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Nomenclature

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

are to fluorine.

Abbreviations

The following are used throughout this thesis:

CFC chlorofluorocarbon

DCM dichloromethane

GLCMS gas-liquid chromatography-mass spectrometry
IR infrared

NMP N-methyl-2-pyrollidone

NMR nuclear magnetic resonance

PFC perfluorocarbon

HMPT hexamethylphosphorous triamide

SMT sealable metal tube

HFB hexafluorobut-2-yne




Abstract

Polyfluorinated Alkenes and Alkynes
by A. R. Edwards

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

1) The use of (Z)-2H-heptafluorobut-2-ene (10) as a synthon for hexafluorobut-
2-yne (4) in Diels-Alder reactions was investigated. Novel 'one-pot' routes to a variety
of bis(trifluoromethyl) substituted furan and arene derivatives were discovered, along
with the synthesis of the novel diene, bis(trifluoromethyl)cyclopentadiene (46), from

cyclopentadiene.

2) A variety of nucieophiles were successfully reacted with (10), the products of
which were identical to those that have been, or would be expected to be, formed from
the reaction of the same nucleophile with (4). A novel route to a fluorinated quinoline

derivative was also discovered.

3) Perfluoroperhydrophenanthrene (74) was used as a 'bulking agent' to replace
the hydrocarbon solvent used in halogen exchange reactions for the preparation of
octafluorocyclopentene (3), chlorofluoro -pyridine, -pyrimidine, and -benzene
derivatives. New 'one-pot’ syntheses of hexafluorobut-2-yne (4), octafluorobut-2-ene

(6) and hexafluorocyclobutene (2) were also discovered.

4) Various routes were explored in an attempt to improve the present literature
preparations of tetrafluoropropyne (79), including pyrolysis and elimination methods.
Tetrafluoroallene (81), and trace amounts of (79), were found to be formed on the

elimination of hydrogen fluoride from 2H-pentafluoropropene (5).
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Chapter 1.

Introduction.

1.L1. General Introduction into Fluorine Chemistry.

Fluorine chemistry is an interesting and important field within the chemical,
pharmaceutical and agrochemical industries. Fluoromethane was the first
organofluorine compound to be discovered which was reported by Dumas and Peligot!
in 1836, some 50 years before Moissan? isolated elemental fluorine. However, it was
the pioneering work carried out by Swarts® 4 at the beginning of this century, that
established the foundations of organofluorine chemistry. His work on simple aliphatic
fluorine containing molecules was fundamental to Midgley and Henne's® work in 1930
to produce the first chlorofluorocarbons (CFCs).

Fluorine is the thirteenth most abundant element,® so it is surprising that apart
from one or two minor exceptions, fluoroacetate being one, fluorine containing organic
compounds are not found in nature.” This means that organofluorine chemistry is
essentially a synthetic field.

Elemental fluorine is extremely reactive because of the weak fluorine-fluorine
bond and the strong bonds that fluorine forms with carbon and other elements.® Some
bond energies are compared in Table 1.1 and it is important to note from this table that
carbon-fluorine bonds are even stronger than carbon-hydrogen bonds. This increase in
bond strength imparts exceptional thermal and chemical stabilities® on some

fluorocarbon systems.

X H Cl C F
C-X bond energy 416 326 368 485
(kJ/mol)

Table 1.1. C-X bond energies.®

Volatilities of fluorocarbons are surprisingly similar to the corresponding
hydrocarbons, despite the large increase in molecular weight, Table 1.2, and this
observation demonstrates a decrease in the intermolecular bonding in fluorocarbon

systems.

CH3CH,CH,CH3 CF3CF>CF,CF3
bp (°C) -0.4 -14
RMM 58 238

Table 1.2. A comparison of the volatilities of hydro- and fluoro- carbons.®




Fluorine is unique in the fact that it is possible to replace hydrogen by a fluorine
in many hydrocarbon molecules, with little overall distortion to the geometry of the
system.!® Since fluorine is the most electronegative element, the introduction of one or
more fluorine atoms into a compound creates an entirely different electronic
environment, when compared to the hydrocarbon equivalent. Consequently, novel
compounds are discovered that have very different properties and reactions to their
hydrocarbon analogues. A striking illustration of this difference occurs when
comparing the chemistry of simple hydrocarbon arenes and alkenes with the analogous
perfluorinated systems. Scheme 1.1 illustrates the fact that the chemistries of these
systems have a 'mirror image' relationship, in that the chemistry of unsaturated
hydrocarbon systems is dominated by electrophilic attack, whereas nucleophilic attack

is the dominant process in reactions of perfluorinated systems.

14

+ ® etc.
E + CHy,=CHCH; ——— ECH,CHCH,4 —_—
) O etc.
Nuc + CF,=CFCF, —_— NucCF,CFCF,4 —_—
E H
E+ + ® etc.
etc.
Nuc® + —_— Nuc F i
S

Scheme 1.1. The "Mirror Image' chemistry of hydrocarbons and perfluorocarbons.

1.1.2. Industrial Applications.
Organofluorine compounds are widely used in society to produce a desired effect or
property.!! Fluorocarbons fluids are used as refrigerants, fire-extinguishers and as
fluids in hot-vapour soldering techniques. Polymer chemistry takes advantage of the
resistance of fluorinated polymers to bacterial oxidation, and these polymers, such as
PVDF and Viton, are used to make inert rubbers used on the space shuttle. Gortex is
another well known polymer, which is expanded PTFE.

Fluorocarbon materials have unique surface properties owing to the non-
bonding electron pairs and thus show non-stick and oil-repellency, properties that are
utilised in stain preventatives and on many kitchen utensils. Also fluorine containing

dyes can be made that are colour-fast and brighter than many other dyes.




In the pharmaceutical and agrochemical industries there is a wide range of

applications of fluorine containing compounds and some of these are shown in Scheme
1.2.

CF, O NC Q
: O - NH
NS T O e
N0

H

Karate 5-Fluorouracil
NPr,
NO, NO, OW NHCHj
J O
CF4
CF;
Trifluoralin Prozac

Scheme 1.2. Examples of the uses of fluorine containing compounds in the
pharmaceutical and agrochemical industries. 5-Fluorouracil (treatment of breast

cancer), Prozac (anti-depressant), Karate and Trifluoralin (weed killers).

