

most of the R preduced into the bulk solution.

| a
Ep
Figure 4. A cyclic voltammogram for a reversible process.
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The peak potentials, Ep¢ and Epd, obtained from such a cyclic
voltammogram will be independent of the sweep ratei24, as it is the applied
potential and not the rate of change which dictates the actual elecirochemical
processes occurring.

For the simple case of reduction / oxidation, it is foundi24 that the ratio of
peak current flowing, lp@ g, is equal to unity. In some cases, however, the
intermediate produced at the electrode is unstable on the sweep timescale with

respect to further reaction giving @ more favourable product P (Scheme 53).
O+e==R—=7"P (Scheme 53)

This means that, for the reverse sweep, the concentration of R is lower
than for the simple reversible process and the current arising from the oxidation
of R in the electric double layer is decreased. This gives the result that the ratio
Ipd/lp¢ <1 and that the separation between the forward and reverse peaks
increases. In the extreme case the reverse peak may not be present.

AN
-1

>
E°-FE

Figure 5. A cyclic voltammogram for a simple irreversible reduction.

By increasing the sweep rate v, for such irreversible systems, the
reaction which happens after the first electron transfer occurs {0 a lesser exient
and so the ratio /Jpa/Ip¢ increases to such a degree that for very fast scanning
the system appears to be totally reversible. Convarsely, slowing the speed of

the cycles down causes the system to assume a more steady state type of
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behaviour except that further anomalous peaks may appear from the reduction
of the products.

Various studies have been made into the investigation of how some
reaction parameters change with a change in sweep rate124,125 and using C.V.
on a gualitative basis, information on reaction mechanisms and sequences has

been obtained.
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2.2.2 Discussion

Table 2 shows the resuliing reduction potentials (vs. S.C.E.) from the
cyclic voltammetric study of some relatively easily available perfluorinated
alkenes and dienes. The fluorocarbons are either oligomers of simple alkenes

or dienes obtained by the reduction of these oligomers (see Section 2.3).

(42) (44)

-1.06 £ 0.03V -1.10 £ 0.03V
(quasi-reversible) (quasi-reversible)
(45) (49)

-1.23 £0.03V -1.62 £ 0.05Y

(quasi-reversible)

)

(56) (43)

-1.76 £ 0.08V -2.03+0.01V
F F
F

(46) - (16)

-2.25 +0.01V -2.30 £0.10V
F)Y”J

(59) (50)

-2.30 £0.05V -2.35+0.10V

(All unmarked bonds are to fluorine)
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We now possess the reduction potentials for a series of perfluoroalkene
derivatives which may be represented by the general formulae:

R Re Reg R
= o )=
Re Re BRf Re  where Rg = perluoroalkyl

The replacement of a vinylic fluoring atom in such compounds by a
perfluoroalkyl! group, Rg, is known to lower the L.U.M.O. energies of the alkene
derivative; this is a specific example of the commonly observed phenomenon
of electron withdrawing substituents lowering alkene orbital energiesi26 and this
effect is born out direcily in the table. The initial process in the electrochemical
reduction of such fluorinated alkenes is the transfer of an eleciron {o the
L.U.M.O. of the molecule and so, the lower the energy of this transfer, the less
the potential that needs to be applied across the cell to accomplish this
reduction.

On the whole, the substrates with the lowest reduciion potentials are
those which are tetra-substituted and, conversely, those which are harder to
reduce tend to possess only three Rg groups on the double bonds. If this trend
was continued, those perfluoroalkenes with fewer Rg groups would display siill
higher reduction potentials than those shown in the table. It must be pointed
out here that none of the C.V. experiments that were carried out were
reversible; indeed most of the compounds tested in Table 2 did not show any
sign of reversibility. Therefore these compounds cannot be considered as
behaving in an ideal manner and that electron transfer is very quickly followed
by a further reaction such as the elimination of fluoride ion (see Section 2.2.1).

Perfluoroalkenes (42) and (44), both of which could be considered to be
tetra-perfluoroalkyl substituted alkenes, display the lowest reduction potentials
in the table. One of the reasons for this could be the resuit of a favourable relief
in angle strain in the rings of the two systems which would occur upon the

addition of an electron. The resulting radical anions would then be able {o
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rearrange from their initial high energy probable planar conformations thus
decreasing the amount of ring strain present.

Perfluoroalkene (45), an isomer of (44), has a surprisingly low reduction
potential for such a trialkyl substituted fluoroalkene. The presence of a vinylic
fluorine atom would normally be expecied to result in a significantly higher
potential than that which is shown. However, unlike for the isomeric
perluorinated alkene (44), the cyclic voliammogram for (45) showed no sign of
reversibility and so it is possible that, in this case, the addition of an electron o
this system could be coupled with the loss of the tertiary allylic fluorine in a
concerted process. [t is known that a carbon-fluorine bond in such a site is
relatively weak and so the elimination of this fluoride ion linked with the
favourable relief of angle strain in the cyclobutenyl ring could result in an overall
lowering of the reduction potential for the molecule.

The fluoroalkene (49) possesses four Rf groups around the double bond
and therefore its reduction potential is relatively low. However, the fluorinated
alkene (56), which has a similar structure to (48) but only bears three RF groups
and a vinylic fluorine, displays a reduction potential which is not very much
higher than that for (48) and so since fluoroalkene (56) has no obvious means
of lowering its reduction potential, it remains as an anomaly.

Perfluorinated dienes (43) and (46) can be considerad as consisting of
two tri-alkyl substituted double bonds if the double bonds are not conjugated.
This idea helps to explain why the reduction potentials are much higher than
those of their precursors (42) and the two isomers (44) and (45) respectively.
The difference of approximately a volt in the reduction potentials between these
precursors and the dienes is significant and could help to justify how the dienes
can be isolated as a result of reduction.

The fluorinated trimer (16)44.45 possesses four RF groups on the double
bond and also has two tertiary fluorines in adjacent allylic sites and so it should
have a low reduction potential. However, its potential is fairly high and is

difficult to account for. It is possible that the substantial steric bulk of the two
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pendant perfluorocyclobutyl groups couid hinder the initial electron transfer in
7 this case and so, although considerable ring strain relief and fluoride ion
elimination could occur, it is still quite difficult to accomplish electron transfer io
this fluoroalkene. 7

Perfluoroalkene (59) is a more simple example; it possesses three Rr
groups and a vinylic fluorine and so has a high value for its reduction potential.
The large perﬂuoro-i'—ethyld'-methyl-propyl group is guite sterically demanding
and so the large potential given in Table 2 could-quite easily reflect this
influence to the reduction of this fluorinated allkens. |

Finally, diene (50), if there is no conjugation beiween the double bonds,
can be considered as comprising tWo tri- alkyl substituied fluoroalkenes in a
similar manner to the dieneé (43) and (46) and so the high value for its
reduction poiential can be explained in this way. It is also likely that, again, the
large difference in reduction potentials between diene (50) and its precursor
(49) is the dominating factor which explains how the diene can be isolated by

the reduction of (49).
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s (With M. W. Briscoe)

2.3.1 ntroduction
Following successful work on the slectrochemical polymerisation of

octafluorocyclopentenei2?, analogous studies were made at the Electricity
Council Research Centre Laboratories at Capenhurst (now known as
E. A. Technology) using potassium amalgam as a single electron transfer
(S.E.T.) agent. These studies resulted in the formation of a similar blue-black
polymer. We have used the term 'electromimetic’ to describe the effect of such
amalgams and the action of sodium amalgam as an S.E.T. agent to be used
interchangeably with electrochemical reduction was first used in these
laboratories by Mark Briscoei17,

The following sections describes various attempts to reduce some

fluorocarbon derivatives through the action of sodium amalgam.

The reduction of perfluorinated alkene (49), the tetramer of
tetrafluoroethene104,105,106, by sodium amalgam produced a mixture of
isomeric dienes, Z,Z- and E,Z- perfluoro-3,4-dimethylhexa-2,4-diene (50) and
(1) in 74% and 20% yields respectively. The stereochemistry around the
double bonds was confirmed by the 1°F NMR coupling constant data of the
dienes since it is known that SJ(cis-CF3,CF3) values are greater than 10Hz and
SJ(trans-CF3,CF3) values are typically less than 2Hz and also that 4J(trans-CF3,F)
coupling constants are less than for 4J(cis-cF3,F)128.129. Interestingly, Z,Z-
diene (50) displays a pseudo-septet generated by the (Az)2(X3)2 sysiem with a

coupling constant of 1.9Hz indicative of a trans,trans- diene.(Figure 6).

ca. 10.5Hz

(Figure 6)
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The mechanism for this reduction is presumed to proceed via two S.E.T.

steps (Scheme 54).

Y e (VY ey

All unmarked bonds to fluorine  (50) (Scheme 54)

A similar mechanism may be invoked to explain the formation of diene
(61), with a different structural geometry arising afier the elimination of fluoride
ion after either step (i) or (ii).

This reduction is probably analogous to the thermolytic defluorination of
(49) over hot iron81,107, However, with the amalgam, the temperature never
rose high enough to form cyclobutene derivative (52). Indeed, when diene (50)
was heatsed in a furnace at 100°C, (52) was formed with ca. 50% conversion |
demonstrating that it is, in fact, formed through a thermal cyclisation40 of diene

(50) (Scheme 55).

A CF

conrotatory FaC_§ 3F
FaC—N . _—— i
(52) ca. 50%

(Scheme 55)

Howaever, when tetramer (48) and sodium amalgam were reacted in the
presence of acetonitrile, which was added to act as a heat sink, 19F NMR
spectroscopy and G.C. mass spectrometry determined that the two dienes (50)
and (51) were formed in ca. 46% and 38% yields respecitively along with ca. 2%

of the E,E- isomer (60) and some 14% of various unidentified fluorinated
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components. There was no evidence for the presence of the cyclobutene
derivative (52) (Scheme 56).

. CF, CF CFy, F
FsC2  CF3 NaMg 370 2

— Fa NI ¢ P NZ
T F CF3
FaC  CpF5 CHCN
CF3 CFy CF, CF,
(49) (50) 46% (51) 38%
CF; F
FaC Az

CF3 +14%of
E CF,4 unidentified material

(60) 2% (Scheme 56)

This demonstrates that the predominant formation of the Z,Z-isomer (50)
is through thermodynamic effects and that milder conditions, created with a heat
sink like a solvent, aliows the production of greater amounts of the less
thermodynamically favourable isomers.

Indeed, when a mixture of the isomers (50) and (51) was heated under
reflux with caesium fluoride, it was shown by 19F NMR speciroscopy that the
less energetically favourable isomer, (51) was converted into the Z,Z- isomer,
(50) confirming diene (50) as the most stable isomer. There was no evidence
for the formation of a stable anion of the diene in the specira although it may be
assumed that the stereochemistry around the double bonds is aliered via such
a transient carbanion. More importantly, this shows that the stereochemistry at
the double bonds in the dienes gan bs interconveried in the presencs of fluoride
ion and that the mixture of dienes (50) and (51) is a good source of the more
stable isomer, (50).

In the dienes (50), (51) and (60), the trifluoromethyl groups impose
considerable steric demands around the 1,3-diene skeletons and so the:
structures of the dienes are very probably twisted out of the trans- planar
conformations which such dienes would prefer to exist in if allowed to do so in
the gas phase. As an exercise, the structures of these dienes were studied by
molecular modelling using the COSMIC package on a MicroVAX 2

minicomputer. By an iterative process of minimising the strain energies and
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steric hindrance effects between non-bonded atoms, an estimate of the most
stable conformer was made for each example starting in each case from the
trans- planar conformation.

The resulting struciures and angles can only be taken as estimates as
the package does not deal with the distribution of electon density within the
molecules nor all possible bonding arrangements; it makes slight changes in
local geometry in order to reduce the energy and so it is possible that the
program gi'ves a local minimum and not the thermodynamically most favourable
conformer. Indeed, in order to demonstrate this point, the diene hexafluorobut-
1,3-diene (13) was modelled using this program and the resulting torsion angle,
v, was given as 30.1° - which is significantly different to the results found for
example through electron diffraction63 and ab initio molecular orbital
calculations® of y = 47.4° + 2.4° and y = 58.4° respectively (see Section 1.3),
implying that a significant error could be involved in the possible outcome.
Nonetheless, the resulting conformer is an estimate which would be difficult to
obtain by other means and it is important to note that the general structure will
be fairly close to that which is actually adopted by the molecule.

In the case of the Z,Z- isomer (50), the resulting model was shown by

COSMIC to possess a skew structure with a torsion angle, w, of 103.0° from the

cis- planar form (Figure 7).

e CFs
alu,
F CF‘3\ .
FaC
CF,
C(F)CF,
F
3C = 103.0°
C(F)CF,

Figure 7. Z Z-Perfluoro-3,4-dimethyihexa-2,4-diene (50).
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For the E,Z- isomer (51), the modelling gave a larger resulting torsion

angle of 117.1° (Figure 8).

CF
o @\Q@@ Cﬁ-&g\_
3
@ F
f I,I = 1 1 7 1 ° FaC

Figure 8. E,Z-Perfluoro-3,4-dimethylhexa-2,4-diene (51).

Indeed, this trend in the value of v was continued for the &,E- isomer
(60) in which the calculated lowest energy conformation was shown to be even
more aligned to the trans-planar structure, displaying a torsion angle of 129.0°

(Figure 9).

Figure S. E,E-Perfiuoro-3,4-dimethylhexa-2,4-diene (60).

It must be pointed out that the COSMIC package, like the more powerful
programs of its ilk, also takes no account of any intermolecular considerations.
More sophisticated ab initio calculations could be carried out but the structures
already given in Figures 6,7 and 8 show the general trend that the bulky
trifluoromethyl groups, present‘ in the molecules, deviate the geometry of the

systems quite considerably away from the possible planar conformations into



the skew structures in which litile conjugation would be assumed to exist

between the double bonas.

2.3.3

The reduction of the title fluoroalkene (42), the dimer of
octafluorocyclopentenei30, by the action of a sodium amalgam gave
perfluorobicyclopent-1,1'-enyi (43) in a yield of 70% (Scheme 57).

/
(43) 70%
(Scheme 57)

Isolation of the diene from remaining (42) was carried out by a simple fractional
crystallisation in a refrigerator131 and its structure was determined by 19F NMR
spectroscopy, mass spectrometry and IR spectroscopy. The mechanism for the
formation of diene (43) is probably analogous to that in Scheme 54.

The isolated yield of 70% for diene (43) is favourable when compared to
60% which was obtained by the thermolytic defluorination of (42) over hot
iron103 but, more importantly, it is easier to reproduce.

When this diene (43) was modelled on the COSMIC package, the
resulting structure was given as a cis- conformer with a torsion angle of 25.2°

from the cis- planar form (Figure 10).

Figure 10. Perfluorobicyclopent-1,1'-enyl (43).




This emphasises the difierences between this diene (43) and the
isomeric dienes (50), (51) and (60) where bulky trifluoromethyl groups and less
geometric restraint force the molecules to adopt structures which are far from

planar.

234

The reduction of a mixture (ca. 1:1) of the isomeric fluoroalkenes (44)

and (45), the dimers of hexafluorocyclobutene44.45, by a sodium amalgam gave
perfluorobicyclobut-1,1'-enyl (46) in a yield of 61%. Isolation of the diene was
also carried out by crystallisation in a refrigerator and, again, the mechanism
probably proceeds via a route which is analogous to that in Scheme 54117

(Scheme 58).

(46) 61%
(Scheme 58)

The structure of diene (46) was identified by 19F NMR spectroscopy,
mass spectrometry and IR spectroscopy. In this case, the isolated yield of 61%
for the amalgam reduction compares very favourably with 20% which was
obtained for the analogous pyrolysis over iron44,

Diene (46) was also modelled with the graphics package and the
resulting low-energy conformer also gave a cis- structure. In this case, v, the
torsion angle, was given as only 18.2° demonstrating that the small rings
impose such geometric constraint upon the molecule that the allylic fluorine
atoms at the 4 and 4' sites only interact to a fairly minor degree thus forcing the

diene out of planarity by a small amount (Figure 11).
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Figure 11. Perfluorobicyclobut-1,1"-enyl (46).

Again, this is in contrast to the dienes (50), (51) and (60) in which the

trifluoromethyl groups force the dienes into more skew conformations.

The title halocarbon (61)132 is known as a precursor in the formation of
hexafluorobutadiene (13) via zinc dehalogenation50 (see Table 1; Section
1.2.6). When reacted with only a slight stoichiometric excess of sodium
amalgam (2.6:1 molar ratio), the recovered volatile fraction was found by 1°F
NMR spectroscopy and G.C. mass spectrometry to contain a mixture of

products (Scheme 59).

BrCF,CFCICFCICF,Br -ELHQ;;> rCFZCFCICF=CF2
(61) (62) 28%
BrCF,CFCICF=CFCI
E-(63) 3% and Z+(64) 3%
CF,=CFCF=CF, -
(13) 2%
+(61) 64%
(Scheme 59)

As the starting material (61) can be recovered from the products,
recycling becomes possible and this method of selective reduction of the
halocarbon (61) appears as a favourable process for the generation of highly
functionalised fluoroalkene derivatives such as (62). The formation of the

unexpected products (63) and (64) is probably due to the nucleophilic attack of
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chloride (from resulting sodium chloride powder) on the highly reactive terminal
difluoromethylene site in alkene (62) (Scheme 60).

BrCF,CFCICF=CF, -;C%'——i> BrCF,CFCICF=CFCI <+ F
(62) (63) and (64)

(Scheme 60)

Various other experiments were carried out in which sodium amalgam

was used to reduce fluorocarbon derivatives. The results are summarised in

Table 3.
Table 3
Fluorocarbon Percentage recovery
of starting material
F F
73%
¥
(16)
34%
‘,"//\‘ 7
(85)
CF; CFj
Fa N2 F 64%
CF; CFg
(50)

As in all the examples of amalgam reductions, the reactions were very

exothermic and the residual mercuric waste was found to be mixed with a very

dark gray to black powder reminiscent of the results of reduction of PTFE with
alkali metal amalgams%4,95,96, Also, in each of the above experiments, no
volatile material, other than the starting material, could be obtained from these
residues after the reaction. »This was especially surprising in the case of

perfluoro-1,2-cyclo-butylcyclobutene (16), which appeared to be ideal for




reduction to the related diene (66) as it possesses two allylic teriary fluorine

sites (Scheme 61).

F F F F
—_—T N\ / —_—
F F
(16) (68) (Scheme 61)

[The formation of diene (66) is a process which has been claimed to occur in
the patent literature108.]

Diene (66), if formed, is probably reduced furither by the action of the
amalgam until complete decomposition of these products occurs rather than the
amalgam reducing morg of the alkene (16) to the diene (66). This is a
conseguence of the relative energies of the L.U.M.O.'s of (i6) and (66);
fluoroalkene (16) having been shown to possess a relatively high reduction

potential in Section 2.2.2.

2.4  Potassium Amaloam
2.4.1 |niroduction

As the initial studies into the reduction of octafluorocyclopentene were
carried out using potassium amalgam and as potassium is a viable akernative
to sodium in amalgam, it was decided to carry out a reduction using a
potassium amalgam in order to determine any possible differences. Potassium
is a stronger reducing agent than sodium - a fact born out in a comparison of
the aqueous oxidation potentials with +2.924V for potassium compared to

+2.711V for sodiumfi.

2.4.2 Bedugtion of Alkana (49) (With J. F. S. Vaughan)

The reduction of tetrafluoroethene tetramer (49) by potassium amalgam
gave an almost identical mixture of dienes (50) and (51) to that produced by
sodium amalgam (see Section 2.3.2) in overall yields of 40% and 12%

respectively. Despite this success, it must be noted that potassium is harder to
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dissolve in amalgams than sodium and, since the yields are lower using
potassium amalgam than for sodium amalgam, no fuither reductions were

performed with potassium amalgams.

2.5 Alkali Mefals in Solugion
2.5.1 Jotroduetion

There are several reporied cases in which alkali metals in complex
solutions have been used to defluorinate organic compounds, sither for
analysis88.82,%0 or in order to facilitate bonding to PTFE and other highly
fluorinated polymers92.83. In this section, a similar idea is tried in which only a

stoichiometric amount of alkali metal is present in an attempt to bring about

selective reduction.

A biphenyl - sodium - dimethoxyethane complex8® was prepared
according to the literature®0 and was slowly added to the tetrafluoroethene
tetramer (49) under nitrogen. The complex reacted with alkene (42) and the
purple colouration slowly disappeared. Analysis, however, showed only the

presence of starting material (49), decomposition of any products having

presumably occurred rather than selective reduction.

Potassium dissolves in HMPA to give a solution with a deep blue hue.
Tetrafluoroethene tetramer (49) was reduced by this solution but analysis of the
solution after reaction shows that a vast mixture of fluorinated compounds was

created and that there was no evidence for any selectivity in the process.
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3.1  Iniraduction

The replacement of hydrogen in an alkene by electron withdrawing
substituents as fluorine or periluoroalkyl groups results in the removal of
electron density from the double bond. A conseguence of this is that such
slectron deficient © -systems become more susceptible towards nucleophilic
attack5.133 than electrophilic attacki34.

A general scheme for the nucleophilic attack upon a perfluorinated

alkene can be shown as follows (Scheme 62):

RF HF RF RF
Nuc + —  —— Nuc=ﬂ=Cl'
Re R
F F e
/ /(c)\lZ- allyllc
RF RF RF F RF
Nuc————R = Nuc—ﬂ
R
FEF Nuc>T=S( ] £ )R
Re Re
(base catalysed (nucleophilic (substitution with
addition) displacement) rearrangement - Sy2')
(Scheme 62)

There are many influencing factors which must be taken into account in
order to determine the reaction pathway which is followed133.

Pathway (a) is prefered by the simpler fluoroalkenes and the more basic
intermediate carbanions and involves an overall addition of a nucleophile Nuc-
followed by combination with an electrophile E+ (e.g. H+).

Pathway (b) is more often followad by cyclic perfluorinated alkenes and
those fluoroalkenes which give intermediate carbanions possessing more

stabilising perfluoroalkyl substituents and so allow a more long-lived
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intermediate. This route involves an overall substitution of a vinylic fluorine by a

nucleophile.

Pathway (c) is not usually preferred as a major route but rather as a
competing reaction occurring alongside (a) or (b). Overall, route (c) involves

addition, allylic rearrangement and displacement of an allylic fluorine.

Flunringied Carhani
It has been previously stateds.133 that carbanions are intermediates in

3.2
nucleophilic reactions of fluoroalkenes. In order {0 understand the ukimate
outcome of such nucleophilic reactions, it is important to appreciate the effects

of fluorine in the intermediate carbanions.

In the case where fluorine is bonded directly 1o a carbanionic site, there

are two opposing influences affecting stability5,135. A stabilising c-inductive
effect (-I5) competes with a potentially destabilising n-field polarisation effect

W
c——F:

C ——F
-1 + 1
(destabilising)

(Figure 12)

(+4) (Figure 12).

(stabilising)
<
The magnitude of the electron-pair repulsion (+/;) depends upon the
geometry of the system2 with the greatest repulsion arising from a planar
system in which the destabilising overlap is maximised (Figure 13).

F—"
(planar carbanion -
maximum repulsion)

i
(>
sp2 (Figure 13)

Pap,".

C
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This results in a preference for a developing carbanionic site which bears a

fluorine atom to prefer a more pyramidal geometry?2.

If a fluorine atom is located adjacent to the carbanionic site, however, the
carbanion is always more stabilised than the situation in which hydrogen is the
substituent2. The dominant factor is the induclive effect (-ly) which increases

with the number of fluorine substituents present (Figure 14).

C—=—=F: C —=CF,
(potentially destabilising) (always stabilising)
(Figure 14)
Part of the stabilising influence of a perfluoroalkyl group has been
attributed to a resonance effect known as 'negative hyperconjugation’ which
was first proposed in 1950136 to help explain the anomalies in measured dipole

momenis and relative reactivities of various trifluoromethyl substituted benzene

derivatives (Scheme 68).

(Scheme 68)

This “no-bond resonance” was also invoked to explain the dependence of
protium-deuterium exchange rates in monohydro-fluorocarbons upon the

number of B-fluorines137 (Scheme 69).

/
(Scheme 69)

There has been considerable debate as to whether hyperconjugation is

required in order to explain the extra carbanion stability which is
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displayedi38,139, but, through both experimental and theoretical work140,141, it
now rests upon a solid foundation as a generalised form of the anomeric effect.

Especially dramatic evidence for negative hyperconjugation was given by
the X-ray crystal structure of tris(dimethylamino)suiphonium trifluoro-methoxide
(TAS+ CF30-) (67)142. In the anion, the carbon-fluorine bond lengths were
unusually long and the carbon-oxygen bond was especially shor.

Molecular orbital calculations on this anion showed that each fluorine
atom also carried more charge (an extra 0.28) than would have been predicted
by comparison with the isoelectronic molecule CF4 and also that the negative
hyperconjugation resonance structures (67b-d) were thereby predicted to

contribute approximately 20% of the bonding in the anion (Scheme 70).

o) 0]
I |
F“"A"’"F T IF“"A F == F““H""”F +—== F [™F
F F
(67a) (67b) (67¢) (67d)
(Scheme 70)

3.3.1 BRackoround

Earlier work in these laboratories117 on investigating the chemistry of our
novel fluorinated diene systems (43), (46), and (50) revealed a remarkable
difference in the reactivities of these dienes with oxygen nucleophiles such as
methanol.

Diene (50) failed to react with neutral methanol but, under basic
conditions, a mixture of the monomethoxy- (68) and dimethoxy- (69) derivatives

could be isolated (Scheme 71).
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CF, CF,

{
Fa N2 g +MeOH ieu=wi> no reaction
CF?go)CFa CF; CF
3 3
N&zCOg E = 2 oM
7 days ©
CF, CFj3
(68) 70%
CFy CF,
+ MeO N\~ Olvis
CFa CFa
(69) 7%
(Scheme 71)

Diene (43) reacted steadily with neutral methanol to uliimately yield the

dimethoxy derivative (70) via the monomethoxy intermediate (71)117 (Scheme

72).
+ MeOH neutral
2 days
(43)
(71) + MeOH ——=
10 days

(70) 100%
(Scheme 72)

Diene (46) reacted rapidly with neutral methanol in an exothermic
process Yielding the disubstituted product (72) within two hoursi17 (Scheme
73).

neutral
2 hours

(46) | (72) 100%
(Scheme 73)
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The conclusions which may be drawn from this information is the obvious

reactivity order of:
(46) > (43) >> (50)

The differences in reactivity of these perfluorinaied dienes can be
assigned to a number of factorsi17:
a) Ring strain - in an analogous way to the increase in rgactivity 143,144 in
perfluorobicyclobutylidene (44) over perfluorobicyclopentylidene (42) through
the release of ring strain, a similar argument can be applied for dienes (46) and
(43) in which nucleophilic attack alleviates some of the angle strain present in
the rings. Diene (50) has no such strain and so there is no aid to promoting
nucleophilic attack.
o) Intermediate carbanion stability - the carbanions which result from the
initial nucleophilic atiack of the dienes differ in nature for the two cyclic dienes
(43) and (46) to diene (50). In the case of the cyclic dienes, the orbitals which
constitute the carbon skeleton, although formally sp3 hybridised, will have
mainly p character due to the strain imposed by the rings145; hence the lone
pair on the carbanionic centre which bears the charge will have more s orbital
character and will therefore be of a lower energy. This argument cannot be
applied to the cases of diene (50) in which no such lowering of orbital energy
occurs.
0 Steric hindrance - the acyclic system (50) possesses stericaily
demanding trifluoromethyl groups around the double bonds. These provide
much more steric hindrance than the cyclic arrangements in (43) and (46) which
are essentially held in place thus unhindering the reactive double bonds in

these systems.
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The fact that for all three dienes (43), (46) and (50), a second eguivalent
of the nucleophile can react without having to impose very forcing conditions
upon the reaction mixture implies that the double bonds are not conjugated and
that the dienes are behaving more like simple fluorinated alkenes than other
known perfluorodienes like hexafluorobutadiene (13)68 and perfluoro-2,3-
dimethylbutadiene (11)6° (see Section 1.4.1; Schemes 28 and 29).

it is also worth pointing out here that the dienes (43) and (46) are
unusual in their reactivity towards aliphatic alcohols in neutral conditions. The
few other fluorocarbons which are known to react with neutral alcohols are the
highly reactive perfluoro-2,3-dimethylbuta-1,3-diene (11)82, perfluoro-2-
methylpenta-2,4-diene (20)48, perfluorobicyclobutylidene (44)146 and
perfluoroisobutene (21)147. However, it was only in the case of (44) that the
perfluoroalkene was subjected to attack by two equivalents of the nucleophile

(Scheme 74).

(Scheme 74)

(see also Section 1.4.1; Schemes 29 and 30)

Diene (50) reacted with moisture present in basic acetonitrile to give

tetrakis(trifluoromethyl)furan (73) as the only product (Scheme 75).

CF; CF, FsC CF,
F\M H.,0 __;>K2C03 Ijg\
Fo+M 7\
CF, CF, CH,CN F4C o CF,
(50) (73) 100%
conversion
(Scheme 75)
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The formation of (73) via a 5-Endo-Trig cyclisation is formally

forbidden148 (Scheme 76).
CF; CF, CFy Cfj
P NF F + OH’ —_—T PN Z OR
CF, CFy CFy CFy
(50)
FaC H CF, FaC CFj
" Fa 2 ——t <
ﬁ%&%\\g E %FCFQ,
CF; CF,3 FsC O

forbidden FaC CF,4

FaG  CFa  5.Endo-Trig
F%:CF?» >§ %ﬁb‘g\w
c O 3

F3G =O F3
F.C  CFs
—
. / \
F FiC—Ng”—~CFs
(73) (Scheme 76)

If, instead, a 1,5-electrocyclisation mechanismi48 is invoked, the cyclisation not

only becomes 'allowed', but rather it actually becomes a favourable process

(Scheme 77).

F=2,=\§=CF3 = =<>=§zCF3 - =

FsC O
FaC CF, FsC CF,
_D
FC” O CF, FaC™ g CF
(73) (Scheme 77)

This compound had previously been made by other methods150,151
involving somewhat convoluted routes. Our method of synthesis is complete in

terms of conversion and, as will be seen later, is quite difficult to avoid unless

solvents and reagents are kept extremely dry.

54



3.3.3 Diene (50) with Phanol

Diene (50) reacted with phenol in the presence of potassium fluoride to
give a mixture of the mono- (74), (75), (76) and (77) and di- (78), (79) and (80)
substituted products (Scheme 78).

CF, CF, CF; CF,
FaaNZ + 1.5 equivalents PhOH L FaaN\Z
F CHaCN OPh
CF; CF, CE; CFg
(50) (74) 35%
CF; OPh CF; OPh CF, CF,
+ NN e, + O N e, + FOANF Nopn
CF; CF, F CF F  CFg
(75) 6% (78) 5% (77) 1%
CF; CF, CF, OPh CF; OPh
PhO Ph
+ PROSENF S opn + PIONA N ek, + PO NP e,
CF, CF, CF, CF, PhO  CF,
(78) 24% (79) 19% (80) 5%
(Scheme 78)

The reaction was carried out with fluoride ion present and therefore the
breakdown ratios of the products are dependent upon the thermodynamic
stabilities of the individual substituted dienes. Distillation separated the mono-
substituted isomers (74), (75), (76) and (77) from the di-substituted isomers
(78), (79) and (80) and each individual isomer was subsequently identified by
G.C. mass spectrometry and 1H and 19F NMR spectroscopy. The
stereochemistry around the double bonds was determined in each case by
comparing the fluorine coupling constant data with fluorinated alkenes with
known configurations128,

The reactivity of diene (50) is in marked contrast to that of the similar
diene perfluoro-2,3-dimethylbut-1,3-diene (11) which reacts readily with
methanol to give a mono-substituted product (26) (see Section 1.4.1) but
requires much more forcing conditions to react with a second equivalent of the
nucleophile6®. This infers that, unlike diene (11), diene (50) acis as two

connected fluoroalkenes rather than a conjugated diene towards nucleophilic
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attack and that the reactivity of each double bond is not dictated by the

presence of substituents on the second double bond.

3.3.4

The reaction of diene (43) with phenol in the presence of a base gave

only the disubstituted product (81) in the reaction mixture (Scheme 79).

+ 1.5 eguivalents PhOH L
CHLCN
(43)
—_—T
OPh
(81) 58%
(Scheme 79)

The assumption is that the mono-substituted intermediate (82) is at least
as reactive as the starting material (43) and so too little of the mono-substituted

material (82) was left at the end of the reaction to be isolated.

A considerable amount of work has been carried out with perfluorinated
epoxidesi152,153. The key material and origin of most of the interest has been
hexafluoropropene oxide HFPO (83)154.155 formed from the readily available

hexafluoropropene (84) (Scheme 80).

e.g. ) )
CF45CF=CF, —@9—9 CF,CFC QH
(84) FC F
H +OH’
F OF
(83) 35%
(Scheme 80)

Better yields are possible by a variety of routesi55,
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Higher fluorinated epoxides can generally be formed from
perfluoroalkene oligomers by the action of agueous sodium hypochlorite in
acetonitrile156,157 or of anhydrous calcium hypochlorite also in

acetonitrile 144,153 (Scheme 81).

Ca(OCl),
—_—
CHaCN

(Scheme 81)
Fluorinated epoxides such as these and HFPO (83) demonstrate
remarkable thermal stability152,103 possibly because of the effect of the bulky
electronegative perfluoroalkyl groups which are presenti45,157. However, they
are susceptible towards nucleophilic attack. HFPO (83) can be isomerised
exothermically158 by caegsium fluoride to give perfluoropropanoy! fluoride (85)

(Scheme 82).

FC  F nuc Ruc e.g.
——= CF3CFCF, ———i= CFyCF,-CF
FOF o Nuc =F o
(83) (85)
P}!uc
ot CFyCFCF,
O (Scheme 82)

it remains as a slight enigma that the CF2-O- oxyanion is formed much
more readily than the alternative anion CF3CF-O- possibly due to the reinforcing
effect of geminal fluorine atoms157 and, although nucleophilic attack occurs at
the most sterically hindered site155, the stability of this intermediate anion
dictates that it is this route which is still followed prefergntially. However,
perfluoroalkyl acid fluorides are strong electrophiles and so these may react
further with more HFPO (83) in oligomerisation and polymerisation processes

(Scheme 83).
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CF30F2=’%F +F ———— CFaCFzCF2=O-

(85) O
+ (83) F
——— CF4CF,CF0-CFC,
CF, O
(Scheme 83)

Interesting cleavage reactions have occurred with some of the higher
perfluorinated epoxides. In some cases, ring opening of the epoxides by
fluoride ion followed by asymmetric scission of the carbon skeleton has been

observedi44,157 (Scheme 84).
FasC  CFy CsF FsC  CF
— F o)
Fs<C{ O C,Fg 200°C FsC{ C.Fs
.

CF,CFCF,CF; + CFyC=CF,CF,

\L-r

CF4CF=CFCF,

(Scheme 84)

Unsymmetrical perfluorinated epoxides have been found to generally
give mixtures of productsi57 determined by the possibility of two different

reaction pathways (Scheme 85).
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FC. CFs  oF F.C  CFy FsC  CF,

—r F O + O F
FsC{ O F 200°C FsC E FsC KL F
FaC CFs i? '
F CFQ C‘='CF2CF3
FsC O
62% 0%+ CFZQCFZ
(Scheme 85)

The product breakdown also helps to reasseri the point of the stabilisation
imparted by the intermediate oxyanion and demonstrates that, once again,
nucleophilic attack by fluoride ion has occurred at the most sterically hindered
site. However, when the only difference in environment of the two carbons in
the oxirane ring is the presence of two slightly different perfluoroalkyl groups,
steric effects will start to be introduced and minor difierences in elecironic

effects will cease to be of importance160 (Scheme 86).

F
Fac; (CZFS CsF F'3074W/CZF5
————
F,C O F FC 8
F3C F
F FaC
F.C CFy _GCsF _ 3 C,Fs
3 FaC
FOF o

- Nucleophilic attack at the
least sterically crowded site
(Scheme 86)

Only two perfluorinated diepoxides have been reporied in the literature.
Soviet workers succeeded in oxidising two long chain terminal dienes with
oxygen in the presence of a catalytic amount of chloring under UV irradiation161

(Scheme 87).

Y

CF,=CF(CF,),CF=CF, —5—2-;> CF CF(CF)CF-CF,
v o o

n=4,30%; n=_8, 10% yield

(Scheme 87)
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Separation of the diepoxides from the dienes and intermediate epoxyalkenes
was achieved by bromination of the double bonds followed by fractional
distillation161,

Attempts have been made in these laboratories to generaie a
perfluorinated diepoxide from diene (18) with limited successi53. The action of
calcium hypochlorite upon the diene created a complex mixture of products

which may be derived from various reaction pathways (Scheme 88).

F F F F F F
N\ A/ Ca(OCl), Yy {
mem- O Y0 0
CH,CN
CF; CF3 CFy CFy CF, CFj
(18) 14% 57%
+ unidentified C12F180 isomer
17%
(Scheme 88)

3.3.5.1

Diene (50) reacted with a large excess of calcium hypochlorite in
suspension in acetonitrile to produce the diepoxide perfluoro-2,2',3,3'-

tetramethyl-bi-2,2"-oxiranyl (86) as the sole product (Scheme 89).

CF, CF excess CF; CF
* 1% caocCl, oJ?®7y°?®
N e
CF, CF, CF; CF,
(50) (86) 55% vield
(Scheme 89)

19F NMR spectroscopy and G.C. indicated that diepoxide (86) was

formed selectively as a single pair of enantiomers(Figure 15).

2.6Hz

3
>= 16.6Hz
F

(Figure 15)

The actual configuration could not be determined by comparison of fluorine

coupling constant data because there are no real ‘ground rules' for such an
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exercise. However, the frans,irans- structure can be tentatively suggesied on
the grounds of minimising the repulsive interactions of the trifluorometihyl groups
in any intermediate anion and the lack of coniradiction bstween these coupling

constant data and those already established for perfluorinated epoxides162,163,

Diene (43) also reacted with an excess of calcium hypochlorite in
acetonitrile but, after the reaction, analysis of the volatile material showed a
complex mixture of producis had been made which was presumably a
combination of epoxides, chlorinated materiali53 and intermediate products.
This mixture could not be separated and the reaction was not investigated any

further.

Similarly, diene (46) also reacted with an excess of calcium hypochlorife
in acetonitrile. After fourteen days at room temperature, 18F NMR spectroscopy
showed that a mixture of products had been made. Subsequently, the mixture
was heated under reflux and 18F NMR spectroscopy showed that the mixture
had been mostly converted to give the known diene 2,2'-dichloro-
perfluorobicyclobut-1,1'-enyl (88)15 in 57% conversion.

This remarkable result implies that if the reagent is not free chloride ion,
then the hypochlorite anion, OCI- has reacted with the softer chloro end of the

molecule rather than with the oxygen (Scheme 90).

Cl
Ca(OCI)2
CH3CN f 88 Cy
I( ) 57%
(Scheme 90)
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It is known that fluoride ion can induce the isomerisation of pertluoro-
alkyl- substituted epoxides152,153 to give mainly the ketone and acid fluoride
derivatives. With this in mind, digpoxide (85) and a catalytic amount of caesium
fluoride were sealed in a Carius tube and heated in a furnace. Diepoxide (86)
proved remarkably stable at 100°C but when the temperature was raised {o
200°C, complete isomerisation of the diepoxide occurred. 18F NMR and G.C.
mass spectrometry showed that the volatile material contained only one product
in 80% vyield. The structure of the product was not immediately obvious as

isomerisation could have occurred via several different routes (Scheme 91).

CF, CF; CF3 CF, . CF3 CFs
F O -G-F- F O F
(@] F F (0] FoAF (@] F
CF, CF; CF3 CFj CF, CFj
{e6) (a) (0)
CF, CF, FiC . CFg CF; CF,
@ —= O A = © E
-F F (0] F O F O
CF3 CFa CFa CFa or CFa CFa

F
CFs CF3  F3C FiC CFy

F %7 F g

= CFs
FsC——0 FsC——O not .
(a) —= F3C‘= CF3 F F3C CFa 3 OO
F: CF3 O'=='CF3 FSC
F CF
(0} F F 3
(S0) buf
F - CF o FCF.ng CF 0. CFs
FsC CF 3 3 F
a) —— '3 3 3
@ FoC CFy -F Fafi%—;é& Facﬁo
F O O F CFy
(°1) (Scheme 91)
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The formation of oxyanion (b) is less likely than that of (a) because of the
innate stability of (2) (see earlier: Section 3.3.5). The 18F NMR spectroscopy
data also show that a symmetrical product was formed by the isomerisation. No
symmetrical product can be made by the rearrangement of the oxyanion (b) and
so this anion is rejected as a possible intermediate. The product of
isomerisation gave 8F NMR chemical shifts of -66.76 and -
77.33ppm suggesting two possible different environments for trifluoromethyl
groups and the chemical shift of -151.26ppm also indicates that there is only
one environment in the molecule with a teriary fluorine adjacent to oxygen.

The only species in Scheme 23 which could give such a pattern are the
diketone (89), the fused di-oxetane (90) and the saturated furan derivative (91).
IR spectroscopy did not show the presence of a carbonyl streich so (82) can be
eliminated as a possibility but it is more difficult to positively determine whether
the product is either (20) or (21). The 18F NMR chemical shifts of the the
product are within the limits for both perfluorinated epoxides!57,163,164 and
perfluoro-oxetanesi65 and the coupling constant data do not set a precedent for
determining which possible isomer has beén formed. Therefore, there is not
enough evidence to confirm or dismiss either structures (90) or (21) as the

product resulting from the isomerisation of diepoxide (86).

63



in general, sulphur nucleophiles, RS-, are much more reactive than the
eguivalent oxygen nucleophile, RO-. An explanation for this phenomenon is
that the sulphur atom has a greater polarisability than oxygen and also
possesses d orbitals which may assist in the reaction. Displacements are
usually fast and, because sulphur nucleophiles have low basicities, the

reactions proceed cleanly with little or no other side reactions such as

elimination.

ide (With M. W. Briscoe)

Diene (50) reacted with potassium sulphide in DMF at room temperature
to give a mixture of tetrakis(trifluoromethyl)thiophene (92) and tetrakis-

(trifluoromethyl)furan (73), the result of hydrolysis (Scheme 92).

CF, CF, FsC  CFy
Fa A Z
P o /Zi Dat
CF; CFs FaC™Ng” ~CFs
(50) 92) 72% (73) 28%

38% isolated yield (Scheme 92)
These compounds were identified by comparison of 19F NMR, mass speciral
and IR data with previously made samples. The thiophene derivative (92) has
been made previously166 from the expensive hexafluorobut-2-yne (28) and so
our route seems quite favourable as this alkyne is not easily accessible.

It should be noted here that, whereas the furan derivative (73) must be
formed as a result of a 1,5-electrocyclisation, the formation of (2) can proceed
via a 5-Endo- Trig cyclisation167 because, being a second-row element, sulphur
is considerably larger than oxygen and so the geometric constraints imposed by
the size of the ring are reduced167. This process is also aided by back-donation
of electron density from the occupied w-orbitals of the double bond to the

unoccupied 3d orbitals of sulphur167.



3.4.2 Diene (50) with Thioures

The reaction of diene (50) with thiourea also gave tetrakis-

(trifluoromethyl)thiophene (82) (Scheme 93).

CFs CFs pu . PG S [uw .
SO s O
HoN iehrs FlC—Ng” ~CFy |HN
CF3 CF, reflux
(50) (22) 51% vield (93)

(Scheme 93)

The reaction was slower but a higher overall yield could be obtained by this

route. The possible side product (93) was not looked for nor was it observed by

19F NMR spectroscopy.

The reaction of diene (50) with a solution of sodium thiophenate quickly

gave a mixture of di-substituted products (94), (95) and (96) (Schems 94).

PO NN +15equivalents PRS AP e,
i rs
CFy CF, PhS'Na* CF; CF,
(50) (94) 27%
CF; CF, CF; SPh
Ph FsC
+ PhS A Z spp + '3 P\F CF,
CF; CFj PhS CFj
(95) 24% (86) 8%
(Scheme 94)

The stereochemistry of the diene systems within isomers (94), (95) and (96)
was determined by comparing the fluoring coupling constant data with
fluorinated alkenes with known configurations128. There was no evidence in the
19F NMR spectroscopy or G.C. mass spectrometry data to indicate the
presence of the mono-substituted products. This suggests that the mono-
substituted products are at least as reactive towards thiophenate as is the diene

(50).
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Only one paper concerning reactions of fluorinated dienes with nitrogen
nucleophiles has appeared in the literature. Early Soviet workers reporiedi68
the reaction of hexafluorobutadiene (13) with diethylamine which gave a

monosubstituted diene (Scheme 95).

R F Et,O R F
H +HNEly —— \
F,C  CF, FsC NE,
(13) 81%F

(Scheme 95)
However, there have been several reactions of nitrogen nucleophiles with
perfluorinated alkenes published in the literaturgi33,
Krespan reportedi6® the reaction of ammonia with octafluorobut-2-ene
(97) which gave the imine (98) below 0°C and the cyanoenamine (99) at

slightly higher temperatures (Scheme 96).

excess
NH, A
7 2 88) 429
©7) Ew0 (98) 42%
NH NH, NH
——+ |CF3C-CF=CF,| ———+— |CF;C~CHFCN
HaN  F
—
F3C: :CN
(29) 28% (Scheme 96)

This idea of sequential allylic displacement in perfluorinated alkenes
has also been used in the patent literature170.171. For example,
tetrafluoroethene pentamer (59) reacted with excess ammonia in an

analogous process to give the equivalent cyanoenaminei7i (Scheme 97).
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FoC  CFs  Ni, NG CF,

FSCZ E Etz@ F5C2 N HZ
FsCf O Fscf CFs
(59) (100)
(Scheme 97)

Primary aliphatic amines have often been found to give complex
products172 with fluoroalkenes depending upon the structure of the
fluorocarbon. The reaction of hexafluoropropene dimer (56) with fert-

butylamine gave a ketenimine as the product in good Yieldi73 (Scheme 98).

FaC F BuNH, FaC N'Bu
—
F3C: :cst ¢ C,Fs

’Buh\f’ 85%
(Scheme 98)

Secondary amines, upon reaction with fluoroalkenes, gave the
saturated adducts under mild conditions but vinyl amines with excess amine
and at higher temperature133,172,

Primary aromatic nitrogen nucleophiles were found to react with
fluoroalkene in a similar manner to primary aliphatic amines if there is no
hydrogen in the ortho- position173. If, however, there is an ortho- hydrogen

present, the reaction proceeded furtheri73,174,175 (Scheme 99).

e.g.
FsC ~ Ny ~Cafs
— .
FSC s CFg
(56)

(Scheme 99)

Therefore, this is a good route to fluorinated quinoline systems.
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3.5.2 Diene (50) with Ammonia

Diene (50) reacted steadily with ammonia in THF to give a mixture of
three compounds (101), (102) and (103), each of which was isolated and
purified. The structures were subsequently determined by 1H, 13C and 18F

NMR spectroscopy, mass spectrometry and IR speciroscopy (Scheme 100).

CF3 CFF, CF; CFj
KF
CF; CF4 . CF3 CFg3
(50) (101) 52%
FC CN (16% isolated)
/Z{%\g\ CN CF,
+ FSC @ CF3 + HZN%%NHZ
CF; CN
(102) 36% (103) 12%
(20% isolated) (10% isolated)

(Scheme 100)
The formation of dignamine (101) can be explained by means of two
consecutive nucleophilic displacements of vinylic fluorine by ammonia. Only
one isomer of dienamine (101) was detected by 19F NMR and none of the di-
imino tautomer (104) was found (Figure 16).

FsC . CFq

H
HN

NH
H
FsC CF3
(104) (Figure 16)

The dienamine structure of compound (101) is noteworthy considering that
none of its tautomer (104) was present. Analogous hydrocarbon derivatives
are observed almost exclusively in their di-imino configurationsi76. The
dienamine structure can be explained by means of the extra stabilisation
imparted by the electron withdrawing trifluoromethyl groups. These are
known126 to lower the orbital energies of the double bonds in alkenes.

The Z,2Z- configuration of dienamine (101) was assigned on the basis of

the 19F NMR data which showed the presence of two pseudo- sepists,
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generated by the (Az)2(X3)2 system, possessing coupling constants of 2.3Hz

indicative of trans- coupling (Figure 17).

(101)  (Figure 17)
Likewise, a dienamineg (103) could probably be generated from (101) in

excess ammonia via the allylic displacement of fluoride (Scheme 101).

CF, CF, CF, CF, .
HiN A D HiN 2 s N
NH, S —
CFy CF, CF; CF,
(101)§F
CF; CF, CF; CF, .
HaN AN = HN AN s
F.C F * o -2HF O
3 E NHZ 3
CN CF,
H N
2 LN L NH2
F.C CN
(103) (Scheme 101)

.However, we were unable to conclusively establish the E- or Z-
configuration about the double bonds in (103). Although the similar
dienamine (101) possaesses a Z,Z- configuration, an £,E- structure might allow

a more extended conjugation to exist169 (Scheme 102).

CN (NH, CN  NHy+
E.C erc.
P ~F ~or, == TP CF;
HN C HN  C
gllll 1!
N N (Scheme 102)

The formation of pyrrole derivative (102) may proceed via a
single displacement of vinylic fluorine and subsequent allylic displacement

before the cyclisation, i.e. pathway (a), rather than the cyclisation occurring
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the cyclisation, i.e. pathway (a), rather than the cyclisation occurring before the

allylic displacement - pathway (b) (Scheme 103).

ar ¢
CF; CFj CFy CFy T.9electio- gg g,
NH; cyclisation -
CF3 CF, CFy CF, @ ) o
(50) "
+ NiH,
()| -3HF
CFy CFs FiG,  CF2
NH, /.
V7,
CF, CN PG N ~CF
(107) H
1,5-slectro- NH;
cyclisation -H-2HF
FaC CN
T3
FaC N CF3
0
H
(102) (Scheme 103)

The absence of the pyrrole derivative (105) and also derivative (106) from the
reaction mixture indicates that in order for the reaction to proceed via pathway
(o), an allylic displacement from (105) is relatively easy but a second
analogous displacement from (102) is very difficult. This is difficult to justify
and so it reinforces the idea that pyrrole derivative (102) is formed by route (a)
(Figure 18).

FaC CF, NC CN
A8, A3
FaC— >y —CF3  FC™ 7 —CF3
: A
(105) (106)

(Figure 18)
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The presence of an intermediate such as (107) would also aid the
electrocyclisation process because of the increase in electronegativity of

carbonitrile over a trifluoromethyl group.

3.5.3 Diena (50) with Aailing

The aim of this reaction was to synthesise the AN-phenyl pyrrole
derivative (108) via a simple cyclisation and, indeed, the pyrrole was formed in

the presence of caesium fluoride in good yield (Scheme 104).

CF, CF4 ~_NH, FsC CF,
Fo A = o+ CsF
CH;CN
CF; CF,
(50)

(108) 72% vyield
(Scheme 104)

Pyrrole (108) has been previously madei77 by a route which involves a
valence isomer of thiophene derivative (92).

However, when diene (50) and aniline were allowed to react in the
presence of potassium fluoride, pyrrole (108) was formed alongside the

unexpected pyrrolo-quinoline (108) (Scheme 105).

CF; CF; PhNH, FiC CFs
Fu Az K .
Foomon ped D—cr
CF, CF, ¥ N 3
(50)
(108) 67% (109) 27%
conversion by NMR integration

(Scheme 105)

The formation of pyrrolo-quinoline (108) can be justified by means of an allylic

displacement and subsequent cyclisation (Scheme 108).
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(Scheme 106)

The idea of this mechanism is strengthened by the fact that only the
pyrrole (108) was formed when the reaction was carried out in the presence of
caesium fluoride. Such an effective source of fluoride ion could add to
intermediate (110) forcing the equilibrium back and so ukimately encouraging
the formation of pyrrole derivative (108).

Therefore, a series of substituted anilings were used to investigate this

reaction.
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The anilines chosen for this study have either an electron donating or
electron withdrawing substituent in the 4- position of the phenyl ring.

Upon reaction with a two-fold excess of the 4-substituted anilines in the
presence of potassium fluoride, diene (50) gave mixtures of the respective
pyrrole and pyrrolo-gquinoling derivatives (Scheme 107).

CFy CF3 pX-CgHNH, FC  CFs
F

Fa A= %K
CH,CN
CF,; CFjq

(50)

F

(Scheme 107)

The distributions of the products are collated in Table 4.

Jahle 4
Substituent X  Proportion pyrrole  Proportion pyrrolo-guinoline
derivative$ derivative3®
Niies 81% (111) 0%
OMe 73% (112) 21% (113)
H 87% (108) 27% (109)
F 45% (114) 52% (115)
Cl 18% (116) §
NO2 79% (117) 0%

t - proportions were obtained from NMR integrations.

§ - the reaction with 4-chloroaniline gave a complex mixture of products
and the presence of the pyrrolo-quinoline derivative could not be
unequivocally proven. |

The shortfall in yields from 100% was made up by the presence of the

hydrolysis product tetrakis(trifluoromethyl)furan (73).
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It is interesting to note that the pyrrolo-guinoline ring system formed with
both electron withdrawing (115) and electron donating (113) substituents
whereas none was formed for the two extreme cases of N,N-dimethylamino-4-
aminoaniline and 4-nitroaniline. The reaction occurs with the liberation of
nydrogen fluoride and it is assumed that potassium fluoride removes this by
complexation. However, the dimethylamino group is also an effective basei176
and could easily be protonated during the rgaction. A dimethyl ammonium
group is electron withdrawing and the presence of such a substituent could
very well produce the anomalous resuk given in Table 4.

The electron withdrawing groups reduce the basicities of the aniline
derivativesi76 and, in turn, the initial rates of reaction. However, once the
aniline has reacted with diene (50), the choice of reaction pathway is

determined by a combination of the ease of allylic displacement and the

kinetics of the electrocyclisation o generate the pyrrole derivatives
(Scheme 108).
CF; CF3

(Scheme 108)

In order to form the pyrrolo-quinoling derivatives, the equilibrium for route (a),
although not necessarily lying towards the right, must at least allow allow the
formation of some of the azadiene. Conversely, the formation of the pyrrole
derivatives demands an interconversion, (b), of the stereochemistry of the

double bond bearing the nitrogen.
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Therefore, the product breakdown is probably dependent upon the
relative positions of the two equilibria (a) and (b). The extremely eleciron
withdrawing para- nitro group suppresses allylic displacement but allows the
fluoride ion-induced interconversion of stereochemistry, whereas the mildly
electron withdrawing para- fluorine may suppress the stereochemical

interconversion leading ukimately to the formation of an excess of the pyrrolo-

guinoline (115).

Diene (50) reacted slowly with 2-methoxyaniline to give a pyrrole (118)
and a pyrrolo-quinoline derivative (119) in an analogous way to the reaction

with aniline (Scheme 109).

CF, CF, F.C  CF;
F KF
CY onon pod )
FaC CF
CF3 CF3 reflux 3 N 3
(50) overnight A
\
(118) 37%
+

(119) 37%
(Scheme 109)

The formation of a large amount of (119) was not expected and may result
from the complications involved in the presence of an ortho- methoxy group

which is not known as an effective electron donori76,
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Similarly, diene (50) also reacied slowly with 3-methoxyaniline giving a
mixture of a pyrrole (120) and two inseparable isomeric pyrrolo-quinolines

(121) and (122) Scheme 110).

CF; CFs
NP g L,
CH,CN
CF:; CFg reflux
(50) overnight
CF3 CF,
+ FsC — f +
N
MO\ ¥ Me

T (121) 12% (122) 7%
(Scheme 110)

In this case, the meta- methoxy group acis as an eleciron withdrawing

group 176 and the distribution of products is in ling with previous experiments.
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We may now propose a gensgralised scheme for the cyclisation of the
perfluorinated diene (50) with potentially bifunctional nucleophiles
(Scheme 111).

CF; CF,3 FaC CF,
P N\Z g+ H-AR =-F=%> 7\

CF; CF, FaC™ Ny~ CF3
(Scheme 111)

If this strategy is extended to include carbon nucleophiles, we obtain a
direct route to tetrakis(trifluoromethyl)- substituted cyclopentadienes and other

related systems (Scheme 112).

CFy CFy
PN NE  + XCHyY - =
CF3 CFy

(Scheme 112)

Where X and Y are electron withdrawing groups.
It would therefore be useful to consider the background of this type of

cyclic compound.

3.6.2 [
3.6.2.1

The synthesis of diene (123) was first reporied in 1963178 via a route

starting from hexachlorocyclopentadiene (Scheme 113).

cl_ Cl

33% (123) <44%
(Scheme 113)

Other, higher yielding routes have also been published179,180 over the years.
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Hexafluorocyclopeniadiene (123) dimerised spontaneouslyi78 even at
-22°C to give the Diels-Alder adduct in a similar way to cyclopentadiene itself.
Indeed, cyclic diene (123) has been proven to act as both a diene and a
dienophile with different reagents in some interesting Diels-Alder

chemistry 181,

3.6.2.2

A similar compound, diene (124), was synthesised by German

workers182,183,184 as a means of obtaining the pentafluorocyclopentadienyl

anion (125) (Scheme 114).

Zn

\F/

T ,

CgHi3COH L !
20 -50°C (124) £
vacuum 45% crude (125)

(22% yield) (Scheme 114)

THF solutions of the metal salts of anion (125) are unstablei83. The
lithium salt decomposed within minuies even at -110°C, the sodium salt within
hours at -78°C and both the thallium and caesium salts at -30°C. The most
stable salt reported was Na+(18-crown-8) CsFs- in THF which could be
observed at 22°C for several hoursi83, Decomposition occurred through the
loss of metal fluoride coupled with polymerisation. Binding the anion (125) to
transition metal centres in 'sandwich' type complexes proved o be

unsuccessfulid4,
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The cyclopentadiene derivative (126) was first prepared by Ollson and

Wennerstrdém185 as a mixture of its 1- and 2- isomers (Scheme 115).

<= 8,0 CF,

Ni  +CFi ¢ 2PPhy — L7 . N
| 3 ® e L) e een
L> (126) 3 3
73
i- and 2-

isomers (Scheme 115)
Reaction of diene (126) with alkoxide uliimately gave 6-substituted

fulvenes (Scheme 116).

CF, _
i C:/; RO
-H -F
(128) RO, __OR
RO
—_— + ,
* \_/
R = Me, Et (Scheme 116)

Trifluoromethylcyclopentadiene (126) has been successfully bound to a

number of transition metal centresi86,187,188, For example, bis(trifluoro-

methyl)ferrocene (127) was preparedi8é by the reaction of ferrous chloride

with the thallium sak of diene (126) (Scheme 117).
@" CF,

CF
/% TioEt FeCl, Fe
\ /' fow.1sc THE |
FaC@
(126) 56 - 60% (127) 43%

(Scheme 117)

E.S.C.A. measurementsi86 on the ferrocene (127) illustrated that the strong
electron withdrawing effect of the trifluoromethyl groups increases the binding

energy of the inner-shell electrons of iron.
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3.6.2.4

The uneguivocal synthesis of dienone (128) was first reported in

1863182 as a result of the coupling of hexafluorobut-2-yne (28) and carbon
monoxide in the presence of [Rh(CO)2Cl]2 under high pressure. Lemal and
co-workers have demonstraiedi90 that dienone (128) is a highly versatile
inverse eleciron demand Diels-Alder diene.

Interestingly, the reaction between dienone (i128) and
triphenylphosphine has recently been found to give the ylide (129)181 via the
kinetic isomer (130)192 (Scheme 118).

(Scheme 118)

Dienone (128) can be reduced by the addition of trialkylsilanes to give
cyclopentadienes192,193 which have been successiully used as a source of

ligands for transition metalsi93 (Scheme 119).

M94N+ SlEta [(CSMGS)RU(MGCN)SP'

(Scheme 119)

80



In 1980, Laganis and Lemal published1®4 a low yielding route to the
interesting diene system 5-H-pentakis(trifluoromethyl)cyclopentadiene (131)
starting from the Dewar valence isomer of thiophene derivative (92)

(Scheme 120).

FsC CF
3 3 hv . cEe' e  CRCHI
/ \ = 3 =
FsC™Ng CF, FaC S
(92)
N:. Fs
H\‘. F. PPhy
FaC CFas — = F,C
CF3
FaC
A
(105) (131) <11%

(Scheme 120)
Diene (131) was shown to be a remarkably powerful carbon acidi94
(pKa < -2) which is stronger than nitric acid despite its lack of conjugating
substituents. This is in contrast to cyclopentadiene derivative (124)182 (12.8 <
pKa < 15.5) and demonsirates the differences in effects fluorine has
depending upon whether it is located upon, or adjacent to, the carbanionic

centre (sea Section 3.2).
A similar route to this has been used by Janulis and Arduengoi95 to
prepare derivatives of diene (131) as a source of electrophilic carbenes and

ultimately a stabilised carbonyl ylide196.
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3.6.2.6
Work in these laboratories has resulied in the formation of

perfluoroalkyl- substituted cyclopeniadienes (132), (133) and (134)197 via
fluoride ion induced co-oligomerisations of hexafluorobut-2-yne (28) with
hexafluoropropene (84)198, octafluorobui-2-ene (97)172 and octafluoro-

cyclopentene (135)198 respeciively (Schems 121).

FC—==—CF,
(28)

(134) 10%
(Scheme 121)

The syntheses arg quite complex involving the formation of several
other co-oligomers197 and there is a very poor mass recovery in each

case198,
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3.6.3.1 Diene (50)

The reaction of diethyl malonatg with diene (50) in the presence of

caesium fluoride gave the cyclopentadieny! salt (136) direcily in good yield

(Scheme 122).

CF; CF3 o o CeF
FW\F & M ==>s
&F, CF, EO ogr  CHCN
(50) (136) 67%

(Scheme 122)

The salt was identified by 19F NMR speciroscopy, F.A.B. mass specirometry
and IR spectroscopy. By following the progress by 19F NMR, the reaction was
observed to proceed via the precursor diene (137) which, although identified

by 19F NMR and G.C. mass spectrometry, could not be isolated (Figure 19).

(Figure 19)

It is also worthy of note here that 19F NMR spectroscopy of the reaction mixture
showed a resonance at -17.64ppm which is very close to -17.5ppm which has
been reported199 for the fluorine atom resonance in ethylfluoroformate (138).
Therefore it could be postulated that the reaction mechanism may be written

as overleaf (Scheme 123).
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(136) (138) (Scheme 123)

In similar examples using different nucleophiles, some of the other

analogous intermediates have been observed and identified by 19F NMR and
mass spectrometry200,201,

Crystals of salt (136) were suitable for X-ray analysis and a single

crystal X-ray structure study was subsequently carried out by Prof. M. B.

Hursthouse at Queen Mary and Westfield College, London (X-ray Plot 1).

X-ray Plot 1. Ocsx '

Caesium Tetrakis(irifluoromethyl)ethoxycarbonylcyclopentadienide (136)
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The final R value of 0.092 demonstraies that there may be considerable
errors involved in the values of bond lengihs and bond angles but the X-ray
crystal structure clearly shows a planar cyclopentadieny! ring system and the

presence of the substituenis upon it.

3.6.3.2 Diene (43)

In an analogous manner, diethyl malonate reacted with disne (43) in
the presence of caesium fluoride to form the tricyclic cyclopentadieny! salt

(138) (Scheme 124).

(138) 68%
(Scheme 124)

The reaction was carried out at reflux temperature to disfavour the formation of

anion (139)131 (Scheme 125).

(Scheme 125)

The formation of the tricyclic cyclopentadienyl salt (138) proceeds via a

mechanism which is analogous to the formation of salt (136).
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3.6.3.3 Diepe (46)

The reaction of diene (46) with diethyl malonaie in the presence of
caesium fluoride did not form the highly strained tricyclic cyclopentadieny! salt
(140) (Figure 20).

(140)
(Figure 20)

instead, it resulted in the production of an intractable polymeric tar. This
suggesis that intermolecular reactions via Sy2' processes within the
cyclobutene rings have occurred rather than intramolecular coupling.

Therefore this experiment was not carried any furiher.

In a comparable way, diene (50) was treated with the unsymmetrical
nucleophile ethyl 3-oxopentanoate in the presence of caesium fluoride and
was observed by 18F NMR spectroscopy. The subsequent reaction
proceeded to give cyclopentadiene derivative (142) and thence an
inseparable mixture of the two cyclopentadienyl salts (136) and (i141)

(Scheme 126).

CF3 CFj
Fu LAz

CF; CF,
(50)

F+
Eto

(136) 8% (141) 57%
(Scheme 126)
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Diene (142) and the two salts (136) and (141) could not be isolated and

their assignment is from NMR and mass speciral data.

The aim of this experiment was to attempt to synthesise the
pentakis(trifluoromethyl)cyclopentadienyl sak (144) - a very interesting target

compound (Figure 21).

(Figure 21)
However, the treatment of diene (50) with the sulphone (143), a
potential source of 'X-CH2CF3', in the presence of caesium fluoride gave a
slow reaction which produced a mixture of compounds identified by 19F NMR

spectroscopy (Scheme 127).

3
(144) 13%
CF,

(145) 17% (73) 70%
(Scheme 127)

Hydrolysis of diene (50) to give the furan derivative (73) was very difficult to
avoid despite attempts to keep all reagents and the solvent scrupulously dry.
Although cyclopentadiényl salt (144) could not be isolated from the

mixture, the benzene derivative (145) could be and was subsequently
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characterised by 18F NMR speciroscopy, mass spectrometry and IR
spectroscopy.

The formation of hexakis(trifluoromethyl)benzene (145) was not
expected but it may be explained by the nucieophilic atiack of two equivalenis
of the sulphone (143) and the sequential loss of phenyl sulphinic acid

(Scheme 128).

CF; CF, 4 CFs CFy CFy
F\HMF + 2 PhSO,CH,CF, —5= " PhSO;  a stPh
CF3 CF, CFy CF; CF,
(50) (143)
F.C CF, FsC CF,

F__ ,.fjc —CF3 - F@ﬁCﬁ
F H CF, )

PhSO{ CF3 H SO,Ph - PhSQ, 2

FiC,  CFs

(145) (Scheme 128)

This provides an alternative route to benzene derivative (145) which

has been previously made202,203 starting from the expensive alkyne

hexafluorobut-2-yne (28).

As an alternative more acidic source of the nucleophile 'X-CH2CF3', the
partially fluorinated ketone (146) was synthesised (see Section 6.1.2) and
reacted with diene (50) in the presence of an excess of caesium fluoride.

By following the progress of the reaction by 19F NMR spectroscopy, the

formation of a mixture of products could be observed (Scheme 129).
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(141) 52% (145) 7% (73) 30%
(Scheme 129)

The formation of furan (73) and benzene derivatives (145) can be
explained by means of hydrolysis of diene (50) and by the nucleophilic attack
of two equivalenis of ketone (148) respectively, but accounting for the
formation and distribution of the two cyclopentadienyl salts (141) and (144) is
more complex.

It may be assumed that the two salts, (141) and (144), are derived from
the common diene precursor (147) which could not be identified in the 19F

NMR spectra (Figure 22).

(Figure 22)

According to the ratios of salts (141) and (144), the trifluoromethyl group
is easier to displace by fluoride ion than the propanoyl group.

In order for salt (144) to be generated, fluoride ion must attack the
carbon of the carbonyl group in diene (147) and salt (144) would then act as a
'leaving group'. However, if the analogous argument was to be used to

explain the generation of the alternative salt (141), we need to invoke an Sy2
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type of nucleophilic attack by fluoride ion upon a ftrifluoromethyl group first

(Scheme 130).
FaC

(149)
(144) (Scheme 130)

This is made all the more remarkable considering that salt (141) is formed

preferentially over salt (144). Neither (148) nor (149) were observed.

In order to try to avoid the problems involved with mixtures arising from
using unsymmetrical nucleophiles, vinylidene fluoride (150) was used as a
source of the nucleophile CF3CH2- which can be generated in situ.

Heating diene (50), vinylidene fluoride (150) and an excess of caesium
fluoride in acetonitrile together in an autoclave resulted in the formation of a

mixture of compounds which could be identified by 19F NMR (Scheme 131).

CF, CF,
CH,CN FaC—
CF; CF3 100°C
Cs'
(50) (150) (144) 10%

FC CFs g CFs

FiC—Ng” ~CF3 F
FC cry
(73) 58% (52) 14%

+ starting materials (Scheme 131)



Unfortunately, the cyclopentadieny! salt (144) could not be isolated from

the mixture.

We now have an empirical order for the ease of displacement from the
derived cyclopentadienes of the various electron-withdrawing groups 'X' in
X-CHa2-Y of:

SO2Ph > COgEt > CF3 > COEt > CgF5201 ~ CN201 > CgF4N201

The more ideal symmetrical nucleophile 1,1,1,3,3,3-hexafluoropropane
is too prone to lose hydrofluoric acid and the derivative 2-H-pentafluoro-
propene was observed204 to co-oligomerise with diene (50) in the presence of
cagsium fluoride to give a very complex mixture. The next homologue to
2-H-pentafluoropropene is 2-H-heptafluorobut-2-ene (151) which is a means
of generating the possible nucleophilic anion CF3CF2(CF3)CH- in situ 205
(Scheme 132).

FgC F F
== FaC 'T' C.Fs
H CF, H
(151) (Scheme 132)
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3.6.8.1 Diene (50)

Heating a mixture of diene (50), polyfluorinated alkene (151) and an

excess of caesium fluoride in acetonitrile together in a rocking autoclave at
100°C yielded a mixture of products which were analysed by 18F NMR
spactroscopy (Scheme 133).

CF, CF,

FaC F
Fﬁ%\%\'; & 3 H i}>
H CE, CHCN
CF3 CF; 3 j00°C
(50) (151) (144) 50%

FG CFs g CFs

FsC CF, F

o FC G,
(73) 26% (52) 13%
+ starting materials (Scheme 133)

[

The concentration of sah (144) was much higher than for the reaction with
vinylidene fluoride (see Section 3.6.7) or the other nucleophiles tested and it
could be isolated from the mixture as an off-white powder. Characterisation of
salt (144) was by 19F and 13C NMR spectroscopy, FAB mass spectrometry
and IR spectroscopy.

The formation of salt (144) probably proceeds via the cyclopentadiene
derivative (133)197 (Figure 23).

(Figure 23)

In order for cyclopeniadiene derivative (133) to give the sal (144), the

elimination of the 5-pentafluorosthyl group over the 5-trifluoromethyl group
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occurred selectively but the means 1o perform such an elimination appear as a

guandary (Scheme 134).

+CQF6

(182)

0) +CoFs

+CoFy + F

(144) (38)
(Scheme 134)

Although pathway (b) is feasible - caesium fluoride induced defluorinations
are known81, the stabilisation of salt (144) will probably mean that it will act as
an efficient leaving group for an Sn2 type process, i.e. route (a), despite how
unusual a nucleophilic attack by fluoride ion upon a saturated perfiuoroalkyl
group at first appears (see Section 3.6.6). Neither hexafluoroethane (152) nor
tetrafluoroethene (38) could be observed by G.C. mass spectrometry although
either or both could be assigned to anomalous resonances in the 18F NMR

specira of the volatiles from this experiment.

3.6.8.2 Diene (43)

In an analogous way, an autoclave containing a mixture of disne (43),
polyfluorinated alkene (151) and caesium fluoride in acetonitrile was heated

at 100°C in a rocking fumace. 19F NMR spectroscopy of the mixture indicated
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the presence of the tricyclic cyclopentadienyl salt (153) which was probably

formed by an similar route to sak (144) (see Section 3.6.8.1) (Scheme 135).

. FaC _ F CsF
100°C
(43) (151) (153)

(Scheme 135)
This salt did not prove to very stable and soon deteriorated after isolation and

so could not be properly identified.

3.6.8.3 Qctafluorocyclonentena (135)

In order to prove a general point in these reactions, E-2-H-
heptafluorobuti-2-ene (151) was treated with octafluorocyclopentene (135) in a
similar way. 19F NMR spectroscopy of the mixture indicated the formation of
the cyclopentadienyl salt (154) presumably formed from the cyclopentadiene

derivative (134)197 (Scheme 136).

(135) (151)

(154)
(Scheme 136)

Again, salt (154) is unstable and so could only be identified by 18F NMR
spectroscopy. However, such a species was not looked for in previous
experiments in these laboratories172,187,188 and its presence could explain

the low mass recoveries observed in these experiments.
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There has been considerable interest in the area of charge transfer
(CT) salts over the past two decades. Recent appeal stemmed initially from
the discovery that various 7,7,8,8-tetracyano-p-guinodimethane (TCNQ) salts
demonstrated some interesting elecirical208,207 and magnetic208 propenies.
The present surge in research today lies in the remarkable result that the CT
salt, decamethylferrocenium tetracyanoethanide, [Fe(CsMes)z]-+ [TCNE]-,
displayed ferromagnetism below 5K209 - the first so-called “organic
magnet"210,

Decamethylierrocene has a standard potential, £o, of -0.1v¥211
demonstrating how easily it is to be oxidised. When we compared the
standard potentials for TCNQ and TCNE, 0.19V and 0.24V respectively212,
with those of the various fluorocarbon derivatives that we have investigated
(see Section 2.2.2), it seemed probable that decamethylferrocene could be
capable of reducing the fluorinated alkenes and dienes and that stable CT
salts of the dienes with decamethylferroceng might be formed. There was no
previous report of any such CT complexes between metallocene donors and

fluorocarbon acceptors in the literature.
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43) (With M. W. Briscoe)

The addition of diene (43) to decamethylferrocene in acetonitrile
caused an immediate colour change from orange to dark green indicating the
possibility of formation of a CT complex. A very dark gresn {o black crystalline
solid could be isolated in 33% yisld, which was shown by slemental analysis
and IR spectroscopy to be the CT sait [Fe(CsMes)a]-+ [Ci0F14)- (155). This
had previously been preparedii7 by the reaction of decamethylferrocene and
the fluoroalkene perfluorobicyclopentylidene (42). The X-ray crystallographic

data of this sal are summarised here (X-ray Plots 2,3,4).

4.2.1.1

The structural data for (155) (see X-Ray Plots 2 and 3) indicate a three-
dimensional array of alternating radical cations and radical anions in a
manner similar to Miller and co-workers' [Fe(CsMes)2]-+ [TCNE]-- complex208,
However, while this TCNE salt has the donors and acceptors in discrete
chains approximately paraliel to the major axes of symmeiry of the
components, when salt (155) is also viewed along the major axis of symmstry
of the decamethylferrocenium units, each pair of radical ions is out of register
with its neighbouring pairs by approximately half a unit of the radical anion
(see X-ray Plot 3) resulting in a secondary structure which does not have any
major axis of symmetry along the chains of radical ion pairs. Indeed, if the salt
is viewed along a line perpendicular to this major axis, the radical ions also
appear in alternating pairs in which each pair is only slightly out of line with

the next by a small amount.
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X-ray Plot 2
The solid-state stacking of [Fe(CsMes)a] ™ [C1oF14]”




X-ray Plot 3
The relative positioning of the [Fe(CsMes),] ™ radical cation
with respect to the [CoF 4] radical anion
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X-ray Plot 4
The [C10F14]_'- radical anion

F(151)

1.49A 1.52A
\04 9° 107. g/of,
f 1 36A
\{ .23A

S

R




42.1.2

The decamethyiferrocenium radical cation has its two psntamethyl-

cyclopentadienyl rings arranged in a staggered conformation and possesses
a molecular symmetry of Dsg. This is the same conformation which has been
observed in the X-ray crystal structure analyses for both decamethylierrocene
itself213 and for the decamethylierrocenium radical cation in Miller and co-

workers' [Fe(CsMes)2)-+ [TCNE]}- CT complex<209.

4.2.1.3

The perfluorobicyclopentenyl radical anion (156) exists, in this crystal
lattice, with a planar structure. The double bonds are arranged in a frans
conformation with respect to each other and the radical anion possesses Cap
symmetry overall.

The lengths of the carbon-carbon double bonds [C(11)C(i15)] are
shown to be about 1.37A which is longer than the values usually taken for
such bonds i.e. 1.31A in tetrafluoroethene (38)214 and the carbon-carbon
single bond joining the rings [C(11)C(11')] is, at 1.43A, shorter than for the
carbon-carbon single bond found in hexafluoroethane2i5 at 1.51A. This
evidence could mean that a certain degree of conjugation occurs between the
double bonds.

The length of the vinylic carbon-fluorine bond [C(15)F(151)], at 1.25A,
is notably shorter than the equivalent bond in (38) at 1.31A214 but no clear
trend appears in the variation of bond lengths for the remaining allylic and
aliphatic carbon-fluorine bonds. The geometrical constraints imposed upon
the skeleton of the anion by the simultaneous demands of five-membered
rings and internal double bonds result in bond angles which deviate
significantly from the 108° and 120° ideals. The angle £C(12)C(11)C(15) is
especially noteworthy in being particularly small at 109.0° for an sp2 atom.

However, it must be noted that the final R value for this X-ray crystal

structure analysis is 0.023 (see Appendix 4.2) which is quite high and
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represents the effects of thermal vibrations within the molecule. This means
that the atomic coordinates are prone {0 errors which are large enough to

make the values of bond lengths and angles subject 1o a little doubt.

Salt (155) is hygroscopic although the products of hydrolysis are as yet
unclear. 19F NMR spectroscopy suggests that the radical anion may be

hydrolysed to the diketone anion (157) (Scheme 137).

(157) (Scheme 137)
This is analogous to the similar hydrolysis of diene (43) to diketone (158)131

(Scheme 138).

(158)
(Scheme 138)

A comparison of the 19F NMR data of the resulting salt (159) with those
of the sodium sak of (158), (160), also reinforces this idea (Figure 25).
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Figure 25. The 19F chemical shifts of salts (158) and (160).

The change in counter cation from sodium to decamethylierrocenium
has a notable effect upon the values of the 19F chemical shifts of the anion but

the general impression is that the two anions are probably the same.

The addition of diene (46) to decamethylferrocene in acetonitrile again
caused an immediate colour change from orange to dark green indicating the
possible formation of a CT salt. Dark green crystals could be isolated from this
mixture in 38% vYield, which were later identified as the 1:1 CT complex of
[Fe(CsMes)a]-+ [CaF10]-- (161). This salt was the subject of a single crystal X-
ray study by Dr. W. Clegg at the University of Newcastle-upon-Tyne and the

resulting data are presented here (X-ray Plots 5 and 6).
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X-ray Plot 5
The solid-state stacking of [Fe(CsMes)s] * [CaF10]”
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X-ray Plot 6
The [CqF 4] " radical anion

F(121)
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4.2.2.1 X-Bay Crystal Strueiure of (161)

The structural data for (161) (see X-ray Plot 5) are very different to those
of both salt (155) and [Fe(CsMes)2]-+ [TCNE]-208. The radical ions lay in two
interlocking latlices with the anions skew to the cations. The salt (161) may be
viewed along an axis perpendicular to the major axis of symmetry of the
decamethylferrocenium radical cations (see X-ray Plot 5; top left to bottom
right) and the ions appear in an akemating sequence. No other chains which
lie parallel with, or perpendicular to, any major molecular axis of symmetry can
be easily envisaged although it can be clearly seen that chains of alternating
radical ions can be easily made in which the components are both skew to the
axis of these rows such as the one lying in the plane of the page (see X-ray
Plot 5; bottom left to top right).

The difference in the solid state structures of this complex with salt (155)
is remarkable considering the subtle differences between the dienes (43) and
(46). The main conclusion that can be drawn from these resulis is that it takes
only a very small difference in molecular structure to alter the minimum energy

stacking arrangements and so change the overall bulk structure.

4.2.2.2 The [Fe(GsMas)o]-+ Radical Cation

The decamethylferrocenium radical cation in this CT salt also
possesses Dsg symmetry, showing staggered pentamethylcyclopentadienyl
rings arranged in that way in order to minimise any possible steric interactions

between the methyl groups on opposing rings.

4.22.3

The periluorobicyclobutenyl radical anion (162) also exhibits a irans
arrangement with respect to the double bonds and again it possesses Czp
symmetry.

The lengths of the carbon-carbon double bonds [C(11)C(14)] are

shown to be 1.38A and the length of the carbon-carbon single bond which
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joins the rings [C(11)C(11")] is 1.42A. These values are almost identical to
those in the radical anion [C1oF14)-- (156) demonstrating that, once more, only
a small degree of conjugation must exist between the double bonds.

The length of the vinylic carbon-fluorine bond [C(14)F(141)] is given as
1.32A which is a more typical value for such a bond length being very close to
the similar bond in (38) at 1.31A214. The remaining carbon-fluorine bonds
vary in Iehgth depending upon their position on the rings. The most notable
difference, from 1.46A for [C(12)F(121)] to 1.25A for [C(12)F(122)] is possibly
due primarily to interactions with the decamethylferrocenium radical cation.

The perfluorobicyclobutenyl radical anion (162) imposes even more
demanding constraints upon the geometry of the carbon skeleton than the
perfluorobicyclopentenyl radical anion (156), due to the presence of a highly
strained four-membered ring as well as an internal double bond. The
resuling bond angles show that it is the angles around the double bond which
are forced further from their ideal of 120° than the remaining bonds deviating
from their 90° optimum.

it is also worthy of note, here, to point out that the final R value for this X-
ray crystal structure analysis is 0.017, which is again fairly high and that the
values given for the bond lengths and angles are subject to some error.

Salt (161) also proved to be hygroscopic but the siructures of the

complex hydrolysis products have not been elucidated.

The addition of diene (50) to decamethyiferrocene in acetonitrile once
again caused an immediate colour change from orange to dark green but no

single product could be isolated from the resulting dark green crystals.




The addition of a 1:1 mixture of perfluorinaied alkenes (44) and (45) to
decaméthylferrocene in acetonitrile again resulied in an immediate colour
change from orange to dark green indicative of the formation of a CT complex
with decamethylferrocene. Dark green crysials were isolated from this
solution which were subsequently identified as the CT complex
[Fe(CsMes)2]-+ [CgF 0]~ (161), showing that the fluoroalkenes (44) and (45)
have undergone a 3e- reduction {0 give the perfluorobicyclobuteny! radical
anion (162) (Scheme 139).