1.II. Synthesis and Reactions of Polyfluorinated Alkenes and Alkynes.

1.11.1 Aims.

It is not the intention of this introduction to be a complete and comprehensive text of
the syntheses and chemistry of all polyfluorinated alkenes and alkynes. The breadth of
this field is just too large to write a comprehensive review, however there are a number
of excellent review articles® 1% 13 that, between them, cover the majority of this area.
This introduction will be limited to some of those polyfluorinated alkenes and alkynes

that are either commercially available or are, at least, simple to make.

1L.IL2. Synthesis of Polyfluorinated Alkenes and Alkynes.
In general there are four methods for synthesising polyfluorinated alkenes and alkynes.
These are (i) dehalogenations, (ii) dehydrohalogenations, (iii) pyrolytic eliminations

and (iv) fluoride ion halogen exchange reactions.

1.11.2.a. Dehalogenations.
Dehalogenations,!#29 along with dehydrohalogenations, are one of the most important

methods of producing polyfluorinated unsaturated compounds. The precursors required




for such eliminations are often synthesised using techniques developed by Swarts,3 4
reactions of polychloroalkanes with anhydrous hydrogen fluoride.

HF, ShCl 700°C, Pt tub
CHCl; —— =  CHCIF, % CF,=CF,
(1)
HF, SbCl Zn, EtOH
CCl4CCl; ——— 5  CF,CICFCI, CF,=CFCl

HF, SbCl,
CCl,=CCICCI=CCl, —————>  CF4CCI=CCICF,

Scheme 1.3. Example of Swarts reactions to produce fluorinated precursors.?: 4

The most common dehalogenations performed are the eliminations of chlorine
or bromine and these can be accomplished using zinc in alcohol, Scheme 1.4, although

electrolytic methods have been applied.?!

Cl
0 Zn, EtOH
CF,CICFCl, 2"~ cF,=cFci —2%9°C, ¢ F]
Cl
33%c. (2)
80%y. 100%
Cl
Zn, EtOH
: ®
3)
no yield given
Zn, (CH;CO),0 _
CF3CC|=CC|CF3 Lot CFsc:CCF3
(4)
62%
Zn, EtOH CFs
CF3CHXCF,X - )—=CF,
H
(5)
X =ClorBr 96%




Zn, EtOH
CF3CFXCFXCF, ~ CF,CF=CFCF,

(6)

X = Cl (100%) or Br (75%)
Scheme 1.4. Examples of dehalogenations to form perfluorocyclobutene (2),!*
perﬂuorocyclopentene (3),15 hexafluorobut-2-yne (4),° 2H-pentaftuoropropene (5)!7- 18
and octafluorobut-2-ene (6).19:20

It is also possible to eliminate mixed halogens,?? such as IF to form perfluorodienes,
Scheme 1.5.

R F
EtMgBr Eo )
I(CoF )2 ~ >=2_<F
THF
reflux F F
(7)
96%

Scheme 1.5. Elimination of IF.

Defluorination is one technique that has had only limited success, owing mainly
to the strength of the carbon-fluorine bond that needs to be broken, and is therefore not
widely used. However, sodium amalgams?? and activated carbon?* have been applied
to this end, but are only good for the synthesis of polyfluorinated dienes and therefore

are not a viable general route.

F  CF,
CoFs — CFs Na-Hg (0.5% ww) — CFs
- o _
CF3 C2F5 3 CF3 F
(8)
ZZ 68%
EZ 19%

Scheme 1.6. Sodium amalgam?? defluorination to produce perfluorinated dienes.

1.I1.2.b. Dehydrohalogenations.
B-Elimination of hydrogen halide from polyfluorinated precursors?>-29 is another

general method for the synthesis of polyfluorinated alkenes and alkynes. Aqueous
potassium hydroxide is the most commonly used base to effect dehydrohalogenation,

although many other bases can be utilised.




CoF, H' aq. KOH @
A

(9)

82%
CFy X KOH
— CF;C=CCF,
H CF; @)
X = CI (36%) or Br (68%)
KOH CFj F

CF3CH,CF,X - =
(alcohalic or aq.) H F

X = CI (65%), Br (62%) or | (85%)
Scheme 1.11. Examples of dehydrohalogenation to form perfluorocyclohexene (9),2°

hexafluorobut-2-yne (4)2° and 2H-pentafluoropropene (5).27-29

Stronger bases are sometimes required to carry out elimination such as
tertiarybutyl lithium and cesium fluoride; most recently these have shown application in

the synthesis of hexafluorobut-2-yne,3® Scheme 1.18.

CFy F i or i
= — 2~ CF4C=CCF,
H CF,
(10) (4)

i, CsF, 350°C (36%)
ii, 'BuLi, -196 to 0°C (41%)

Scheme 1.8. Use of stronger bases in the synthesis of hexafluorobut-2-yne.

1.I1.2.c. Pyrolytic Eliminations.
Pyrolytic elimination3!-33 of carbon dioxide and metal fluoride is another, but less

common, technique of forming unsaturated polyfluorinated compounds.




OlE=NG
-CO,

KF
(9)
100%
CF30F2CF2002N3 CF3CF=CF2
co,
-NaF (11)

97%
Scheme 1.9. Examples of pyrolytic elimination to form perfluorocyclohexene (9)3! and

hexafluoropropene (11).32

This is an important technique for the synthesis of terminal alkenes, but contact
time is critical. Polyfluorinated terminal alkenes will rearrange at moderate

temperatures3? to the more thermally stable internal alkene.

A
CF4CF ,CF,CF,COK  oonmether
3w mabmabln C.F F
-CO, 23 _
-KF =

F F

|

CF,CF=CFCF,

(6)
95%

Scheme 1.10. Thermal rearrangement of terminal alkenes.

Pyrolytic elimination may also be used in the synthesis of tetrafluoroethene (1),
which is formed by the pyrolysis of chlorodifluoromethane to difluorocarbene? and its
subsequent dimerisation, as shown earlier in Scheme 1.3. Further reaction of
tetrafluoroethene (1) with more carbene is used to produce longer chain polyfluorinated

compounds, for example hexafluoropropene (11) and perfluoroisobutene (12).

A
CF2:CF2 + :CF2 [—— CF3CF:CF2

(11)




A
CF3CF:CF2 + :CF2 - (CF3)2C:CF2
(12)
Scheme 1.11. A synthesis of hexafluoropropene (11) and perfluoroisobutene (12).3

Tetrafluoroethene (1) is also the major product formed when PTFE is pyrolysed
34

- 0]
—(CFZ—CF2>— 00 _  cF,=cF,
n vacuum
(1)
(90%)

under vacuum.

Scheme 1.12. Pyrolysis of PTFE.

Another interesting pyrolysis is the decomposition of substituted 1,2,3-

triazines,?> Scheme 1.13, to synthesise polyfluorinated alkynes.

F
(CF3)2CF\H)\KCF(CF3)2 A
——— CF=CCF(CF
N\N’fN N, (CF3),
-(CF4),CFCN (13)
100%

Scheme 1.13. The pyrolysis of 1,1,1-triazines to form polyfluorinated alkynes.

1.IL.2.d. Fluoride Ion Reactions.

Halogen exchange reactions are widely used in the preparation of fluorinated aromatic
compounds but their use in the synthesis of alkenes and alkynes is limited. One of the
most important examples of this reaction is the allylic displacement of chlorine ions

from octachlorocyclopentene3® to produce perfluorocyclopentene (3), Scheme 1.14.

b
(?3 A

NMP

F 72%

Scheme 1.14. Allylic displacement of chloride ion.




Important to the work described in this thesis is the direct synthesis of (Z)-2H-
heptafluorobut-2-ene (10)3¢ 37 from hexachlorobutadiene, Scheme 1.15.

Ci
c—’ G NMP H :C,:
Cl 190°C 3
(10)
65%

Scheme 1.15. The synthesis of (Z)-2H-heptafluorobut-2-ene (10).

1.IL.2.e. Other Methods.

There are numerous other examples of synthesising polyfluorinated alkenes and alkynes
but two of the most important are illustrated below. Carboxyl groups may be
fluorinated? to trifluoromethyl groups in the presence of sulfur tetrafluoride, and the

addition of aldehydes to 1,1,1-trichlorotrifluoroethane3® provides a useful synthesis of

1-aryl-3,3,3-trifluoromethylpropynes.

(o}
HO,CC=CCO,H 1720 CF3CZCCF,4
4
(4)
80%
an -HCI
RCHO + CCI;CF, —T> RCH=CCICF; —— RC=CCF,
acetic
anhydride

51-95%
Scheme 1.16. Other methods of synthesis.

1.IL.3. Reactions of Polyfluorinated Alkenes and Alkynes.
1.IL.3.a. Nucleophilic Reactions.

Formation of a Carbanion.
Polyfluorinated alkenes and alkynes are electron deficient species and are thus highly

susceptible to nucleophilic attack by a wide range of nucleophiles. Attack can be
thought of as occurring in two stages, firstly the addition of a nucleophile to the alkene
to produce a carbanion and, secondly, the reaction of the carbanion to form the final

product. In this section factors that are important in the formation of a carbanion will

be discussed.




CF=CF, + Nuc ——= NucCF,CF, —o%.

(1)

Scheme 1.17. Nucleophilic attack on tetrafluoroethene (1).

For asymmetrical systems there is choice of two sites of attack.

- "Ya -
NUCCFQCFCFS B — CFQ:?FCF:; Y. CFz?FCF3
N - Nuc
A Nuc’ Nuc” B
(11)

Scheme 1.18. Nucleophilic attack on hexafluoropropene (11).

The chemistry of nucleophilic attack on polyfluorinated alkenes can be
rationalised by three basic assumptions. (1) There is a significant ion-dipole
interaction?Y between carbon and fluorine, this accounts for the fact that terminal
difluoromethylenes are very reactive.*!: 42 (2) Fluorine attached to a carbon adjacent to
a carbanion centre is strongly stabilising and hence strongly activating. (3) Fluorine
attached directly to a carbanion centre is usually stabilising, however to a much lesser
extent than for (2). Following these rules it can be seen that A will be the preferred site
of attack on hexafluoropropene and the carbanion formed will be the most stable.

Perfluoroalkyl groups stabilise adjacent carbanions strongly but the effect of
fluorine is more complex and the geometry of the carbanion centre needs to be
considered. For a tetrahedral carbanion the inductive effect of the fluorine significantly
stabilises the system [CHF3 is 104 more acidic than CH4]'!" 43. However, if the
carbanion is planar there is a destabilising interaction between the carbanion centre and
the non-bonding electron pairs of the fluorine. This interaction dominates over the

stabilising inductive effect and results in a slight destabilisation of the carbanion.

C+—R: ( @ @

C"'u F<__*'C

/ \. O

Td planar
stabilising slightly destabilising

Scheme 1.19. The effect of fluorine on the stability of carbanion centres.




The effect of fluorine on carbanion stabilities accounts for the reactivity order
shown in Scheme 1.20.44 Obviously, fluorine atoms in situations analogous to (2) are
the most favourable and it is clear that the number of such stabilising fluorine atoms

increases from tetrafluoroethene (1) to perfluoroisobutene (12).

increase in reactivity

— >

CF,=CF, CF,=CFCF, CF,=C(CF,),
(1) (11) (12)
Nuc’ Nuc Nuc
NucCF,CF, NucCF,CFCF, NucCF,C(CFs),

| —

increase in stability

Scheme 1.20. Reactivity series of some trifluoromethyl substituted fluoroalkenes.4

Further evidence is illustrated in the fluoroalkenes reactions with methanol.
Tetrafluoroethene* requires strong bases and/or high pressures to react with methanol,
hexafluoropropene®’ requires only weak bases whereas perfluoroisobutene*® will react
quickly in neutral methanol.