(162)
(Scheme 139)

This is analogous {o the reduction of perfluorobicyclopenylidene (42) by
decamethylferrocene to give the CT salt (155)117. This further demonstrates
the abilities of decamethylferrocene as a mild reducing agent and the ease of

reduction of such fluorinated alkenes (see Chapter 2).
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4.2.5 Molecular Maanetic Susceniibility

4.2.5.1 Backaround

Several theoretical models have been proposed for the stabilisation of
ferromagnetic coupling of spins. McConnell first published?16 a model based
on Heitler-London spin exchange between positive spin density on one
radical and negative spin density on another. He later expanded this
model217 to describe configurational mixing (Hubbard mixing) of a virtual
triplet excited state with the ground state for a one-dimensional ...D-+A.-D-+A.-...
chain. Breslow and co-workers218,218,220,221 glaborated upon this idea with
the proposal of various highly symmetric hexa-aminobenzene derivatives as
approaches to organic ferromagnets. Very high spin multiplicity radicals have
also been suggested222,223 as has ferromagnetic superexchange through a
degenerate orbital of a closed-shell molecule or ion224. More recently,
following the magnetic susceptibility measurements on the [Fe(CsMes)2]-+
[TCNE].- CT sali208, Miller and co-workers have developed an
extension225,226,227 which necessitates spin alignment throughout the bulk
solid for the stabilisation of bulk ferromagnetism.

Using these theoretical models as a background, current exparimental
programmes are concenirated on the search for new donors and
acceptors228,229 for the formation of novel molecular ferromagnets.

It may be assumed that, in a compound which is to exhibit
ferromagnetic coupling, the virtual charge transfer excitation involves only the
highest energy partially occupied molecular orbital (P.O.M.O.). At lsast one of
the stable radicals must possess a non half-filled degenerate P.O.M.O. and the
lowest excited state, formed by the virtual charge transfer process, has to have
the same spin multiplicity and must mix with the ground state in order to

stabilise the ferromagnetically coupled ground state.
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Figure 26. A schematic illustration of the stabilisation of ferromagnetic

coupling.

The necessity of a degenerate P.O.M.O. determines225 that Dzq, C3 or
higher symmetry in the radicals is required and that structural or electronic
distortions such as the Jahn-Teller effect do not occur. However, accidental or
intrinsic degeneracies will suffice.

The X-ray crystal structure analyses performed on the CT salts (155)
and (161) have revealed that although the decamethylferrocenium radical
cations possess Dsg symmetry, both the radical anions (156) and (162)
possess a molecular symmetry of C2p (X-ray Plots 4 and 6). These salts can
still give a bulk ferromagnet as only one degenerate P.O.M.O. is needed. The
magnetic susceptibilities of these two salts were therefore investigated at the

University of Cambridge230.
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All substances exhibit a magnetic moment & upon the application of a

magnetic field H which are linked by %, the magnetic susceptibility per mole

thus:

Magnetlc ﬂeld strength

This total susceptibility can be simply subdivided as:

Atot = Acore + Aspin

where ycore is the core diamagnetism, and %spin is the spin paramagnetism.

Ycore IS @ molecular property, reflecting the response of inner (filled)
electronic orbitals and can be estimated from tables of Pascal's constants231
by adding the contributions from each atom and bonding arrangement within
the molecule.

In an insulator which has non-interacting independent spins, xspin Will
be due only to localised spins which have a random orientation in zero field
but which line up in an applied magnetic field thus inducing a magnetic
moment and a positive susceptibility upon the sample. In this case, the effect
is that of a Curie paramagnet, which can be described by the Curie
expression:

‘ Aspin = GT
where C is the Curie constant that depends upon the number and size of the
free spins in the sample and T is the temperature in Kelvin. If the spins have
magnetic interactions with each other, such that in zero field, the spins tend o
align parallel (ferromagnaetically) or antiparallel (antiferromagnetically), then
the susceptibility obeys a Curie-Weiss law:
Xspin = C/(T-6)

where 6 is a constant which is positive for ferromagnetic and negative for

antiferromagnetic coupling. 9 is approximately the temperature at which the
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material has a spontaneous magnetic moment and starts to behave like a bulk
ferromagnet

The easiest way of observing deviations from Curie law behaviour, is to
plot {xspin7} vs. T on a graph. This plot gives the value of C and thus the
effective spin at each temperature, since the Brillovin expression gives:

C = NePup2sis+1) = Muow?
3kgT 3kgT
where N is Avogadro's number, g is the Landé factor, ug is the Bohr
magneton, s is the spin quantum number and kg is the Bolizmann constant.

A paramagnet will give a constant {)spin7} Wwith temperature. A
ferromagnet will be flat at high temperatures, where thermal fluctuations are
most imporiant, but at low temperatures, {xspin T} Will get progressively larger
as the susceptibility increases above that of a paramagnet. Similarly at low

temperatures {)spin 7} 0f an antiferromagnet will get progressively smaller.

The following work was carried out by Margaret Allen under the
supervision of Dr. R. Friend at the Cavendish Laboratories of the University of
Cambridge and is largely taken from her account which is contained in full in
her thesis230.

The magnetic susceptibilities of randomly oriented crystals of the CT
complexes (155) and (161) were measured over a temperature range of 5 to
300K in fields up to 0.9T using a Faraday Balance. Analysis of the field
dependence of the susceptibilities at room temperature showed that only very
small amounts (<5 ppm by weight) of ferromagnetic impurity were present in
the samples. The magnetic susceptibilities of the core electrons were
estimated using Pascal's constants {0 gave yTip = -248 x 10-6 and -211 x 10-6

emu/mol for (155) and (161) respectively. The data shown in Graphs 1, 2 and
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3 were corrected for both ferromagnetic impurities and for the core electron
contribution.

The susceptibility x of the salts (155) and (161) proved similar to the
response of a Curie-Weiss material, but could be fitied by a single Curie-
Weiss law over the whole temperature range. Graph 1 shows {)spin 7} for both
(165) and (161); the two compounds show a smaller effective spin (uef) at low
temperatures. Unforiunately, the low temperature data of (155) are unreliable
and much of the decrease in e at low temperatures is spurious.

Salt (161) was well characterised and is shown in more detail on
Graphs 2 and 3. Below ~30K the data are comparatively flat, indicating that
magnetic coupling between spins is relatively unimportant at low
temperatures. (A Curig-Waiss fit in this region gives 8~ -0.2K.) The increase
in {xspin T} with temperature between 30K and 150K is therefore most likely to
be due to an increase in the local magnetic moment, and not to
antiferromagnetic coupling between the spins. Above 150K, {xspinT} has a
larger value on warming than on cooling, which will probably be due to the
crystals having an anisotropic susceptibility. In an applied field, a material
with an anisotropic susceptibility will experience a turning force that will try to
align the axis with the largest susceptibility parallel to the field direction. The
largest force on the crystal is at low temperatures, so the initial cooling data
may give the larger susceptibility value and the value at the end of the
experiment will approximate to the larger susceptibility direction.

The susceptibility of salt (155) was measured a number of times with
different masses of material, and in larger fields than for (161). The
susceptibility of each run was markedly different, but had no distinct trend with
time, so the change cannot be explained by decomposition of the complex.
Again the susceptibility was larger on warming than cooling, which can be
explained again by an anisotropic magnetic susceptibility of the crystal. A
large jump occurs in one set of data. This measurement was made on a much

smaller amount of material, so the jump could be due to one large crystal
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suddenly orientating itself in the applied field and causing a large perceniage
increase in the susceptibility. The decrease in effective moment at low
temperatures can be fitted by a Curie-Weiss law with 8~ -2K, indicating some
degree of antiferromagnetic coupling between the spins.

A large anisotropy is predicted in the susceptibility of both compounds
from electron spin rgsonance (ESR) measurementis on the [Fe(CsMes)2] +
radical cation106:50386h, that give g; = 4.4ug and gy = 1.3ug (s = 1/2). The
calculated effective moment, u, for a random collection of [Fe(CsMes)z2]-+
radical cations would give u = {<g2>s(s + 1)}1/2 = 2.95ug. The moment of the
whole complex can be calculated by assuming that the radical anions (156)
and (162) have s = 1/2 and g = 2. Randomly orientated crystals of CT salis
(155) and (161) should have an average effective spin of 2.95ug, although this
value could range from the extremes of 4.19up to 2.02ug depending upon
how the crystals happened {o be aligned.

The experimental effective spin (ueff = 2.83{xspinT}1/2) at high
temperatures range from ~ 2.4ug to ~ 3.3ug for the salt (155) and is ~ 2.4up for
salt (161). These values must be compared with the expected pets for these
complexes of 2.95pg. For salt (161), pegr is close to the value of pure
[Fe(CsMes)2]-+ radical cations (2.38ug), so it is possible that the radical anion
(162) has somehow lost its spin by hydrolysis but tested samples were not
returned and the integrity of the complex (161) could not be confirmed.
Howasver, the experimental values for both compounds remain well within the
potential range of calculated effective spin values given by the anisotropy of g,
so it is possible that the crystals were partially aligned in the measured

sample.
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Graph 1
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4.2.5.4 Conclusions
Both CT salts (155) and (161) behave approximately according to the

Curie-Weiss law. The measured effective spin was always larger at the end of
an experiment and this is taken as evidence for anisotropy in the susceptibility
of the crystals. Funrther evidence for anisotropy comes from different
measurements of complex (155) where there is a large variation in the
effective spin (~ 2.4ug to ~ 3.3ug). These values are well within the calculated
range of possible vaiues for partially alighed anisotropic crystals (2.02up o
4.18up) as is the effective spin of (161) at ~2.4ug. Complex (155) shows signs
of antiferromagnetic coupling with a Weiss constant 8 ~ -2K, whereas (161)
behaves as a paramagnet with a temperature dependent effective spin that
varies from ~ 2.48upg at room temperaiure {o ~ 2.37up at low temperatures.
The possible antiferromagnetic coupling between the spins in (161) is very
small, with a Weiss constant less than -0.2K at low temperatures. No evidence

for ferromagnetic coupling was seen in either compound.
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1H NMR spectra were recorded on a Hitachi Perkin-Elmer R-24B
(60MHz), a Bruker AC250 (250.13MHz) and a Varian VXR400S (399.95MMHz)
NMR spectrometer.

18F NMR spectra were recorded on a Varian EM360! (56.45MHz), the
Bruker AC250 (235.34MHz) and the Varian VXR400S (376.29MHz) NMR
spectrometer.

13C NMR were recorded on the Bruker AC250 (62.9MHz) and the
Varian VXR400S (100.58MHz) NMR spectrometer.

Infra Bed (1R)

Infra red spectra were recorded on a Perkin-Elmer 577 Grating
Spectrophotometer. Solid samples were run as a KBr disc, liquid samples
were run as a thin film between two polished KBr plates and gases and very

volatile liquids were run in a sealed gas cell fitted with KBr plates.

Mass spectra of solid samples were recorded on a VG 7070E
spectrometer. G.C. mass spectra were recorded on the VG 7070E
spectrometer linked to a Hewlett Packard 5790A gas chromatograph fitted with

a 25m cross-linked methyl silicone capillary column.

Elemental Analysis

Carbon, hydrogen and nitrogen elemental analyses were obtained
using a Perkin-Elmer 240 Elemental Analyser or a Carlo Erba Strumentazione
1106 Elemental Analyser. Analysis for halogens were performed as

described in the literature87.
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Gas chromatography analysis was carried out on a Hewlett Packard
5890A gas chromatograph fitted with a 25m cross-linked methyl silicone
capillary column.

Preparative scale G.C. was performed on a Varian Aerograph Model
920 (catharometer detector) gas chromatograph fitted with a 3m 10% SE30

packed column.

Distillai

Fractional distillation of product mixtures was carried out using a
Fischer Spahlirohr MMS 255 small concentric tube apparatus. Boiling points

were recorded during the distillation.

Meking Paint
Melting points were carried out at atmospheric pressure and are

uncorrected.

Beagents and Solvents

Unless otherwise stated, reagenis were used as supplied by the
manufacturers. Solvents were predried by standard methods and stored over
molecular seive (type 4A) under dry nitrogen. A current of dry nitrogen was

maintained for removal of the soivent with a syringe.
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5.1
All the work on cyclic voltammetry was carried out at the Electricity

Research and Development Centre at Capsnhurst in Cheshire.

5.1.1 |nstrumentation

The cyclic voltammetric studies were carried out in an "H" type

preparative electrochemical cell of the type shown in Figure 27.

N, working counter N,
é electrode electrode \L
saturated
calomel
reference
elecirode
(S.C.E)) int
N
Luggin
capillary

Figure 27. A preparative electrochemical cell.

The ramps were generated by a HI-TEK Instruments Waveform
Generator type PPR1, the potential was applied through a Wenking Standard
Potentiostat type ST72 and the voltammograms were recorded on a calibrated

Advance HR2000 X/Y Recorder.
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5.1.2 General Procedure

A solution of tetrabutylammonium tetrafluoroborate (0.5g, 1.52mmol,
30mM) in anhydrous acetonitrile (50 ml) was degassed with dry nitrogen in the
cell and the cyclic voltammogram of this electrolyte was recorded as a base
line. A few drops of the fluoroalkene under study was added to the working
half of the cell and the solution was agitated by the bubbling of dry nitrogen
until it became saturated with the fluorocarbon.

In each case, the cyclic voltammogram of the substrate was obtained
without agitation between +0.5 V and -2.5 V at 0.1 Vs-1 for the first sweep and
also for the fifth and thirtieth sweeps to observe the stable cycle. Cyclic
voltammograms were also obtained at 1 Vs-1 and 0.01 Vs-1 after prior

agitation to notice if any differences were apparent.

As a necessary safety precaution, all the following operations were
performed in an efficient fume cupboard due to the toxicity of the substances

used and to the potentially explosive nature of the reaction.

Sodium was worked with a knife, under dry diethyl ether, into small
lumps of milligram proportions. These lumps were then added, under an
atmosphere of dry nitrogen, to some mercury which had been pre-weighed in
a Schlenk tube. The open Schlenk tube (still under a flow of dry nitrogen)
was then shaken lightly until the sodium dissolved in the mercury. This was
repeated usually until the concentration of the amaigams reached about 0.5%
w/w. The formation of these amalgams is exothermic and the addition of too
much sodium at a time can be dangerous due to the formation of localised hot-
spots which can cause the mercury to vaporise. Therefore the Schlenk tube
had to be carefully cooled in a flow of cold water at periodic intervals during

the amalgam formation in order to prevent this overheating from occurring.
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The reactant was carefully added to the amalgam (again under a flow of
dry nitrogen) and left to lie on the surface. A rubber blow-off 'Suba-seal’ type
bung was used to seal the top of the Schlenk tube as a safety measure for
these potentially highly exothermic reactions (in order to act as a weak point in
the event of an explosion). The tap on the Schienk tubs was then closed to
seal it from the nitrogen supply.

The reaction mixture was then vigorously shaken whilst the tube was
kept under a flow of cold water to remove any heat generated by the reaction.
During the reaction, the consistency of the mercury became very viscous and
shaking became difficult. The reaction was judged to have finished when a
dark grey dust (sodium fluoride and mercury dust) formed and elemental
mercury reformed in the bottom of the Schlenk. The organic product was

normally recovered by transferring in vacuo into a cold trap.

5.2.2 Beducsion of Fluoroalkene (49)
A sodium amalgam (0.58%w/w) (Na 2.9g, 126mmol; Hg 500g) was

prepared in a Schlenk tube. The fluoroalkene (49) (20.0g, 50.0mmol) was
slowly added to this and the vessel was sealed and shaken vigorously in a
stream of cold water until the reaction was complete. The volatile components
(15.8g) were transferred in vacuo to a cold trap and were found to be an
inseparable mixture of two isomeric dienes (50) and (51).
Z,Z-Perfluoro-3,4-dimethylhexa-2,4-diene (50)81, 74% yield NMR number 1,
mass spectrum number 1.

E,Z-Perfluoro-3,4-dimethylhexa-2,4-diene (51)81, 20% yield NMR number 2,
mass spectrum number 2.

For the mixture: b.p. 73-74°C. (Found: C, 26.3; F, 72.8. CgFi4 requires C,
26.5; F, 73.5%), IR number 1.
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5.2.2.1

A Carius tube was charged with diene (50) (1.0g, 2.8mmol) and then
evacuated and sealed. The tube was heatied, without agitation, in a furnace at
100°C for three hours. The volatile components (1.0g, 100%) were transferred
in vacuo to a cold trap and were subsequently shown by 19F NMR
spectroscopy and G.C. mass spectrometry to be a mixture (1:1) of diene (50)
and:

Perfluoro-1,2,3,4-tetramethylcyclobutene (52)81. NMR number 3, mass

spectrum number 3.

5.2.2.2
A sodium amalgam (0.50%w/w) (Na 1.4g, 60.9mmol; Hg 280g) was

prepared in a Schlenk tube. The fluoroalkene (49) (10.0g, 25.0mmol) and
anhydrous acetonitrile (50ml) were added to this and the vessel was sealed
and shaken vigorously in a stream of cold water uniil the reaction was
complete. The volatile components were transferred in vacuo to a cold trap
and allowed to warm to room temperature whereupon water (100ml) was
added. The lower fluorocarbon layer (5.8g) was removed and subsequently
shown by 18F NMR spectroscopy to be a mixture (23:19:1) of:
Z,Z2-Perfluoro-3,4-dimethylhexa-2,4-diene (50) (ca 46%) (see Section 5.2.2),
E,Z-Periluoro-3,4-dimethylhexa-2,4-diene (51) (ca 38%) (see Section 5.2.2),

p (60) (ca 2%) NMR number 4; mass

spectrum number 4 and some 14% of various unknown fluorinated

components.

522.3
A mixture of the diene isomers (50) and (51) (for the mixture 1.0g,

2.8mmol) and dry caesium fluoride (0.5g, 3.3mmol) in anhydrous acetonitrile

(30ml) was heated under reflux with continuous stirring for four hours. 19F
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NMR spectroscopy showed the presence of only one isomer (50) after this

time.

5.2.3 Beduciion of Fluaroalkene.(42)
A sodium amalgam (0.55%w/w) (Na 1.0g, 43.5mmol; Hg 180g) was

prepared in a Schlenk tube. The fluoroalkene (42) (6.0g, 14.immol) was
slowly added to this and the vessel was sealed and shaken vigorously in a
stream of cold water until the reaction was complete. The volatile components
(3.8g) were transferred in vacuo to a cold trap after which they were analysed.
Diene (43) was purified by crystallising it out at 0°C in a refrigerator.

Perfluorobicyclopent-1,1"-enyl (43)103, 3.6g, 66%. b.p. 130°C. (Found: C, 31.0;
F, 68.5. CqoFi4 requires C, 31.1; F, 68.9%). NMR number 5, IR number 2,

mass spectrum number 5.

A sodium amalgam (0.46%w/w) (Na 1.1g, 47.8mmol; Hg 240g) was
prepared in a Schlenk tube. The isomeric fluoroalkenes (44) and (45) (6.0g,
18.5mmol of the mixture) were slowly added to this and the vessel was sealed
and shaken vigorously in a stream of cold water until the reaction was
complete. The volatile components (4.5g) were transferred in vacuo to a cold
trap where they were analysed. Diene (46) was purified by crystallising it out
at 0°C in a refrigerator.

Perfluorobicyclobut-1,1'-enyl (46)46, 4.2g, 78%. b.p. 90-85°C. (Found: C, 33.9;
F, 66.2. CgF1g requires C, 33.‘6; F, 66.4%). NMR number 6, IR number 3,

mass spectrum number 6.

5.2.5 Reduction of Haloalkane (61)
A sodium amalgam (0.54%w/w) (Na 0.6g, 26.1mmol; Hg 110g) was

prepared in a Schlenk tube. Halocarbon (61) (4.0g, 10.2mmol) was slowly

added to this and the vessel was sealed and shaken vigorously in a stream of
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cold water until the reaction was complete. The volatile components (3.7g)

were transferred in vacuo (with additional heating) to a cold trap and were

later analysed. The individual componenis were separated by preparative

scale G.C. (10% S.E. 30 column, 80°C).

0.6g, 21%. (Found: C, 17.1.
C4BrCIFg requires C, 17.3; Br, 28.8; Cl, 12.8; F, 41.1%). NMR number 7, IR

number 4, mass specirum number 7.

63) and (64) 0.3g, 10%.
(Found: C, 16.2. C4BrClaFs requires C, 16.4; Br, 27.2; Cl, 24.1; F, 32.3%).

NMR numbers 8 and 2, IR number 5, mass spectrum number 8.

The remaining material was found to compose mainly of staring material.

A sodium amalgam (0.50%w/w) (Na 0.4g, 17.4mmol; Hg 80g) was
prepared in a Schlenk tube. The fluoroalkene (16) (3.0g, 6.2mmol) was slowly
added to this and the vessel was sealed and shaken vigorously in a stream of
cold water until the reaction was complete. The volatile components (2.2¢g
73% recovery) were transferred in vacuo to a cold trap but were later shown

by 19F NMR spectroscopy and G.C. mass spectrometry to be starting material.

A sodium amalgam (0.58%w/w) (Na 1.7g, 73.9mmol; Hg 290g) was
prepared in a Schlenk tube. The title bicyclic alkane (65) (3.0g, 5.8mmol) was
slowly added to this and the vessel was sealed and shaken vigorously in a
stream of cold water until the reaction was complete. The volatile components
(1.0g 34% recovery) were transferred in vacuo to a cold trap but were later
shown by 18F NMR spectroscopy and G.C. mass spectromaetry to be staring

material.
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5.2.8 Beduction of Diene (50)
A sodium amalgam (0.52%w/w) (Na 1.0g, 43.5mmol; Hg 190g) was

prepared in a Schlenk tube. The diene (50) (5.0g, 13.8mmol) was slowly
added to this and the vessel was sealed and shaken vigorously in a stream of
cold water until the reaction was complete. The volatile components (3.2g,
64% recovery) were transferred in vacuo to a cold trap but were later shown

by 19F NMR spectroscopy and G.C. mass spectrometry to be starting material.

5.3 Pofassium Amalgam

5.3.1 Beduction of Fluoroalkena (49)
A potassium amalgam (0.40%w/w) (K 0.8g, 20.5mmol; Hg 200g) was

prepared in a Schlenk tube. The fluoroalkene (48) (3.2g, 8.0mmol) was slowly
added to this and the vessel was sealed and shaken vigorously in a stream of
cold water until the reaction was complete. The volatile components (1.6g,
55% yield) were transferred in vacuo to a cold trap and were subseguently
analysed and found to be an inseparable mixture (3:1) of the two isomeric

dienes (50) and (51) (Yields 40% and 12% respectively) (see Section 5.2.2).

Sodium (1.2g, 52.2mmol) was heated in toluene (5ml) to reflux
temperature when it was stirred vigorously using a high-speed stirrer to make
a sand. This was allowed to cool to 5°C and monoglyme (82.5ml) was added.
Biphenyl (8.0g, 51.9mmol) in monoglyme (12.5ml) was finally added and the
solution was stirred under an atmosphere of dry nitrogen. Fluoroalkeng (49)
(10.0g, 25.0mmol) was slowly added and the mixture was stirred for thirty
minutes. Analysis of the final products by 19F NMR spectroscopy showed only

the presence of unreacted fluoroalkene (49).
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Under an atmosphere of dry nitrogen, potassium (0.5g, 12.8mmol) was
dissolved in HMPA (50g) contained in a Schienk tube to give a dark blue
solution. Fluoroaikene (49) (2.0g, 5.0mmol) was added to this mixture and the
tube was sealed and shaken. The colour of the solution changed to yellow
and a white powder precipitated out as a lower layer. 19F NMR spectroscopy

showed that a complicated mixture of compounds had formed.
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A mixture of trifluoroethanol (50.0g, 500mmol) and p-toluenesulphonyl
chloride (100.0g, 525mmol) were stirred together in water (225ml) at 40°C.
Sodium hydroxide (20.0g, 500mmol) in water (80ml) was added over forty-five
minutes whilst keeping the temperature below 50°C. This mixture was left for
two hours stirring constantly before 1,4-dioxane (100ml) was added. This was
further stirred for three hours and left to stand at room temperature overnight.
Ammonia solution (ca. 30% w/w) (200ml) was added to the mixiure and the
resulting crystais were filtered to give crude:
2,2,2-Trifluoroethyl-p-toluenesulphonate (88.3g, 70%).
5H(250MHz; CDClg) 2.47 (3H, s, CHg), 4.35 (2H, q J 8.0Hz, CHa), 7.39 (2H, AB
J7.9Hz, Ar-H), 7.82 (2K, AB J 7.9Hz, Ar-H); 5r(235MHz; CDCl3) -74.32 (iF, t J
8.0Hz, CF3).

NMR data in agreement with literature232:

5H(80MHz; CDCl3) 2.47 (3H, s), 4.36 (2H, q J 8.0Hz), 7.38 (2H, d J 8.6Hz),
7.83 (2H, d J 8.6Hz).

6.1.1.2

By using a variation to a literature preparation233, thiophenol (8.0g,
72.7mmol) was added dropwise to a suspension of sodium hydride (1.8g,
75.0mmol) in DMF (30ml) and stirred for thirty minutes. Over the next thirty
minutes, a solution of 2,2,2-trifluorosthyl-p-toluene-sulphonate (i5.4g,
60.6mmol) in DMF (10ml) was added and this mixture was left stirring for two

hours at room temperature. This mixture was poured into water (100ml) in a
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separating funnel. The organic products were exiracied into disthyl ether
(50ml), dried with MgSOa, filtered and purified by distillation to give:
2,2,2-Trifluoroethyiphenylsulphide (8.0g, §9%).

dH(250MHz; CDCI3) 3.37 (2H, g J 10.0Hz, CH2), 7.1-7.56 (5H, m, Ar-H),
8F(235MHz; CDCl3) -62.32 (1F, t J 10.0Hz, CF3); m/z 192 (M+, 100%) and 123
(M+ -89, 70%).

NMR data in agreement with literature233:

SH(CClg) 3.35 (2H, g J SHz), 7.1-7.6 (5H, m); 8F(CClg) -65.1 (1F, t J 9Hz).

A mixture of 2,2,2-trifluoroethylphenylisuiphide (6.0g, 31.2mmol) and
potassium dichromate (12.2g, 40.8mmol) in dilute sulphuric acid (200mi, 10%
w/w) was stirred at room temperature for three days. The organic components
were extracted into dichloromethane (50ml), dried with MgSOg, filtered and
the solvent was removed under reduced pressure. The remaining solid was
recrystallised from diethyl ether to give:
2,2,2-Trifluoroethylphenyisulphone (143) (4.2g, 60%).
dH(250MRKz; CDCl3) 3.92 (2H, g J 8.9Hz, CH2), 7.6-8.0 (SH, m, Ar-H);
Sr(235MHz; CDCl3) -61.79 (1F, t J 9.0Hz, CF3); m/z 224 (M+ 7%) and 141 (M+
-83, 52%).

NiMR data in agreement with literature234:
dH(60MHz; CDCl3) 3.93 (2H, q), 7.4-8.2 (5H, m).

Using a variation of literature preparations235,236,237, propanoyl|
chloride (23.0g, 248.7mmol) was added to a stirred suspension of aluminium
chloride (34.0g, 255.0mmol) in dichloromethane (250ml) at 0°C. Vinylidene
fluoride (150) was added over three hours to this via a flexible gas reservoir

until no further reaction occurred. The mixture was washed twice with dilute
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hydrochloric acid (2 x 250ml 10% w/w) and once with dilute sedium carbonate
solution (250mt) before being extracted from water (250ml). The solution was
dried with MgSO4 and the solvent distilled off to give:
1-Chloro-2,2-difluoropentan-3-one (17.5g, 45%) b.p.i5mm 35-38°C.
8H(250MHz; CDCl3) 1.10 (3H, t J 7.2Hz, CH3), 2.58 (2H, g J 7.2Hz, CH2CH3),
3.43 (2H, t J 12.8Hz, CH2CF3); 5r(235MHz; CDCl3) -48.18 (1F, t J 13.7Hz,
CF2Cl); m/z 156 (M+, 2%) and (M+ +2, 0.6%).

NMR data in agreement with literature236:

SH(CDCI3) 3.40; 8¢(CDCl3) -46.6.

6.1.2.2 -Ti -3-
1-Chloro-1,1-difluoro-pentan-3-one(10.6g, 67.7mmol) was added to a
mixture of dry potassium fluoride (10.0g, 172.4mmol) and benzyl
triethylammonium chloride (0.5g, 2.2mmol) in anhydrous acetonitrile (50ml)
and left stirring at room temperature for three days. This was then poured into
water (150ml) in a separating funnel and the organic products were extracted
twice with diethyl ether (2 x 50ml). The extracts were combined, dried with
MgSO4 and the ether distilled off. The residue was purified by distillation (b.p.

116°C) 1o yield:

ne (146) (5.7g, 60%) b.p. 114-116°C.

NMR spectrum number 10; mass spactrum number 9.

By following published syntheses205,238,233, hexachloro-1,3-butadiene
(133g, 0.51mol) was added over a period of three hours to a mixture of
anhydrous N-methyl-2-pyrrolidinone (750ml) and dry potassium fluoride
(270g, 4.7mol) contained in a flask at 200°C which was fitted with an overhead
stirrer and a reflux condenser connected to a trap held in liquid air (ca.

-183°C). The temperature was maintained for a further four hours while the

130



product was collected in the trap. Fractional distillation of the product (b.p.
8-10°C) gave:

E-2-H-Heptafluorobui-2-ene (151) (55.0g, 59%).

OF(235MHz; CH3CN) -57.07 [3F, dd J 17.9, 7.4Hz, CF3C(H)], -73.28 [3F, d J
9.5Hz, CF3C(F)], -120.17 (iF, ddg J 30.7, 18.2, 9.1Hz, CF); m/z 182 (M-+,
100%) and (M+ -19, 100%).

NMR data in agreement with literature205:
dr(neat) -60.4 (3F), -74.6 (3F), -117.2 (1F).

A mixture of diene (50) (3.0g, 8.3mmol), water (0.2g, 11.1mmol) and
potassium carbonate (2.3g, 16.7mmol), in acetonitrile (20ml) was stirred at
room temperature for fourteen days. Volatile material was transfered in vacuo
to a cold trap and more water (20ml) was added. The lower layer was
removed and purified by distillation to yield:

Tetrakis(trifluoromethyl)furan (73)150.151 (2.3g, 54%).
b.p. 101-103°C (lit.: 104-105°C150); NMR number 11; IR number 6; mass

spectrum number 10.

6.2.2 Diene (70) with Phenol
A mixture of diene (50) (5.0g, 13.8mmol), freshly sublimed phenol (1.9g,

20.2mmol), and dry potassium fluoride (4.8g, 82.8mmol) in anhydrous
acetonitrile (75ml) was stirred at room temperature for seven days. This was
then poured into 200ml of water in a separating funnel. The organic products
were extracted using diethyl ether (100ml), dried with MgSOy, filtered and the
solvent was removed using rotary evaporation. The more volatile components
were separated from the resulting oil by distillation (b.p.10mm 52-54°C) (2.8g,
46%) and shown to be a 38:6:5:1 mixture of:
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NMR number 15; mass spectrum number 14.

For the mixture: (Found: C, 38.7; H, 1.1; F, 56.9. C14HsF130 requires C, 38.6;
H, 1.2; F, 56.6%); IR number 7.

The residual waxy solid was purified by sublimation onto a cold finger and
recrystallisation from disthyl ether and n-hexane (3.3g, 47%) and shown to be

a 5:4:1 mixture of:

NMR number 18; mass spectrum number 17.
For the mixture: (Found: C, 47.0; H, 2.0; F, 44.2. CaoH19F 1202 requires C,
47.1; H, 2.0; F, 44.7%); IR number 8.

6.2.3 Diene (43) with Phanol

A mixture of diene (43) (1.0g, 2.6mmol), some freshly sublimed phenol
(0.4g, 4.3mmol) and dry potassium fluoride (1.0g, 17.2mmol) in anhydrous
acetonitrile (20ml) was stirred at room temperature for seven days. This was
then poured into water (100ml) in a separating funnel and the organic
components were extracted using diethyl ether (50ml), dried with MgSOy4,
filtered and the solvent was removed using rotary evaporation. The residue

was purified by sublimation onto a cold finger to give:
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(81) (0.8g, 58%).
m.p. 79-82°C (Found: C, 49.8; H, 2.1, F, 43.1. CaaH10F1202 requires C, 49.5;
H, 1.9; F, 42.7%); NMR number 19; IR number 9; mass spectrum number 18.

6.2.4 Fluorinated Fpoxides

6.2.4.1 Enoaxidation of Diene (50)
A mixture of the diene (50) (5.0g, 13.8mmol), dry calcium hypochlorite

(6.8g, 47.6mmol) and anhydrous acetonitrile (20ml) was stirred at room
temperature for seven days. Volatile material was transferred in vacuo to a

cold trap, washed with water (20ml) and the subsequent lower layer removed

and subsequently identified as:

/| (86) (3.0g, 55%).
(Found: C, 24.2; F, 68.1. CgF 1402 requires C, 24.4; F, 67.5%.) NMR number

20; IR number 10; mass spectrum number 18.

6.2.4.2
A mixture of the diene (43) (1.0g, 2.6mmol), dry calcium hypochlorite

(1.3g, S.immol) and anhydrous acstonitrile (5mi) was stirred at room
temperature for seven days. Volatile material was transferred in vacuo to a
cold trap and shown by 18F NMR spectroscopy to be a complicated mixture.

The mixture could not be purified and was not pursued further.

6.2.4.3
A mixture of the diene (46) (1.0g, 3.5mmol), dry calcium hypochlorite

(1.7g, 11.9mmol) and anhydrous acetonitrile (10ml) was stirred at room
temperature for fourteen days. 19F NMR spectroscopy showed the presence
of several compounds at this time but after heating the mixture under reflux for
two hours most of the resonances had disappeared only to be converted to:
Perfluoro-2,2'-dichloro-bicyclobut-1,1'-enyl (88)15 (57% by NMR integration
only).
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NMR number 21. This material was not isolated from solution.

6.2.4.4
A Carius tube was charged with diepoxide (86) (1.0g, 2.54mmol) and

dry caesium fluoride and subseguently heated in a furnace at 200°C for

twenty-four hours. Volatile material was transfered in vacuo to a cold trap and

was found to be sither:

(Found: C, 24.2; F, 66.3. CgF1402 requires C, 24.4; F, 67.5%); NMR number

22; IR number 11; mass spectrum number 20.

A mixture of diene (50) (10.0g, 27.6mmol) and dry potassium sulphide
(4.5g, 40.9mmol) in anhydrous DMF (25ml) was stirred at room temperature
for fourteen days. Volatile material was transfered in vacuo {0 a cold trap and
water (25ml) was added. The lower layer was removed and subseguent
analysis (18F NMR spectroscopy and G.C. mass spectrometry) demonstrated
the presence of a mixture (18:7) of thiophene derivative (92) and furan
derivative (73). Distillation of this mixture afforded:
Tetrakis(trifluoromethyl)thiophene (92)166 (3.7g, 38%).
b.p. 134-135°C (lit.: 134-135°C166); NMR number 23; IR number 12; mass

spectrum number 21.

6.3.2 Diane (50) with Thiourea
A mixture of diene (50) (2.0g, 5.5mmol) and thiourea (0.5g, 6.6mmol) in

anhydrous acetonitrile (20ml) was heated under reflux overnight with

continuous stirring. Volatile material was then transfered in vacuo to a coid
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trap and water (30ml) was added. The lower laysr was removed and purified
by distillation to give:
Tetrakis(trifluoromethyl)thiophene (92) (1.0g, 51%) (see Section 6.3.1).

To a stirred suspension of sodium hydride (0.2g, 8.3mmol) in DMF
(20mi), thiophenol (0.9g, 8.2mmol) was slowly added and the solution was left
at room temperature for thity minutes. The diene (50) (2.0g, 5.5mmol) was
then added and was allowed to stir for two hours. This mixture was poured
into slightly alkaline water (100ml) in a separating funnel and the organic
components were extracied into diethyl ether (50ml), dried with MgSOas,
fikered and the ether was distilled off. The resulting solid was purified by

sublimation onto a cold finger and recrystallisation from acetone (1.3g, 59%)

to give 2 45:40:15 mixture of:

NMR number 26; mass spectrum number 24.
For the mixture: (Found: C, 44.0; H, 2.2; F, 41.5; S, 13.7. C2oH10F 1252
requires C, 44.3; H, 1.9; F, 42.0; S, 11.8%); IR number 13.

6.4
6.4.1

A mixture of the diene (50) (10.0g, 27.6mmol) and dry potassium
fluoride (8.8g, 169.0mmol) in anhydrous THF (50mi) was stirred for seven
days at room temperature while ammonia (2.0g, 117.6mol) was introduced to
the flask via a flexible gas reservoir. The mixture was filtered and the filirate

washed with more THF (50ml). The solutions were combined and the solvent
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was removed under reduced pressure. Chromatography on alumina with

dichloromethane as the eluent yielded:

jene (101) (1.5g, 16%).
m.p. 21-23°C (Found: C, 26.7; H, 1.1; F, 66.1; N, 8.0. CgH4F12N2 requires C,
27.0;H, 1.1; F, 64.0; N, 7.9%); NMR number 27; IR number 14; mass spectrum

number 25.
The remaining solid was separated by Kugelrohr distillation to give:
role (102) (1.6g, 20%).
m.p. 169-171°C (Found: C, 32.4; H, 0.4; F, 58.7; N, 8.0. CgHFgN2 raqguires C,
32.5; H, 0.3; F, 57.7; N, 9.5%); NMR number 28; IR humber 15; mass spectrum

number 26 and

iena (103) (0.7g,

10%).
m.p. 207-208°C (dec.) (Found: C, 35.1; H, 1.4; F, 41.2; N, 20.4. CgH4FgsN4
requires C, 35.6; H, 1.5; F, 42.2; N, 20.7%); NMR number 29; IR number 6;

mass spectrum number 27.

A mixture of diene (50) (3.0g, 8.3mmol), freshly distilled aniline (1.5g,
16.immol) and dry caesium fluoride (3.9g, 25.7mmol) in anhydrous
acetonitrile (50ml) was stirred at room temperature for seven days. This was
then poured into water (150ml) in a separating funnel. The organic products
were extracted twice with diethyl ether (2 x 50ml). The ethereal solutions were
combined, dried with MgSQyg, filtered and the solvent removed under reduced
pressure. Sublimation of the solid residue onto a cold finger yielded:
1-Phenyl-tetrakis(trifluoromethyl)pyrrole (108)177 (2.5g, 72%).

m.p. 99-100°C (lit.: 98-99°C177); (Found: C, 40.4; H, 1.0; F, 54.7; N, 3.2,
Ci4HsF 12N requires C, 40.5; H, 1.2; F, 54.9; N, 3.4%); NMR number 30; IR

number 17; mass spectrum number 28.
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A mixture of diene (50) (3.0g, 8.3mmol), freshly distilled aniline (1.5g,
16.1mmol) and dry potassium fluoride (2.0g, 34.5mmol) in anhydrous
acetonitrile (50ml) was stirred at room temperature for fourieen days. This was
then poured into water (150ml) in a separating funnel. The organic products
were extracted twice with diethyl ether (2 x 50ml). The sthereal solutions were
combined, dried with MgSOy, filtered and the solvent removed under reduced
pressure. Sublimation of the solid residue onto a cold finger yislded:
1-Phenyl-tetrakis(trifluoromethyl)pyrole (108) (2.2g, 63%) (see Section 6.4.2).
The remaining solid was purified by recrystallisation from diethyl ether to give:

ine (108) (0.3g,

8%).
m.p. 228-230°C (Found: C, 53.7; H, 2.0; F, 39.7; N; 6.0. CaoHoFgN2 requires
C, 53.6; H, 2.0; F, 38.1; N, 6.2%); NMR number 31; IR number 18; mass

spectrum number 29.

A mixture of diene (50) (3.0g, 8.3mmol), N,N-dimethyl-4-aminoaniline
(2.2g, 16.5mmol) and dry potassium fluoride (2.0g, 34.5mmol) in anhydrous
acetonitrile (50ml) was stirred at room temperature for two days. This was
then poured into water (150ml) in a separating funnel. The organic products
were then extracted twice with diethyl ether (2 x 50ml). The ethereal solutions

were combined, dried with MgSOy, filtered and the solvent removed under

reduced pressure. Sublimation onto a cold finger yielded:

nyrrole (111) (1.7g, 45%).
m.p. 101-103°C. (Found: C, 42.0; H, 2.3; F, 50.1; N, 5.9. CigHioF12N2
reguires C, 41.9; H, 2.2; F, 49.8; N, 6.1%); NMR number 32; IR number 19;

mass spectrum number 30.
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6.4.4.2 With 4-Methoxyaniling
A mixdure of diene (50), (3.0g, 8.3mmol), freshly sublimed 4-methoxy-

aniline (2.0g, 16.3mmol), and dry potassium fluoride (2.0g, 34.5mmol) in
anhydrous acetonitrile (50ml) was stirred at room temperature for seven days.
This was then poured into water (150ml) in & separating funnel. The organic
products were then extracted with diethyl ether (50m!) which was dried with
MgSOg4, filkered and the solvent removed under reduced pressure.
Sublimation of the solid residue onto a cold finger yielded:
rrole (112) (2.6, 71%).

m.p. 59-61°C. (Found: C, 40.2; H, 1.6; F, 50.8; N, 2.7. CysH7F12NO requires
C, 40.5; H, 1.6; F, 51.2; N, 3.1%); NMR number 33; IR number 20; mass

spectrum number 31.