The inductive effect is not, however, sufficient to explain the difference
observed between hexafluoropropene (11) and octafluorobut-2-ene (6). The carbanions
produced by nucleophilic attack on the respective alkenes, Scheme 1.21, should have
only a marginal difference in stability. However, perfluoropropene is much more

reactive.

NucCF,CFCF, NucCF(CF4)CFCF,
Scheme 1.21. The carbanions produced by nucleophilic attack on hexafluoropropene
(11) and octafluorobut-2-ene (6).

Also the difference observed between the highly reactive perfluoroisobutene
(12) and octafluorobut-2-ene (6) needs to be accounted for.
Consequently, a Frontier Orbital Theory can be used to account for the

differences in reactivity and the orientation of nucleophilic attack.’ Frontier Orbital

11




theory is a method of explaining reaction mechanism considering only two molecular
orbitals, the highest occupied molecular orbital (HOMO) and the lowest unoccupied
molecular orbital (LUMO). For nucleophilic attack on fluorinated alkenes it is the
HOMO of the nucleophile and the LUMO of the alkene that are important. Reaction
will only occur if there is sufficient overlap of the two molecular orbitals and increased
overlap can be achieved by reducing the energy of the LUMO by having electron-
withdrawing groups on the double bond. Increased overlap leads to increased

reactivity.

Substituent Effects on Frontier Orbitals

Photo-electron spectroscopic studies*® *° on Frontier Orbitals have shown the effects of
fluorine and perfluoroalkyl groups on the energy of m-bonds. Perfluoroalkyl groups
lower the m-orbital energy, as one would expect for electron withdrawing substituents.
However, these studies have shown that fluorine is not all that dissimilar to a hydrogen
on a double bond. The inductive effect of fluorine may therefore be off-set by a p-n

interaction that causes an increase in the n-electron density.40: 50, 51

+ -
C=C+—=R¢ C=C-F =~—— C-C=F

Scheme 1.22. Substituent effects of fluorine and perfluoroalkyl groups on double
bonds.

Replacing fluorine for a perfluoroalkyl group in a fluorinated alkene lowers the
LUMO energy thus increasing the reactivity of the alkene, providing that the
perfluoroalkyl groups are on the same carbon atom of the double bond. It appears that
coefficients are of significant importance. Trifluoromethyl groups increase the
coefficient in the LUMO at the adjacent carbon of the double bond. When two
trifluoromethyl groups are attached at adjacent carbons their effect on the coefficient,
and hence reactivity, is opposing. Whereas, obviously, for perfluoroisobutene the
trifluoromethyl groups are attached to the same carbon, thus their effects are

accumulative and the adjacent carbon is highly reactive.




CF4 F

CF3 F3C F
(12) (6)
CF3 groups on CF5 groups on
the same opposite carbon
carbon atom atoms in
reinforce opposition

Scheme 1.23. LUMOs of perfluoroisobutene (12) and octafluorobut-2-ene (6).

The Fate of the Carbanion.
It is the aim of this section to discuss, with examples, what happens to the fluoroalkene
after the carbanion has been formed by initial nucleophilic attack.
Nucleophilic attack has been shown to proceed via three alternative routes:-
*  Direct addition across the double bond
*  Vinylic substitution of fluoride ion

*  Allylic displacement of fluoride ion (SN2")

F
+H* . \ (Sk2)
\

Nuc “ P
F F Nuc F F

F H F F

Scheme 1.24. The three possible routes of nucleophilic attack on fluoroalkenes.

The route followed depends predominantly on the stability of the intermediate
carbanion. Carbanions that are very unstable usually abstract a proton from their
environment rather than eliminate a fluoride ion. This is exemplified by
tetrafluoroethene (1). The instability of the NucCF,CF3™ carbanion, formed by initial
nucleophilic attack on (1), is caused by the destabilising effect of two o-fluorine atoms.

The result of this is that unsaturated products are rarely formed from the nucleophilic
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addition to fluoroalkene (1),°% i.e. a proton is abstracted in preference to the elimination
of fluoride.
~ n-C,HyONa
n‘C4H90H + CF2:CF2 - n'C4HQOCF20F2H
<38°C
(1) 81%

Scheme 1.25. Saturated products are commonly formed from tetrafluoroethene (1).

Carbon, nitrogen, oxygen, sulfur and other nucleophiles’3-62 all readily react

with polyfluorinated alkenes and alkynes. Examples can be seen in Scheme 1.26.

-80°C oPhLi
CF,=CF, + 2PhLi ——= PhCF=CFPh ——"—> CPh,=CPh,
(1) 50% 72%
NHPh
@ _ PhNHp
NPh
319%
NH,
CFsCF=CF, ————=  CF,CHFCN
(11) 100%
Kl' CF3 w::
CF,C=CCF —» S0,
3 5 3 j CF3 Pa:
(4)
90%
Cs,CO5
CF,CH=CFCF, + o O
HO CHsCN, RT CFs
(10 o O
CF4
84%




i, i, i
CF,=CF, - H0200FQCFQO©—OCFZCF2002H

(1)
66%
i, hydroquinone
ii, CO,
iii, H3O*
Scheme 1.26. Examples of nucleophilic addition to polyfluoroalkenes and alkynes
using phenyl lithium,’® aniline,%! ammonia,%2 2-vinylaziridine,53 catechol®4 and

hydroquinone.*®

These fluorinated systems are so reactive that, even what are perceived as, non-

nucleophilic bases may on occasion react as nucleophiles.

e O —Cp

(10)

65%
Scheme 1.27. The reaction of DBU with 2H-heptafluorobut-2-ene.5

Once nucleophilic attack has occurred on a fluoroalkene there is the possibility
of further attack, at a position of unsaturation, or the elimination of hydrogen fluoride,

as utilised in the synthesis of fluorinated imines.%°

RNH, NR
CFsCZCCF, ————= CF5 F
CF,4

(4)

RNH, -HF .

ReCF,CF=CFRE —  R.CF,CFH~ "R¢ RNH. | R
2

RNH™ "R

Scheme 1.28. The formation of imines by further nucleophilic attack.