The remaining solid was purified by recrystallisation from acetone/water.to

give:

ouinaling (113) (0.5g, 12%).
m.p. 200-201°C. (Found: C, 51.9; H, 2.5; F, 33.7; N, 5.3. Ca2H3FgN202
reguires C, 52.0; H, 2.6; F, 33.6; N, 5.5%); NMR number 34; IR number 21;

mass spectrum number 32.

6.4.4.3 With_4-Fluoroaniline
A mixture of diene (50), (3.0g, 8.3mmol), some 4-fluoroaniline (1.8g,

16.2mmol), and dry potassium fluoride (2.0g, 34.5mmol) in anhydrous
acetonitrile (50ml) was heated under reflux for four hours with continuous
stirring. This was poured into water (150ml) in a separating funnel and
acidified with hydrochloric acid. The organic producis were then extracted
with diethyl ether (50ml), dried with MgSOy, filtered and the solvent removed
under reduced pressure. Sublimation onto a cold finger yielded:

g (114) (0.5g, 14%).
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m.p. 174-178°C. (Found: C, 38.6; H, 0.9; F, 57.5; N, 3.2. C14H4F13N requires
C, 38.8; H, 0.9; F, 57.0; N, 3.2%). N.M.R. number 35; IR number 22; mass
spectrum number 33.

The remaining solid was purified by recrystallisation from acetone/water.io

give:

owinoling (115) (0.5g, 12%).
m.p. 217-218°C. (Found: C, 42.7; K, 1.3; F, 42.5; N, 5.6. CagH7F{1N2 recuires
C, 49.6; H, 1.5; F, 43.2; N, 5.8%). N.M.R. number 35; IR number 23; mass

spectrum number 34.

A mixture of diene (50) (3.0g, 8.3mmol), freshly sublimed 4-chloro-
aniline (2.1g, 16.5mmol) and dry potassium fluoride (2.0g, 34.5mmol) in
anhydrous acetonitrile (50ml) was heated under reflux for three hours with
continual stirring. This was then poured into water (150ml) in a separating
funnel. The organic products were than extracted twice with diethyl ether (2 x
50ml). The ethereal solutions were combined, dried with MgSQOy, fitered and
the solvent removed under reduced pressure. Chromatography on silica gel
with light petroleum (b.p. 40-60°C), diethyl ether and methanol (0:2:1) as the
eluent followed by recrystallisation from n-hexane/diethyl ether yielded:

3 (116) (0.3g, 7%).
m.p. 136-137°C (Found: C, 36.9; H, 0.8; CI, 7.2; F, 50.0; N; 2.9. C14H4CIF{2N
reguires C, 37.4; H, 0.9; Cl, 7.9; F, 50.7%); NMR number 37; IR number 24;

mass spectrum number 35.
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A mixture of diene (50) (3.0g, 8.3mmol), freshly sublimed 4-nitroaniline
(2.3g, 16.7mmol) and dry potassium fluoride (2.0g, 34.5mmol) in anhydrous
acetonitrile (50ml) was heated under reflux for four hours with continual
stirring. This was then poured into water (150ml) in a separating funnel. The
organic products were then extracied twice with diethyl ether (2 x 50ml). The
ethereal solutions were combined, dried with MgSQOs, filiered and the solvent
removed under reduced pressure. Chromatography on silica gel with light

petroleum (b.p. 40-60°C), diethyl ether and methanol (90:9:1) followed by

recrystallisation from diethyl ether yielded:

rrole (117) (0.3g, 9%).
m.p. 171-172°C. (Found: C, 35.9; H, 0.7; F, 48.8; N, 5.9. Ci4H4F12N202
requires C, 36.5; H, 0.9; F, 49.5; N, 6.1%.); NMR number 38; IR number 25;

mass specirum number 36.

A mixture of diene (50), (3.0g, 8.3mmol), some 2-methoxyaniline (2.0g,
16.3mmol), and dry potassium fluoride (2.0g, 34.5mmol) in anhydrous
acetonitrile (50ml) was heated under reflux overnight with continuous stirring.
This was poured into water (150ml) in a separating funnel and acidified with
hydrochloric acid. The organic products were then exiracted with diethyl ether

(50ml), dried with MgSOQyg, filtered and the solvent removed under reduced

pressure. Sublimation onto a cold finger yielded:

yrrole (118) (0.5, 14%).
m.p. 94-96°C. (Found: C, 41.0; H, 1.6; F, 50.3; N, 3.1. CysH7F12NO requires
C, 40.5; H, 1.6; F, 51.2; N, 3.1%). N.M.R. number 39; IR number 26; mass

spectrum number 37.
The remaining solid was purified by recrystallisation from acetone/water to

give:
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cuinoline (118) (0.6g, 14%).
m.p. 201-202°C. (Found: C, 51.7; H, 2.4; F, 33.2; N, 5.2. Ca2H3FgN202
requires C, 52.0; H, 2.6; F, 33.6; N, 5.5%). N.M.R. number 40; IR number 27,

mass spectrum number 38.

A mixture of diene (50), (3.0g, 8.3mmol), some 3-methoxyaniline (2.0g,
16.3mmol), and dry potassium fluoride (2.0g, 34.5mmol) in anhydrous
acetonitrile (50ml) was heated under reflux overnight with continuous stirring.
This was poured into water (150ml) in a separating funnel and acidified with
hydrochloric acid. The organic products were then extracted with diethyl ether
(50ml), dried with MgSOg, filtered and the solvent removed under reduced
pressure. Sublimation onto a cold finger yielded:
ayrrole (120) (1.0g, 27%).

m.p. 65-66°C. (Found: C, 40.5; H, 1.5; F, 50.9; N, 2.9. C4sH7F12NO requires
C, 40.5; H, 1.6; F, 51.2; N, 3.1%). N.M.R. number 41; IR number 28; mass

spectrum number 39.

The remaining solid was purified by recrystallisation from acetone/water to

give a mixture (16:9) (1.0g, 24%) of:

NMR number 43.
For the mixture (Found: C, 51.7; H, 2.6; F, 34.1; N, 5.4. Ca2H{3FgN202
requires C, 52.0; H, 2.6; F, 33.6; N, 5.5%); IR number 29; mass spectrum

number 40.
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A mixture of diene (50) (5.0g, 13.8mmol), diethyl malonate (2.2g,
15.7mmol), and dry caesium fluoride (6.3g, 41.4mmol) in anhydrous
acetonitrile (50ml) was stirred at room temperature for twenty-four hours. At
this stage, a small aliquot was taken and transfered in vacuo to a cold trap.
Analysis by NMR and G.C. mass spectrometry revealed the presence of:

ieng (137)

NMR number 44, mass specirum number 41.

After a further twenty-four hours, the remaining mixture was then filkered and
the solvent removed by rotary evaporation and an applied vacuum. The
resulting tar was washed with a little cold dichloromethane (20ml) and the

remaining crystals were purified by recrystallisation from dichloromethane and

were subseguently shown to be:

(5.0g, 67%).

(Found: C, 26.6; H, 0.9; F, 42.1; Cs, 25.9. C11HsF1202Cs reqguires C,26.6; H,
0.9; F, 42.1; Cs, 24.5%); NMR number 45; IR number 30; mass spectrum
number 42.

6.5.1.2 Diene (43)

A mixture of diene (43) (1.0g, 2.6mmol), diethyl malonate (0.4q,
2.5mmol) and dry caesium fluoride (1.6g, 10.5mmol) in anhydrous acetonitrile
(50ml) was heated under reflux for three hours whilst being stirred
continuously. After filtration, the solvent was removed under reduced

pressure. The product was then washed with a little cold dichloromethane

(20ml) to give a light yseliow powder which was identified as:
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(Found: C, 29.9; H, 1.0; F, 39.8; Cs, 23.2. Ci3H5F1202Cs requires C, 29.7; H,
0.9; F, 40.3; Cs 23.4%.); NMR number 46; IR number 31, mass spectrum

number 43.

6.5.1.3 Diene (46)
A mixture of diene (46) (1.0g, 3.5mmol), diethyl malonate (0.6g,

3.8mmol) and dry caesium fluoride (2.1g, 13.1mmol) in anhydrous acetonitrile
(50ml) was heated under reflux for three hours whilst being stirred
continuously. The 18F N.M.R. spectrum of the reaction mixiure was obtained
at this time and showed the presence of a vast mixture of fluorinated

compounds present. A similar work up to that mentioned before was adopted

but the only product was an intractable tar.

A mixture of diene (50) (1.0g, 2.8mmol), some ethyl 3-oxopentanoate
(0.4g, 2.8mmol) and dry caesium fluoride (2.1g, 13.8mmol) in anhydrous
acetonitrile (50ml) was heated under reflux for one hour whilst being stirred
continuously. At this stage, a small aliquot was taken and transtered in vacuo

to a cold trap. Analysis by NMR and G.C. mass spectrometry revealed the

presence of:

NMR number 47; mass spectrum number 44.
After a further two hours' reflux, the remaining mixture was shown by 19F NMR

o be a mixture of three products:

(ses Section 6.5.4)

along with some of the furan derivative (73) (ca. 34%).
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A mixture of diene (50) (4.0g, 11.0mmol), some 2,2,2-trifluoroethyl-
phenylsulphone (143) (2.5g, 11.2mmol) and dry caesium fluoride (8.5g,
55.9mmol) in anhydrous acetonitrile (50ml) was heated under reflux overnight
with continuous stirring. Analysis (19F NMR spectroscopy) demonstrated the
presence of a complex mixture (ca. 13:17:70) of sak (144), benzene dsrivative
(145) and furan derivative (73) along with some remaining starting material.
The mixiure was then filkersd and the solvent was removed under reduced
pressure. The residue was washed with a little diethyl ether (20ml), filiered
again and the ether was removed by rotary evaporation. Recrystallisation
from dichloromethane aiforded:

Hexakis(trifluoromethyl)oenzene (145) (0.4g, 7%).

NMR number 48; IR number 32; mass spectrum number 45.

A mixture of diene (50) (1.0g, 2.8mmol), some 1,1,1-trifluoropentan-3-
one (146) (0.4g, 2.9mmol) and dry caesium fluoride in anhydrous acstonitrile
(50mi) was heated under reflux for four hours with continuous stirring. The 19F
N.M.R. spectrum was obtained at this time and showed that a mixture of
products had been made which were subseguently identified as:

ida (144) (ca. 11%) (see

nida (141) (ca.

52%).

NMR number 42; mass spectrum number 46.

and also the presence of the benzens derivative (145) (ca. 7%) and furan

derivative (73) (ca. 30%).
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A stainiess steel autoclave was charged with a mixture of diene (50)
(8.0g,. 22.1mmol), vinylidens fluoride (150) (1.4g, 21.9mmol) and dry caesium
fluoride (10.1g, 66.4mmol) in anhydrous acstonitrile (35ml). The autoclave
was then subseqguently heated in a rocking furnace at 100°C for twenty hours.
Analysis (12F NMR spectroscopy) demonstrated the presence of a complex
mixture (ca. 5:7:28) of salt (144), cyciobutene derivative (52) and furan
derivative (73) along with some starting material. The resulting mixture was
filtered and the solvent removed under reduced pressure but nothing could be

extracied from the remaining tar although 19F NMR speciroscopy still showed

the presence of:

ide (144) (ca, 10%) in the

6.5.6.1 Diene (50)

A stainless stee!l autoclave was charged with a mixture of diene (50)

(3.0g,. 8.3mmol), 2-H-heptafluorobut-2-ene (151) (1.5g, 8.2mmol) and dry
cassium fluoride (5.1g, 33.6mmol) in anhydrous acetonitrile (25ml). The
autoclave was then subseguently heated in a rocking furnace at 100°C for
forty-eight hours. Analysis (19F NMR spectroscopy) demonstrated the
presence of a complex mixture (ca. 50:13:26) of salt (144), cyclobutene
derivative (52) and furan derivative (73) along with some starting material.
The resulting mixture was then filiered and any volatile componenis were
removed under reduced pressure. The remaining brown oil was allowed to
crystallise over fourteen days. Washing the partially crystalline oil with a little
chloroform (20ml) gave an off-white powder which was suitable for FAB mass
spectrometry analysis. The powder was identified as:

(144) (1.8g, 41%).

NMR number 50; IR number 33; mass spectrum number 47.
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6.5.6.2 Diene (43)

A stainless steel autoclave was charged with a mixture of diene (43)
(1.4g,. 3.6mmol), 2-H-heptailuorobui-2-ene (151) (1.8g, 9.9mmol) and dry
cagsium fluoride (4.7g, 30.9mmol) in anhydrous acetonitrile (25ml). The
autoclave was then subsequently heated in a rocking furnace at 100°C for
forty-eight hours. The resulting mixture was then filkered and any volatile
components were removed under reduced pressure. The remaining brown oil
was allowed to crystallise over seven days. Washing the parially crystalline

oil with a little dichloromethane (20ml) gave a light brown powder which was

suitable for FAB mass spectrometry analysis. The powder was identified as:

pentadienide (153) (0.5g, 25%).

NMR number 51; mass spectrum number 48.

6.5.6.3 Qciafluoracyclopeniens (135)

A stainless steel autoclave was charged with a mixture of fluoroalkene
(135) (2.2g, 10.4mmol), 2-H-heptafluorobut-2-ene (151) (3.7g, 20.3mmol) and
dry caesium fluoride (7.9g, 52.0mmol) in anhydrous acetonitrile (25mi). The
autoclave was then subsequently heated in a rocking furnace at 100°C for
forty-eight hours. The resulting mixture was then filtered and any volatile
components were removed under reduced pressure. The remaining dark
brown oil was allowed to crystallise over fourteen days. Washing the parially
crystalline oil with a little dichloromethane (20ml) gave a light brown powder
which was suitable for FAB mass spectrometry analysis. The powder was
identified as:
(154) (1.2g,

21%).

NMR number 52; mass spectrUm number 49.
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7.1 Beagenis

Decamethylferrocene was kindly provided by Dr. V. C. Gibson and was

sublimed onto a cold finger prior to use.

Diene (43) (0.30g, 0.777mmol) was added to a stirred suspension of
decamethylferrocene (0.25¢, 0.767mmol) in anhydrous acetonitrile (30ml).
The mixture was stirred at room temperature for seven days. Any solid
material was removed by filtration and the solvent subseqguently removed by
rotary evaporation. The residual material was recrystallised from acetone and
light petroleum (b.p. 40-60°C) to give:

[Ea(Csies)o)-+ [C1aF14]- (155) (0.18g, 33%) (Found: C, 50.8; H, 4.3; Fe, 6.9.
C3oH30F 14Fe requires C, 50.6; H, 4.3; Fe, 7.8%.); IR number 34.

Hydrolysis of this gave the salt [Fe(CsiMes)ol+ [G10E1102)- (159)
N.M.R. number 53.

Diene (46) (0.22g, 0.769mmol) was added to a stirred suspension of
decamethylferrocene (0.25g, 0.767mmol) in anhydrous acetonitrile (30ml).
The mixture was stirred at room temperature for seven days. Any solid
material was removed by filtration and the solvent subseguently removed by
rotary evaporation. The residual material was recrystallised from acetone and
light petroleum (b.p. 40-60°C) to give:

[Ee(n-CshMes)ol-+ (CgF10)- (161) (0.18g, 38%) (Found: C, 54.5; H, 4.7, F, 22.6;
Fe, 9.2. CagH3oF10Fe requires C, 54.9; H, 4.9; F, 31.0; Fe, 9.1%.); IR number
35.
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Diene (50) (0.25¢g, 0.773mmol) was added o a stirred suspension of
decamethylferrocene (0.25g, 0.767mmol) in anhydrous acetonitrile (30ml).
The mixture was stirred at room temperature for seven days. Any solid
material was removed by filtration and the solvent subsegquently removed by
rotary evaporation. The residual material was recrystallised from acetons and
light petroleum (b.p. 40-60°C) to give 0.05g of a mixture of unidentified dark

green crystals.

A mixture of perfluorinated alkenes (44) and (45) (0.25g, 0.590mmol)
was added to a stirred suspension of decamethylferrocene (0.25g,
0.767mmol) in anhydrous acetonitrile (30ml). The mixture was stirred at room
temperature for seven days. Any solid material was removed by filtration and
the solvent subsequently removed by rotary evaporation. The residual

material was recrystallised from acetone and light pstroleum (b.p. 40-60°C) to

give:

gf10)- (161) (0.10g, 64% based on decamethylferrocens).
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23.
24,
25.
26.

Appandix |
NMB Spectra

Z,Z-Perfluoro-3,4-dimethyl-hexa-2,4-diene (50)
E,Z-Periluoro-3,4-dimethyl-hexa-2,4-diene (51)
Perfluoro-1,2,3,4-tetramethylcyclobutene (52)
E,E-Perfluoro-3,4-dimethyl-hexa-2,4-diene (60)
Perfluorobicyclopent-1,1"-enyl (43)

Perfluorobicyclobut-1,1'-enyl (46)
4-Bromo-3-chlorohexafluorobut-1-ene (62)
E-4-Bromo-1,3-dichloropentafluorobut-1-ene (63)
Z-4-Bromo-1,3-dichloropentafluorobut-1-ene (64)
1,1,1-Trifluoropentan-3-one (146)

Tetrakis(trifluoromethyl)furan (73)
Z,Z-2-Phenoxy-periluoro-3,4-dimethyl-hexa-2,4-diene (74)
Z,E-2-Phenoxy-perfluoro-3,4-dimethyl-hexa-2,4-diene (75)
E,E-2-Phenoxy-perfluoro-3,4-dimethyi-hesxa-2,4-diene (76)
E,Z-2-Phenoxy-perfluoro-3,4-dimethyl-hexa-2,4-diene (77)
Z,2-2,5-Diphenoxy-perfluoro-3,4-dimethyl-hexa-2,4-diene (78)
E,Z-2,5-Diphenoxy-perfluoro-3,4-dimethyl-hexa-2,4-diene (79)
E.E-2,5-Diphenoxy-perfluoro-3,4-dimethyl-hexa-2,4-diene (80)
2,2'-Diphenoxy-perfluorobicyclopent-1,1'-enyl (81)
Perfluoro-2,2',3,3'-tetramethyl-bi-2,2'-oxirany! (86)
Perfluoro-2,2"-dichloro-bicyclobut-1,1'-enyl (88)

Periluoro-1 ,3,4,6-tetramethyl-2.5-dioxabicyglo[2.2.0]hexane (90) or
Perfluoro-1,2,4,5-tetramethyl-3,6-dioxabicyclo[3.1.0]hexane (91)
Tetrakis(trifluoromethyl)thiophene (92)
E,Z-2,5-Dithiophenoxy-perfluoro-3,4-dimethyl-hexa-2,4-diene (94)
Z,Z-2,5-Dithiophenoxy-periluoro-3,4-dimethyl-hexa-2,4-diene (85)
E,E-2,5-Dithiophenoxy-perfluoro-3,4-dimethyi-hexa-2,4-diene (96)

149



27.
28.
29.
30.
31.
32.
33.
34.

35.
36.

37.

38.

41.

42,

43.

44,
45.

46.

47.

48.

Z,2-2,5-Diamino-perfluoro-3,4-dimethyl-hexa-2,4-diene (101)
2,4,5-Tris(trifluoromethyl)-3-cyano-pyrrole (102)
2,5-Diamino-3,4-dicyano-1,1,1,6,6,6-hexafluorohexa-2,4-diene (103)
1-Phenyl-tetrakis(trifluoromethyl)pyrrole (108) '
1-H-1-Phenyl-2,3,4-tris(trifluoromethyl)pyrrolo[3,2-cjauinoline (109)
1-(4'-Dimethylaminophenyl)-tetrakis(trifluoromethyl)pyrrole (111)
1-(4'-Methoxyphenyl)-tetrakis(trifluoromethyl)pyrrole (112)
1-H-1-(4'-Methoxyphenyl)-2,3,4-tris(trifluoromethyl)-8-methoxy-pyrrolo-
[3,2-c]quinoling (113)
1-(4'-Fluorophenyl)-tetrakis(trifluoromethyi)pyrrole (114)
1-H-1-(4'-Fluorophenyl)-2,3,4-tris(trifluoromethyl)-8-fluoro-pyrrolo[3,2-
cJauinoling (115)

1-(4'-Chlorophenyl)-tetrakis(trifluoromethyl)pyrrole (116)
1-(4'-Nitrophenyl)-tetrakis(trifluoromethyl)pyrrole (117)
1-(2'-Methoxyphenyl)-tetrakis(trifluoromethyl)pyrrole (118)
1-H-1-(2'-Methoxyphenyl)-2,3,4-tris(trifluoromethyl)-6-methoxy-pyrrolo-
[3,2-c]quinoline (119)
1-(3'-Methoxyphenyl)-tetrakis(trifluoromethyl)pyrrole (120)
1-H-1-(3'-Methoxyphenyl)-2,3,4-tris(trifluoromethy!)-S-methoxy-pyrrolo-
[3,2-c]auinoline (121)
1-H-1-(3'-Methoxyphenyl)-2,3,4-tris(trifluoromethyl)-7-methoxy-pyrrolo-
[3,2-c]auinoline (122) |
5,5-Bis(ethoxycarbonyl)tetrakis(trifluoromethyl)cyclopentadiene (137)
Caesium tetrakis(trifluoromethyl)ethoxycarbonylcyclopentadienide
(136)

Casesium 1-ethoxycarbonylperfluoro-2,3,4,5,6-hexahydrodicyclo-
penta[b,djcyclopentadienide (138)
5-Ethoxycarbonyl-5-propanoyl-tetrakis(trifluoromethyl)cyclopentadiene
(142) |

Hexakis(trifluoromethyl)benzene (145)

150



49.
50.
51.

52.
53.

Caesium tetrakis(trifluoromethyl)propanoylcyclopentadienide (141)
Caesium pentakis(trifluoromethyl)cyclopentadienide (144)

Caesium periluoro-1-methyl-2,3,4,5,6,7-hexahydro-dicyclopenta[b,d]-
cyclopentadienide (153)

Casesium perfluoro-1,2,3-trihydro-4,5,8-trimethyl-pentalenide (154)
Decamethylierrocenium periluoro-1-cyclopenenylcyclopenia-2,5-

dionide (159)

NMR spectra were recorded in d-chloroform whenever possible. Spectra 27,

28, 29 and 48 were recorded in dg-acetone, spectra 45, 46, 50, 51 and 52

were recorded in di-acetonitrile and spectra 44, 47 and 53 were recorded in

acetonitrile. All spectra wers internally referenced using CFCls and Me4Si.
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NMR Number 1.

]
. CF3 CF,

F
b//F

CFy CFy

Chemical Shift Multiplicity = Coupling constants  Integral
(Ppm) (Hz)

19F data

-60.46 d pseudo sept Jg a19.4, Jg cse'1.9 3

[A3]2[X3]2
-68.24 d pseudo sept Jc,a7.9, Jc,e+e'1.9 3
-100.94 qq Ja,e19.4, Ja 7.7 1
13C data
109.5 qd JCF(6)37. Jd,a18 .
118.9 qd JCF250, Jg 238 .
121.9 q JCF276 .

154.7 dq vb,a291, JCF(c)40 -

NMR Number 2.

C e
a CF, F
t
Fa A CF4
CFy CF
b 3 d 3

Chemical Shift  Multiplicity Coupling constants  Integral

(ppm) (Hz)
19F data
-56.56 dqq /6105 4d,105, Jd,c2.3 3
-60.27 daq Jc,al9.2, Jcp2.6, Jodl.3 3
-67.94 qd 4,d10.3, J4,67.0 3
-68.80 dqq Jb,a7.1, Jpc24, bpgl2 3
-97.45 Qaq Jo,d10.6, Jg {7.0 1
-102.22 qaq Jac19.2, Ja pb6.8 1

Assignmant
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NMR Number 3.

Chemical Shift
(ppm)

19F data

-63.00
-71.84

-165.84

c b
F.c, SFa
meaf- 3
e
FC cry

Multiplicity  Coupling constants  Integral

(Hz)
m -
d Jb,a6.4 3
m - 1

Assignment

. NMR Number 4.

Chemical Shift Multipticity Coupling constants  Integral

(ppm) (Hz)
19F data
-58.24 daq  Jp10.3.4c.al0.3.4cc15 3
-67.60 qd Ja,c10.7, Ja p6.3 3
-101.38 m - 1

Assignment
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NMR Number 5.. NMR Number 6.

H-6 &

. . N . . Chemical shift  Multiplici Coupling constants Integral  Assignment
Chemical shift  Multiplicity ~Coupling constants Integral  Assignment plicity ping 9 9

(ppm) (Hz)
(ppm) (Hz)
19
19F data data
-95.6 - 1
-107.52 m ; 2 d 95.68 m a
-115.68 m - 2 c
-107.81 m - 1 a
-117.21 m - 2 b
-119.63 m - 2 b
-130.34 m - 2 c
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NMR Number 7.

Chemical Shift
(ppm)

1SF data

-60.97
-62.46
-89.35
-103.58
-128.51
-177.60

Fc

a
Brcna,_vg\r Fd

CI F
b 6

Multiplicity  Coupling constants  Integral

(Hz)

ABdd JaB64.1, Jap11.3,Jac11.3 1
ABdd JAB64.1, Japl4.7, Jac59 1
dd Jd e49.9, Jd,c38.1 1
ddd Jg ¢115.8, Jg p94.6, Jg d47.2 1
m - 1
dm Jg,e110.4 1

Assignment

e O n P

o

N.M.R. Number 8.
F Cc

a
BTCF2YS,CI

Cl F F
b d

Chemical Shift Multiplicity Coupling constants  integral

{ppm) (Hz)
19F data
-60.09 ABdd JAB89.0, Ja b13.4, Jacl3.4 1
-61.58 AB JABSB9.0 1
-105.94 dd Jd,c132.0, Jd,p48.0 1
-126.74 m - 1
-149.33 am Jc,d129.0 1

Assignmeant
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NMR Number 9.

Chemical Shift
{ppm)

19F data

-60.09
-61.58
-105.94
-126.74
-149.33

o¢c1

F¢c

a

C F
b &

Multiplicity ~ Coupling constants  Integral  Assignment
(Hz)

ABdd JAB89.0, Jap13.4, Jaci3.4 1 a
AB JABES.0 1 a
ad Jd,c132.0, Jd,b48.0 1 d

m - 1 b
dm Je,d129.0 1 c

NMR Number 10.

(Ppm)

1H data

1.10
2.57
3.27

O

d
L cr,
b ¢
Chemical Shift Muitiplicity Coupling constants  Integral
(Hz)
t Ja b7.2 -3
q Jb,a7.2 2
Jc,d10.3 2

19F data

-62.38

t Jd c10.4 1

Assignment ‘
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NMR Number 11.

Chemical Shift
(ppm)

19F data

-57.62
-62.40

b
FiC CF,

Multiplicity  Coupling constants
(Hz)

Integral

NMR Number 12.

Assi t
ignmen Chemical Shitt

(Ppm)

1H data

aorb
6.89

7.09

aorb

7.25

19F data

-61.10
-61.12
-62.31
-69.59
-105.19

c e
a CF3 CF3 ‘O
F .
N\O 9

i
CF; CF
3 3

Multiplicity  Coupling constants

(Hz)

d 4g8.0

t hgl.4

d Jps6.8

s -

d Jc.220.3

q Jael.9

dq 248, Joc1.9

qaq Ja‘c1 5.5, Ja.b8.1

Integral

w W W W

Assignment

g o o
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NMR Number 13. NMR Number 14.

h h
[ 9 [
CFy O CFy, O

’a: t : a f
FaC
AN CeFa 3 N CeFa
CF; CF. F CF
b’ d° : b a?’
Chemical Shift Multiplicity ~Coupling constants Integral  Assignment Chemical Shift Multiplicity ~ Coupling constants  Integral  Assignment
(ppm) (Hz) (Ppm) (Hz)
1H data 1H data
6.82 d Ji,g8.0 2 f 6.89 d A, g7.8 2 t
1 t Jhgt.2 1 h 7.07 t Jh,g1.0 1 h
7.27 d Jg,18.8 2 g 7.26 d Jg,14.4 2 g
19F data 19F data
-60.48 d Jc,a15.4 3 ¢ -57.21 daq Jcb10.4, L ,al0.4, o d26 3 c
-60.99 s ' - 3 ) -58.29 qq . Jo,d11.7, Jg c1.9 3 e
-62.70 q Jd,e11.9 3 d -63.39 S - 3 d
-70.49 d Jb,a8.6 3 b -69.23 qd Ja,c10.7, Ja b7.7 3 a
-107.08 qq Ja,c14.7, Ja b8.7 1 a -101.33 m - 1 b
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NMR Number 15.

Chemical Shift
(ppm)

1H data

6.91
7.06
7.23

19F data

-56.94
-58.29
-58.33
-69.11
-102.49

Multiplicity

daq

qd

[ e
CF; CF, @"
g
F 30\(%0/ '

F CF
b da

Coupling constants
(Hz)

4,g8.0
Jhgl-2

Jep10.7, S 210.7, Je g2.9

Jg,62.5
Jac10.5, Jap7.5

Integral

W W W W

Assignment

(2]

o »n a o

NMR Number 16.

c
b
a

Chemical Shift  Multiplicity
(ppm)

1H data
6.95 d
7.10 t
7.29 d
19F data
-60.25 q
-61.80 q

e
CF; CF,
O A =

CFy CFy

Coupling constants

(Hz)

Jc'ba‘o
Ja,b1 2
Jp,c8.4

Jo.g2.3
Jdlat 9
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NMR Number 17.

h i
e
CF, O
¢ g
ORNa
CF; CF
a p 3 1 3

Chemical Shift  Muiltiplicity ~ Coupling constants  Integral

(ppm) (Hz)
1H data
6.77 d Jc orhbor |80 2
6.92 d Jc orhbor |80 2
7.12 t Ja orjb ori1 .0 1
7.15 t Jaori.bofﬂ.o 1
7.27 d Jb ori,cor h8.4 2
7.27 d \k) ori,cor h64 2
19F data
-57.15 aq 49109, Ui g2.3 1
-59.56 S - 1
-62.04 q Jgt12.0 1
-63.34 q Jg3.0 1

Assignment

corh
corh
aorj
aorj
bori

bori

-

ca o o

NMR Number 18.

Chemical Shift  Multiplicity  Coupling constants  Integral

(ppm) {(Hz)
1H data
6.87 d Je b8.0 2
7.02 t Japl.2 1
7.24 d b c8.8 2
19F data
-56.43 Q Jog11.3 1
-62.31 q Je,g12.0 1

Assignment



NMR Number 19.

Chemical shift  Multiplicity  Coupling constants

(ppm) (Hz)
1H data
p—t 7.25 m -
[=))
[=—1
19F data
-106.90 s -
-116.93 s -
-131.13 s

Assignment

a,bandc

d, e, ort
d, e, orf

d, e, orf

NMR Number 20.

c
CF; CF.
o 3 3

Fb
F o)
CF, CFj
a

Chemical Shift  Multipiicity ~ Coupling constants  integral

(ppm) (Hz)
19F data
-66.10 dq Jep16.6, Jc a2.6 3
-76.36 s - 3
-154.66 q b c16.6 1

Assignment
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NMR Number 21. . NMR Number 22.

o] F o
a or
X 1 F:C——0 F3C CFja
H—& FaC—T11CFaa Fc CF3b
4 O——CF;b
Fe

F 9 Fe

Chemical Shift  Multiplici Coupli i
plicity oupling constants Integral  Assignment Chemical Shift Muiltiplicity Coupling constants Integral  Assignment

(ppe) (Hz) (ppm) (H2)
19F data 19F data
-113.21 .
s L a -66.76 dq Jo,c7.7, Jp,a3.8 3 b
11626 -
s L b -77.33 qd Ja b4 .8, Jac2.4 3 a
-151.26 qq Je,b7.8, Jc,a4.8 1 c
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NMR Number 23.

b
FiC CF,

/ \_a
FiC S CF,

Chemical Shift  Multiplicity  Coupling constants
(ppm) (Hz)

19F data
-54.12 m -
-56.00 : m -

Integral

Assignment

aorb

aorb

NMR Number 24.

Chemical Shift
(ppm)

1H data

7.22
7.23
7.30
7.37
7.48
7.50

19F data

-56.43
-56.57
-57.31
-57.75

[+

Multiplicity

-

a o a o

qaq
Q

n i
a
CF; S

]
b SN\CFa
a CF3 CF3
d L

Coupling constants
(Hz)

Jaorjbori2.1
Jaorjbori2.1
Jboricorn?-4
Jboricorn6.0
JeorhboriB.4
Joorhpori9-6

Jg13.4

Jig13.6, Ja4.2, Sy 1.6
Ja 4.1

integral

NN

Assignment

aorj
aorj
bori
bori
corh

corh
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NMR Number 25.

(-]
CF, CF,
[
lonee
a CF; CF.
d 3 3

Chemical Shitt ~ Multiplicity =~ Coupling constants  Integral

{ppm) (Hz)
1H data
7.21 t Jap2.2 1
7.36 d Jb,c7.6 2
7.46 d Jo b7.6 2
19F data
-57.27 pseudo sept Jo,d+e2-4 1
-57.88 pseudo sept Jd e+e2.4 1

NMR Number 26.

Chemical Shift  Multiplicity = Coupling constants  Integral

(ppm) {Hz)
1H data
7.24 t Jap2.8 1
7.40 d Jp,c6.8 2
7.50 d Je.b8.0 2
19F data
-56.11 Q . Jde13.3 1

-56.45 q Jog13.3 1

Assignment



co1

NMR Number 27.

Chemical shift

(ppm)

1H data

4.66

19F data

-61.59
-67.07

13C data

90.6

119.2
122.9
140.1

AR

Multiplicity

s (broad)

pseudo sept

pseudo sept

L O L0 o

c
CF; CF,

NH,
CFy CFy

Coupling constants
(Hz)

Jc'e..,e'z. 3
Jc'e.pe'z.a

JCF(c)34
JcF278
Jor274
JeF(e)32

Integral

Assignment

core

core

NMR Number 28.

Chemical shift

(ppm)

1H data

7.86

19F data

-65.80
-58.75
-59.79

13C data

110.5
117.56
117.58

118.9

121.7

124.3

129.8

Multiplicity

s (broad)

(7]

0 0 O 0O o0 o

F;C’zh/ f\\ R cF

2] e
FaG CN

N 3
0
H
a

Coupling constants

(Hz)

Jg'i7.3
Jg,i7-3

JCF(c,g ori)39
JCF(c.g or )39
JCF270
JCF269
JCF268
JCF(c.g ori)41

Integral

Assignment

gori

gori

8
b,forh
b, forh
c,gori
c,gori
c,gori

b,forh
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NMR Number 29.

[4
CN CF,

HN A~

CFy CN

Chemical shift ~ Multiplicity = Coupling constants

(ppm) (Hz)

1H data

7.09 s (broad) -

19F data

-65.91 s -

13C data

116.4 S -

121,

ca.i47.3
147.4

L O O

JcF278
JCF(c or g)ca.32
JeF(c ore)ca 32

Assignment

bord
bord

NMR Number 30.

Chemical shift

(ppm)

1H data

7.48

19F data

-54.34
-54.72

° CF
F'C P e
=0
N a
~
FaC
CF,

Multiplicity = Coupling constants  Integral

(Hz)
m - 1
S - 1
S - 1

Assignment

a,bandc

dore

dore
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NMR Number 31.

Fgc CF3
h N
e/ | N
N N3
e d b
t c
g

Chemical shift Multiplicity = Coupling constants

{ppm) (Hz)
1H data
6.83 d Jgc8.7
7.47 d Jap?.7
7.82 m -
8.27 d Jb,28.1
19F data
-51.63 qq 4ij17.9, 4pt11.1
-52.93 q i1

-63.88 q 4i17.9

Assignment

d
a

e, f,gandc
b

NMR Number 32.

e CF,
F4C c b a
¥N= CH,
— N N\
F,C CH,
CF,

Chemical shift  Multiplicity = Coupling constants  Integral

(ppm) (Hz)
1H data
3.04 S - 3
6.69 AB Jag9.1 1
7.12 AB Jag9.1 1
19F data
-54.56 3 - 1
-54.85 s - 1

Assignment

dore

dore
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NMR Number 33. NMR Number 34.

-]
Fac CFS c b F3C CF3
- h ~
) re—¢ 1 Y
F4C CHy NN\ 2
CF 3 (]
a b
t
o_¢
Chemical shitt  Multiplicity ~ Coupling constants  Integral  Assignment ° 4 CHg
H,C-
(ppm) (Hz2)
11 dat Chemical shift ~ Multiplicity = Coupling constants  Integral  Assignment
ata
(ppm) (Hz)
3.89 , s - 3 a
1H data
7.00 AB Jap8.8 2 b
7.25 AB Jap8.8 2 c
' 3.43 S - 3 c
3.95 S - 3
19F data 8
6.23 s - 1 d
7.18 AB Jag7.4 2 {
-53.49 s - 1 dore
7.26 s - 1 a
-53.74 s - 1 dore
7.44 AB Jag7.4 2 e
8.15 d Jp,28.8 1 b
19F data
-52.96 aq dj17.7, 4nt1.2 1 i
-54.07 q Jnil1.2 1 h

-64.70 q 4hi17.7

-t
—
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NMR Number 35.

Chemical shift
(ppm)

1H data

7.43
7.57

19F data

-54.36

-54.78
-108.41

Multiplicity

ABX
ABX

Coupling constants

(Hz)

JaB9.3, Ja 8.2
JaB9.3, b ed.7

Jo.a7.8, Jopd 6

Assignment

cord

cord

NMR Number 36.

FC  CFs
h N
N
Fe— |
N 2N\ a
e d b
f
F
[+
F

Chemical shift Multiplicity ~ Coupling constants

(ppm) {Hz)
1H data
6.55 dd Jdc11.0, Jgp2.9
7.64 ABX Jag9.2, Ji g4.8
7.71 dd Ja’ba.e. Ja_ca.a
7.74 ABX JaRS.2, Jp g8.5
8.58 dd Jb,a8-5, b 5.9
19F data
-53.03 qQq 4j17.6, 40108
-53.97 q Jhi11.0
-65.06 Q Ji17.5
-106.75 m -

-107.05 t Jg14.9

Integral

W W W

-

Assignment
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NMR Number 37.

d CF
F3C 3 b a
—
N cl
FiC
3 CF,

Chemical shift ~ Multiplicity  Coupling constants Integrai

(Ppm) (Hz)
1H data
7.30 ' AB Jap8.6 1
7.52 AB Jag8.6 1
19F data
-54.22 s - 1

-54.79 s - 1

Assignment

cord

cord

NMR Number 38.

Chemical shift  Multiplicity = Coupling constants  Integral

(ppm) (Hz)
1H data
7.60 AB Jan8.6 1
8.44 AB Jap8.6 1
19F data
-53.86 s - 1
-54.96 S - 1

Assignment

cord

cord
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NMR Number 39. NMR Number 40.

g CF,
FaC e d
= j
— N ¢ ' Fac /
FaC b i N
CF30 , H,C-O.
CH, .
f
a
Chemical shift ~ Multiplicity =~ Coupling constants  Integral Assignment
(ppm) (Hz) Chemical shift  Multiplicity ~ Coupling constants  Integral ~ Assignment
{ppm) (Hz)
1H data
1H data
3.82 ’ s - 3 a
7.04 d Jb,c8.2 1 b 3.67 s - 3 a
7.06 dd Jd’c7.8, Jd_e7.8 1 d 4.09 s 3 i
7.26 d Jo,g7.8 1 e 6.49 d Jgc8.3 1 d
7.53 ddd Jc.b7.9, Jc_d7-9. Jc,e1.6 1 c 7.07 d Jh.g7-7 1 h
7.19 dd hgB.1, 4 68.1 1 t
15F data 7.24 d 4 63.6 1 c
. _ 7.28 d Jo 9.4 1 e
-54.78 s - L forg 7.44 d Jo.c6.7 1 b
-56.33 s - 1 forg 7.70 dd Jg.n8.0, Jg (8.0 1 g
19F data
-52.89 qQa K179, kj11.3 1 k
-55.69 q Sx11.4 1 j

-64.58 q Ak17.9 1 i



CL]

NMR Number 41. ' NMR Number 42.

F3C ab

— § X
N
~ N c F3C / | P
F_-,C [: ] d N a

CFg -Cl 3 h 1 o b
HiC. 0" %
i CHy
Chemical shift  Multiplicity  Coupling constants  Integral  Assignment 9 d
(ppm) (H2)
Chemical shift  Multiplicity = Coupling constants  Integral  Assignment
TH data (ppm) (Hz)
3.99 s - 3 d 1H data
712 5 - 1 e
7.19 d Jo.p7.9 1 c 3.19 s ) 3 d
7.37 dd Jap9.4, Ja 1.5 1 a 3.80 s . 3 h
7.70 dd Ub,a8.4, o c8.4 1 b 6.80 s . ! aori
6.84 S - 1 aori
19F data 6.98 s - 1 corg
7.02 d Jo 183 1 e
-54.92 s - 1 forg 7.07 s ) L corg
5517 s i ) forg 7.39 dd 8.1, Sy 8.1 1 1
7.91 d Jap8.5 1 b
19F data
-52.05 aq 7.7, Jj11.3 1 k
-53.83 q Jix11.3 1 j

-65.12 q A17.7 1 |
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NMR Number 43.