A novel synthesis of a fluorinated furan derivative is observed when 2,4-

pentanedione is reacted with octafluorobut-2-ene (6),57 Scheme 1.29.
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o)
CF,CF=CFCFg4 - CF,
Base —
(6) CFy F
-H+
o)
o) o)
/ -F _
© S ~CF, ~ __ CFs
CF3 CF; F
37%

Scheme 1.29. A novel furan synthesis.

Epoxidations of polyfluoroalkenes are industrially important in the synthesis of
monomers for the production of fluorinated polyethers. Various reagents can be used to
effect efficient epoxidation of these alkenes, including hydrogen peroxide®® and

calcium hypochlorite.?

CFSZ__(F Ca(OCl),  CF QAF
F  CF, CH,CN F  CF,
(6) 45%

(80% if NaOCI used)

Scheme 1.30. Epoxidation of octafluorobut-2-ene using calcium hypochlorite.

An important area that has not be mentioned so far is the application of fluoride
ion to polyfluoroalkenes and alkynes. Carbanions can be generated from fluoroalkenes
by the addition of fluoride ion, and these can be trapped by a number of reagents, as
shown by Miller” in 1960.
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- | F CF(CF3),
_r - N
CFSCF:CFz ~ CF3CFCF3 —> I \ etC.
F
(11) N7
KF
CF,CF=CF, ———— CF4CFICF,
CH4CN, I,
(11) 61%
F
CF CF
CF4C=ZCCF, - N + /F | XY,
| F\ | F Na CF,
4) _ N7
N n=2-3

Scheme 1.31. Examples of trapping carbanions formed by fluoride ion with
hexafluoropropene (11) and perfluoropyridine,’! hexafluoropropene (11) and iodine,”2
and hexafluorobut-2-yne (4) and perfluoropyridine.”

A whole range of fluoroalkyl groups may be added by this method such as
C2Fs, (CF3),CF and larger.> 4371 Given the right conditions polysubstitution can also
be achieved.”!

Cesium and potassium fluorides are the most commonly used sources of
fluoride ion, however more recently tetrakis(dimethylamino)ethene (TDAE) has been
used to form a powerful, 'in situ', source of fluoride when used with unsaturated

fluorocarbons,’* as shown in Scheme 1.32.

m CF(CF3),
N_N <CF3>ZCFWCF<CF3)2
- | F

~~
CF,CF=CF, N
MeQN NM82 \f
(11) —
Me,N  NMe, CF(CF3),
100%

Scheme 1.32. TDAE as a source of fluoride ion.

Other examples of fluoride sources are proton sponge,’” alkylamine hydrogen
fluorides’6-39 and trisdimethylaminosulfonium difluorotrimethylsilicate (TAS-F).8!
Complex fluorinated alkenes can be formed by the fluoride initiated

oligomerisation of simple alkenes. The distance the reaction proceeds varies with the
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alkene used, for example, tetrafluoroethene (1) will produce a hexamer whilst

hexafluoropropene (11) gives mainly the dimer and only some trimer.32

= R CF(CFy)
) CF3CF:CF2 - >_< 3/2

(CF3),CF CF;

(11)
Fl i F P F—
F
2) (14)
-F
- N =
F F ) F
4 @ "
/ sl
F
E (14) F |F
F F
F

Scheme 1.33. Fluoride ion initiated oligomerisations.3% 83

1.1IL.3.b. Electrophilic Reactions.

Polyfluoroalkenes are fairly resistant to attack by electrophiles, owing to their electron
deficiency, however there are a few exceptions. Hexafluorocyclobutene (2) does not
react with antimony pentafluoride to produce its dimer,®* however under exactly the

same conditions cycloalkene (2) will add to tetrafluoroethene (1) in good yields.3?

CXFCF,
SbFg
CXF=CF, + |Fl| ——— Fl
(2) X=F, 73%
X = CF,, 32%

Scheme 1.34. A rare example of electrophilic addition.
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Hexafluoropropene (11) is unreactive with anhydrous hydrogen fluoride, even at
200°C, however in the presence of silver fluoride at 125°C fluoroalkene (11) will react
readily.8¢ Theoretical studies propose that this reaction must go via initial electrophilic
addition of hydrogen fluoride. Further examples of similar systems have been

observed.

AHF AHF
CF,CF=CF, + AgF —— | AgCF(CF ———> CFH(CF
3 2 9F oeog [ gCF(CF3), ] “AgF (CFa)z

(11) (16)

47%

AHF, HNO4
CF,=CF, > CF3;CF,NO,
20°C
(1) 93%
Scheme 1.35. Examples of electrophilic addition to hexafluoropropene (11)% and

tetrafluoroethene (1).87

1.IL3.c. Free-Radical Reactions.
Free-radicals react readily across the double bond of polyfluorinated alkenes. In
contrast to their reactions with nucleophiles, the reactions of fluoroalkenes with free-
radicals proceeds with low regioselectivity. The orientation of addition is governed by
polar effects, steric effects, bond strengths and the stability of the radical
intermediate.?8

Hydrocarbons, such as ethers, alcohols and aldehydes, will react readily across
perfluorinated double bonds to give high yields of fluorinated ethers, alcohols and
ketones under peroxide initiation or gamma ray initiation.8% 3° Some examples are

shown below in Scheme 1.36.

82202
CF,CF=CF, + CHsOH CF,CFHCF,CH,OH
(11) (17)
90%
82202
CF,CF=CF, + CzH,CHO CF3CFHCF,COCH,
(11) 70%




O y-rays
Ao+ () —— [F

H
(2)

76%

COCH, .
Yy-rays
@) - oo (X
H
(9) ~90%

Scheme 1.36. Examples of free-radical addition to fluoroalkenes using methanol,®

butanal,’® THF?! and acetaldehyde.?9-%2

93-96

Halogenation and oxidation®’"19 may also be accomplished radically to

give saturated mixed halogen compounds or fluorinated carboxylic acids.

KMnO
@ ® ~  HO,C(CF,),CO,H

(9) 75%

Scheme 1.37. Radical oxidation.!0!

There are few examples of radical additions to fluoroalkynes, and these tend to

be limited to hexafluorobut-2-yne (4).192

CFsCSCCF; + CF4CH,0H CF3CH=C(CF3)CH(CF3)OH

(4) 44%

E:Z 1:1
Scheme 1.38. Radical addition to hexafluorobut-2-yne.

1.IL.3.d. Cycloaddition Reactions.
There is a great deal of interest in the cycloadditions of polyfluorinated alkenes and
alkynes, owing partly to their ability to form four-membered rings contrasting with

their hydrocarbon analogues.!9 This is shown clearly in Scheme 1.39.
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AH (kJ/mol)

X
- S -33.5

F
7 . Y
—_ 48.9
xF
F
F
Scheme 1.39. Contrast between hydrocarbons and fluorocarbons in the formation of

ring systems. 103

Fluorine destabilises the m-system, as discussed earlier. This means that on
cyclisation there are fewer vinylic fluorine and hence the cyclic product is favoured; the
energy decrease more than compensates for the energy increase from ring strain. For
the hydrocarbon system there is no destabilising effect in the butadiene, however the
energy caused by ring strain, that would be present in the cyclobutene, prevents
cyclisation.

There are many examples of fluorinated alkenes undergoing [2+2]
cycloaddition,!% and just a few are shown in Scheme 1.40. One requirement for [2+2]
addition appears to be the need for a terminal =CF5, -CF=CF- systems tend be much

less reactive to this type of reaction.

CF,=CF, _200°C, F
(1)
E
CF,=CF, + CH,=CH, _150°%C, E
E
(1) 40%

Scheme 1.40. [2+2] cycloadditions.

Diels-Alder cycloadditions are another important area in fluoroalkene
chemistry. The use of fluorinated heterocycles in pharmaceuticals is widely known and
Diels-Alder chemistry is one of the routes used to produce these interesting compounds.
Polyfluorinated alkenes are thought to be fairly unreactive as dienophiles, however

there are plenty of examples of their Diels-Alder reactions in the literature.!0>-107
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CF,CF=CFCF; + @ —

CFy 7]
(6) F cr,
43%
0
_ 100°C .
CF,CSCCF,  + ||/\/} A e, 2%
H,, Pt
© 400°C
| -
70%
CF3L2 ~CF,
CFy CF,
(18)
97%
F
CF,=CF, + @ 2 F s+ E
F
(1) F F

[4+2] 1.2 [2+2]
Scheme 1.41. [4+2] cycloadditions, Diels-Alder reactions of octafluorobut-2-ene
(6),195 hexafluorobut-2-yne (4)19¢ and tetrafluoroethene (1).197

The latter reaction'®” in Scheme 1.41 is an illustration of the occasional
competition that occurs between [2+2] and [4+2] addition.

Hexafluorobut-2-yne (4) is a highly reactive dienophile and has been shown to
undergo many different cycloaddition reactions.!®® One interesting example is the

reaction of (4) with tetrasulfur tetranitride to form trithiadiazepine (19).108
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) 140°C CFs N
CFsC=CCF; + SN, —— | s

(4)

52%
Scheme 1.42. Formation of trithiadiazepine (19).

Perfluoroalkyne (4) is also used to form polyacetylene from cyclooctatetraene in

an example of Ring Opening Metathesis Polymerisation (ROMP), Scheme 1.43,

commonly known as the 'Durham route’.10?
CF4 CF4
CF3CE CC F3 + —_— <
(4) .
Me,Sn
wCl,
CF, CF4
CF5
- O
n
CF,
(20) n

Scheme 1.43. Hexafluorobut-2-yne (4) in the synthesis of polyacetylene.

1.IL3.e. Organometallic Chemistry.

All of the commonly used synthetic techniques may be used to produce

polyfluoroalkenyl- and alkynyl- organometallic compounds.

Lithium,!19 cadmium, copper and zinc fluoro-organometallics!!! have been

widely investigated as useful synthetic tools. Lithium salts are perhaps the most

commonly used, although their reactions tend to require very low temperatures''0 to

avoid the elimination of lithium fluoride. Zinc salts are more stable and can be used at

temperatures up to 80°C. Good yield of palladium-catalysed coupling products are

achieved when zinc salts are used under relatively mild conditions.!'?
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NO,

O e ]
+ E 2
3

Scheme 1.44. Palladium-catalysed coupling using zinc salts.!12

Silver fluoride!! has also been used to insert alkyl groups into polyfluorinated

alkenes and alkynes.

CF3 Ag CH3| CF3 CH3
CF3C5CCF3 + AgF —_— — —_ . —_—
F CcF, AF F R
(4) 100%

Scheme 1.45. Insertion of alkyl groups using silver fluoride.

Polyfluorinated unsaturated compounds have been of considerable interest as
ligands for organometallic catalysts. This interest is attributable to their electron

deficiency and the effect that this may have when modifying a catalyst.!!#

1L.III. Conclusions.

Polyfluorinated compounds, particularly alkenes and alkynes, have a wide range of
synthetic and industrial applications. Their uses range from polymers to
pharmaceuticals, and from fire extinguishers to blood substitutes. Therefore the drive
for discovering more efficient syntheses, novel reactions and new compounds is

tremendous and is reflected in the number of publications submitted in this field.
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Chapter 2.
Diels-Alder Reactions of (Z)-2H-Heptafluorobut-2-ene.

2.I. Introduction.

Much attention has been focused on the synthesis of heterocycles and aromatic
compounds containing trifluoromethyl groups,!!> owing to their growing use in the
medicinal and agrochemical industries, as shown earlier in Scheme 1.2. The Diels-
Alder reaction is one of the most powerful tools used to synthesise these fluorinated
compounds, commonly carried out with hexafluorobut-2-yne (4) as the dienophile.
Workers in this laboratory have recently shown that (Z)-2H-heptafluorobut-2-ene (10)
can be successfully used as a synthon for hexafluorobut-2-yne (4) in a number of
reactions® and in the course of this work many Diels-Alder reactions have been carried
out using (10). It is the aim of this section to review the Diels-Alder reactions that have
been performed with butyne (4) and to explore the new work using fluoroalkene (10) as

the dienophile in analogous reactions.