Chemical shift

(ppm)

1H data

3.86
3.93
6.72
6.88
7.03
7.09
7.58
7.67

19F data

-52.94

-53.97
-65.02

g o

qq

Multiplicity ~ Coupling constants

(Hz)

J1,68.2, s g8.2
Jo114.3

4176, Jj11.2
4x11.2
dAx17.7

Assignment

NMR Number 44.

b

FaC CF,
a
FaC CF,
CH,CH,0 OCH,CH,
0O O

Chemical Shift Multiplicity Coupling constants Integral

(ppm) (Hz)

19F data
-55.82 s - 1
-60.09 s - 1

Assignment

aorb

aorb



1ZA

NMR Number 45.

Chemical shift  Muitiplicity

(ppm)
1H data
1.25 _ t
4.17 q
19F data
-50.64 S
-50.96 s
13C data“
14.2 S
61.1 -]
108.0 s
109.0 s
118.5 s
124.9 q

125.4 qQ

C b
Cs" 0% “OCH,CH;,

Coupling constants

(Hz)

Ja,b7.1
Jb,a7.1

JCF269
JCF267

Assignment

forh
forh

sorg

eorg

forh
forh

NMR Number 46.

Chemical shift

(ppm)

1H data

1.28
4.18

19F data

-97.55

-98.84
-121.61

Multiplicity

!
4

d b a
Cs* 0% ~OCH,CH,

Coupling constants

(Hz)

Ja b7.1
Jb,a’-1

Integral

Assignment

core

core
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NMR Number 47.

b

F.C CF,
a
FaC CF,
CH3CH,0 CH,CH,

0O o0

Chemical Shift Multiplicity Coupling constants  Integral

(ppm) : (Hz)

19F data
-54.80 o 3 - 1
-60.09 s - 1

Assignment

aorb

aorb

NMR Number 48.

CF, a
FiC CF,

FiC CF,
CF,3

Chemical Shift  Multiplicity = Coupling constants  Integral
(ppm) (Hz)

19F data

-51.54 s - 1

Assignment



9L1

NMR Number 49.

b
FiC CF3

a
FaC CF4

Cs* 0% “CH,CH,

Chemical Shift Multipticity Coupling constants  Integral

(ppm) (H2)

19F data
-48.83 : s - 1
-49.20 s - 1

Assignment

aorb

aorb

NMR Number 50.
FaC CF4
@
FiC CF,
Cs' CF,

Chemical Shift Multiplicity Coupling constants  Integral

(ppm) (Hz)
19F data

-49.73 . 8 - 1
13C data

110.6 q JCF(a)19 -

124.7 q JCE271

Assignment
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NMR Number 51.

CS’ aCFa

Chemical Shift Multiplicity Coupling constants

(ppm) (Hz)
19F data
-53.23 s -
-97.24 ) [ -
-98.94 s -
-121.76 s -

Integral

L A

NMR Number 52.

a
IO

c
Cs* CFy
b
Assignment Chemical Shift ~ Multiplicity = Coupling constants Integral
(ppm) (Hz)
19F data

a -53.03 s - 6
bord -53.95 s - 3
bord -117.60 s - 4
¢ -149.17 m - 2

Assignment



8L1

NMR Number 53.

Chemical Shift  Multiplicity Coupling constants  Integral  Assignment

(ppm) (Hz)
19F data
-106.80 s - 2 f
-117.19 s - 2 f
-122.06 [ - 1 c
-126.37 s - 4 aandb

-130.18 [ - 2 e



N e o s ® N

0.
11.

12.
i3.

14.
15.
16.
17.
18.
19.
20.
21.

22.

Annenoix Il
Infra_Bed Spaciia

Z,Z- and E,Z-Perfluoro-3,4-dimethyl-hexa-2,4-diene (50) and (51)
Perfluorobicyclopent-1,1'-enyl (43)

Periluorobicyclobui-1,1'-enyl (46)
4-Bromo-3-chlorohexafiuorobut-1-ene (62)

E- and Z-4-Bromo-1,3-dichloropentafluorobut-1-ene (63) and (64)
Tetrakis(trifluoromethyl)furan (73)

Z,Z-, Z,E-, E,E- and E,Z-2-Phenoxy-periluoro-3,4-dimethyl-hexa-2,4-
diene (74), (75), (76) and (77)

Z,Z-, E,.Z- and E,E-2,5-Diphenoxy-periluoro-3,4-dimethyl-hexa-2,4-
diene (78), (79) and (80)
2,2'-Diphenosy-perfluorobicyclopent-1,1'-enyl (81)
Pertluoro-2,2',3,3'-tetramethyl-bi-2,2'-oxiranyl (86)
Perfluoro-1,3,4,6-tetramethyl-2,5-dioxabicyclo[2.2.0]hexane (20) or
Perfluoro-1,2,4,5-tetramethyl-3,6-dioxabicyclo[3.1.0]Jhexane (91)
Tetrakis(trifluoromethyl)thiophene (92)

E,Z-, Z,Z- and E,E-2,5-Dithiophenoxy-perfluoro-3,4-dimethyl-hexa-2,4-
diene (94), (95) and (96)
Z,2-2,5-Diamino-perfluoro-3,4-dimethyl-hexa-2,4-dieng (101)
2,4,5-Tris(trifluoromethyl)-3-cyano-pyrrole (102)
2,5-Diamino-3,4-dicyano-1,1,1,6,6,6-hexafluorohexa-2,4-diene (103)
1-Phenyl-tetrakis(trifluoromethyl)pyrrole (108)
1-H-1-Phenyl-2,3,4-tris(trifluoromethyl)pyrrolo[3,2-clquinoline (109)
1-(4'-Dimethylaminophenyl)-tetrakis(trifluoromethyl)pyrrole (111)
1-(4'-Methoxyphenyl)-tetrakis(trifluoromethyl)pyrrole (112)

1-H-1 -(4'-MethoxyphenyI)-2,3,4-iris(triﬂuor'omethyl)-s-methoxy-pyrroIo-
[3,2-cjauinoline (113)
1-(4'-Fluorophenyl)-tetrakis(trifluoromethyl)pyrrole (114)

179



23.

24,
25.
26.
27.

28.
29.

30.

31.

32.
33.
34.
35.

1-H-1-(4'-Fluorophenyl)-2,3,4-tris(trifluoromethyl)-8-fluoro-pyrrolo[3,2-
clquinoling (115)

1-(4'-Chlorophenyl)-tetrakis(trifluoromethyl)pyrrole (1186)
1-(4'-Nitrophenyl)-tetrakis(trifluoromethyl)pyrrole (117)
1-(2'-Methoxyphenyl)-tetrakis(irifluoromethyl)pyrrole (118)
1-H-1-(2'-Methoxyphenyl)-2,3,4-tris(trifluoromethyl)-6-methosxy-pyrrolo-
[3,2-cjguinoling (119)
1-(3"-Methoxyphenyl)-tetrakis(trifluoromethyl)pyrrole (120)
1-H-1-(3'-Methoxyphenyl)-2,3,4-tris(trifluoromethyl)-8-methoxy-pyrrolo-
[3,2-clquinoline (121) and
1-H-1-(3'-Methoxyphenyl)-2,3,4-tris(trifluoromethyl)-7-methoxy-pyrrolo-
[3,2-clquinoline (122)

Caesium tetrakis(trifluoromethyl)ethoxycarbonylcyclopentadienide
(136)

Caesium 1-ethoxycarbonylperfiuoro-2,3,4,5,6-hexahydrodicyclo-
penta[b,djcyclopentadienide (138) |

Hexakis(trifluoromethyl)benzene (145)

Caesium pentakis(trifluoromethyl)cyclopentadienide (144)
Decamethylferrocenium perfluorobicyclopent-1,1'-enylide (155)

Decamethylferrocenium perfluorobicyclobui-1,1'-enylide (161)
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25 MICRONS 30 L0 50 60 70 80 90 10 2 1 6 20 , P40
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25 MICRONS 30 40 50 6.0 70 80 90 10 R %’ ,20 L340

10

@00 3500 3000 2500 2000 1800 1600 1,00 1200 1000 800 600 400 250
Wavenumber icm-1)
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25 MICRONS 30 L0 50 60 70 80 90 10 R 1L % .2 . 30,40

(000 3500 3000 2500 2000 1800 1600 100 1200 1000 800 600 400 250

Wavenumber {cm-)
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25 MICRONS 3.0 .0 S0 50 70 80 90 10 12 w16 20 , 3040

¥ /’A\‘} 4
I\W fﬁ y bﬂ(

. !

i ' ' . l [

17

20

(000 3500 3000 2500 2000 1800 1600 100 1200 1000 800 600 400 250
Wavenumber fcm=)
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25 MICRONS 30 L0 50 60 70 80 90 10 12 % 16 20 . 3040

22

—_—————— TWW\ mwwm

23

2%

25

000 300 3000 2500 2000 1800 1600 1400 1200 1000 800 600 400 250
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25 MICRONS 3.0 40 50 6.0 70 a0 390 10 ” % 16 20 L 3040

26

27

28

29

__———\_/-""\/"‘/-
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25 MICRONS 30 &0 50 6,0 70 80 90 10 R 18,20 | 3040

3

34

35
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21.
22.
23.
24.
25.
26.

Z,Z-Periluoro-3,4-dimethyl-hexa-2,4-diene (50)
E,Z-Perfluoro-3,4-dimethyl-hexa-2,4-diene (51)
Perfluoro-1,2,3,4-tetramethylcyclobutene (52)
E,E-Perfluoro-3,4-dimethyl-hexa-2,4-diene (60)
Perfluorobicyclopent-1,1"-enyl (43)

Perfluorobicyclobut-1,1'-enyl (46)
4-Bromo-3-chlorohexafluorobut-1-ene (62)

E- and Z-4-Bromo-1,3-dichloropentafluorobut-1-ene (63) and (64)
1,1,1-Trifluoropentan-3-one (146)

Tetrakis(irifluoromethyl)furan (73)
Z,Z-2-Phenoxy-perfluoro-3,4-dimethyl-hexa-2,4-diene (74)
Z,E-2-Phenoxy-perfluoro-3,4-dimethyl-hexa-2,4-diene (75)
E,E-2-Phenoxy-perfluoro-3,4-dimethyl-hexa-2,4-diene (76)
E,Z-2-Phenoxy-perfluoro-3,4-dimethyl-hexa-2,4-diene (77)
Z,Z-2,5-Diphenoxy-perfluoro-3,4-dimethyl-hexa-2,4-diene (78)
E,Z-2,5-Diphenoxy-perfluoro-3,4-dimethyl-hexa-2,4-diene (79)
E,E-2,5-Diphenoxy-periluoro-3,4-dimethyl-hexa-2,4-diene (80)
2,2'-Diphenoxy-perfluorobicyclopent-1,1-enyl (81)
Pertluoro-2,2',3,3'-tetramethyl-bi-2,2'-oxiranyl (86)
Perfluoro-1,3,4,6-tetramethyl-2,5-dioxabicyclo[2.2.0]hexane (30) or
Perfluoro-1,2,4,5-tetramethyl-3,6-dioxabicyclo[3.1.0]Jhexane (91)
Tetrakis(trifluoromethyl)thiophene (92)
E,Z-2,5-Dithiophenoxy-periluoro-3,4-dimethyl-hexa-2,4-diene (94)
Z,Z-2,5-Dithiophenoxy-perfluoro-3,4-dimethyl-hexa-2,4-diene (95)
E,E-2,5-Dithiophenoxy-perfluoro-3,4-dimethyi-hexa-2,4-diene (96)
Z,2-2,5-Diamino-perfluoro-3,4-dimethyl-hexa-2,4-diene (101)
2,4,5-Tris(trifluoromethyl)-3-cyano-pyrrole (102)
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27,
28.
28.
30.
31.
32.

33.
34.

35.
36.
37.
38.

39.
40.

41.
42.

43.

44,

45.

46.
47.

2,5-Diamino-3,4-dicyano-1,1,1,6,6,6-hexafluorohexa-2,4-diene (103)
1-Phenyl-tetrakis(trifluoromethyl)pyrrole (108)
1-H-1-Phenyl-2,3,4-tris(trifluoromethyl)pyrrolo[3,2-cjauinoline (109)
1-(4'-Dimethylaminophenyl)-tetrakis(trifluoromethyl)pyrrole (111)
1-(4'-Methoxyphenyl)-tetrakis(irifluoromethyl)pyrrole (112)
1-H-1-(4'-Methoxyphenyl)-2,3,4-tris(trifluoromethyl)-8-methoxy-pyrrolo-
[3,2-cJauinoling (113)
1-(4'-Fluorophenyl)-tetrakis(trifluoromethyl)pyrrole (114)
1-H-1-(4'-Fluorophenyl)-2,3,4-tris(trifluoromethyl)-8-fluoro-pyrrolo[3,2-
cjauinoline (115)

1-(4'-Chlorophenyl)-tetrakis(trifluoromethyl)pyrrole (116)
1-(4'-Nitrophenyl)-tetrakis(trifluoromethyl)pyrrole (117)
1-(2'-Methoxyphenyl)-tetrakis(trifluoromethyl)pyrrole (118)
1-H-1-(2'-Methoxyphenyl)-2,3,4-tris(trifluoromethyl)-6-methoxy-pyrrolo-
[3,2-c]quinoling (119)
1-(3'-Methoxyphenyl)-tetrakis(trifluoromethyl)pyrrole (120)
1-H-1-(3'-Methoxyphenyl)-2,3,4-tris(trifluoromethyl)-8-methoxy-pyrrolo-
[3,2-c]quinoline (121) and
1-H-1-(3'-Methoxyphenyl)-2,3,4-tris(trifluoromethyl)-7-methoxy-pyrrolo-
[3,2-c]quinoline (122)
5,5-Bis(ethoxycarbonyl)tetrakis(trifluoromethyl)cyclopentadiene (137)
Caesium tetrakis(trifluoromethyl)ethoxycarbonyicyclopentadienide
(136)

Casesium 1-ethoxycarbonylperfluoro-2,3,4,5,6-hexahydrodicyclo-
penta[b,djcyclopentadienide (138)
5-Ethoxycarbonyl-5-propanoyl-tetrakis(trifluoromethyl)cyclopentadiene
(142)

Hexakis(trifluoromethyl)benzene (145)

Caesium tetrakis(trifluoromethyl)propanoyicyclopentadienide (141)

Cassium pentakis(trifluoromethyl)cyclopentadienide (144)
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48. Cassium perfluoro-1-methyl-2,3,4,5,6,7-hexahydro-dicyclopenta[b,d]-
cyclopentiadienide (153)
49. Caesium perfluoro-1,2,3-trihydro-4,5,6-trimethyli-pentalenide (154)
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Mass spectrum number 1.

gﬂ;ﬁglﬁi’o | xl  Bgd=150 21-AUG-S1 15:15+9:01:54 70E 30
ph= =lBv  Ha=363  TIC-642854976 ficnt : Sys:AULLINS
FA3 8. IRSEC S oy HiR: 65534880
ox1°0 6= 47"  Cal:PFKRIAUG FRSS: 343
e, 8 23 293 1
% |
% |
85 |
89 |
%5 |
7
SSJ 2 S
62 155
55,
58 |
4 |
49 "
75 93
3
B &5
2|
51 193
18] 185 143
5 | | l [ l .
81 ||l “ LL |5|1| t d o] | L
168 158 200 250 38 358 440
El+ data
Mass 7 Base
49. 81 3.55 154. 98 59.57
S54. 85 1.69 155. 99 3.13
66. 99 0.39 161.99 1.17
68. 94 100.00 O 166. 99 2.34
69. 96 3.13 173.99 8.98
73.97 5.47 175. 02 0.39
78.99 1.61 180. 98 9.77
81.01 0.39 185. 99 6.64
86. 00 5. 86 187.01 0.39
92.99 35.56 192.98 12.88
94 01 0.79 194.01 0.78
98. 00 4.30 201.63 1.17
99. 99 3.13 204.98 64.09
104 99 10. 55 205. 98 3.91
106.01 0.39 217.01 0.78
111.98 10.16 223. 98 3.55
112.50 0.39 242.75 53.64 F
117.00 37.58 243. 00 100.00 FO
118.00 1.98 243. 96 12.19
118.99 4.77 254.95 23.88
123.99 20.70 255. 98 1.57
125.01 0.78 273.96 1.958
130. 98 20. 36 292. 68 73. 44 F
132. 0! 0.39 292. 99 ©100.00 FO
135.99 7.84 293.95 20.20 F
136. 88 0.78 F 295. 01 0.78
137.00 2.34 F 342. 94 100. 00 FO
142 98 10.55 . 343. 95 10.55 F
144 01 0.39 345.03 0.39
148. 01 t.17 361.95 4.69
150.00 0.78
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Mass spectrum number 2.

SR4801490 xt  Bgd=l  21-AUG-9t 15:15-6:01:52 J8E £l
BB [=7.3v Ha=382  TIC=188558888 ficnt : SysRULLINS HER: 48126888
5?3 'g.mssc GC= 47°  Cal:PFK2IAUG AASS: 293
160, 293
95 |
%
85 |
83|
%5
78 |
5] 8 23
58 |
55 |
58 |
4
) 13
48 |
35 ]
1
25 ]
2, 205
15 155
18 |
S‘ ' L
8 Lol " ] l l ‘ Y l . ] l | l . L l ~L |
5 189 158 280 258 308 359 428
El+ data
Mass % 8ase
68. 96 65. 96 274. 02 0.83
69.97 0.83 293.01 100. 00
73.98 1.06 294. 02 7. 4%
81.01 0.53 343.02 47 .34
86. 01 1.06 344. 03 3.72
93.01 7.51 362. 00 1.60
98. 02 0.55
100. 0t 0.53
105.01 2.13
112.01 2.66
117.01 7.99
119.01 1.06
124.01 4. 37
131.01 5.85
136. 01 1.60
137.02 0.83
143. 00 2.66
165. 01 14. 36
156. 01 Q.53
167. 02 0.583
174.02 2.13
181.02 2.70
186. 02 1.60
193. 02 3.72
208. 02 18. 66
206. 02 1.086
224. 02 1.086
243.0¢ 64.8%
244.01 3.72
255. 01t 8.51
256. 02 Q.53

192



Mass spectrum number 3.

SHULIBISIe  xI  Bgd=142  38-SEP-O1 14:17-B:61:52 7€ £l
BB [=6.3v  Ho=362  TIC=179545888 Rent Sys: AULLING WAR: 41287868
FR3 0. IRSEC GC= 48°  Cal:PFK2IAUG ARSS: 293
188 293
80 | 69
243
£ |
] M2
40 |
2 ] 155 285
_ 17
] - Lxlu'lllqllklx ALln_lv L l' . )
58 168 158 288 250 389 358 408
El+ data
Hass % Base
49. 64 0.89
854.67 0.62
68.75 79.11
69.78 0.76
73.76 1.88
7877 0.63
85.76 1.46
92.75 9.18
97.74 1.33
99. 74 0.91
104. 73 2.82
111.71 2.86
116. 71 10. 56
117. 72 Q.62
118. 71 1.24
123.70 6. 04
130 .69 6.36
135. 68 2.49
136. 68 0.69
142.67 2.91
147. 66 0. 43
154. 65 18.19
155. 65 0.77
161. 65 0. 36
166. 65 0.92
173.63 2.77
180. 62 3.35
185. 61 2.17
192.59 3.82
204.59 20.61
205. 60 1.33
216.59 0.32
223.57 1.42
242.54 63.67
243. 55 3.84
254. 53 9.95
2995. 84 Q.68
273.54 0.73
292.852 100.00 F
293.50 6.95 F
342. 46 47. 65
343. 49 4. .35
361. 45 1.86
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Mass spectrum number 4,

gﬂgﬂgﬁ?o o ulH gggﬂss 21-AUG-91 15:15+8:61:57 78E £l
pH= B.lv Hee TIC=170868888 fient : Sys:RULLINS o
FR3 0.1R ) . HAR: 53248088
o SEC 6C= 48°  Cal:PFKRIAUG ARSS: 69
lea, 63
%5 |
% ]
85
8 |
%5 ]
7.
65 .
68 |
55 |
59,
4
.
35
3
25 243 293
28 1 21
15 ] 1
18] 33
5 ] ‘
8 N hl l Ih " I { [ L 1 N |
g 168 158 268 258 388 358 498
El+data
Mass /. Base
49. 82 0.986 231. 01 19.30
68. 96 100. 00 232.01 0.96
69.97 0.96 243. 00 24.52
73.98 0.99 244 00 1.92
75. 00 0.48 285. 00 3.85
86. 01 0.48 261.99 0.96
93.01 8.02 263.01 0.48
100. 01 2.40 274. 00 0.32
105. 01 1.92 281.01 16.83
112.01 1.92 282.01 0.96
113.01 1.486 293. 01 25. 96
117.01 3.88 294.01 1.92
119.01 19.36 305. 02 1.44
124. 01 4.33 313.01 0. 96
131.01 4.19 331.02 3.88
136. 01 0.96 343.01 10.58
137. 02 0.48 344. 02 0.96
143. 00 5.29 362. 00 0.48
185. 01 6.73 363. 01 0.48
162.01 0. 48
163. 02 1.44
174. 01 0.96
178. 02 0.96
181. 01 9.13
186.01 0.96
193. 02 6.36
194 02 0.32
209. 02 7.26
206. 03 0.48
212.01 0.96
213.03 0. 34
225. 03 0. 48

194



Mass spectrum number 5.

SA302890 xl  Bgd=e82 ?23-AUG-9! 18:21-8:03:35 JeC £l+
BpH=8 [=2.9v Hn=387 TIC=105873080 flcnt : Sys : AULLINS HHR: 19209889
[rg _aa.msm: GC= 48°  Cal :PFKRIAUG ARSS 267
(88, 267
g5 |
98 |
5 |
88 |
%5 |
78 |
5 |
§8 | 1V
55 |
58 |
45 |
0 i)
35 |
38
% |
306
e8] 1
15 ]
18] 93 131 167 179 3%
[ I HL l.l”l. N Hll.x_ N s JJ_[ bodl s l. A
5 188 {58 288 258 358 488
El+data
Hass % Base
48 79 1.33 188. 44 0.42 285. 89 6.67
54. 84 0.49 159.94 1.33 286. 92 1.01
€8. 92 38. 30 166.93 10. 74 297.88 6.67
69.93 Q.48 167.95 0.43 298.8° 0. 41
73.94 2.67 173.95 0.51 315. 48 0.71
78. 96 2.67 178.93 11.67 316.87 60.09
80.97 0.33 179.94 1.33 317.88 5.92
85. 96 1.33 180. 94 0.35 335. 86 10.67
92. 96 10.67 185. 93 6.67 336. 86 1.33
97. 96 4. 00 186. 95 0.43 347.84 0.36
98. 96 0.49 190.93 Q.44 366. 82 36.19
99. 96 4.45 192.93 0.48 367.82 4.00
104. 96 2.67 197.93 6.786 388. 83 22.93
108. 46 2.67 198. %4 1.33 3686. 82 2.67
109. 95 1.33 204. 92 2.67
111.96 0.43 209. 92 2.67
116.98 18.67 216.91 41.33
117.96 1.44 217.91 2.83
121.97 0.37 228. 89 8. 00
123. 95 6.67 229.92 1.33
124. 96 0.30 235. 90 6. 94
128. 9% 4.00 236. 91 0.40
129. 96 0.31 240.91 1.33
130. 95 10.67 247.9%0 9.33
133.45 0.47 248 90 1.33
135. 94 3.22 254.89 Q.49
140.94 4. 00 259. 95 0.31
142. 94 2.687 266. 89 100. 00
147. 94 8.02 287. 90 8.40
148 .95 0.62 278. 88 4.00
154 .94 5.33 279.89 Q.45
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Mass spectrum number 6.

SR402850 x| Bod=195 23-AUG-81 11 23-8:€2:33 J8E £l
BpA=0 [=18v  Hn=287 TIC=292399488 Rent - Sys:RULLINS HAR: £5534808
fgal.g.msw GC= 48%  Cal :PFKRIAUG ARSS: 21
188, ?
g5 |
98 |
85 |
68 |
75 ]
78 ]
£5 |
60 |
55 | 12
50 |
45 ]
49 ]
3
. 267
38 167
&, 186
28 | 93
286
Bl 8 135 23
18 3
L] |
ﬂ l e |. Mot AL lA R r;l. “ 'lL 1 by, l__l. L; 5 v ! v i . l . .
68 08 108 128 148 168 188 260 228 248 268 269 389
El+data
Hass 7 Base
49.79 3.22 140. 94 1.07
54.82 2.73 142. 93 2.34
59. 86 0.39 147.92 9.03
€1.87 0.39 148. 94 0.78
66. 91 0.78 154. 33 9. 38
68.92 13. 14 155. 94 0.78
73.94 5. 82 166. 94 30. 40
74.95 0.39 167.94 1.96
78. 96 7. 03 173. 94 Q.78
79.97 0.39 178. 92 2.46
80. 97 0.39 179.92 0.39
85. 96 7.03 185.92 23. 44
88. 97 0.39 186. 93 1.56
92. 96 20. 31 197.92 2.34
93. 96 0.78 198. 92 0.39
97.96 10.56 204. 91 0.65
98. 97 0.78 216.91 100.00 FO
99. 9% 4.69 217.89 8.98 F
104. 9% 4.48 218.90 0.39
105. 96 0.39 235. 90 13.2
108. 46 0.78 236. 90 1.23
109. 95 1.56 247 .89 Q.47
111.95 0.78 266. 88 32. 42 F
116. 96 56. 25 267.88 2.78 F
117. 96 3.13 285.87 ©17.13
121.95 0.39 286. 88 1.87
123. 98 5.86
124. 96 0.39
128. 88 3.52
129.95 0.39
130.95 3.98
135. 94 11.9%
136. 98 0.62

196



Mass spectrum number 7.

SAI01240 x| Bgd=163 13-AUG-91 89-84-8:83:23 7E £l
BpH=147  1:2.6v Hn=eB2  TIC=65371868 fent: Sys: RULLINS HAR: 17344088
6C= 62°  Cal:PFKJULIN AASS: 147

188, ’ 147

% |

99 ]

85 ]

80 |

% |

78 |

5

68 |

55 |

58 |

4 ]

28

40

35 93

3]

3

28 |

15

§9

18 |

3y ]

8 A‘JJLL.I Lo A%IJ.JJ.I L L LIL “ 1,

58 160 158 288 258 38 358 488
El+ data
Mass Base

41.07 5.39 147. 06 100. 00
43. 07 0.58 148. 07 2.73
44 .02 1.22 149. 07 33.95
47 .02 S.17 150.08 0.99
50. 04 1.15 153. 02 0. 40
55. 08 1.39 155. 02 0.53
§57.12 0.32 162.10 6.56
82.05 1.00 178. 09 4. 35
69. 08 12.59 180.08 1.34
74.08 3.87 191.05 7.12
78.03 0.36 193. 05 6.81
78. 99 0.97 197. 10 6.15
79 99 0.57 199.10 1.83
81.03 1.33 207.03 3.15
81.98 0.55 209.03 4.09
8%5. 03 0.81 211.04 1.03
87.04 0.31 241.07 6.65
93. 06 33.95 243. 07 5.92
94.07 0.59 244.09 0.36
97.04 0.66 276.06 2.57
109. 0S8 2.38 278.05 3. .66
111.08 1.01 280. 04 0.87
112.07 5.67
116. 05 0.72
118. 08 0.33
124. 08 1.23
128. 06 0.4§
129.01 4.04
131.08 S.92
143. 09 1.89

197



Mass spectrum number 8.

SH19387%0 x| Bgd=388  13-AUG-91 B9:84-8:85:59 )8E £l
BpA=163 =18y  Ho=299  T[C=489948992 fent: Sys:AULLINS HAR: 65534888
GC= 68°  Cal:PFKJULII AASS 162

188, 183

95 ]

98 |

85 ]

88 |

75 ]

78 |

65

59 ]

55 ]

58 |

45 |

48 |

35

38

25

88 93 149
2 |
15
3 85 178

18]

5 |

0 L ik,
59 108 158 288 258 388 159 408

El+data
lMaSS 7. Base

28.00 1.08 158. 91 1.06 212.67 Q.07
30.88 9.33 161.7 4. 38 212.87 4.58
46. 96 1.28 161. 20 4.38 213.88 0.21
S4.98 4 38 162.10 4 38 214. 86 2.96
65. 95 1.88 162.19 4 38 215. 86 0.17
68.97 18.48 F 162. 88 100. 00 216. 86 0.49
69. 00 9.31 F 163.89 3.23 222.78 0.49
73.97 4.23 164.87 66.51 F 224. 80 4.38
78.97 4.38 164. 96 6.73 F 226.78 0.31
84. 86 4 38 165.88 2.11 228.79 0.06
84. 94 7.78 166. 65 4.38 256. 54 0.06
86. 94 2.72 166. 88 11.03 256.81 5. 04
88. 26 2.56 167.87 4.38 287.77 4. 38
89. 95 1.84 177. 20 7.85 258. 81 6. 04
92.97 12. 65 179.89 4.38 259. 81 4. 38
93. 98 4. 38 180.88 0.14 260. 80 1.57
98. 94 4.38 185. 84 0.05 261. 80 0.07
100.93 4. 38 190.83 0.38 291.77 3.39
104. 95 4. 38 192.82 0. 46 292.75 4.38
108.82 4. 38 193. 84 4.38 F 293.50 0.07
108.93 12.87 193. 20 4 .38 F 293.77 5.94
110.23 4. .12 194 87 0.16 294. 76 0.23
115. 23 1.19 195.87 1.42 295.76 4.38
117.23 4 38 196. 84 0.18 296. 76 0.12
123. 96 4. 38 197.86 0.31 296. 85 0.08
127.92 1.08 198.85 Q.08 297.7¢6 0.35
128. 88 q.27 206.82 4.31
130. 86 4. .48 F 207.82 Q.19
130.982 4. 38 F 208. 64 0.07
142.95 2.06 208. 82 6.08
146. 91 510 209.81 "0.20
147 24 4.38 210.81 1.39
148. 91 173 212 .64 0. 08

198



Mass spectrum number 9.

SH7R1 41 x1889 Bgd=1 -8:80:00
BpA=8 [=18v  Hn=2B82 TIC=654396 ficnt : . Sys: HRR: 65534
Pl=g°  Cal: ARSS: 1t
189, ¥ 83 91 1
95 .
89
98 |
85 |
60
75
78 | 148
ES -
ga] | 4
95
58 J
45 ]
48 .
35
38
25 |
2f .
15
18]
S ]
0 4 Al h |- ’ . N
58 108 150 288 250 388 358
El+data
Mass 4 Base
52.10 1.40 89.18 1.67
53.08 7.45 80.17 0.91
53.12 8.86 91.17 100. 00
84. 09 2.01 92.17 4. 20
54.13 0.82 93. 18 4. 20
55.11 47. 00 95. 18 1.80
§6.11 70.20 99. 18 0.67
57.14 100. 00 101. 20 1.30
§8.13 43.70 102. 20 0.43
59.13 8.44 103. 21 Q.68
60.13 0.97 110.18 16. 78
61.11 11.45 111.22 100. 00
62.11 1.38 112.19 44. 90
63.11 24.72 113.19 3. 46
64.12 60. 35 120. 21 0.89
65.13 6.87 121.21 0. 686
67.12 0.42 125. 20 0.55
68.13 0.45 139. 24 0.40
69.11 92.01 140. 24 69.62
70.13 1.19 141.25 9.99
71.13 5.64 142. 26 0.71
72. 16 1.25 281. 36 0.38
73. 186 1.02
74 14 Q.87
75.18 6.94
76. 15 1.38
77.186 5.26
79. 16 0.30
81. 15 0.63
82.14 13. 85
83.18 100. 00
84. 16 6.08
88.17 0.65
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Mass spectrum number 10.

SA16201880 xl  Bgd=185 11-SEP-91 10:239:82:28 78 Ele

BpR=d =20y He=3d1 TIC-01367880 ent Sys:
: :RULLIHS :
FA3 8. 1HSEe s O HAR: 17636008
X190 6C= 48°  Cal:PFK2IAUG HASS: 32
188 31
% |
%)
85|
8|
%5 |
% ]
65,
68 63
55 |
58 .
" o
£l
4 298
3 )
3] : 243
2.
2.
15
155 193
18 221
N L]
&ﬁl Al LU, .'JL[[' LJ_|. . I 1l . |
g 190 158 268 258 38 358
El+ data
Mass 7 Base
49.77 1.48 211.93 0.75
54.81 1.05 217.78 0.32
66. 90 0.33 220. 92 10.13
68.91 58.70 221.94 0.68
69.91 0.65 223.94 4.59
70.91 1.45 224. 95 0.34
73.93 1.72 232. 94 0. 40
78. 95 0.31 239.93 1.45
80. 95 0.35 242.93 31.14
a5. 95 2.00 243. 94 2.02
B89. 94 2.51 261. 94 0.61
92.95 5.79 270. 94 47.78
94._94 Q.42 271.94 3.63
96. 94 0.51 289. 94 40. 88
97.95 0.63 290. 94 3.13
104. 94 6.08 320.94 100. 00 F
113. 84 0.47 321.95 B.68 F
116. 24 §.99 322. 97 0.54
117.95 0.31 339.95 43. 54
123. 94 5.97 340.95 3.79
125. 94 0.75
130. 94 2.91
135. 94 2.89
142. 93 6.09
154. 94 13. 44
155. 94 0.72
173. 94 1.50
180. 94 1.82
182. 94 4. 34
192. 94 12.18
193. 95 0.63
201. 94 0.50
204. 94 2.89

200



Mass spectrum number 11.

SAL1R04650 xl  Bgd=461 11-HDY-88 16:4+8:88:15 78C (3
BpA=0 [=18v  Hn=474  TIC=382811068 Aent: © Sys:AULL iR 6553488
6c= 111° Cal:PFKIILY RRSS: 7
188, 77
95 |
99 |
85 |
68 |
75 ]
78 ] 436
65 |
68 |
51
55 ) 5
58 |
45 |
48 |
% B3
38 ]
5 ]
28 |
1
19,
397
18 ]
5 |
9 I NN l.ri .,LL‘L.L IJ'H 1 e b L I ! L - _
58 168 158 88 258 388 358 488 458 S8
El+data
Mass Y. Base
27.03 4. 05 208 55 0.52
28.01 2.58 221.02 1.06
37.02 1.06 231.07 0.38
38.02 4.11 232.07 0.45
39.03 17.23 243. 02 2. 486
40. 04 1.86 250. 06 1.28
50. 02 13.80 255. 02 0.77
51.03 55.13 271.02 2.42
52.03 2.51 290.02 0.37
55.03 1.51 293. 04 0.95
62.03 1.43 300.06 0.50
63.04 4.23 319. 07 1.79
84. 04 2.37 320.07 0.32
65. 05 35i91 321.03 0.93
66. 06 5. 44 22.04 0.37
69.01 18. 71 331.06 0.39
74. 03 3.73 335. 05 Q.43
75.03 3 58 336. 06 0.12
76. 04 5 21 339.09 0.37
76. 98 2 67 347 06 2.15
77 0S 100.00 0 367 08 2.97
78. 05 23.55 368.09 0.63
93. 05 53. 22 397.08 12. 48
94. 06 20.08 398. 08 2.08
95. 05 3.28 417.08 5.91
96. 05 11.09 418.08 0.76
117. 01 1.55 435. 25 0.60
124.01 1.06 436. 09 70.07
143. 01 2.65 437.09 9.94
158. 02 1.69 438. 10 0.78
183. 53 4.06
193. 00 2.34
200. 06 9.57
201.07 0.60
205.03 2.77
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Mass spectrum number 12.

SA11210703c w1  Bgd=GBE  11-SEP-91 11:47-B:88:44 JOE £l

BpRsB  I=3.lv  Ha=438 TIC=444386A9 fcnt: Sys:AULLINS
Hig: 20573068
FA3 .1ASEC = 116° : - .
i 6C= 116° Cal:PFK21RUG HASS: 7
188 7
95|
99 .
65 .
89
754
7BJ
65 |
-4
5.
594
45
48
35
38
5 ]
2. 4%
15 ] 93
19 .
) \_)h)\
g' - N Lot i W ol i ny = i Ay 1 l\' L
5 148 158 268 258 388 358 469 459 568
El+data
Hass 7 Base
49. 80 3.74 397. 11 2.94
50.82 15. 40 398.12 0.39
51.83 0.70 417.11 1.95
61.89 0.35 436.13 22.40
62. 91 1.24 437. 14 3.35
63.92 0.66
64.94 9.32
65. 95 0.53
69.92 5.10
73.97 1.09
74.98 1.24
79.99 1.57
77.00 100. 00
78.01 6.43
93.01 14. 36
94. 02 1.14
95. 01 Q.65
96.02 3.18
116.98 0.38
123.98 0.32
142. 97 0.61
154. 98 0.48
183. 52 1.24
192. 99 0.68
204. 99 0.87
220. 99 0.34
243. 00 0.58
250.04 0. 46
271.02 0.95
319.08 Q.70
321.08 1.47
347.08 0.60
367.08 1.14
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Mass spectrum number 13.

SH11RD4680 I Bgd=451 11-HOY-88 16 4-9:88:18 8L £l
BpA=0  I=18v  Ho=438 TIC=384235800 fAcnt: Sys:AULL HRR: 65534880
6C= 118° Cal:PFKLIN fRSS: 94

108 94

95

38 |

g5

08

75

78 |

65 ]

6.

55 |

8 66

45 |

39

48 ]

% |

30

2 |

28 55

L . : : : , , - .
180 158 288 258 348 358 489 458 588
El+ data
Mass 7 Base

26. 02 2.28 75.03 2. 04
27.03 6.48 76. 04 2.11
28.01 3.75 77.0S 8.97
29.01 2.64 79.03 1.72
31.0¢ 2.76 93. 03 4.99 ¢
31.82 1.01 93.97 1.93 F
31.99 1.07 94. 05 100.00 0O
32.02 1.13 95. 06 15. 86
32.52 1.42 96. 06 1.28
37.01 6.33 206.01 0.06
38.02 13. 34 220.08 0.04
39.03 42.52 233.08 0.08
40. 04 25. 10 243. 03 0.086
41. 04 1.02 271.03 0.08
42 .02 1.74 281.07 Q.09
43. 03 1.61 319.03 0.07
26. 02 1.54 319.11 0. 04
47.03 12. 16 367.05 0.11
48. 02 1.52 397. 09 0.21
50.02 9.79 415. 12 0.04
51.03 11.70 417.05 0. 086
52.04 1.78 418. 08 0.04
53.01 5.84 436. 09 1.18
55.03 18. 40 437. 08 0.17
61.02 3.13 438. 14 0.07
2.03 5.09
63. 04 10.37
64.05 3.81
65. 05 45. 19
66. 06 48 83
67.05 2.50
68. 04 1 88
73.02 1.03
74 03 3.85

203



Mass spectrum number 14.

gnaxsmsaa? o x| Bgd=598 11-SEP-91 11:47+6:68:27 78E £l
ph= =878y Ho=438  TIC=12510888 fient: Sys:AULLINS
WR: 5759888
PR3 8. IRSEC 6= 113" Cal :PRIGIALG oy £
188, 7
% )
%)
8 )
8 ]
%5
%]
63 |
68 ]
55 )
5]
45 ]
4]
%
3]
%)
2] 4%
15, g
) 8
5]
ﬂ U S N
168 158 28 258 38 358 48 458 580
El+data
Mass 7 Base
4981 4. 45 347. 10 0.69
50. 82 17.78 367.10 1.02
51.83 0.92 397.12 3.96
61.89 0.47 398. 15 0.54
62. 91 1.39 417.13 1.88
63.92 0.73 418.18 0.35
64.94 10.11 436. 14 22.23
65.95 0.50 437. 16 3.23
68. 93 5.90 438. 19 0.31
73.97 1.22
74.98 1.08
75. 99 1.72
77.00 100. 00
78.01 6.55
93.01 14.67
94.02 0.94
95. 02 0.61
96. 02 3.00
t16. 99 0.47
123. 99 0.38
142. 99 0.64
184. 99 0.54
183.53 1.08
193. 00 0.87
208. 00 1.06
220. 98 0.36
243.01 0.68
250. 06 0.47
271. 04 1.01
281.10 0.33
319.12 0.78
321. 06 1.39

204



Mass spectrum number 15.

SH11B618280 k1 Bgd=1816 24-HOV-B8 14:2-8:18:87 78E Ele

BpA=@  [=16v  Ho=S13  TIC=285518888 ficnt: Sys:AULL HRR: 65534800
6C= 218° Cal:PFKITIL AASS: 7
108, ”
95 |
9 ]
85 |
69 J
75 |
7]
65 4
66 |
55 |
5
45 ]
48 |
35
38|
2 | 3
28 J 65
518
15 ]
18] 3
L
gl ; _LJWA Aos . bpdob o ..I__lu_L__' - | TN S N ]
58 108 158 280 258 388 358 498 458 588
El+data
Mass 4 Base
27.01 1.34 328.12 1.11
28. 00 i.38 328.12 .99
39.01 5.76 329.12 Q.45
50. 00 4.64 335.13 2.83
51.01 25.12 336.13 0. 46
52.02 1. 16 397.18 1.60
63.02 1.25% 413. 22 0.74
64.02 1.03 a17 21 1.08
€5.03 18. 96 q451. 2 1.10
66.03 1.29 471. 30 1.00
68. 98 2.50 510. 36 17 26
74.01 1.23 511.37 3.94
75.01 1.52 512.36 0. 40
76.02 3.18
76. 95 1.07 F
77.03 100.00 FO
78.02 14. 88
93.02 10. 40
84 03 9. 36
96. 03 2.05
127.03 1.52
" 141.07 1. 58
142. 08 3.6
143. 00 4.23
154. 09 1.67
235. 06 0.81
243. 05 0.55
254. 06 0.91
255. 06 0.54
259. 07 0.77
267.10 0 60
271.05 0 74
281.10 0.89
300.10 1 13
321.09 3.67
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Mass spectrum number 16.

A11899610 xl  B80d=955  24-HDY-88 14:2-8:17-84 78F £l
BpA:@  I=18v  He=S12  TIC=175886888 ficnt : Sys- AULL HAR: 55452868
G6C= 2688° Cat:PFK1IN AASS: ”
109 7
95
5d
& ]
[
64 |
5]
LEJ
;
3
3
8l
!
w{
i ]
5
i
2
o 51
15 69
14 519
L l L
[ SR r b lL A - b - 5 J\).._L Y sde e b N
] 180 158 268 258 300 358 480 450 580
El+ data
Mass 7 Base
28. 00 1.02 281. 08 0.61
39.0¢ 5.69 321.09 2.87
50. 00 4. 19 325. 13 0.862
51.01 21.00 328.12 0.59
52.02 1.2 329.15 0.36
63.02 1.30 335.12 2.33
65.03 14. 05 336.12 0. 48
66.03 1.35 397.18% 0.88
68.98 1.74 413.22 0.47
75.01 1.28 qa17. 21 0.77
76.02 2.33 451. 28 0.64
77.03 100. 00 452. 26 0.33
78.03 11.93 471. 31 1 47
93. 02 7.4t 491 .33 0.81
94. 03 7.41 510. 37 10. 47
96.03 1.65 511.37 2.39
127.03 1.34 Qie. 33 v.d7
141.07 1.56
142. 08 2. 84
143. 00 3. 44
152. 06 1.23
153.07 1.28
154. 0B 1.13
232.08 0.39°
235. 06 0.42
243.04 0.41
251.07 0. 44
254.08 0.65
255. 08 Q.28
259. 07 0. 41
271. 086 0.50

206



Mass spectrum number 17.

SA11809380 x| Bgd=927 24-NOV-80 14:2+0:16:31 JBE £l
Bph=8 [=2.4v  Ha=512 T1C-41970600 flent : Sys:AULL HAR: 168480088
6C= 194° Cal:PFETINL HASS: 7

188, 7

35 |

90 4

85 ]

08 |

75 ]

78]

65

68

55 .

58 |

45 |

49

35 ]

38 ]

£ 51

28 |

IS -4 85

18

S - l

] LAl I W - ORI PRIV (R SN N .

58 188 158 cea 258 388 358 480 458 568
El+data
Mass Y. Base

27.01 1.13 235. 06 0.40 337.12 0.18
28. 00 3.63 236. 06 0.24 2345. 23 0.24
31.98 1.59 237.09 0.198 346. 72 0.19
38. 01 1.17 239.05 Q.26 348. 10 0. 44
39.01 6.92 243.04 0. 40 359. 14 0.16
50. 00 4.84 247.05 0.14 375.12 0.34
51.01 23.72 247.09 0.19 395. 15 0. 20
52.02 1.23 250.10 0.22 397.17 1.13
63.01 1.21 251.07 0. 46 414.17 0.14
65. 03 13.15 254. 04 0.54 417.21 0.62
66.04 1.54 2855.07 0.24 421. 24 0.59
68. 98 2.50 2585. 15 0.14 451. 26 0.86
76.02 2.52 259. 03 0. 30 452.30 0.19
77.03 100. 00 259.13 0.24 471. 30 1.63
78.03 12.13 266.12 0.14 472. 25 0. 44
93. 02 7.54 267.09 0. 64 510. 34 9.61
94. 03 8.21 271.06 0. 44 S511. 36 1.57
26. 03 1.21 276. 18 0.24 512. 34 0.39
127.04 1. 1! 281.08 0.88
141. 07 1.83 285.11 0.42
142. 08 2.42 287.06 0.24
142. 99 2.64 297.08 0.27
152. 06 1.02 300. 09 0.34
153. 07 1.26 309.09 0.31
169.07 1.23 317.13 0.29
200.03 0.29 319.13 Q.21
201.04 0. 40 321.07 2.24
205.03 0.31 322.10 0.31
218.07 0.21 325.12 1.00
219.05 0. 34 327.08 Q.31
223.99 0.19 328.09 0.61
225. 08 0.29 329.12 0.17
231.07 0. 44 331.73 0.14
234.07 0.19 335. 12 1.57
234. 11 0.18 336.12 0.59



Mass spectrum number 18.

SR53110250 xl  Bgd=6 o2-AUG-91 89:36-8:92:31 /8 Cl-
Bpfi=8 =18y Hn=619 TIC=23625888 flent : Sys:ACE HRR: 139768668
S. HULLIKS PT= ®  Cal:PFY28ALG HRSS: 52
188, 52
98 |
68 J
48 77 9
28 934
] s ey iy . AU L . .
168 P} 388 4088 568 6689 760
SHS3110380 xl  Bgd=e6  22-AUG-91 B3:36+8:82:97 78E Cl-
BpA=8 I=1.lv  Ha=578 TIC-49890868 fient: Sys:ACE HHR: 7166889
S. RULLINS - PT= 8°  Cal:PFXR8AUG HRSS: 475
168, 456 475 -
8.
68 | 382
® 448
9 . , ; b L i . ,
169 c8d 388 468 508 668 788
SA53I1033% . xl  Bgd=1 2c-AUG-91 89:36-8-83:13 JBE tle
Bph-=8 1=8.5¢ Ha=835 T11C=378623880 flent - Sys:ACE HAR: 55482608
5. HULLIKS Pr= 8%  Cal:PFK2BAUG fASS: 2
188, 7
88
68 . 534
| SN 21
| | LJ L
1165 M g5 572
] - . T, W . ettt o . _ \ J, J PO v
108 coe 388 488 580 688 769
El+ data
% 8
Ha:;.ss ’ as§.71 230. 91 1.39 498. 87 0.46
50. 99 28.92 254. 90 1.37 512.86 0.60
52. 00 1.41 274.88 2.88 §13. 85 0.92 F
62.99 2.78 260. 91 2.31 514.85 10.30 F
64.00 1.13 292. 88 3.23 515.87 2.50 F
€5. 00 13.86 294. 88 1.85 516.87 0.92
66.01 5.57 308. 87 2.38 528. 82 0.46
74. 98 2.08 309.87 1.01 532. 64 0.68 F
75. 99 3.23 320. 87 1.62 533.85 §3.60 F
77.00 100. 00 327.86 2.37 53485 13.01 F
78.00 10.76 336. 86 1.39 535. 88 1.85 F
92. 98 3.23 340. 86 1.39 536. 89 0. 46
93. 99 41.63 342.85 1.45 F 544.90 0.46
94. 99 5.30 344.63 4.62 F 546. 88 0.41
95. 99 2.10 354. 89 l-gf 550. 90 0.48
104. 97 1.50 358. 86 1. 552. 89 1.56
114.99 1.39 370. 86 1.39 553. 88 0.49
116. 00 1.06 392. 85 1.86 554. 88 1.85
126.97 3.70 400. 84 1.39 E 555. 88 0.46
127. 99 1.95 420. 81 a.Ta 564. 90 0.93
140.99 1.51 421.84 7.08 270 89 185 F
142. 00 1.08 436. 83 2.07 571 85 12.54 F
143. 97 1.31 440. 94 2.06 37289 334 F
180. 96 2.20 456. 83 3.23 57389 o a7
151. 98 a.71 459. 84 1.37 a3 91 3 25
162. 99. 6.26 474. 85 P 585. 92 0.96
184. 00 §.69 a7e. 84 118 F 586. 92 0.92
154.96 33 e, 83 33 F 590.93 1.46
168. 96 1.37 478.83 12'77 291 93 0 46
169. 98 a.22 479.83 2.1 oo 93 o 92
170. 99 | ae 495 93 413 F §10.93 0.92
18l 3 | a3 496. 86 3.25 F 626.93 0.47
223.91 1.07 487.87 2. 40

208



Mass spectrum number 19.

SH6201890 x| Bgd=l ie-JuL-91 83:53-8:02:87 78 £l
fpA=0 I=18v  Hn=378  T[(=6908584868 Acnt: SysAULLINS HAR: 65534860
. GC= 58°  Cal:PFRJULII FRSS: 269
Oxln
188, 63 9 119 2089
95 ]
9 |
85 |
88 |
75 ] 143 162
784
65
58 |
55 J
58 |
45 |
48 . 8 47
39,
39 .
25
28
15 ] 193
1
18] i
. J | | L
(] wldd L RGL L LJ W | G AT LLLI' L L, l . L .
58 198 158 a8 258 308 358 408
El+ data
Mass 7 Base
43. 04 0.45 122.11 0. 40 259. 24 1.28
47. 04 38.78 124. 12 10. 26 275.24 6.73
48. 04 0.48 125.12 0.33 276. 24 0.46
50. 04 9.13 128.12 1.73 278. 24 2.84
52. 05 0.3¢ 131.12 6.52 297.28 1.13
55. 05 2.48 137.12 4.15 325.28 4.40
62. 06 2.19 140.13 0.32 326.29 0.36
69.08 100.00 0 143.13 74.35 375.67 1.26
70.07 3.86 144.13 3.16
71.06 12.31 147.13 1.80
72.07 0.40 15§5. 185 1.37
74.07 12. 15 159 16 40. 40
78. 07 0.62 160 18 1.74 F
78. 07 1.00 162. 16 75.10 F
81.07 5.91 163.15 3.18
86. 08 0.73 169. 16 1.5
90.08 1.95 174.17 0.52
93.10 100.00 0 182.17 2.71
94. 09 8.18 187.17 9.50
97.08 76.87 188.18 0.51
98.09 1.79 193. 8 15.88
100. 09 10.69 194. 18- 0.88
102. 09 0.53 197.18 2.35
105. 10 2.45 200. 18 -1.27
109.10 11.22 209.21 100.00 FO
110.10 0.40 210. 20 6.17 F
112. 11 62.11 211.20 0.36
113,11 2.15 212.20 0.54
116.10 3.49 225.22 2.37
117.11 0.93 231.24 0.92
119.12 1006.00 0 237.23 1. 68
120.12 2.39 243.25 0.34
121. 11 8.88 247.24 5.17
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Mass spectrum number 20.

SHI 1810162 x| Bgd=158  1B-SEP-91 16-28-8-62 B1 78E £l
Bp=8  [=18v  Ha=305  TIC-760606815 flent SysAULLINS W 65534068
FR3 0. IRSEC iz 43°  Cal-PFKRIAUG HASS 209
188 63 1 143 289
% 159
68 |
48
|
L i
(] IlL 11 IEN J‘]J_LL'k _L,LJLA‘ [ '];J‘
38 109 158 288 238 388 358 409
El+ data
Mass 7 Base
47.69 0.89 162.74 1.76
48.70 0.19 168.70 4.56
4%.70 24.61 169.73 0.20
50.71 0.99 170.72 0.11
51.71 0.78 173.72 0.60
52.73 0.14 174.72 0.12
54.73 6.26 180. 70 5.08
55.74 0.39 181. 71 0.39
58. 75 0.14 184171 0.23
61.77 4.46 186. 69 9.01
62.78 0.14 187.70 0.39
65.79 0.39 189.70 0.34
67.81 0.78 F 192.69 &.06
68.84 100.00 FO 193.70 0.39
69. 82 8.40 196. 68 0.78
70. 81 23.76 199. 68 3.91
71.82 0.85 200. 68 0.19
73.82 25.01 208. 69 00.00 FO
74.83 1.75 209. 65 14.10 F
77.83 2.16 210.66 0.79
78.84 0.13 211.66 0.81
80. 84 11.66 218.68 0. 40
81.84 0.39 220. 66 0.27
85.83 1.17 224.65 4.25
86. 84 0.12 225. 66 0.15
89.82 4.03 230 65 2.07
92.85 100.00 0 236. 64 0.59
93.83 12.89 242 64 0.39
94.83 0.27 246.62 0.39
96. 82 100.00 © 255.62 0.12
97.82 2.73 258. 60 7.19
98. 82 0.39 259.61 0. 48
99. 81 17.97 261.63 0.12
100. 81 0.52 274.60 12. 15
101.81 0.92 275.61 0.89
104. 80 4.17 277.62 0.26
105. 81 0.21 280.60 0.15
108.79 22.23 286.59 0.39
109.80 0.78 296. 59 0.86
111.80 97.02 305.58 c.21
112.80 3.91 324.55 9. 861
115.79 1.76 325.56 0.78
116.79 1.20 346.54 0.40
118.79 81.88 374.51 ©.78
119.79 1.70 375.51 0.11
120.78 15.27 F
121.79 0.52 F
123.78 15.28
124.78 0.78
127.77 2.13
128.77 0.12
130.77 14.66
131.77 0.55
135.77 0.22
136.75 6.07
137.76 0.39
139.75 0 39
142. 75 100.00 O
143.75 4.41
146.74 2.73
149. 74 0.79
154.74 1.72
155. 75 0.16
158.73 84.84
159.73 3.71
161.73 35.98
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Mass spectrum number 21.

SA281750 xl  Bgd=172  11-HOY-68 14.8+8:03 80 8¢ 3L
Bp=8  [=3.7v  Ho=338  TIC=129485800 fent: Sys - AULL R 4R
GC= 68°  Cal:PFK HRSS: 13
16, 336
95 |
%, cdb
85 J
8, 355
75 4
78
65 |
68 |
554
584
45 ]
48 |
35
3] 69
25 |
“ 2y 05
151 29 199
18 |
| L
8 J ",“L .ALJ.JiJ.'_JuLix'l.ll,l.AalJ.Ll;L J_ l._l_ 1 . N J o '
58 100 158 288 258 100 ) 168
El+ data
Mass 7 Base
.97 0.81
20 99 S igg'g: ?Agi 332.30 100. 00
3 e + 38 158. 64 0 a7 337. 11 0.11
31.88 438 166. 64 0. 45 337. 41 9.93
43.86 oy 167.61 0.65 338. 40 5.30
o as o 38 174.59 0.71 339.39 0.32
68.82 29.38 180. 60 1.79 154. 98 0.79
74.78 1.01 18082 s 354.98 R4
es.;g :'Z; 192 60 1.86 385. 90 0.12
52'75 1.79 193. 60 0.35 386. 11 0.11
3 ) 198.57 14. 34 356. 39 6.37
g:';g él;g- 199.57 0.98 357.38 a.15
105, 72 5 74 200. 56 0. 60 359, 38 o 39
110.72 3.78 204. 58 1.30
111.73 0.27 217.54 2.73
112.70 4.01 236. 5! 20.07
116.73 2.67 237.52 1.79
117. 71 0.51 238.52 1.27
118. 71 0.16 239.54 0.13
123.72 0.86 242.53 2.18
124. 68 1.59 255. 49 2 64
128. 61 0.61 267. 49 3.87
129. 68 7.53 268. 48 0.27
130 67 1.60 269. 46 0.29
131.63 110 286. 10 0.73
133 84 o 29 286. 46 89.74
125 61 0 36 287. 46 5.96
135 ©8 0. 46 288. 45 4.05
i26.67 {30 289. 47 0.54
14:.64 0.12 305. 43 19.18
14z €8 2.38 306. 44 2.18
147 68 0.52 307.43 1.15
148 64 5. 97 308. 43 0.15
149 64 0.47 317. 42 0.54
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Mass spectrum number 22.

SHIBS018740 x| Bgd=1866 11-5EP-91 12:27+8:23:18 76E £l
BpA=8  [=976av Ha=5B4  TIC=15814868 fcnt Sys:AULLINS HAR: £408800
n)a(al 2.mszc= 60= 262° Cal:PFX21RUG HASS: 7
188, 7
35 |
a9
85 |
89 |
75 ]
78]
85
68 |
55
58
45 ]
48
35 ]
433
38
25 ]
28} 199
15 |
P
18]
5 |
8 .l A ﬁﬁ;.x eyl i 4 ’ Ab . A v . N v ‘L .
] 188 158 268 258 388 358 489 458 508 558
El+ data
Mass 7 Base
49.79 1.67 286. 95 0.80
50.80 9.77 325.01 1.19
51.82 0.45 336. 97 12. 00
57.82 0.33 337.97 1.14
62.89 0.55 338. 98 0.56
64.92 8.00 344 02 0.37
€5. 94 0.61 345. 01 1.98
68. 90 4. 00 346.03 0.31
73.95 0.47 357. 00 0.34
74. 96 0.63 364.01 1.19
75. 97 0.64 393.07 0.34
76.98 100. 00 413. 04 0.37
77.9%9 8.00 433. 05 32.14
81.95 0.63 434 .06 4. 98
82. 96 0.52 435. 06 1.80
107. 96 1.38 483. 07 0.50
108. %6 21.06 503. 07 1.28
109.97 1.91 504 11 0.31
110.97 0.92
112.92 0.56
126.99 0.69
142. 95 0.56
182. 02 0.52
154. 04 Q.37
184. 00 0.70
185.01 0.81
186. 02 0.50
200. 99 Q.31
217.99 0.89
224. 97 0.33
225. 97 0.52
270.00 0.44
271.00 0.94
274 .99 1.16
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Mass spectrum number 23.

SH1B60185)0 xl  Bgd=1757 11-SEP-81 12°27-8:23:81 JAE £l
BpA-=8 [=884av Hn=584  TIC=11696068 Rent: Sys: RULLINS HAR: 5273888
FA3 8.1RSEC GC= 259° Cal PFKRIRUG fRSS: 7
*%q+0
e, 7%
95 4
98
85 |
08 |
75 ]
78}
65 ]
58
55 4
58 |
45 ]
48
35|
38 433
25
e 169
19 ]
33
19}
5
[ .l A B " . P L A . . P .
58 188 158 288 258 08 358 480 458 -568 558
El+data
Mass % Base
49.79 1.74 336. 97 11.55
50. 80 10.58 337.98 1.08
51.82 0.47 338. 99 0.49
57.82 0.30 344. 04 0.38
62. 89 0.49 345.01 1.73
64. 932 7.02 346. 02 0.32
65. 93 0.61 356. 99 0.32
68.90 3.58 364.01 1.14
73.95 0.42 413. 07 0.32
74.96 0.53 433. 04 29 .41
75.97 0.83 434. 04 4.87
76.98 100. 00 435. 05 1.63
77.99 6.56 483. 09 0.49
81.95 0.53 503. 08 1.65
82.94 0.36 504. 06 0.38
82.97 0. 40
107. 96 1.31
108.97 17.73
109. 97 1.78
110.97 0.83
112.93 0.49
127. 00 0.72
142. 95 0.42
152. 02 0. 46
184. 01 0.78
185. 02 0.68
186. 03 0.53
225. 99 0.46
269.99 0.32
271.00 0.78
274. 98 0.91
286. 96 1.01
325. 01 1.10

213



Mass spectrum number 24.

SA186019250 x| Bqd=1866 11-SEP-81 12:27+8:23:56 78t £l
BpR=0 [=352nv Ho=54¢  TI1C=5188089 flent: Sys: AULLINS HAR: 231cees
FE g.lRSEE ° GC= 268° Cal:PFK2IRUG RASS: 2
180, 7
95
98
85 |
68
75 ]
70 ]
65
68 |
55
58 J
45 |
49
35 ]
38 433
25
183
B ]
15§
RV
18
3] I
@l N ] ] T [ . \ . A i
58 188 159 268 58 388 358 488 459 580 558
El+data
Hass 7. Base
49.79 1.77
50. 80 9.73
64.92 7.74
68. 90 3.55
74.95 0.78
75.97 0.78
76.98 100. 00
77.99 6.27
107.96 1.77
108.96 22.15
109.97 2.08
110.96 1.04
127.00 0.69
142.96 0.82
185.01 0.65
225.98 0.82
271.00 0.91%
274. 99 1.34
286. 96 0.95
325.01 1.30
336. 97 11.63
337.99 1.12
345. 01 1.90
364.03 1.25
433. 03 30. 36
434. 04 5.15
435. 06 1.82
503.07 0.99
542.12 1.21
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Mass spectrum number 25.

SH781020 sl Bgd=l 18-JUL-31 16:46+5:88:32 78E 403
Bph-8 [=2.8v Ho=485 T[(-=226156000 Acnt: Sys:RLE HAR: 18689840
S.RULLINS PT= 8% Cal:PFRIGJUL HASS: 28!
°N10+0
180, 87 %1040 ¢
1
80 | 247
60 4
; 63 o6 356
28 1Y)
LR T + 2 ; = - L_z‘ A . L .
58 189 158 e 258 388 358 489 459 548 '
El+ daia
Mass /. Base
40. 00 1.10 107.94 1.50 178.92 7.07 267.880 23.91
41.01 3.39 108. 96 4. 24 179. 91 0.77 268. 86 4.53
42,02 €.34 109.96 0.60 180. 89 1.23 269. 86 2.88
43. 01 2.51 111.93 0.63 181.90 7.60 270.86 0.91
43. 99 0.51 112. 94 2.42 182. 91 0. 96 276.84 14.07
45, 98 4.24 113.95 3.40 183.86 0.85 278.14 2.05
46. 99 1.85 114. 95 0.60 188. 89 1.26 280. 84 0.55
48. 00 1.70 115.95 1.66 189. 90 11.80 284. 83 0.80
a9.97 3.03 116.93 1.82 190. 90 0.91 285. 85 3.11 F
50. 97 5.17 118. 93 0.75 191.93 1.00 286. 86 100.00 F
91.99 6.78 119.94 14. 90 192. 89 1.9} 287.87 B8.54
52.99 1.83 120. 94 4.29 195. 91 0.66 288. 85 1.04
54. 99 0.66 121.95 6.70 196.90 9.16 289. 65 1.16
55. 99 0.88 123.94 517 197.91 18.06 294. 86 0.63
56. 99 1.50 124.94 5.83 198. 91 5.04 29588 1.07
58. 99 0.87 126. 95 0.83 199. 88 9.02 296. 85 54. 54
62.97 0.52 127.95 1.29 200.89 3.71 297.86 6.00
63.98 1.24 128. 95 2.55 201.88 §.89 288.87 0.51
64. 48 1.98 130.92 0.68 204.88 1.05 299. 84 10. 42
64. 99 1.00 131.93 5.62 206. 88 11.04 300. 84 1.14
65.98 6.29 132.94 1.99 207.88 3.56 F 314.84 0.66
66. 99 1.47 133. 44 0.92 208.72 1.83 F 315.87 1.74
68. 96 49 06 133.985 3.06 211.88 0.55 316. 84 19.92
€9. 97 8.00 135. 94 1.54 212.87 0.56 317.83 2.64
71.00 2.44 136.93 1.06 214.89 0.84 318.81 5.69
72.00 2.29 137.92 1.19 215.90 0.64 319.82 9.68
73.01 0.65 138.93 0.81 216.90 3.89 320.84 1.01
73. 96 2.18 139. 93 2.27 297.91 36.53 334. 84 1.24
74. 48 0.63 140. 92 0.44 218.90 5.185 335. 83 0.61
74. 96 7.23 142. 91 8.81 219.88 8.08 336.85 3.44
75.97 1.22 143. 92 1.27 220.89 4.35 338. 83 4.55
76. 97 7.75 144.93 0.97 221.89 0.66 339.84 0.68
77.97 4.28 146. 93 4.03 223.87 1.70 346. 80 0.55
79. 98 2.97 147.93 3.07 224.99 0.54 358.682 49. 62
79. 99 2.60 148. 94 3.73 225. 88 0.84 386. 83 11.39
80. 95 0.55 149. 92 2.35 226.68 34.30 357. 89 0.83
81. 96 1.78 150. 92 3.48 227.92 8.46 F
82. 97 1.59 151.93 10.27 228.83 2.25 F
83. 97 0.77 152. 93 1.02 232.18 2.33F
88. 96 6.17 154. 91 2.83 237.88 0.84
89. a8 0.80 185. 91 0.71 238.88 4.08
89. 96 7.07 157. 91 0.97 239.88 8.60
90.97 1.18 158. 92 4.21 240.89 1.02
92. 94 5.17 159. 93 0.59 242. 87 0.70
93. 95 1.39 161.90 3.07 244. 89 0.83
94. 96 2.00 162. 91 1.33 245. 88 2.77
95. 95 27.07 165. 92 0.31 246.87 82.05 F
96. 96 2.10 166. 90 1.01 247.90 15.16 F
97.97 1.13 168. 42 0.54 248. 87 1.60
98. 96 5.58 168. 90 0.84 249. 86 14. 14
99. 46 0.92 169. 91 7.49 250. 87 1.93
99. 94 3.71 170. 92 9.52 231.87 1.46
100. 95 5.27 171.93 4.82 256. 86 2.18
101. 93 12.62 173.90 1. 00 258, 27 1.08
102. 96 2.486 174. 91 2.14 259. 87 2.80
104. 94 1.414 175. 90 1.32 264. 86 0.64
108. 94 1.19 176. 91 22.90 26%. 86 7.23 F
106. 95 0.54 177.91 5.03 266. 87 46.83 F

215



Mass spectrum number 26.

SR731I116280 x|  Bod=4 22-RUG-91 11:32-8:02:86 76E £le
Bph=8 [=5.8v Hn=365 TIC=2B0278616 ficnt: Sys-ACE HRR: 3914308
S. RULLINS P1= 8° Cal - PFX2BAUG fiRSS: b
168, 83
88 | 296
684 et 2s) 277
1 | 28
20 | 11e 176
131
8 bisd L»L.)\L‘J.»L.;L_l Mo ond h . ) ' ' ' _ ‘
98 188 158 288 250 388 358 408 458 588
SR2S1111025¢  «1  Bgd=b 2e-AlG-3! 11:32+8:82:32 78E Ll .
BpH=8 [=18v  Hn=447 TIC=184922888 flent: Sys-ACE HHR: 5328886
S. HULLINS PT= 8®  Cal:PFK2BALS fIRSS: 52
lea, 32
88 |
68 4
48 |
8 7
28 . h 8
8 LR ol Mgl o - S i _ . i
1] 168 158 208 250 389 358 480 458 588
SH791111626s x1  Bgd=15  22-RUG-3! 11:32+8:82:37 7B Cl-
Bphi=8 [:3.8v  Hn=295 TIC=26935889 fient : Sys:fACE HRR: 13987680
S. HULLINS PT=8%  Cal:PFK2ORLG HASS: 295
188, 2985
88 |
68 ]
494
28 276
84— — v - v v r - v ==
58 188 158 ] 258 388 358 408 458 - 589
El+ data
Mass 7 Base
80.94 5.58 128. 41 0.33 227.87 0.80
:;:gg f:gi 81.95 1.48 130.91 10. 98 230. 85 2.17
42.97 1.34 F 83. 02 1.22 131. 92 1. 34 238.19 1.97
43.01 5.29 F 84. 03 0.36 135.90 1.34 245. 85 2.96
43.97 0.863 85. 04 2.16 137.91 6.58 249. 84 0.71
44. 99 0.83 85. 94 0.84 138. 40 0.58 250. 85 0.36
45.97 1.34 87.94 a.70 138. 92 4. 19 266. 85 53.06 F
49.96 4.08 g8.94 4.90 139.92 0.37 257. 85 §5.37 F
50. 97 1.66 92. 93 8. 30 142. 90 1.76 269. 87 1.38
S1.98 0.36 93. 94 2.01 144. 91 1.88 270. 87 0.57
52.98 0.35 94.94 0.36 148. 92 a.64 275. 81 40.83 F
54.96 1.24 F 95. 94 1.93 149. 90 1 53 276. 83 54.42 F
55. 01 2.18 F 87.03 0.69 154. 92 1. 43 277.84 4.72
56. 01 135 97.93 0.67 156. 90 1.35 295. 82 82.54
57. 03 6. 27 99. 04 0.75 157. 91 2.01 296. 83 13.31
57.97 0.76 99.93 8.95 161.89 §.72 297. 84 1.23
s8. 03 0.35 100.93 1.34 162. 90 0.67 364. 81 1.34
59. 00 0.67 103. 95 0.8t 166. 90 0.32
61.96 5.37 104. 93 1.93 168.89 1.34
62.97 1.62 106. 93 2.15 173.90 0. 40
63.97 0.30 107.93 0.67 175. 89 17. 48
€64.97 1.37 111.04 0.39 176.89 1.48
€6.99 0.34 111.92 15.38 180.89 7.98
68. 94 100.00 F 112.93 2.25 181.89 1.34
69.02 1.34 F 113.08 0.67 187.88 2.01
69.95 4 03 F 113. 82 0.67 188. 88 0.38
70.03 0.72 F 116. 92 2.01 194.87 0.39
71.03 3.37 118. 92 2.03 199. 86 1.38
73.95 2.01 119.93 0.33 200. 91 2.70
74.95 1.34 123.91 2.97 206. 86 36.90
75. 95 3.44 124. 92 0.32 207.87 3.34
76. 96 2.80 125. 05 0.31 222. 95 0.35
77.96 0.52 126. 93 0.37 225.85 62.45
78.95 0.67 127.06 . 0.41 226.86 7.34



Mass spectrum number 27.

SH?911118180  x!  Bgds! 15-JUL-91 12-36+8:81:54 78E £l
BpH=8 [:5.1v  Ho=447  TI(-289348992 fent: Sys-RCE HHR- 33466088
S.BULLINS PT= 8°  Cal:PFKISJUL ARSS: 201
18 Bl :
88
1y 278
63 181
49 77
) 9 184 13 257
] f . \ I 'LLJ.L M.__,'»\L ) . — - ' .
58 160 159 288 258 388 358 488 458 588
SA?91111822  x!  Bod=18  1S-JUL-81 12:36-8:82:14 7BE Cl+
BpH=8 [=18v  Ho=287 TIC=183234000 fcnt - Sys: ACE HAR: 2988040
S.RULLINS Pr=8°  Cal:PFKISJUL ARSS: 52
18g. S2
88
68
0
4 271
28 |
] =P A i Al . , — . , .
158 208 258 380 358 408 459 588
SA7911118280. xI  Bgd=!1 15-JUL-91 12:36+8:82:46 76E €1-
Bph=8 1=2.9v  Ha=408 TIC=68555600 ficnt: Sys:RCE HRR: 16357808
S.HULLINS PI= 8°  Cal:PFKISJUL FRSS: 278
180, 238 278
88 |
68 |
49 ]
e8] 258
8 . —ry I L b LL Lh\ jL v ’ . . v
58 198 150 208 298 388 358 468 458 580
El+data
Mass 7 Base )
40.02 1.68 79. 01 5.70 132.01 5.75 230.96 1.57
41.03 10.18 80.98 2.17 F 134.04 1.50 232.94 1.65
42.03 2.55 81.05 1.57 F 135.03 1.43 233.95 4.90
43.01 3.73F 81.98 1.31 F 137.97 2.24 234. 24 1.32
43.04 8.94 F 82.05 1.11 F 138. 99 1.75 292. 94 1.75
44. 00 2.45 83.05 2.13 146. 98 7.74 253. 95 1.54
45.01 1.856 84.06 1.01 147. 99 3.61 256. 92 11.65
46.00 1.77 85.06 3.74 148. 98 20.19 257.93 1.28
47.01 2. 46 87.02 1.08 149. 99 2.65 269.96 59. 65
49.99 3.90 87.99 2.11 152. 98 2.58 270.96 12.39
51.00 6.18 88. 99 2.78 153. 98 9.64
52.01 8.95 90. 00 1.56 154. 99 5.73
53.01 2.56 92.99 2.44 161.98 2.24
54. 02 1.08 95. 04 1.03 172.98 1.16
55. 04 5.48 95. 98 7.08 F 173.99 7.50
S6.05 3.94 96.99 4.09 F 175.00 1.55
57.06 16.32 97.07 1.68 F 175. 96 4.53
58. 04 1.32 99.07 1.41 179.98 8.29
59. 03 4.33 99.98 4.87 180.98 49.88
81.99 2.36 100. 99 1.37 181.99 12.09
63.00 1.66 101.9¢9 1.04 182, 97 2. 60
66.01 5.07 103.00 1.58 198. 97 1.37
67.02 2.75 104. 00 11.38 199, 98 2 39
68. 98 47.70 F 10S. 00 . a.26 200. 98 100.00
69. 05 3.07 F 111.97 4.29 201 98 8. 95
69.99 2.59 F 112.98 1.37 F 206 94 8 43
70.06 1.79 F 113.10 1.02 F 207 98 | 24
71.06 5.79 119.99 1.75 210. 96 3.64
72.04 1.20 121.03 1.90 213. 95 5. 59
73.02 1.23 122. 04 1.22 224.97 0.81
74.01 1.61 124. 00 2.93 225. 94 5.12
75.00 1.07 126. 98 7.96 226.95 1.80
75.99 5.25 127.99 2.26 227.96 0.40
77.00 34.15 129. 00 1.06 228.96 1.89
78. 00 10.28 130. 98 4.41 229. 96 0.84
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Mass spectrum number 28.

SR12e 4o x1 Bod=11 24-JRN-83 15 18-8 81 17 76E £
Bph-4 1:9.3v  Ha=432 T1(C-482127088 Rent : Sys fiCE HAR : 68751988
S.HULLINS PT= 8% Cal PFERIJAM HASS - 415
188 415
88|
60 |
77
49 | 346
15 6
2 ] 69 253 3% %6
B . f _J_l_,._ Leade g,A‘_Y‘ALL )\.A . il L‘L‘ kd.lﬁ_& l - - .
58 180 158 208 258 398 356 408 458 588
El+ data
Hass 7. Base
40.84 0.63 165. 05 0.47 306. 06 8.56 F
42. 86 0.51 167.01 0.41 307.09 9.78 F
48. 86 0.63 169.02 0.72 308 12 383 F
49.87 7.47 174.00 0.50 319.085 1.95
50. 89 27.52 i81.01 1.15 320. 06 6.59
S1.90 1.82 182. 04 4.28 321. 07 0 72
34°93 9.33 183. 04 1.60 325.07 113
56.95 0.55 184 0§ 0.55 326. 08 14. 44
60. 94 0.40 188 05 0.67 327.09 9.32
61.25 0.90 189. 06 1.68 328.10 4.90
62.97 1.79 130 07 0. 39 329. 11 0.70
63 ¢7 0.68 193 04 0 57 339.06 2.37
68.99 18. 42 200 04 3 55 344. 09 0.43
70.05 0.69 201 0§ 1 98 ) 1.50 F
74 17 2 95 205 03 0 &6 332.33 o F
75 21 3 81 06 05 o a3 347 10 30.29 £
76 26 4 24 207 @6 2 07 348. 10 3. 90
77.30 51.93 208 07 1 61 357 09 o 51
78.35 6. 96 209 08 0.56 38793 e 34
79.38 0.46 211 05 c Sa AR S o
81.41 0.65 212.08 0.82 SIS 2 o
86.33 0.49 213.07 0 62 3 95
8733 05 214 07 o3 396. 10 2755
88. 31 0.48 218 06 0.73 39619 I3
93 22 2.49 219.05 1.2 . 528
94. 22 0. 47 220.07 0.38 398.11 100-00 .
95. 23 0.88 22402 1.61 412409 00 e b
96.21 6.50 225 04 0.35 416. 11 02
97. 22 0.42 226.05 0.43 4a17. 11 8 5
99. 15 0.78 227 05 0.40 446. 19 .
100.13 0.63 231.03 1. 95
103. 14 1.27 232.03 2.81
105. 09 0.96 233.04 4.07
111.06 0. 41 234.05 0.61
112.03 0.85 238.05 6.98
113.03 0.54 239.06 1.63
116.99 2.13 243.03 0.62
123. 00 0.47 250. 02 6.08
123.99 1.51 251.05 12. 42
125. 00 0.34 292. 05 1.91
126. 02 0 32 253. 06 14.79
127.03 0.85 254. 08 1.68
131.00 .82 256. 06 4.84
132.02 0.49 257.07 4.62
136.00 1 45 258. 08 3.95
137.02 0.55 289 08 0.91¢
138.03 0.45 269. 05 1.95
143.03 1.28 270.06 0 52
144. 08 0.41 275.07 0.44
145. 06 0.56 276.08 2.06
151. 06 0.68 277.08 7.07
153.54 0.49 278.08 .38
155. 02 5.02 288. 09 2.66 F
156.03 0.50 2g9. 09 0 91 F
158. 06 1.24 297.08 0.95
162.02 1.7% 300. 06 5. 41
163.04 0.68 301.07 0.72
16405 0. 46 305. 07 0.47




Mass spectrum number 29.

SR1220120 xl  Bgd=5 14-FEB-09 18:3-8:81:83 78 £r-
Bph=8 1=7.3v  Ha=738  TI(=1945830608 Acnt: Sys:ACE HHR: 4gg26080
S.AULLINS PT= 8%  Cal:PFKesl HASS: 448
108, 448
99 |
08
78
69 |
50 |
40
3
0 373 4
18 ]
] . N et . ot el '.IL_ " -L+L U . -
158 268 258 388 358 480 459 508
El+ data
Hass 7 Base
49. 99 1.358 320.92 0.70
51.00 8.77 329. 90 0.61
62. 99 0.56 326.93 0.71
68. 95 2.02 327.94 0.67
74.98 0.80 328. 95 1.03
75. 9% 0.85 332.91 0.57
77.00 14. 47 337.86 1.36
78. 00 1.03 338.86 5.14
126. 99 0.50 339.86 1.59
163.99 0.52 340. 86 0.71
168. 97 1.67 345. 82 1. 38
169. 47 0.70 351.87 0.79
178. 97 0.56 356. 9¢ 1.74
180. 96 0.52 357.91 1.88
182. 98 0.67 358. 92 9.90
187.98 0.73 359.93 2.97
193. 96 1.66 375.87 0.79
203.95 0.90 376. 90 2.29
206. 95 1.22 377.91¢ 7.03
212.96 0.51 378. 91 18. 36
213.97 2.40 379.92 4. 06
214.98 0.59 387.88 0.55
225.95 0.52 395. 86 0.77
231.96 0.68 406. 87 4.22 F
232. 96 1.23 407. 89 1.82 F
233.98 0.70 408. 88 3.36 F
237. 96 0.61 409. 88 0.73
238.97 0.68 414. 84 0.99
239. 99 0.71 426. 85 11.28
240. 99 0.63 427. 86 4.25
250. 94 0.65 428. 87 13.08
281. 94 0.96 429. 87 2.95
252. 94 0. 54 432.85 1.24
295. 93 0.87 445. 91 5.21 F
256. 95 0.54 446. 85 17. 14 F
288. 97 0.57 447. 86 100.00 F
2599. 98 0.62 448. 87 28.53 F
262. 95 1.78 449. 88 3.88
263. 96 0.92 498. 84 1.22
269. 96 0.58 524. 84 1.28
270. 96 1.29
275. 93 0.66
281. 94 0.54
282. 93 2.84
283. 96 2.74
284. 96 0.62
287. 94 0.69
288. 95 2.77
289. 95 2.51
290. 96 1.87
301.92 1.02
306. 92 0.91
307.93 1.26
308. 94 4.30
309. 94 5.58
310.84 1.12
318.92 0.66
319.93 0.88
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Mass spectrum number 30.

SA7887¢ xl  Bgd=6 S-JUH-98 11:92+8:88:47 7BE L1
BpH-=0 [=9.8v  Ho=515  TIC=323195088 ficnt: Sys:RCE HAR: 53831888
S, HULLINS Pr= 8% Cal:PFKIJUNE AASS: 459
188_ 459
80 | ;
69 | 18
48 | 122
8 | 61 |
B o J m v ol - L - ~ . L
58 109 150 288 258 300 358 488 458 508
SH78012¢ xl  Bgd=ll  5-JUN-98 11.52-8:81:67 78C C1-
BpA=8 [=18v  Ha=548 TIC=93572688 Acnt: Sys:ACE HAR: 65534000
S.HULLINS P1= 8°  Cal:PFK1JUNE AIRSS: 338
100, 338
8 ]
!
49
28 |
81 . L — v —
o 189 150 208 258 188 358 400 458 508
SE/RRR. xi Bod=1 S-JUN-98 11-S2-8 8131 JBE [
BpA=9 1=386av He=453  TIC=19286020 flent - Sys-ACE HHR: 2535898
§.FULLINS pr- g° Cal -PFY1JUNE RASS: 389
L 389
o0 458
£0 ]
49 9
. 439
R (ST IO N TYRTE X3
i 104
B_ I LL'LI LALLLLQJ 15 l 1 !.L i A LE l.nL l v A | -
50 188 158 c8e 258 389 358 400 48 589
El+ data
Masgs 7 Base
40. 96 1.97 118. 16 8. 36 285. 27 0.59
41.97 27.85 119.16 12.58 294. 29 t.46
a2.98 2.96 120.17 4.30 300. 22 1.18
43.99 11.32 121.18 1.58 306. 25 . 3.186
49. 98 12. 03 124. 09 1.10 307. 24 0.95
§1.00 12.58 12915 1.26 319.26 4.81
52. 00 1.66 130. 16 1.22 320.29 7.02
55. 04 0.67 135. 20 6. 86 321.31 0.91
87. 06 1.07 136. 21 1.46 325. 26 3.71
62.03 2.05 138.18 6.07 326. 26 5.21
63. 04 11.40 139.19 9.55 349. 29 9.19
64. 04 2.13 143.11 1.70 346.30 1.22
65. 06 5. 64 145. 19 7.42 349. 33 4.14
66. 06 2.17 146. 20 1.74 350. 33 0.95
68. 08 1.54 150. 15 2.52 383. 31 0.63
69. 04 43.12 18512 9.23 354.30 0.87
74. 07 2.92 169 16 0.79 369. 35 18. 26
78. 08 8.72 193.13 1.10 370. 36 4. 06
76.08 11.83 194.18 5.52 373.33 3.04
77. 10 21.85 200.1S 3.04 374.33 2.45
78.10 6.99 207.19 0.83 376.31 2.05
79.11 3.39 211.18 0.79 388. 35 13.96
89.11 1.50 219.1¢ 8.56 389. 36 100. 00
90.11 5. 21 212.70 2.41 390. 37 17.63
91.13 14.60 224 16 1.07 391.38 1.03
92.13 2.68 232.2 4.97 419.39 2.41
93. 07 2. 60 250.19 8.36 437. 38 1.38
93.13 1.34 251.27 1.70 439. 41 27.81
95. 10 2.68 254.22 1.46 440. 41 3.83
102. 11 3.83 256. 22 4.93 457. 41 22.96
103.12 0.63 257.21 1.18 458. 42 80.75
104 13 10.30 269.19 1.74 459. 43 12.74
105. 14 8.36 276.23 1.58
117.09 1.34 277.24 0.75
117. 14 1.50 278. 25 0.79
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Mass spectrum number 31.