2.1.1. The Diels-Alder Reactions of Hexafluorobut-2-yne (4).

2.I1.1.a. Reactions involving Furan Derivatives.

In 1962 Weis!00 studied the Diels-Alder reaction between 3,4-dicyanofuran and
hexafluorobut-2-yne, to investigate the retro-Diels-Alder reaction of the 1:1 adduct. On
successfully reacting furan (21) with hexafluorobut-2-yne at 160 °C two compounds
were isolated as the sole products; (22) and (23). No trace of the expected 2,3-dicyano-
5,6-bis(trifluoromethyl)-7-oxabicyclo[2.2.1]-2,5-heptadiene (24) was observed.

The formation of (22) and (23) is illustrated in Scheme 2.1. (24) is initially
formed by the Diels-Alder addition of hexafluorobut-2-yne and 3,4-dicyanofuran,
however under the reaction conditions, the 1:1 adduct (24) decomposes via a retro-
Diels-Alder pathway to give dicyanoacetylene and 3,4-bis(trifluoromethyl)furan (18),
as expected. Further Diels-Alder reactions occur between dicyanoacetylene and 3,4-
dicyanofuran, and hexafluorobut-2-yne and 3,4-bis(trifluoromethyl)furan (18) to form
the stable compounds (22) and (23).
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0]
© NC
JI/\/X + CFsCSCCFy ——— 2\ _J~CF,
. NC
NC CF3
CN (4) (24)
— -
0]
M + NCCzZCCN
CF3
CF4
(18)

o
C%C% N%E%\CN
CF NC

(23) (22)
30% 35%

Scheme 2.1. Reaction between hexafluorobut-2-yne and 3,4-dicyanofuran.

Weis!9 also showed that the endoxide (23) can be prepared more conveniently
by the reaction of excess hexafluorobut-2-yne with 3,4-bis(trifluoromethyl)furan (18),
Scheme 2.2. Also shown in Scheme 2.2 are the two simplest routes to 3,4-
bis(trifluoromethyl)furan (18). The first, described by Weis, 1% involves the efficient
reaction of furan with hexafluorobut-2-yne (4) in THF to give the 1:1 adduct (25).
Furan (18) is obtained in excellent yields by the subsequent hydrogenation and
pyrolysis of (25). Tipping!!® proposed an alternative, shorter, route in 1991 which
neglects the hydrogenation step of Weis's method. Simply by using a higher
temperature the pyrolysis proceeds from diene (25) in similar overall yield to the first

route.
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o) o)
EO) 100°C H, 400°C I O
3

CFs CFs CF4
(25) (26) (18)
72% 70%
450°C
(60-80%)
0
(4)
° CFy
(23)
86%

Scheme 2.2. Formation of 3,4-bis(trifluoromethyl)furan (18) and endoxide (23).

Diels-Alder adducts of hexafluorobut-2-yne and various substituted furan
derivatives have been the subject of much interesting research. Wong!® in 1984
showed that these 1:1 adducts can afford good yields of bis(trifluoromethyl)benzene

derivatives when reduced in the presence of titanium chloride catalysts, Scheme 2.3.

R O R2

m/\0>'R2 (4), THF
/ 100°c 2L p~cr,

R CF,

R2
TiCly, LIAIH, CF3
EtsN, THF

CF;
R1

R'=R%2=H (60%)
R'=H, R?=Me (73%)

Scheme 2.3. Formation of bis(trifluoromethyl)benzene derivatives. 16
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Bis(trifluoromethyl)phenol derivatives can also be formed from the 1:1 adducts of furan

and hexafluorobut-2-yne when refluxed with concentrated sulfuric acid.!!6

i, c.H,SO,, QH
DCM, reflux CF;
(25) >
i, H,0
CF3
(27)
44%

Scheme 2.4.

However when endoxide (25) is subjected to triflic acid under similar
conditions, tris-(6-trifluoromethylsalicylide) (28) is formed in a 45% yield, along with
phenol (27) and carboxylic acid (29) as minor products,!!® Scheme 2.5.

OH
CF; O @ca
+
i, CF3SO3H, O CFsy CF,

(25) DCM, reflux
- O 070
i, Hy0 (27)
o)
6%
CFj
OH
(28) CO,H
45% *
CF,
(29)
16%

Scheme 2.5. Reaction of triflic acid and oxabicycloheptadiene (25).116

Formation of these three products is considered to follow Scheme 2.6, with phenol (27)
being formed initially. Trifluoromethylarenes have been shown to require harsh
alkaline conditions to undergo hydrolysis,'!” needing electron-releasing substituents
ortho and/or para to the trifluoromethyl group. However, under strongly acid
conditions, non-activated trifluoromethyl groups can be hydrolysed to carboxylic acid
groups. In this case the trifluoromethyl group that is required to hydrolyse to form the
trilactone (28) is activated by the hydroxyl group. Sulfuric acid, however, is not strong

enough to force the hydrolysis so the reaction terminates at phenol (27). Using the
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much stronger acid, triflic acid, the hydrolysis occurs readily to produce carboxylic acid
(29), which then undergoes a series of condensation reactions to form trilactone (28). It
is interesting to note that endoxide (25) remains intact if a weaker acid, such as

concentrated hydrochloric acid, is used.

+ H OH :OH
* (O/ CFy -H* C CF,LF
(25) . _— 3 1y 2
/" ~CF,4
CF, CF,4 CFj
(27)
H+
+ +
OH -H* OH OH OH
CO,H -HF . H,0 CF,
H,O -HF
CF, CFg CF,
(29)
H+
+
OH OH OH O
29
OH (29) 0 CF,
-H,O*
CO,H
CF, CF,
(29)
-H,0*
CF; O
H+
(28) = o) CF,
-H,O*
OH 0" "0
HO,C
CF4

Scheme 2.6. Reaction scheme for the formation of trilactone (28).!!¢

Another unexpected transformation occurs when endoxide (31) of
hexafluorobut-2-yne and ethyl 3-furoate is reacted with ethyl propynate, producing high

yields of a fluorinated isocoumarin (30), Scheme 2.7.116
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@) o)
_ | p R.T.
CFsc:CCFB + 4 / CF3
EtO,C

COQEt CF3
(31)
93%
CO,Et
2 o)
CF
I oA
150°C _—
CFj CO,Et
" (30)
84%

Scheme 2.7. Formation of isocoumarin derivatives.!16

A reaction scheme for this transformation is illustrated in Scheme 2.8. Endoxide
(31) undergoes a further Diels-Alder reaction in which the C=C-C=0 system functions
as the diene component. Acid-catalysed ring-opening of the oxygen bridge of the 2:1

adduct, followed by elimination of ethanol gives a facile route to a fluorinated coumarin

derivative (30).