SA731822¢ xi Bgd=21 14-AAY-98 12:26-8:81:48 73 £l
BpA-=8 [=2.4v  Ha=S83 TIC=279559888 ficnt Sys-ACE HHR: 48735088
S.AULLINS PI= & Cal:PFKIORAY fASS: 445
108, VS 449
60 |
69 |
49 | 426
20 ]
8 % 36 46
a.]_ﬁ‘w'ﬂ A L—A o~ 2 llll\wb\‘l-“\.h_/\ ~L'l\
188 68 308 440 500 6588
El+ data
Hass . Base
50. 00 i.00 236. 95 0.47 340.93 2.64
51.01 1.51 237.96 2.50 341.94 2.87
52 02 0.33 238. 97 0.50 342. 94 0.59
52.99 0.60 239. 96 0.43 343. 94 1.57
53.02 0.41 242.93 0.67 344.95 3.54
57.00 0.94 243. 95 1.74 345. 96 0.82
61.99 0.96 244. 96 2.42 348. 96 0.50
63.00 10.76 249.92 3.55 355. 96 13.39
64.00 6.35 250. 94 0.37 386. 96 3.42
65. 01 3.06 283. 95 1.12 387. 97 1.37
68. 96 3.32 254. 95 7.01 359. 94 0.68
73.99 0.33 285. 95 2.50 360.95 0.99
74.99 2.17 286. 95 0.91 361.94 1.06
76.00 1.66 261.94 0.38 362.94 3.77
77.01 3.19 262. 95 0.89 363.95 1.22
78.02 0.56 263. 95 2.15 374.95 0.85
79.02 0.82 264. 96 0.40 375. 96 96.61
80.99 0.42 267. 95 0.34 376. 97 25.50
83. 00 5.76 268. 94 0.55 377.98 2.96
89.01 1.08 272.95 0.43 381.95 0.70
90.01 0.68 273.94 1.06 382. 96 0.31
91.02 7.29 274.958 0.77 390. 96 0.45
92. 00 10.83 275.96 1.19 391.96 0.32
92.99 0.79 276.97 0.33 393.94 1.87
95. 00 0.46 280. 98 3.37 394. 97 0.45
107. 02 1.01 281.98 0.75 405. 96 10.83
108. 02 3.59 282. 98 0.61 406. 97 1.99
109. 02 0.46 285. 96 0.65 409. 95 0.52
110. 99 3.54 286.97 1.08 410. 96 0.35
111.99 0.31 287.97 1.51 413.97 0.77
116.96 0.67 288. 97 0.40 424. 97 1.74
123. 01 0.60 291. 94 2.96 425. 97 38.3%
126. 01 3.02 292.93 2.27 426. 928 6.21
133.01 0.32 293.94 3.06 427.99 0.51
138. 98 0.77 294. 95 1.18 443. 96 0.70
144 98 0.44 299.91 1.12 444 98 100. 00
154 96 5.35 305. 94 1.61 445, 98 17.57
185. 97 0.44 306. 96 9.63 446. 99 1.66
156. 98 0.50 307.97 1.84 483. 01 0.45
161.95 0.38 311.93 0.79 484. 02 0. 40
166. 34 0.41 312.93 411 496. 04 0.46
168. 97 0.90 313.94 3.10 508. 03 0.46
175. 98 0.99 314.95 0.37 522.06 0.3!
186. 96 0.39 318.92 0 86 536. 07 0.64
187.98 0.46 319.92 1.12
193. 96 0.81 320.93 1.16
194. 97 0.61: 321.94 0.99
199. 94 1.14 322.95 0.62
204. 94 0.45 323.94 0.80
211.97 0.45 324.94 1.41
213.97 0.88 325.94 1.95%
217.95 0.48 326. 96 0.32
218.97 1.42 331.94 0.71
223.93 0.40 332.94 1.73
224 95 0.73 333.96 0.46
225. 96 0.52 335.95 7.24
230.97 0.52 336.95 1.68
231.96 0.31 337.96 0.54
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Mass spectrum number 32.

SR73110480 xl  Bgd=3¢  22-AUG-91 83:45-8:84:31 7A€ £le
BpA=0 1:6.9v Ha=518 T1C=192181888 flcnt : Sys:ACE HHR: 44986080
S. RULLIKS PT= 8®  Cal:PFK2BRUG HASS: 588
188, 588
88 .
68 |
48 |
o] s
B e dshh 7 = St Mlv L ", — . .
188 268 Bl 468 589 688 J68
SR?2311055¢ xl  Bgd=36  22-AUG-81 89:45-:85:08 78E Cl+
Bpfi=9 [=18v  Hn=514 TIC=191237898 Aent: Sys:ACE HRR: 43524089
§. RULLINS PI= 8%  Cal:PFK2BAUG HRSS: 589
188, 589
88 |
68 .
48 Lik]
28452
8 ».l ) cmabe - e - v e, S : .
188 288 388 488 588 689 788
SH73I186B> - w1  Bgd=S6  22-AUG-91 B3:45-8:85:3¢ 76 C1-
Bph=0 [=5.2v  Hp=588 TIC=45583869 ficnt : Sys:ACE HAR: 34153888
S. HULLINS PT1= 8%  Cal:PFX28RUG HASS: 460
188, 468
08 |
68 .
48 |
28 J
0 . . — y i ' '
188 268 3688 488 508 680 789
El+ data
Ha::.ox * Basf.zo 344. 86 1.26 437.81 1. 14 F
43. 02 1.87 350. 86 1.14 438. 84 29.05 F
49.98 1.14 3s5]. 85 1.14 439. 86 7.24 F
30. 99 1.22 352. 86 1.18 440. 84 1.21
55. 02 114 35486 1,69 441.82 1.69
57.03 2.35 356. 86 1.10 444 82 1,14
62. 99 2.86 360.85 1.15 445, 90 1.72
54'00 3'74 363. 85 1.21% 448 80 1.14
68. 96 2.39 F 364.86 2.10 44982 114
69.03 1.14 F 375. 86 1.71 452 83 115
71. 05 1.71 376.86 1.21 457,81 114
76. 99 3.09 379.11 1.14 F 460. 80 1.71
g8. 05 114 380. 89 2.48 F 461.81 1.14
91.97 3.93 381.88 1 39 4e8 85 1127
187. 93 1.14 382. B4 1.26 a72. 82 2.
193. 91 1.03 394, 84 1.14 473.81 114
219. a1 114 395. 87 2.96 475. 82 1. 48
236. 39 1.14 396.87 1.14 476. 84 116
237. 89 3. 47 4oo.ag i.g; ::g.gg :.gl
' 14 401.8 4 ) .
gg;'gé i.id 406. 85 1.14 492. 82 i.ég ]
282. 88 1.22 407. 86 1.74 sgg.gi b0 F
283. 90 1. 92 409'2; ;'Z: :oefaa 25.42 F
283'33 i'?g :?gﬁa7 1.29 509.84 3.43
300 90 1.23 419.87 1 14
ggs' a8 1.14 420. 83 L. 06
312.87 1,14 421.83 1.00
313.87 1.23 a22. 84 114
326. 88 1,71 423. 85 2.85
331.86 1.14 a24. 84 123
332. 87 2.63 425. 84 121
333.86 1.14 429.81 2.2
338. 85 1.59 432.82 3.19
343. 88 114 433.83 1.27



Mass spectrum number 33.

5H921080 x| Bgds6 16-RUG-9! 89:47+8:91:82 78t Cl+
BpAi=0 1=18v  Hn=486 TIC-286351666 flent : Sys:ACE HHR: 18583688
S. AULLINS P1= 8°  Cal:PFKIGAUG ARSS: 52
tea, 52
80 | 279
68
49 |
485
28 | 9
8 s e ' ’
388 468 560 688
5H9218150 xl  Bgd=11  16-RUG-31 83:47+8:81:33 )AL cl- .
Bpfi-8 [=18v  Hp=431 TIC=76679829 fcnt Sys:ACE HHR: 65534888
S. RULLINS PT1= 8°  Cal:PFKIGAUG HASS: 337
16, LY
BEJ
60
48 |
b |
8 , v , v . y
188 208 308 488 569 668
SHI2IBIBe xl  Bgd=l 16-AUG-31 89:47+8:01:54 78E £l
Bpri=6 I=18v  Hn=488 TIC=1099459960 flent - Sys:ACE HRR: 65534008
§. AULLINS Pr=8°  Cal:PFKIGAUG ARSS: 364
100, 75 364
89 4 95 414 433
60 | 4
18 334
HE 15 o 258 69 p35 305
815163 || ‘ 176 JL JJJL
g UL . hoadrea it A 1 | J:_!J.Ml}l A A A, . ‘
188 288 388 408 588 688
El+ data
Y. Base
Ma:;.se : 7.05 F 116.99 13.71 199.00 2.75 296.01 3.91
50. 01 10.51 F 121.02 4.89 192 39 21.35 299. 97 8. 95
51.01 12.20 122.02 1.83 201.00 4.58 305. 98 6.51 F
56. 00 2.25 123.00 2.25 202.01 2.39 314.00 3.91
57.01 12.59 123.99 7.51 204. 98 a.82 318.97 2.40
61.00 2.34 125. 01 3.00 206.00 2.73 319.97 10. 61
62.01 5.04 126. 02 2.12 207.01 6.57 323.96 22.43 F
63. 02 13.99 130.99 2.73 218.00 3.81 324.98 22.48 F
64. 02 1. 86 132.01 1.84 219. 00 9.43 326. 02 8. 67 F
68. 00 a4 55 135. 98 7.88 223.97 6. .61 337, 99 3 85
€8. 99 100. 00 0 136. 99 1.73 225. 00 8. 05 338. 98 2. a1
70. 01 3.20 142.98 5.43 226.01 7.32 342. 97 2.76 F
73. 00 117 144. 00 1.96 230.00 2.85 343.97 50.56 F
74.00 12. 92 145.01 8. 49 231.00 2.70 345. 00 24.45 F
75. 01 100. 00 0 149. 01 2.63 232.00 2.34 346.01 10. 51
76. 01 10,17 150. 00 2.37 235. 99 2.34 362.95 5.11 F
81.00 6 16 152. 02 2.01 242.97 3.32 363. 97 100. 00 FO
82. 00 2. 34 154. 98 26. 35 244. 00 2 37 365. 00 56 46 F
88. 00 2.70 156. 00 2.77 245.01 2.25 366, 01 6 33
92. 00 2.01 157. 01 2.01 249.00 €.75 383. 00 2.30
32. 99 14.06 161.99 7.33 249. 98 23.49 393. 99 32.52
94. 01 16.71 163.00 3.24 250. 99 7.86 395. 00 2 3.
95.02 75.37 166. 98 2.01 256. 00 21.14 412.97 75.84 :
96. 02 16.30 169. 01 a 09 257. 00 4. 43 a13. 98 75. 84 ¢
99 00 3.s52 173.99 1.89 268. 00 3.22 a15. 01 12.14 ¢
99.99 310 175.00 1.91 269.00 25.7% 432. 98 12 27 F
104. 99 a.64 176.01 10. 64 270.00 a.17 434. 00 2.
106. 00 1.95 180. 00 2. 81 271.01 ig.gg
107.02 3.03 181. 00 319 273.99 19. 93
108.01 1.89 182. 00 2.73 275.00 .
112. 00 2.84 183. 01 2.17 276. 01 13.35
113.00 3.17 187.00 2.90 277.01 2.45
114.02 29. 92 192.98 2.61 294. 00 10.31
115.02 2.21 184. 00 2.34 295. 00 22.05

223



Mass spectrum number 34,

SH9211050 1l Bgd=! 16-RUG-91 18:81-8:@8:47 78t tle

Bpi=8  I=l.dv  Ho=485  TIC=49410880 ficnt: Sys:ACE HiR: 9855888
S, RULLINS PT= 8°  Cal:PFLIGAUS ARSS: 484
18 484
89
69
4
; 89 95 1 S
21 5 1 3is 45
8 e . et | i | ] . l i .
188 260 389 488 560 6689
SHI211070 xl  Bgd=6  16-AUG-91 18:01-0:88:58 JBE Cl+
BpA=8 I=18v  Hn=487 TIC=184234888 Aent: Sys:ACE HiR: 20619869
§. FULLIES PT= 8°  Cal:PFIIGAUG FRSS: 465
168, 485
83 ]
68
40 |
52 381
28] 8
G.A_I.A:_dﬂ Loty ot . L , . . .
188 280 388 489 580 £99
SRSRII0Ile  w!  Bgd=11  16-AUG-91 18:01-:81:13 8F c1-
BpA=  I=4.lv  Ha=4B3 TIC=34968080 flent : Sys:ACE HAR: 27865868
S. RULLINS PT= 80  Cal:PFKIGRUG ARSS: 388
108, 388
88 §
694
4 |
28
; . . . e , :
163 288 388 488 588 662
El+ data
Mass 7 Base :
41.08 11.97 83.03 1.54 206. 07 1.42
42.05 1.84 94. 04 3.40 212.06 2.12
43. 03 5. 65 95.08 19.79 222. 06 3.1
43. 06 8.98 96. 05 1.49 223.13 1.83
44. 02 2.90 897.12 1.12 225.07 3.79
45. 03 2.55 99. 03 0.85 226. 08 1.49
50.02 5.14 104. 04 2.88 232.07 5.65
51.03 3.25 105. 09 1.5 250. 09 1.84
33.08 0.78 106. 04 0.74 251.08 2.83
854. 06 0.70 107.06 0.63 270.10 2.85
55. 06 5.78 111.04 0.87 281.0° 1.36
§6.07 3.46 111.14 0.54 296. 11 1.02
87.07 12.97 117.02 0.89 299.10 1.04
59.08 3.68 120.05 1.36 301.0° 2.83
60.04 0.82 121.06 1.93 307.11 1.98
63.03 1.17 123. 04 0.73 320. 11 7.58
65. 05 1.35 124. 03 1.02 325.10 2.44
67.07 1.41 135.11 0.87 326.11 4. 36
68.02 1.02 145, 06 2.16 327.12 5.57
€9.0! 20.29 149.05 30.588 345.11 6.64
€9.08 2.79 150. 08 3.97 346.12 7.98
70.03 0.86 185. 04 0.73 375.11 8.14
70.09 1.69 156. 06 1.45 376.12 1.78
71.10 2.87 163. 06 1.28 395.13 11.33
72.06 0.984 167.06 1.04 396. 14 3.67
73.08 1.03 173.06 0.83 414.13 3.81
74.04 3.19 178. 06 1.37 415. 14 39.49
785. 04 19. 44 187.06 2.83 416. 15 9. 41
76.04 4.83 187.56 1.65 465. 07 12.90
77.08 1.48 188.07 1.16 483. 14 1.50
81.08 1. 18 197. 06 2.02 484. 16 100. 00
83.10 1.72 199. 06 0.99 48%. 17 20.87
85.11 1.95 204.07 2.35
87. 06 1.16 205. 08 0.72

224




Mass spectrum number 35.

SH261050 xl  Bgg=l 23-0CT-98 15:56-8:00:¢2 78E £l
BpA=@ =523 Ha=451 TIC-29596888 Aent : Sys-ACE HAR: 3431001
§.AULLIKS PT= 8 Cal:PrRRZDCT HRGS: @
188, . 388 449
80 |
834 ] s
4
40 | . 11 -
&, ' | 1 40 L
285
8 !‘ At - bas s LLD.LL,M.. ] —flL _
58 180 158 a8 258 k[ 358 408 458 588
SH7610150 x]  Bgd=ll  23-0CT-39 15:56-8:81:21 78E C1-
Bp=8  1=3.3v Hn=339 TIC-24686888 fient : Sys:RCE HiR: 21576881
S.ALLINS PT= 8%  Cal:PFK2R0CT ARSS: pe
1ea, 33
6 |
68 |
48 |
2B ]
8l — — . . T . ' '
58 188 158 e 258 kL] 358 480 458 588
SH7610230 xl  Bgd=3 ©3-0CT-98 15:56+8:81:53 78 Cl+
Bphi=0 I=18v . Has518 TIC=134146868 Rent: Sys:ACE HAR: 18239881
S.HULLINS PT= 8%  Cal:PFK220CT ARSS: 15
100, 152 :
60 |
68 §
40 )
8] 5
;BN I ry Lol | . . i . - ' _
58 169 150 288 258 kL 358 496 458 588
El+data
Hass 7. Base
184. 91 8.07 287. 87 0.67 381. 82 30. 81
21 00 t o 156. 95 0.70 268. 87 1.02. 382, 82 5. 10
57.05 0.82 160.91 0.96 289. 86 3.99 393.84 4. 20
60. 96 0.61 161. 92 1.08 290. 87 2.39 394, 84 2 13
61.99 0.87 162. 43 0.87 291. 87 2.59 209, 80 15 01
63. 00 2.59 180. 92 0.47 292. 87 0.85 410. 80 181
68. 96 32.09 191. 80 0.99 293. 89 0.61 411. 80 4.75
72.98 0.61 192. 89 0.61 294. 90 0.96 429 80 31 22
72.97 0.41 199. 89 3.15 299. 86 1.17 430. 81 5 19
73.98 10.70 204 89 0.90 304. 87 0.58 431,79 9 &3
74.99 58. 90 206. 92 1.08 305. 87 a.26 432. 80 0 76
75. 99 14.08 214. 88 2.62 306. 88 0.67 445, 87 0. 79
77. 00 0.90 215.89 2.80 309.84 0.99 448, 80 100. 00
83.94 0.58 217.89 1.31 310.85 3.35 449, 80 15. 36
g4. 94 a.46 218.89 0.79 311.85 0.79 4s50. 80 3177
86. 94 1.54 223. 88 2.04 312.85 1.31 451.80 4.34
92. 98 2.19 224. 38 0.35 319. 885 2.16
93.98 0.58 224. 90 0.61 323.88 1.31
94.98 3.21 229. 90 0.58 324. 86 14.31
98. 96 0.44 234. 88 1.37 325. 87 10. 14
101.99 0.61 24188 0.64 326. 88 1.02
109. 94 0.88 242. 87 1. 49 339. 82 6.00
110.95 38. 36 249. 85 6.62 340.83 3.50
111.95 3.70 255. 89 9.53 a1. 82 2.01
112. 94 11.66 256. 89 1.81 342. 83 1.25
113.98 0.52 264. 86 0.61 343. 89 2.42
116. 94 2.56 266. 86 2.71 344. 86 45.18
123. %4 1.72 268. 86 1.92 345. 87 5.95
129. 94 6.56 271.86 2.04 353. 83 0.76
130. 93 1.14 273.87 1.08 359. 82 14.81
131.94 1.89 274. 88 1.60 360. 83 2.84
135. 93 1.14 275. 89 4.23 361.82 3.99
136. 94 1.95 284. 87 10. 29 375. 85 2.71
142. 92 1.08 285. 87 1.17 379. 82 97.70
148. 95 2.74 286. 87 8.51 380. 83 16.79

778



Mass spectrum number 36.

SR7781%6 xI  fgd=1 6-JUN-98 18:32-8:81:3¢4 78E £l
BpH=8 1=218av Hn=461 TIC=99478089 Acat : Sys:ACE HAR: 1432000
S.RULLINS PT= 8°  Cal:PFKIJUNE RASS: 468
188, 468
8] o1
69
48 | 65 45 EEL
2] les % 18 J 04 4
8 L. u Ilrl 1. — N a4 ~ J | . l l .’ .
199 268 398 408 580 £68
SR77022¢ xl  Bod=6 6-JUN-98 18:32-8:81 46 78E e
BpA=0 1=4,2v  Ha=468 T1C=79268098 Acnt : Sys ACE HAR: 18437004
S.RULLINS PT= 8°  Cal:PFKIJUNE FRSS: 156
08 |
68 |
48 |
0 |
B Y -~ e — ‘ .
184 ¢80 168 408 SA8 608
SR278230 x!  Bgd=15  6-JUN-98 18:32+8-02:14 DBE r1-
Bph=8 [=190-  Ha=558 T1C=1442727088 Acnt- Sys ACE KRR: 65534081
S.HULLINS PT= A" r3l PFXYJUNE AASS: e
199 39
28
6 |
49 |
28
a -+ A, — A e - L 1, v i - v v
189 a8 388 489 508 608
El+ data
Mass Y. Base
49 98 9.36 344.26 8.66
57.0S 2.09 345 26 35.68
63.03 4.54 346. 26 2.93
64.04 3.00 376. 28 9.15
€5.05 27.79 384 20 43.186
66. 05 1.08 395. 22 37 so0
€9.02 9.15 396 30 2.65
74.05 3.28 414 31 21. 16
75. 07 19.62 415, 31 1 82
76.07 17.60 4a41.33 18.72
B0. 10 a.40 442 32 2.23
83 o8 7.26 460.35 100. 00
92. 11 22.00 461. 36 14. 04
95. 09 4.82
108 12 17. 46
111 09 72 07
112 10 2 35
12212 1.33
138.13 71.51
13913 3.56
149 12 20.2S
150. 12 1.33
155. 09 3.00
20013 1.68
207.15 1. 47
231 18 2.16
250 17 9.71
256 19 6.28
257 19 2.37
275.19 1.47
276. 20 5.66
306. 20 5.80
307 20 1.54
325. 23 5.24
326. 24 16. 27

M6



Mass spectrum number 37.

SHB?1018s xl  Bgd=h 2e-AuG-9t 18:12+8:81:14 78E Cle
BpA-=@ I=18v  Ha=579  TIC-167946088 Rent: Sys-ACE HAR: 17075888
S, RULLINS P1= §°  Cal:PFK28AUG FIRSS : 124
188, 124
68
88. 52
49 |
Byl n % I
) kool A — . Aot A . .
169 208 388 409 588 668 788 gee
SHB21015¢ x| Bgg=11  22-AUG-91 1B:12+B-81:48 JBE {1-
Bph=8 I=1ev  Hr=636 TIC=76459868 fient : Sys:ALE HAR: 65534008
S. HULLINS PT= 8°  Cal:PFK28RUG AASS: 337
188, 337
89
68 |
40 |
20
a . v p4 % Y Y T v T
’ 109 208 389 468 588 608 782 868
SHO7181%s  xl  Bgd=l 22-AUG-91 19:12+8-82:88 78 £l
Bpii=8 I=6.lv  Hn=776 TIC=356972992 ficnt: Sys:ACE HRR: 46117088
S. RULLINS PT= 8  Cal:PFR2BAUG FRSS: 445
168, 445
376
" %
§
60 . 397
48 |
Bl R 1A 238 e
Blodinitdh e Aol L { . . . ;
189 288 300 468 568 668 748 808
El+data
Mass 7 Base ' .
51.00 2.55 255. 91 2.74 360.88 8. 45
63. 00 12.17 256. 92 1.62 361.88 1.97
64.00 3.28 257.92 1.43 374.88 5.11 F
66.97 5.11 258. 93 1.852 375.88 89.08 F
74.99 2.18 263.91 2.86 376.89 14.68 F
75.99 1.486 273.90 1.45 377.90 1.49 F
77.00 5.32 275.91 1.91 291.88 1.91
78.00 2.55 276. 91 1.44 405. 89 5.84
78.99 3.12 278. 93 1.91 423.87 1.91 F
82.99 3.83 285. 91 1.91 424.87 1.69 F
91.98 14. 68 286.91 1.91 425. 87 66.61 F
92.98 1.89 287.92 4.58 426.87 11.49 F
104. 99 2.55 291. 90 5. 06 429. 87 2.55
107.00 4.56 292. 90 2.55 443.73 2.55 F
108. 00 1.31 293.89 1.91 444,88 100.00 F
123.01 14. 68 308.89 26.72 F a45. 89 18.51 F
124.01 4.47 306. 90 56.16 F 446. 91 2.02°F
124.99 2.27 307. 92 10.41 F 464, 91 1.31
125. 99 3.90 308. 92 1.43 495. 93 1.99
144. 96 1.34 310.90 3.44 507.93 1.53
184. 93 2.94 319.87 1.91 527. 93 1.91
165. 00 1.91 323. 90 8.34 560. 87 1.91 F
168. 95 1.91 324. 90 2.13
178. 95 1.44 325.89 .18
19992 2.55 326. 80 1.38
213.93 2.55 327.91 3.23
217.93 1.51 341.88 19.59
218. 94 2.87 342. 89 3.42
237.34 15.28 343.88 1.87
238. 94 2.7t 345. 89 1.91
243. 92 1.91 347.91 1.31
24492 1. 46 358. 90 8.31
249. 89 3.83 356. 90 2.60

227



Mass spectrum number 38.

S$HB7110480 xl  Bgd=2l  22-RUG-91 18:28-9:83:58 78C Cl+
Bpfi=0 I=18v  Ha=S11 TIC=136734888 flent : Sys-RLE HAR: 17493008
S. RULLINS PT=8°  Cal:PFK2AUG fiRSS: 589
188 589
88 |
68 |
403
48 |
2] o
a = - r - . A r A v r T
188 8B 308 468 588 668 768
SAB 118450 xl  Bgd=4l  22-RUG-91 18:28-8:04:16 7BE C1-
Bph=8 [=3.4v He=580 TIC=29040808 Rent : Sys:-ACE HHR: ccaiieed
S. RULLINS Pr= 8°  Cal:PFK2BAUG ARSS: 468
188. 488
89 |
68
48 |
8
ol . . .| ) . ,
188 286 E[:: 468 560 688 788
SHB2110460 xl  Bgd=2d  22-AUG-91 18:28+8:84:21 78E -
Bpii=0 1=9.2v  Ha=511  TIC=514567888 ficnt: Sys:ACE HRR: 63654888
S. HULLINS PT= 8®  Cal:PFK2BAUG HRSS: 560
168 560
08 J
68 |
48 479
28
8 ol - , - TN ST SN VU5 JL. : L , .
168 288 368 488 68 660 788
El+data
Mass 7. Base
41.01 2.68 305. 83 1.32 388. 77 4.83 F 487.73 7.31 F -
43.02 5.20 306. 84 1.78 389.78 2.45 F agg. 74 16.36 F
49. 98 1.62 307.84 1,31 393.78 4.81 F 489.77 3.83 F
50.99 4.60 308.86 1.73 394. 80 4.78 F 506. 72 47.40 F
55.01 2.70 312.82 1.62 395.79 1.77 507.73 100.00 F
57.03 6.81 313.83 1.33 402.78 2.10 508. 74 46.44 F
62.98 4.53 319.83 1.40 403.79 2.11 509. 75 8.58 F
63.99 5.20 324. 82 2.28 406. 79 2.76
64.99 1.61 125.82 2.71 407.78 2:00
68. 98 5.63 F 326.83 2.82 408.80 3.22
69.02 2.20 F 332.81 2.852 492 79 6 68 F
71.03 4.03 338.82 3.80 o 76 2 82
74.96 1.50 339.84 2.35 128 78 ' a3
76.98 8. 82 340. 84 1.66 pradily 4 34
77.98 1.78 344.81 2.28 428, 74 1. 80
83.01 1.61 345. 81 2.79 a37.74 1.65 F
85. 04 2.96 346.81 1.50 438 76 4.66 F
91.96 S.86 384.81 2.34 439. 76 1.61 F
97. 02 1.31 356. 80 2.04 a2 74 | S8
238.88 1.72 358. 82 2.98 443 76 2. 42
243.86 1.61 359. 81 1.31 a5 82 L 61
253. 85 2.13 363.80 1.35 presd | 98
262. 85 1.76 364.82 1.93 437. 75 1.63 F
263. 86 1.34 368.82 1.63 a58. 74 9.58 F
276.86 2.78 372.79 2.42 489 74 2.82 F
281.83 1.49 373.80 2.82 472 75 1.32
282. 84 2.42 374.79 6.41 476. 71 3.38 F
288. 84 1.64 375.80 2.42 477. 73 17.26 F
29485 1.96 376.79 1.63 a78. 74 39.16 F
295. 85 i.:? 377.eg é»i? 479.77 8.86 F
.85 . 380.7 . :
§§§, ga 1.88 387. 77 1.33 F 486. 62 3MLF

228



Mass spectrum number 39.

SHe61E180 xl  Bgd=b ¢2-RUG-91 89:57-8:01:14 78 1.
Bph=@ [=18v  He=721 T{(=352830816 Rent: Sys:RCE HAR: 65534808
S. HULLINS PI= 8°  Cal:PFY2EALG AASS: 124
160, 1ed
88 |
68
40 | 166
225 183 45
I 100 ' L 547
8 L kJ\;-J\——J . . . A A I . L e -
108 2o 388 448 588 689 768
SHBBIN1 S0 sl Bgd=11  22-AUG-91 89:57-8:@1:48 78E Cl-
BpH-8 [=18v  Hna=587 TIC=78448868 Acnt : Sys:ACE HiR: 65534060
S, AULLINS PT= 8°  Cal:PFK2BALG HASS: 3
100, 337
88 |
68 |
40 |
@l
108 288 389 488 568 669 788
SRB61018e %l Bgd-=1 22-AUG-91 89:57+8:81:55 78E £l
BpR=0 [=7.2v  Ha=645  TIC=31568839¢2 Acnt: Sys:ACE HAR: 47154880
S. RULLINS PT= 8°  Cal:PFK2OAUS FASS- 445
108, 445
68 |
68 |
48 | 92 426
28 | 63 ” 376
e_ AIV,A. b, P & L Ak uwl; A'J\_ h _'1 v
108 288 380 408 568 680 788
El+ data
Mass %, Base )
49. 98 3.26 168.92 1.09 307.84 1.74 394.79 1.09
50. 98 3.38 193. 89 1.09 312.82 2.85 401.79 2.17
51.99 1.08 199. 87 1.70 313.83 2.74 405. 80 8.75
52.96 1.09 F 204. 86 1.09 319.80 1.1¢ 406. 61 1.63
§3.00 1.63 F 218.90 g8.51 321.81 1.09 409.77 1.23
56. 98 2.15 219. 90 1.77 323.82 1.09 413.79 1.09
61.97 2.17 224.87 1.09 324.82 1.13 424.77 1.09 F
62. 98 20.17 237.88 1.63 325.83 3.80 425. 80 40.53 F
63.99 17.29 242.85 1.09 326. 83 1.09 426. 80 7.05
64. 99 3.29 243. 86 1.63 331.81 1.09 430.77 1.76
68. 95 7.63 244.87 1.83 332.02 2.40 443. 76 1.31 F
73.96 1.27 249. 84 2.89 335.82 3.286 444.79 100.00 F
74.97 3.96 250. 87 1.16 336.82 1.06 445. 80 17.35 F
75.98 6.57 252. 87 1.08 340. 80 2.44 446. 81 1.78
76.98 15.67 285. 86 1.74 -341. 81 2.28 450. 79 8.72
77.99 2.17 262. 86 1.09 343. 81 1.63 451. 80 1.86
78. 9% 3.26 263. 86 1.63 344.81 2.24 463. 80 1.09
79.99 1.77 267.88 1.09 345. 82 4.53 488.78 1.65
80. 96 1.18 268.85 1.63 346. 82 1.09 507.83 8.14
82.97 10.76 273.84 1.09 395. 82 8.10 508. 84 4.32
91.96 36.73 275. 85 1.18 356. 83 1.8% 508. 85 1.09
92. 96 3.00 276.85 1.63 357.82 1.09 §521.82 1.09
94.97 1.32 280. 86 5.90 359. 80 1.09 565. 83 1.59
106. 97 3.80 281. 86 1.33 360.61 1.76
107.98 2.22 282. 86 4. 82 361.80 1.24
110.95 1.79 286. 84 1.09 382. 80 2. 44
116. 92 1.13 287.85 1.63 363. 81 1.09
122. 98 5.47 291.84 1.1 374.81 1.09
123.96 1.09 292. 83 {.63 175. 82 21.31
129. 96 1.66 293.83 2.17 376.82 5.89
132.96 1.09 294. 84 1.09 381.79 2.87
154. 89 2.74 299.81 1.18 382.80 1.12
164.97 5.63 305.83 2.47 390. 79 1.09
165. 97 1.70 306. 85 4.35 393.78 2. 47

229



Mass spectrum number 40.

SHBBI1 1840 xl  Bgd=1 22-AUG-3! 18:84°6:88:43 78E El-
Bph=8 [=4.2v  HosSIB  TIC-183950888 Acnt : Sys-ACE HAR: 27648888
S. HULLINS PT= ' Cal:PFH2BAUS ARSS: 588
188, 588
88 |
68 | o
49}
457
8 477 92
8 u_NMJ . e 'S o WS ¢ . L‘ \ . .
169 208 g8 488 588 609 788
SHBG1 11890 xl  Bgd=b 22-AUG-91 18:04-8:81:89 J6E e
Bp=0 [=18v  Ho=SIS TIC-166887888 flent : Sys:ACE HAR: 43474040
S. RULLINS Pr=8°  (al:PFK2BALG ARSS: 589
168, 563
89 |
69 |
48 |
2 | 483
b Ll ' y . . - .
169 288 388 488 580 668 789
SHEB1L18140 xl  Bgd=1l  22-AUG-91 10:84-8:81:35 78E ct-
Bpi=8 I=2.lv  Ho=588 TIC=19595080 fcnt: Sys:ALE HiR: 13466888
5. RULLINS PT= 8°  Cat:PFK2BAUS fIRSS: 401
108, 481
99 |
69 ]
49 |
a8 |
; , | , l ) , |
108 280 388 460 588 689 788
El+data
Mass 7. Base
40.98 3.00 332.71 2.78 429. 60 1.85
42.96 2.05 F 338.69 1.85 432. 62 4.83
43.00 2.78 F 344.70 1.85 433. 62 3.67
49. 96 1.89 345.71 1.73 4386 47 2.86 F
50. 97 1.88 350. 69 1.85 437.56 2.16 F
54.99 1.86 351. 69 1.72 438. 63 6.49 F
57.01 3.70 352. 69 1.85 439. 63 1.85 F
62.96 5.39 360. 69 1.85 441. 60 3.70
63.97 10.09 363. 68 1.85 442.61 1.07
64.97 1.86 364. 69 4.20 444.63 2.05
68.93 3.80 F 365. 69 1.58 445. 62 2.78
74.95 1.85 369.72 2.16 447.33 1.14 F
75.98 3.54 370.71 1.08 448 . 68 1.85 F
76.96 10.20 372.67 1.88 449. 60 1.88 F
77.96 1.85 375. 69 1.05 452.61 1.88
90.95 1.03 376.69 1.55 486.61 20. 49
91.93 12.10 380.67 2.85 497.62 6.28
92.93 1.62 381.67 1.85 438. 61 1.08
120.94 3.70 382.66 1.85 461. 60 1.85
148. 87 4. 71 392. 66 1.5% 464.61 4.67
214.81 1.55 394.67 1.85 4686. 62 1.03
236. 29 4. 63 395. 67 1.85 472.59 1.62
236.79 1.85 400 64 L 88 473.58 6.62 F
243.79 2.78 401 &5 1 91 476.58 51.85 F
244.29 1.48 406 66 1.85 477.61 13.42 F
253.78 1.88 407, 66 6. 86 478. 61 2.78
282.76 2.60 408, 66 2 96 488. 61 12.89
283.77 1.85 409. 65 1.88 489.61 2.95
288. 74 1.88 413. 64 2.50 492.59 2.68
294. 7% 1.85 414 65 1 46 506. 41 5.56 F
295.76 1. 81 418 66 185 507.57 100. 00 F
311.74 1.52 420,63 1.16 508. 60 25.98 F
312.72 1.88 421.63 3.30 509. 61 3.70
313.74 1.88 422. 62 2. 48
326. 73 1.88 423. 65 2.68
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Mass spectrum number 41.

SR130661¢ xi  Bgd=658 25-NOV-88 12 8-6:11-45 78f £f+
8pA=8 I=464ov Hn=483 T[C-28557048 Acnt Sys:AULL HAR: 3946808
6C= 1467 Cal PFEINNY ARSS 29
108, 23
95 ]
99 |
89 |
48 |
75
78 |
85 ] I
68 |
554
58
45
48 |
35 ]
38
25} 59 489
ol |
292
15 ] & 9
18]
5 J ‘
a- B | i i Ak H B B 290 i n | lll ‘I l .
59 108 158 8 259 380 158 488 {58 580
El+data
Mass % Z2a3se .
26.01 210 208.06 3.87 313.15 2.10 409. 26 25. 41
27 02 26. 46 207 03 1.12 314 11 2.30 a10.2 2.82
28. 00 39.07 2:4 09 112 314.20 1.12 413. 3% 1.25
28. 032 5.19 215.04 1 51 314 24 1.25 426. 31 5. 45
29. 00 2.30 217 09 2.83 317.17 5.45 428. 46 1.97
29. ¢4 100. 00 218 09 2.56 318.16 2.30 435. 34 3.02
3o0.01 1.64 233.09 2.10 319.17 1.25 437.33 7.55
30.04 2.10 236. 09 42 321.15 1.12 454 34 3.22
31.02 1.51 237 08 I 25 323.17 1.77 482. 45 5.45
31 29 9. 00 242.07 1.25% 324. 20 1.58 483. 46 1.25
313.02 413 243.09 1.58 329. 20 1.18
44. 00 1.51 243.2 1.12 333.17 3.74
J45. 00 2.82 24510 1.38 336.17 1.77
45. 04 13.33 246. 09 11.36 337.20 4.66
65.01 125 248 10 112 338.23 1.12
68. 00 11.23 249. 14 1.38 339.18 2.10
69.00 23. 64 251.10 1.25 340.19 12. 48
59 04 112 255.10 q.27 342.19 3.74
70.07 2.17 281.09 1.25 345. 20 3.35
71 01 1. 44 264 11 1.77 3587. 24 6.01
86.02 3.91 267 i1 4 2 359. 24 1.58
97 00 14. 90 273.12 7 22 361.22 3.38
11508 1.25 277 17 1.25 362. 21 1-7;
117.01 1.51 283.12 9.86 364. 26 3.37
121.02 3.81 289 11 2.10 365. 31 ;‘ss
143,02 3.68 290.13 1. 25 367. 24 2.58
144 01 1.12 292.13 16. 489 372.53 10.57
145 03 3.15 293 16 2.20 380. 23 2 20
149. 05 112 294 18 1.28 381.51 2‘17
167 05 a.27 295.15 1.38 385.2 17
175. 06 L 77 202. 14 1.77 387. 22 2.1
177 28 1 25 305.16 1.77 389. 25 3‘7;
183. 09 1.28 309. 16 1.77 406. 25 3.8
186. 02 1 64 311.15 6484 407. 26 9.13
193. 04 1.12 312. 186 6.76 408. 25 15. 43
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Mass spectrum number 42.

SR133011e xl Bgd=1 4-APR-89 18:4-8:81-¢3 8L g~
BpA=8  1=2.lv Ha=828  TIC=25768808 fAcnt: Sys FAD R 13067608
SAULLINS PI= 8 Cal GLYCH R8s, 193
lgg. 133
98 |
06 |
78 |
68 |
56 J
40 |
38
28 4 ¢85 675
18 4
8 " * M l v l v T r
168 24 0 468 38 60 78 o 30 68
5133074 xl  Bgd=6 4-APR-83 10-4+8:01:85 76 FB-
BpR=8  I=3.5v Hp=957 Ti[=41234808 ficnt: Sys:FAA HiR: 59742880
S.RULLIKS PI= 8  Cal:GLYC34 AASS: 489
108, 489
98 |
88 |
784
68
58 |
48
30
28 |
18 ]
8 v ) - l. Lo ' . ' ' ' X ‘
168 208 3688 408 580 568 08 308 988 1008
2 Mass 7 Base
e 03 s a3 266. 76 2.31 3s8. 73 0.30
132. 88 100.00 267.76 0.83 352.33 2.23
~a2. 72 : 38 267 83 0. 33 36 7 4.6
284 71 17.86 278.72 0.58 g:;-7? 0. 61
285. 84 3.24 278,79 0.70 363.71 1.0
286. 77 .33 285. 67 0.26 84.61 0.51
286. 93 0.52 285.73 0.56 333.75 -89
291. 65 0. 48 29473 0 22 5. 75 3.1
291 63 0.47 295. 72 0.18 380. .30
291. 75 0.54 297. 64 0.19 380. 69 0.68
91.80 0.85 297.74 0.73 380. 79 0. 139
go;'ss 0. 28 313.76 0 49 382. 63 0. 44
311.69 7.19 314.73 0.18 382. 70 0. 26
416. 60 0.33 316. 55 0.16 382. 75 0. 31
4::'31 0. 26 316. 72 a.67 382. 80 0. 51
416.79 0.77 317.73 2 21 386. 74 1. 08
416. 85 0.69 318.78 0 21 389. 72 213
417.73 2.08 332.72 0.29 380. 60 0.33
417 93 0.22 335. 62 8. 86 390.72 . 0.29
418.73 5. 65 335.74 9. 63 380. 81 0 25
419.63 0.4s 336. 72 2. 83 406. 68 1.17
41974 0.93 336. 87 0.17 407. 75 0 16
.84 0.90 338. 71 0 78 408. 04 0 19
1 e 0. 31 339.72 0.21 a08. 70 100. 00
:gé'gg 0. 48 339.78 0 32 409. 70 12 71
) 0.38 340. 69 0.18 410.70 1.53
43e o 0. 65 340.73 0.54 424. 66 0.13
:gg. :g o' a4 340.79 0.24 424. Z; g. gs
523. 09 0 72 344.73 0.19 223.78 o'ag
537. 13 0.52 344.77 0.17 ds8.78 0. 47
550. 69 0. 46 349 66 0.34 936. 54 378
550. 75 0. 31 249. 71 0.14 957 3¢ 0. 40
§74 82 18. 95 349 77 0.29 387.53 026
675. 85 2.42 351. 64 0.138 287 €5 049
779. 87 114 : 351.73 0.31 o714 0.27
828. 74 0.33 355. 69 0 25 -
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Mass spectrum number 43,

SR418140 xl  Bgd=! 39-H0V-98 12:18+9:62:33 7BE 8-
BpA=133 [=18v  Hn=367 TIC-336244992 flcnt : . Sys:FRB HAR: 65534008
S.HULLINS PT=8°  Cal:GLYOCTIO ARSS: 285
190, 133 285
88
| 68
4
49 |
28} 655
9 JJ‘_; 1 it A l . .
168 288 308 488 568 609 708 988 988 1808
SHét0180 wl  Bgd=3 38-HOV-98 12:18+8:81:57 78 fB-
BpH=388 [=7.9% Ha=836 TIC-1548630¢8 Rent: Sys:FRB HRR: 517860868
S.HULLINS Pr- 8"  Cal:GLYOCT1O ARSS: 388
188, 388
89
]
68
49 |
28 .
8 = l‘ L__..A_u‘l\_ak_v_LJ. - 1 . .
188 288 3898 489 508 698 788 868 988 1860
FAB+ data FAB- data
Mass 7. Base Mass 7 Base )
100 01 2.82 636.74 0.61 140.77 0.79 347.53 0. 80
102.06 1.14 854. 70 22.52 F 190.72 0.57 348.52 0.50
102.97 0.80 §55. 72 3.78 F 202. 69 0.77 350. 52 1.54
114.01 0.76 656. 74 0.64 218. 69 0.80 359.58 0.50
114. 98 0.63 876.76 1.24 221.69 0.79 360.58 1.79
116.99 0.79 758. 63 0.69 237.65 0.52 361.59 0.50
126. 01 0.63 774.75 0.88 240. 64 0.84 362.53 0.91
127. 00 0.81 819.82 1.07 246.62 0.61 366. 56 7.76
128. 02 16.57 : 249. 62 0.64 367.56 1.67
129. 02 1.97 258. 65 0.72 368.58 0.50
130. 00 0.68 259. 64 0.81 3§9.56 2.91
130.96 0.51 268. 62 1.07 370.58 1.64
132.01 0.8% 269. 63 1.24 371.56 0.38
132.89 100.00 © 274. 60 0.82 372. 54 0.51
136. 01 0.57 277.61 0.82 373.83 0.50
143. 05 0.76 281.59 0.852 386.52 1.11
146. 02 3.94 284. 59 0.64 388. 50 100.00 F
147.00 0.61 287.57 0.64 389. 53 17.16 F
150. 83 0.64 293.55 0.73 390.53 2.74
152. 82 1.05 296. 55 6.39 391.52 0.91
162. 82 0.72 297.55 3.58 410. 47 9. 43
165. 03 2.23 298. 58 0.58 411.48 1.66
184. 99 0.79 3185. 46 3.74 F 432.53 1.60
224.82 6.05 315. 64 S.14 F 508. 53 0.682
282. 66 2.86 316.59 1.68 §30. 42 0.50
284.76 100.00 0 317.57 0.30 g92. 46 3.27
308. 66 0.54 318.58 074 5583. 44 0.78
310.67 0.74 319.58 0.50
324.67 0.94 324. 57 0.71
335: &8 2.90 335.54 0.53
436. 55 §.90 337.54 0.74
613.67 0.79 338. 54 0.70
632. 69 4.80 340.52 0.60
633. 71 0.75 343. 52 1.78
635. 70 1.13 344.53 1.0t
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Mass spectrum number 44.

SH211068%  «l  Bgd=B28  13-AUG-31 18:18+:18:5 7BE €l
FA3 B.1ASEC 6C= 138° Cal:PFKIZAUG ARSS: 5
18a, %7
%5 |
9|
85 .
8e |
%5
78 %1
65
68
55,
50,
4]
4] 281 430
541 69
3, al 46
25 | g
e 23
15
18] 1
gy EEI | |
o g e b ey
g 188 158 26 258 308 350 488 458 540
Ei+ data
Mass 7/ Base
53.03 5.29 284. 96 2.48
55. 02 16.20 285. 04 2. 48
5§6. 03 8.60 300. 97 26. 94
§7.03 100. 00 301. 98 3.47
58. 04 3.31 302. 97 6.28
65. 02 3.47 304. 98 2.64
68. 99 33.88 308. 98 2.98
80. 02 S.62 320. 96 6. 45
87. 00 4.63 322. 96 4. .46
92. 98 2.98 328. 97 3.14
97.01 3.14 348. 95 2.81
98. 03 8. 60 383. 93 5.62
99. 03 4 30 368. 96 2.31
115. 03 6.94 369. 94 3.14
120. 99 6.28 370. 96 10. 41
139.01 3.47 397. 94 2.31
142. 98 8.93 398. 94 9.92
187. 00 3.31 418. 94 9.59
204. 98 2.84 419.95 7. 44
207. 00 2.64 420. 94 70.41
208. 00 3.80 421. 96 11.57
234. 98 10.58 437. 34 40.33
235. 99 18.51 438. 96 4. 96
237.01 3.14 485. 96 29.78
284. 97 3.3} 466. 99 4.79
288. 99 3.14
2986. 97 2.31
289. 01 3.31
266. 96 2.238
274. 99 3.31
280. 96 39 34
281. 97 4. 48
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Mass spectrum number 45.

SRR9E1% x| Bgd=18  6-SEP-BY 89:4+8:81:35 JBE 38
BpR=8  [=2.lv  He=48)  TIC-85855808 Rent - Sys:ACE HAR: 13711080
S.RULLINS PT= 8%  Cal:PFK269 RRSS: 417
180 £
9 | ©
80 |
7]
68 |
58 |
4. 37
3] 079 8
28 39 -
18 223 298 l
ol . L1 .LL'“LLLl ll lllll LLL[ | | L i _
50 188 158 280 258 388 3% - 48 450 500
El+ data
Hass 7 Base
30.99 1.91 261.09 0.90
48. 28 0.59 267. 08 3.37
50. 00 1.1¢% 268. 09 0.20
68. 99 97.01 272.09 0.50
69.99 0.90 279.09 21.97
74. 00 0.49 280.09 2.15
79. 00 0.35 286. 08 0.32
93.01 7.61 291.10 §.00
98.02 0.80 292. 10 0. 44
103. 02 0.69 298.10 11.93
105.02 0.77 299.10 1.29
110.02 0.39 305. 09 0.20
112.02 0.20 310.11 4.57
117.02 6.83 31148 0.50
118.02 0.25 317. 12 8.97
122. 02 1.60 318.12 0.82
124.02 2.30 329.10 18. 82
129.02 0.85 330.10 2.03
131.02 0.42 341.12 0.23
136.03 1.77 348. 12 25.95
139.53 0.24 349. 12 3.41
141.03 9.04 367.12 37.28
142. 04 0.65 368.13 3.3
143. 03 3.46 379. 14 8.80
148. 04 2.63 380. 14 1.02
149 06 0.53 398. 14 9.67
153. 04 0.96 399.15 1.50
155. 04 1.47 417. 16 100. 00
160. 04 1.98 418.16 11.68
167. 05 3.78 419.16 0.50
172.05 4.76 429. 16 0.68
173.06 0.32 448.17 0.82
174.05 0.21 467.19 84.39
179.05 3.33 468. 19 10.68
180. 06 0.24 469. 20 0.58
181.05 0.79 486. 19 14.59
186. 05 0.65 487.19 1.68
191.06 9.83
192. 07 0.87
193. 06 0.35
198. 06 0.85
199.06 0.41
203.07 0.53
205. 06 1.73
210.07 5.81
211.07 0.47
217.07 1.79
222.07 0.63
224. 07 1.585
229.07 11.45
230.08 1.00
236. 08 0.88
241.08 9.18
242.08 0.75
248. 08 3.81
249. 09 0.33
255. 08 0.69
260. 08 9.28
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Mass spectrum number 46.

SRLB1Le xi  Bgd=l 14-0CT-91 11 59+8:81 43 78t g+ .
BpA=0 1=9.8v  Hn=834 TiC=434856608 fcnt: Sys:fAB HAR: 53977608
§. AULLINS PI= 8°  Cal -Prridoct fASS: 93
168, Rk
£8 |
68
197
@] |
] 13 185
28 |
8 La e N : , : . :
168 08 389 408 580 668 788 508 908
SA21826 ¥l Bod=6 14-0CT-91 11-59+8 81:14 78E 8-
BpA-=0 [=2.4v Ha=896 TIC=174971688 Acat : Sys:FAB HAR: 15626800
S. RULLINS PT= 8  Cal:PrK140CT HASS: 362
188, 32 :
69 ]
68
48 |
727
ni.-n_JA‘L » .
768 0ee 980
FAB+ data FAB- data
Mass 7 Base Mass ¥, Base
54.91 11.45 90.92 11.69
56.92 49.21 112. 95 2.85
60. 91 11.61 182. 86 8.19
68. 95 5 85 342. 49 7 73
70.98 5.99 381. 61 100.00 F
73.98 5.76 362.62 11.60 F
74. 96 37.72 443. 42 19.13
76. 96 S.20 445.51 9.19 F
92. 96 100. 00 604 47 10.04 F
114.93 23.03 v 651.95 6.56 F
130433 _5-?3 702. 11 9.83 F
132. 3. 776.75  15.08 F
iS%:SS 551%% F 778.53 8.60 F
206. 83 5.60
224.73 5.04
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Mass spectrum number 47.

SHa1iee ¥l Bgd=l 15-JRN-91 12:14-5:89:38 78 Foe
Bpii= [=18v  Hp=781 TIC=711624889 fent: Sys:FAB HAR: 65534808
S. RULLIES PT= @  Cal:PFILI4JAY ARSS: 133
188, 7593 133
58 185
69 285
40
168 288 388 489 588 628 788 869 989
SH881080 nl  Bgd=b 15-JAH-91 12:14-8:81:21 76E Fa-
BpR-8  1=6.8v Ha=893t TIC=99241882 Rent: Sys:FAB HifR: 44773008
S. ARLIYS PT= @  Cal:PFK14JAN FASS: 485
188, 1)
9 4
68
40
28 4
362
E A Dop P i - 1. .l ; l . . .
188 288 38 483 569 668 788 4] 988
FAB+ data FAB- data
Mass 7 Base Mass 4 Base.
84. 93 8.67 112.90 7.85 58. 91 1.14
89. 93 14.52 114.85 11.85 90. 90 1.93
g6. 93 89. 07 116.87 5.587 182. 87 1.14
§7.95 24.70 130.81 6.64 266. 71 3.09
88. 95 7.60 132.68 100.00 0 316.74 1.19
59.93 5. 47 148. 80 13.71 335.70 4.57 F
60.92 15.34 F 149. 80 2.34 336.714 2.8 F
€8. 81 3.97 . 166.82 3.13 342. 69 1.14
69.94 5.47 180.85 3.13 361.62 13.73 F
70.92 8.04 184. 80 80.47 F 362. 66 1.72 F
71.93 3. 47 185. 81 7.50 F 366. 66 1.24
72. 91 g8.27 186. 80 2.17 382. 67 1.14
74.91 100.00 0 199. 84 2.80 386.68 ©1.36 F
75.91 4.43 199. 87 7.486 404. 65 100.00 F
76. 90 2.62 222.70 . 405. 66 10.86 F
82, 90 213 224. 60 58.60 F 454. 68 5.31 F
84.92 10.95 225.61 2.713
88.92 4.35 316. 49 4.30
86. 92 5. 09
88. 94 28. 69
89. 90 3.25
90. 88 3.13
92. 94 100.00 0
93. 89 10.84
94. 89 3.13
" 96.90 4.43
97.90 3.868
98.89 20. 30
89.91 3.19
100.92 8.33
102.91 4.89
109. 88 4.00
110.87 2.34
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Mass spectrum number 48.

SA1128136 ®l  Bgd=ll 14-0CT-91 12 21+8 81 56 J8E fB
Bp=8 1=4.8v  Ha=b66  T1C-183826888 Acnt - Sys:FRB HAR:
S. RULLINS P1= 8°  Cal PFKI4OCT HASS:
188. 133
88 |
58 |
48 |
eaJ CE
1927 25
g J Al 1 : A ] . ] .
188 260 388 488 58 G 708 988. 988
SHI1288e xl  Bgd=b 14-0CT-91 12 21-8:81-22 78E 8-
BpH=0 [=1.3v  Ha=861 TIC=2356R080 ficnt: Sys:FAA HAR:
S. HULLINS PT= 8% Cal:PFK140CT HRSS:
188_ 385
88 |
68 |
]
40
1
o8 | 435
(] PUNIN - et |_'...A.AL;L.:u-. whaa o o L N — , - .
168 208 368 488 588 600 708 568 998
FAB+ data FAB- data
Mass /. Base Mass Y Base
46 37 Lo13 224 74 11.51 90. 93 1.20 484. 60 1.97
54.30 2.30 284. 44 517 F 92 88 1.29 522. 60 2.09
55. 91 121 284 &9 4.25 F 240. 76 1.83 560. 56 1.36
56. 91 14 39 268.73 1.56 777.72 2.03
57 92 2.34°F 271.70 117
57.28 y 81 F 290.72 1.98
58. 32 .. 81 330. 69 1.09
59. 91 171 337.68 4.00
§0. 91 4 85 : 338. 68 1.42
68. 94 1.88 341.68 1.95
69.96 .07 “342. 69 1.07
70. 96 1. 68 346. 67 3.28
71. 98 1.61 356. 66 1.72
72.95 .. 568 357.66 1.41
73.98 2.52 359. 67 0.94
74 96 11.37 360. 65 9.48
87. 94 2.59 F 361.68 1.41
. 88.00 2.54 F 362. 66 2.28
38. 06 1.61 F 3§5. 65 3. 47
92. 96 24.77 366. 65 3.79
93. 97 1. 81 384.62 00. 00
98. 95 | 28 385. 63 19. 36
99. 95 1,81 F 386. 64 3.16
100. 05 1.23 F 387. 62 1.38
102. 03 7 38 168. 66 6.05
102. 26 2.33 389. 65 1.75
109. 28 {26 196, 66 112
114. 90 214 % 400. 67 1.62
L0 As F 106. 63 a.37
117 36 . 03 415.61 2.21
130 91 . a8 434. 61 21.17
132.79 100. 00 a35.61 4.33
148. 90 3 46 436.57 1.03
184. 21 5.76 441.60 1.13
2.10

460.61
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Mass spectrum number 49.

SA9LE12s xl  Bgd=S 14-0CT-91. 12 86-8:01-58 78t fBe
Bph=4 [=18v  Har=896 TIC=885652032 flcnt Sys:FAB HAR: 65534600
5, RULLINS P1= 8  Cal:Prr1doCT HRSS: 133
188. 93 113
88 |
157 %
68 225
] 197
48
168 288 308 448 568 508 788 ] 988
SH918180 ul  Bgd=6 14-0CT-91 12:86+8:61:36 78 F8-
BpA=0 1=4,3v Ha=832 TIC=245354088 fAcnt: Sys:FAB HRR: 27963888
5. RULLIKS ' PT=8°  Cal:PFK140CT HRSS: 373
180, 373
4
88
68 |
40 |
‘ B 43
20 |
8 BN | PY S L Lt hatd Sadod bedtiat B LA . - = - . z Jl. A L ’ < v
188 208 ' 388 408 500 £88 788 888 908
FAB+ data FAB- data
HMass 7. Base Mass Base
54.91 15. 66 90.92 4. 05
55. 91 13.66 278 71 3 06
56. 89 69. 06 304 68 5 11
57.93 17.94 334. 66 a 18
58. 93 7.03 351. 65 4. 71
59. 91 5.31 353. 62 20 13 F
§0. 91 20. 31.F 354 62 103'33 .
2:'::- 18‘23 373. 60 12.71 F
70. 98 6.38 375 62 a5 F
‘ ’ 376 62 4.38 F
71.99 uss.;g 384 61 7.80 F
3§'§§ 16.87 394.58 28 a4 F
’ ' 395.61 5. 13 F
74.96 66.02
86 01 25 26 403.59 5 54
. : 422. 51 24.75 F
86. 99 7.03 2
S22 100000 gpse 6f
lgg-gz 3'3§ 510 40 5.31F
: ' 541.30 303 F
102. 04 1;-83 560. 36 a.71F
i?g'g: 14.84 632 38 8.79 F
11495 7.87 682. 40 .82 F
130. 98 14.67
132. 92 100.00 FO
148. 90 17.98
149. 87 5.94
184. 92 35.27 F
187. 04 43.44 F
188. 03 6.06 F
203. 01 8. 28
222. 83 5 06 F
224.74 57.80 F
240. 81 7.03 F
284.55 6.58 F
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C12H502F12Cs
Crystal system:
Space group:

Cell dimensions:

radiation:

Data_collection

temperature:

total data measured:

total data unique:

total data observed:

Final R value

Mw. 542.06
monoclinic
C2le
a = 20.466(2)A
b = 13.851(2)A
c = 12.674(1)A
a = 90°
B =111.55(7)°
¥ =90°
U = 3341.61A3
Z=8
D¢ = 2.15gcm-3
F(000) = 2040
Mo-Ka
u = 23.26cm-1

room temperature
2927

2323

1448 [F > 3(F)]
(1.5° < 8 < 23°)
0.07 (R = 0.09)
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Table 5 Fractional atomic co-ordinates (x104)

Atom
Cs(1)
C(1)
C(2)
C(3)
C(4)
C(5)
C(6)
C(7)
C(8)
C(9)
C(10)
C(11)
C(12)
O(1)
0(2)
F(1)
F(2)
F(3)
F(4)
F(S)
F(6)
F(7)
F(8)
F(9)
F(10)
F(11)
F(12)

X
1573(31)
1341(9)
2058(9)
2291(9)
1687(9)
1112(8)

900(9)

2550(12)
2981(8)
3872(14)
4367(19)
1701(10)
357(186)
3170(6)
3351(7)
249(6)
1160(6)
775(8)
2594(6)
3217(6)
2398(6)
2258(6)
1732(6)
1104(9)
-34(7)
346(8)
59(7)

241

y
9061(1)
1426(12)
1250(11)
1478(11)
1804(12)
1768(12)
1144(16)
986(12)
1367(15)
165(20)
210(24)
2106(15)
2080(16)
435(10)
1899(10)
916(8)
443(9)
1958(11)
10(8)
1237(8)
1347(8)
1767(8)
3073(8)
1868(13)
1354(10)
2789(12)
2499(10)

z
1310(1)
167(12)
670(12)

1827(12)
2021(13)
978(13)

-1086(18)

125(15)
2674(15)
3702(24)
3123(28)
3146(19)

775(21)
2789(10)
3200(12)

-1162(9)

-1436(10)
-1726(12)

-8(9)
691(9)
-928(9)
3996(10)
3288(9)
3308(14)
849(10)
1424(14)
-210(12)



Table 6 Anisotropic thermal parameters (A x 103)

U1
Cs(1)  99(1)
C(1)  58(i1)
C(2) 76(12)
C(@  6i(i1)
C(4)  66(12)
C(5)  35(9)
C(6)  60(i2)
C(7) 122(18)
C(8)  42(10)
C(@)  80(20)
C(10) 137(29)
C(i1) 60(i3)
C(12) 218(29)
o)  65(8)
0@  73(9)

u22
83(1)
49(10)
47(9)
40(9)
45(10)
65(11)
102(16)
44(9)
58(12)
131(22)
149(26)
79(14)
70(14)
69(9)
64(9)

u33
70(1)
45(9)
46(8)
42(9)
48(10)
57(10)
109(16)
86(10)
65(11)
139(21)
173(29)
128(17)
110(18)
75(8)
95(9)
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u23
13(1)
13(8)
5(7)
-3(7)
4(8)
1(8)
64(14)
11(9)
-8(10)
17(17)
38(21)

-36(13)
-21(13)

8(7)
-21(7)

uia
28(1)
10(8)
30(9)
18(8)
17(10)
16(9)
32(11)
28(12)
-4(9)
21(18)
43(24)
41(13)
99(19)
2(7)
-7(8)

ui2
-10(1)
-5(9)
-4(8)
-7(8)
1(9)
-7(8)
38(11)
-2(12)
1(10)
9(17)
36(23)

-25(11)
17(17)

13(7)
-8(8)



Table 7 Bond lengths (A)

C(2)-C(1) 1.390(11) C(5)-C(1) 1.362(11)
C(6)-C(1) 1.561(14) C(3)-C(2) 1.401(10)
C(7)-C(1) 1.462(13) C(4)-C(3) 1.413(12)
C(8)-C(3) 1.435(11) C(5)-C(4) 1.531(17)
C(11)-C(4) 1.487(13) C(12)-C(5) 1.531(17)
F(1)-C(6) 1.339(11) F(2)-C(6) 1.264(12)
F(3)-C(6) 1.356(11) F(4)-C(7) 1.369(10)
F(5)-C(7) 1.334(11) F(6)-C(7) 1.350(10)
O(1)-C(8) 1.340(12) 0O(2)-C(8) 1.188(10)
C(10)-C(9) 1.454(19) O(1)-C(9) 1.525(14)
F(7)-C(11) 1.334(12) F(8)-C(11) 1.350(11)
F(9)-C(11) 1.352(13) F(10)-C(12) 1.309(12)
F(11)-C(12) 1.287(25) F(12)-C(i2) 1.307(13)

Table 8 Selected non-bonded distances (A)

Intermolecular:
C(1)-Cs(ia) 3.543 C(2)-Cs(1a) 3.380
C(3)-Cs(1a) 3.618 C(4)-Cs(1a) 3.890
C(5)-Cs(ia) 3.853
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Table 9 Bond angles (°)

C(5)-C(1)-C(2) 108.3(7) C(6)-C(1)-C(2) 122.7(8)
C(6)-C(1)-C(5) 128.6(8) C(3)-C(2)-C(1) 109.7(8)
C(7)-C(2)-C(1) 128.5(8) C(7)-C(2)-C(3) 121.5(8)
C(4)-C(3)-C(2) 105.3(8) C(8)-C(3)-C(2) 128.5(8)
C(8)-C(3)-C(4) 126.2(8) C(5)-C(4)-C(3) 108.6(7)
C(11)-C(4)-C(3)  122.9(8) C(11)-C(4)-C(5) 128.5(8)
C(4)-C(5)-C(1) 108.2(8) C(12)-C(5)-C(1) 125.2(8)
C(12)-C(5)-C(4)  126.6(9) F(1)-C(8)-C(1) 108.7(9)
F(2)-C(6)-C(1) 112.9(7) F(2)-C(6)-F(1) 109.3(10)
F(3)-C(6)-C(1) 108.2(10) F(3)-C(6)-F(1) 100.8(7)
F(3)-C(6)-F(2) 116.2(10) F(4)-C(7)-C(2) 113.1(8)
F(5)-C(7)-C(2) 115.3(8) F(5)-C(7)-F(4) 102.9(8)
F(6)-C(7)-C(2) 115.2(9) F(6)-C(7)-F(4) 104.3(7)
F(6)-C(7)-F(5) 104.7(8) 0(1)-C(8)-C(3) 110.4(8)
0(2)-C(8)-C(3)  126.2(10) 0(2)-C(8)-0(1) 123.4(8)
O(1)-C(9)-C(10)  104.1(12) F(7)-C(11)-C(4) 112.8(8)
F(8)-C(11)-C(4)  113.0(10) F(8)-C(11)-F(7) 104.9(8)
F(9)-C(11)-C(4) 112.4(9) F(9)-C(11)-F(7)  110.1(10)
FO)-C(11)-F8)  102.9(9) F(10)-C(12)-C(5)  112.1(10)
F(11)-C(12)-C(5)  111.2(11) F(11)-C(12)-F(10) 112.7(11)
F(12)-C(12)-C(5)  112.0(10) F(12)-C(12)-F(10)  109.0(11)
F(12)-C(12)-F(11)  99.2(10) C(9)-O(1)-C(8) 118.2(8)
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2)  Crystal Structure of Fe(Cspes)o CaF10.61)

Crysial Daia

CogH3oFi0oFe M.w. 612.38

Crystal system: triclinic

Space group: P

Cell dimensions: a = 8.222(1)A
b = 9.150(2)A
c = 9.650(2)A
o = 96.67(1)°
B = 97.34(1)°
v = 108.38(1)°
U = 673.80A3
£=1
D¢ = 1.509gcm-3
F(000) = 314

radiation: Mo-Ka
u = 0.064cm-1

Daia _collection

temperature: 295K

total data measured: 3692

total data unique: 2360

total data observed: 2079 [F > 4o¢(F)]
(1.5° < 8 < 25°)

Final R value 0.017 (Rw = 0.017)
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Table 10 Fractional atomic co-ordinates (x104)

Atom
Fe
C(1)
C(2)
C(3)
C(4)
C(5)
C(6)
C(7)
c(8)
C(9)
C(10)
C(11)
C(12)
C(13)
C(14)
F(121)
F(122)
F(131)
F(132)
F(141)

X

5000
7445(3)
7577(3)
6454(3)
5620(3)
6235(3)
8467(4)
8761(4)
6208(5)
4349(4)
5746(5)
9474(3)
9136(4)
7877(3)
8371(3)
8824(7)
10587(6)
6182(2)
8230(3)
7846(3)
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y
5000

6216(3)
5009(9)
3566(3)

3866(3)

5513(3)
7922(3)
5217(5)
1967(4)
2679(4)
6335(5)

487(3)
1455(4)
1877(3)

862(3)
1130(6)
2873(5)
1380(3)
3399(2)

511(3)

Z

5000
4524(2)
5301(2)
4489(3)
3225(2)
3246(2)
4946(4)
6672(3)
4847(5)
2056(3)
2095(3)
-26(2)

-1029(3)

-162(3)
807(2)

-2352(3)
-1028(6)

-821(2)
361(3)
1997(2)



Table 11 Anisotropic thermal parameters (A x 103)

Fe
C(1)
C(2)
C(3)
C(4)
C(5)
C(6)
C(7)
C(8)
C(e)
C(i0)
C(i1)
C(i2)
C(13)
C(14)
F(121)
F(122)
F(131)
F(132)
F(141)

Ut
39(1)
43(1)
47(1)
60(1)
57(1)
57(1)
68(2)
63(1)
108(2)
82(2)
101(2)
48(1)
68(1)
81(1)
56(1)
255(4)
137(2)
67(1)
112(1)
105(1)

u22
38(1)
57(1)
68(1)
56(1)
61(1)
65(1)
62(1)
124(3)
67(2)
89(2)
109(2)
57(1)
89(2)
64(1)
67(1)
197(3)
124(2)
108(1)
72(1)
116(1)

U33
39(1)
58(1)
57(1)
69(1)
50(1)
47(1)
95(1)
71(1)
117(2)
72(2)
66(1)
54(1)
61(2)
76(1)
56(1)
80(2)
217(4)
109(1)
124(2)
82(1)
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u23
10(1)
11(1)
11(1)
15(1)

1(1)
18(1)
10(1)
17(2)
28(2)

-21(1)

47(2)
12(1)
29(1)
7(1)
8(1)
56(2)
73(3)
8(1)
7(1)
28(1)

u13
8(1)
19(1)
12(1)
23(1)
18(1)
20(1)
26(1)
(1)
33(2)
14(1)
24(1)
0(7)
9(1)
-4(1)
9(1)
40(2)
59(3)
-9(1)
2(1)
28(1)

ui2
11(1)
8(1)
24(1)
28(1)
17(1)
17(1)
-3(1)
41(2)
48(2)
12(2)
33(2)
16(1)
35(1)
28(1)
18(1)
163(4)
47(2)
47(2)
43(1)
46(1)



Table 12 Bond lengths (A)

Fe-C(1) 2.106(2) Fe-C(2) 2.099(3)
Fe-C(3) 2.093(3) Fe-C(4) 2.101(3)
Fe-C(5) 2.107(3) C(1)-C(2) 1.429(4)
C(1)-C(5) 1.423(3) C(1)-C(8) 1.499(4)
C(2)-C(3) 1.420(3) C(2)-C(7) 1.493(4)
C(3)-C(4) 1.420(4) C(3)-C(8) 1.500(5)
C(4)-C(5) 1.427(4) C(4)-C(9) 1.498(4)
C(5)-C(10) 1.494(5) C(11)-C(12) © 1.443(5)
C(11)-C(14) 1.381(4) C(11)-C(11") 1.425(6)
C(12)-C(13) 1.523(5) C(12)-F(121) 1.251(4)
C(12)-F(122) 1.459(5) C(13)-C(14) 1.498(4)
C(13)-F(131) 1.364(3) C(13)-F(132) 1.350(3)
C(14)-F(141) 1.316(3)
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Table 13 Bond angles (°)

C(1)-Fe-C(2) 39.7(1) C(1)-Fe-C(3) 66.3(1)
C(2)-Fe-C(3) 39.6(1) C(1)-Fe-C(4) 66.4(1)
C(2)-Fe-C(4) 66.7(1) C(3)-Fe-C(4) 39.6(1)
C(1)-Fe-C(5) 39.5(1) C(2)-Fe-C(5) 66.6(1)
C(3)-Fe-C(5) 66.4(1) C(4)-Fe-C(5) 39.6(1)
Fe-C(1)-C(2) 69.9(1) Fe-C(1)-C(5) 70.3(1)
C(2)-C(1)-C(5) 108.3(2) Fe-C(1)-C(6) 127.7(2)
C(2)-C(1)-C(8) 126.0(2) C(5)-C(1)-C(6) 125.7(2)
Fe-C(2)-C(1) 70.4(1) Fe-C(2)-C(3) 70.0(1)
C(1)-C(2)-C(3) 107.4(2) Fe-C(2)-C(7) 127.7(2)
C(1)-C(2)-C(7) 126.3(2) C(3)-C(2)-C(7) 126.2(3)
Fe-C(3)-C(2) 70.4(2) Fe-C(3)-C(4) 70.5(2)
C(2)-C(3)-C(4) 108.7(2) Fe-C(3)-C(8) 126.8(2)
C(2)-C(3)-C(8) 126.9(3) C(4)-C(3)-C(8) 124.4(2)
Fe-C(4)-C(3) 69.9(1) Fe-C(4)-C(5) 70.4(1)
C(3)-C(4)-C(5) 107.8(2) Fe-C(4)-C(9) 126.1(2)
C(3)-C(4)-C(9) 126.7(3) C(5)-C(4)-C(9) 125.6(3)
Fe-C(5)-C(1) 70.2(1) Fe-C(5)-C(4) 69.9(1)
C(1)-C(5)-C(4) 107.8(2) Fe-C(5)-C(10) 127.3(2)
C(1)-C(5)-C(10)  126.4(2) C(4)-C(5)-C(10) 125.7(2)
C(12)-C(11)-C(14)  91.9(2) C(12)-C(11)-C(11")  132.7(3)
C(14)-C(11)-C(11")  135.3(3) C(11)-C(12)-C(13)  90.0(2)
C(11)-C(12)-F(121) 127.9(4) C(13)-C(12)-F(121) 123.1(4)
C(11)-C(12)-F(122) 115.0(3) C(13)-C(12)-F(122) 108.6(3)
F(121)-C(12)-F(122) 92.8(4) C(12)-C(13)-C(14)  84.5(2)
C(12)-C(13)-F(131) 115.5(2) C(14)-C(13)-F(131) 116.4(2)
C(12)-C(13)-F(132) 117.7(2) C(14)-C(13)-F(132) 118.1(2)
F(131)-C(13)-F(132) 104.5(3) C(11)-C(14)-C(13)  93.5(2)
C(11)-C(14)-F(141) 136.8(4) C(13)-C(14)-F(141) 129.8(3)
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3) Crystal Structure of Fe(GsMes)2 G10E14(155)

Crystal Daja
C3gH30F14Fe Mw. 712.4
Crystal system: triclinic
Space group: P
Cell dimensions: a=9.122(1)A
b = 9.640(1)A
c = 9.706(2)A
o =97.81(1)°
B = 85.04(1)°
v=115.83(1)°
U = 750.7A3
Z=1
D¢ = 1.576gcm-3
F(000) = 362
radiation: Mo-Ka
u=0.061cm-1
Daia collection
temperature: 295K
total data measured: 2685
total data unique: 2657
total data observed: 2252 [F > 4o¢(F)]
(1.5° < 8 <25°
Final R value | 0.065 (Rw = 0.074)

250



Table 14 Fractional atomic co-ordinates (x104)

Atom
Fe
C(1)
C(2)
C(3)
C(4)
C(5)
C(6)
C(7)
C(8)
C(9)
C(10)
C(i1)
C(12)
C(13)
C(14)
C(15)
F(i21)
F(122)
F(131)
F(132)
F(141)
F(142)
F(151)

X
5000
7180(6)
6602(7)
4998(7)
4584(7)
5931(7)
8849(8)
7527(10)
3971(11)
3039(10)
6050(10)
9552(5)
8053(7)
7492(10)
8734(9)
9913(8)
8167(6)
6808(6)
6066(8)
7107(17)
9473(9)
8066(12)
11081(10)
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y
5000

7052(5)
8172(5)
6019(6)
6810(5)
7444(5)
7561(9)
5564(9)
5255(9)
6997(9)
8424(7)
377(5)
337(8)
1236(12)
1867(8)
1209(8)
889(6)
-1203(6)
179(14)
2186(14)
1530(13)
1530(13)
1505(11)

2z
5000
5846(5)
6914(5)
7057(4)
8058(5)
5315(5)
5413(9)
7811(7)
8107(6)
5890(8)
4206(7)
-287(5)
173(6)
-742(9)
-1647(8)
-1352(7)
1526(4)
12(8)
-1614(12)
-100(10)
-1349(13)
-2960(6)
-2027(10)



Table 15 Anisotropic thermal parameters (A x 103)

Fe
C(1)
C(2)
C(3)
C(4)
C(5)
C(6)
C(@)
C(8)
C(e)
C(10)
C(11)
C(12)
C(13)
C(14)
C(15)
F(121)
F(122)
F(131)

uti
50(1)
64(3)
80(3)
93(3)
92(3)
89(3)
64(3)
112(5)
130(6)
114(5)
121(5)
51(2)
71(3)
108(5)
88(4)
82(4)
120(3)
73(3)
90(4)

F(132) 483(15)

F(141)

149(5)

F(142) 261(8)
F(151) 228(7)

u22
42(1)
53(2)
56(2)
61(2)
58(2)
46(2)
98(4)
99(4)
100(4)
108(5)
61(3)
54(2)
103(4)
176(8)
94(4)
88(4)
165(4)
116(4)
320(12)
358(11)
92(3)
348(11)
290(9)

u33
38(1)
65(3)
49(2)
43(2)
58(2)
59(2)
114(5)
75(3)
62(3)
99(4)
84(3)
60(2)
78(3)
114(5)
101(4)
104(4)
77(2)
212(6)
279(10)
227(8)
462(15)
97(4)
293(9)
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u23
8(1)
8(2)
4(2)
6(2)
7(2)
10(2)
31(4)
15(3)
24(3)
22(4)
29(3)
13(2)
26(3)
46(5)
39(3)
50(3)
13(2)
20(4)
147(9)
153(8)
94(6)
80(5)
240(8)

Uis
7(1)
1(2)

-8(2)
14(2)
16(2)
8(2)
8(3)
-22(3)
40(3)
30(4)
18(3)
13(2)
25(3)
28(4)
15(3)
39(3)
30(2)
44(3)
-28(5)
203(9)
15(7)
24(4)
200(7)

u12
25(1)
19(2)
29(2)
41(2)
47(2)
34(2)
19(3)
53(4)
55(4)
83(4)
46(3)
25(2)
51(3)
112(6)
62(4)
52(3)
93(3)
25(2)
62(5)
385(12)
67(4)
225(9)
203(7)



Table 16 Bond lengths (A)

Fe-C(1)
Fe-C(3)
Fe-C(5)
C(1)-C(5)
C(2)-C(3)
C(3)-C(4)
C(4)-C(5)
C(5)-C(10)
'C(1‘i)=C(15)
C(12)-C(13)
C(12)-F(122)
C(13)-F(131)
C(14)-C(15)
C(14)-F(142)

2.094(4)
2.102(5)
2.093(5)
1.425(9)
1.427(8)
1.429(8)
1.416(8)
1.506(9)
1.369(9)
1.522(15)
1.398(8)
1.365(10)
1.493(13)
1.295(10)
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Fe-C(2)
Fe-C(4)
C(1)-C(2)
C(1)-C(6)
C(2)-C(7)
C(3)-C(8)
C(4)-C(9)
C(11)-C(12)
C(11)-C(11")
C(12)-F(121)
C(13)-C(14)
C(13)-F(132)
C(14)-F(141)
C(15)-F(i51)

2.092(4)
2.093(6)
1.420(7)
1.498(9)
1.501(11)
1.483(9)
1.504(12)
1.426(9)
1.434(11)
1.326(7)
1.465(12)
1.231(20)
1.320(9)
1.247(12)



Table 17 Bond angles (°)

C(1)-Fe-C(2) 39.6(2)
C(2)-Fe-C(3) 39.8(2)
C(2)-Fe-C(4) 66.6(2)
C(1)-Fe-C(5) 39.8(2)
C(3)-Fe-C(5) 66.8(2)
Fe-C(1)-C(2) 70.1(2)
C(2)-C(1)-C(5) 107.9(5)
C(2)-C(1)-C(6) 126.1(6)
Fe-C(2)-C(1) 70.3(2)
C(1)-C(2)-C(3) 108.5(5)
C(1)-C(2)-C(7) 126.9(6)
Fe-C(3)-C(2) 69.7(3)
C(2)-C(3)-C(4) 107.1(5)
C(2)-C(3)-C(8) 126.6(6)
Fe-C(4)-C(3) 70.4(3)
C(3)-C(4)-C(5) 108.6(6)
C(3)-C(4)-C(9) 125.0(5)
Fe-C(5)-C(1) 70.1(3)
C(1)-C(5)-C(4) 107.9(5)

C(1)-C(5)-C(10) 125.8(8)
C(12)-C(11)-C(15)  109.0(6)
C(15)-C(11)-C(11') 126.8(6)
C(11)-C(12)-F(121) 116.7(5)
C(11)-C(12)-F(122) 111.6(6)
F(121)-C(12)-F(122) 101.6(5)
C(12)-C(13)-F(131) 107.8(9)
C(12)-C(13)-F(132) 115.1(9)
F(131)-C(13)-F(132) 103.9(9)

C(1)-Fe-C(3)
C(1)-Fe-C(4)
C(3)-Fe-C(8)
C(2)-Fe-C(5)
C(4)-Fe-C(5)
Fe-C(1)-C(5)
Fe-C(1)-C(8)
C(5)-C(1)-C(6)
Fe-C(2)-C(3)
Fe-C(2)-C(7)
C(3)-C(2)-C(7)
Fe-C(3)-C(4)
Fe-C(3)-C(8)
C(4)-C(3)-C(8)
Fe-C(4)-C(5)
Fe-C(4)-C(8)
C(5)-C(4)-C(9)
Fe-C(5)-C(4)
Fe-C(5)-C(10)
C(4)-C(5)-C(10)
C(12)-C(11)-C(11")
C(11)-C(12)-C(13)
C(13)-C(12)-F(121)
C(13)-C(12)-F(122)
C(12)-C(13)-C(14)
C(14)-C(13)-F(131)
C(14)-C(13)-F(132)
C(13)-C(14)-C(15)
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66.8(2)
66.6(2)
39.8(2)
66.7(2)
39.6(2)
70.0(2)
128.1(4)
125.9(6)
70.5(3)
127.5(4)
124.6(5)
69.7(3)
128.2(4)
126.2(7)
70.2(3)
127.5(4)
126.3(6)
70.2(3)
127.3(3)
126.2(7)
124.2(6)
106.5(6)
110.4(7)
109.9(6)
107.2(8)
106.6(8)
115.6(10)
104.9(8)



C(13)-C(14)-F(141)
C(13)-C(14)-F(142)

110.6(9)
111.7(7)

F(141)-C(14)-F(142) 103.9(9)

C(11)-C(15)-F(151)

128.8(9)

255

C(15)-C(14)-F(141)
C(15)-C(14)-F(142)
C(11)-C(15)-C(14)

C(14)-C(15)-F(151)

111.8(6)
114.1(9)
112.0(6)
119.1(8)
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