CO,Et o OH OEt
// CF3 7 — OEt (:F3 Y O
31 CFs o) Y
= CFj4 CO,Et
CO,Et
H+
-H,0
+
H,O OEt o OEt
-EtOH CF 2 CF
(30)<-|—I+— 3 O 3 + O
=
CF, = CO,Et CF3 CO,Et

Scheme 2.8. Formation of isocoumarin (30).

Interestingly, at 60 °C oxanorbornadiene (31) undergoes retrocleavage of ethyl

propynate to give furan (18).
Dioxatetracycloalkene derivatives,!!8 Scheme 2.9, can be formed in cases where

excessive amounts of the furan derivative are used.
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CF, % CF, /7 CO,Et
co,Et CO:Et CO,Et
CO,Et
o)
CF;— a
CFj4 0
CO,Et

Scheme 2.9. Dioxatetracycloalkene derivatives from oxanorbornadiene (31).!18

A large number of 2-substituted 3,4-bis(trifluoromethyl)furan derivatives have
been described in the literature!!® synthesised from 2-lithio-3,4-
bis(trifluoromethyl)furan (32). 2-Lithio-3,4-bis(trifluoromethyl)furan (32) is pre-
formed by the addition of butyllithium to a solution of 3,4-bis(trifluoromethyl)furan
(18) at low temperatures. Subsequent reaction of salt (32) with electrophiles gives good

yields of a variety of furan derivatives, Scheme 2.10.

O R 0]
MU i, 'E : )T\/?—R
CFy CF,

CFs I, H50 CFs
(32)
'E* R Yield (%)

COy COH 82
CH;=CHCHO CH(OH)CH=CH; 59
DMF CHO 54
PhCHO CHPhOH 81
MeCHO CHMeOH 72

Scheme 2.10. Formation of substituted furan derivatives from 2-lithio-3,4-

bis(trifluoromethyl)furan (32).119
2.1.1.b. Arenes and Other Diels-Alder Reactions.

Normal Diels-Alder reactions of alkenes and alkynes with aromatic compounds have

been restricted to very reactive systems such as anthracene and furan. However in 1961
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Krespan'20: 12! showed that a Diels-Alder reaction occurs between hexafluorobut-2-yne

(4) and 1,2,4,5-tetramethylbenzene to yield a fluorinated bicyclooctatriene (33).

CF,
(33)

40%
Scheme 2.11. Reaction of 1,2,4,5-tetramethylbenzene and hexafluorobut-2-yne (4).!20:
121

However, this reaction cannot be accomplished using either acetylene or 1,1,1-
trifluoropropyne, indicating the extreme reactivity of hexafluorobut-2-yne as a
dienophile. At 250 °C triene (33) was found to decompose to give 1,2-dimethyl-4,5-
bis(trifluoromethyl)benzene (34) as one of the volatile products.

Hexafluorobutyne will also add readily to the 9,10 position of anthracene and

even with naphthalene.!?!

CF4

I Q CESFS : ‘O

Scheme 2.12. Anthracene and naphthalene derivatives.

Further studies of the reactions of hexafluorobut-2-yne with arenes!?? showed
that other 1,4 adducts can be prepared, however the reactions are often quite poor and

the yields relatively low, Table 2.1.

Table 2.1. Reaction of (4) with arenes.

Reactant Temperature (°C), 1,4 adduct (%)
time (h)
benzene 180, 20 2,3-bis(trifluoromethyl)-
bicyclo[2.2.2]octatriene
(8)
toluene 180, 12 5-methyl- (21)
1,2- 200, 8 5,6-dimethyl- (8)

dimethylbenzene
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1,3- 180, 10 5,8-dimethyl- (7)

dimethylbenzene 1,5-dimethyl- (2)
1,4- 200, 10 5,7-dimethyl- (57)
dimethylbenzene ‘
1,2,4- 220, 13 NO REACTION
trimethylbenzene
1,2,3- 225,10 NO REACTION
trimethylbenzene
1,245 200, 10 5,6,7,8-tetramethyl- (41)
tetramethylbenzene

Butadiene, the simplest diene used in Diels-Alder reactions, reacts readily with
hexafluorobut-2-yne to form the fluorinated cyclic diene (35).12> Hydrogenation of the
Diels-Alder adduct (35) and subsequent thermolysis leads to the expected 2,3-
bis(trifluoromethyl)butadiene (36) and traces of the aromatized products (20) and (37).

_ CFs g, CFy
A E— O[ B (j[
CF4 CF4

(35)
A ’
800°C
CF4 CF, CF,
= el
CF, CFs
(36) (20) (37)
44% trace trace

Scheme 2.13. Reaction of butadiene and hexafluorobut-2-yne (4).123

Reaction of cyclopentadiene and hexafluorobut-2-yne proceeds quantitatively at

100 °C to give bicyclic compound (38).!24
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(38)

100%
Scheme 2.14. Reaction of cyclopentadiene and hexafluorobut-2-yne (4).

Cycloheptatriene and cyclooctatetraene are in equilibrium with bicyclo
derivatives at 80 °C and 0 °C, respectively. At these temperatures they will each react
with hexafluorobut-2-yne to form Diels-Alder 1:1 adducts (39) and (40), Scheme
2.15.118, 124

80°C (4)
@ ©> 4 CFs
CF;
(39)

39
93%
0°C = | (4)
N 7 CF4
CF,
(40)
75%

Scheme 2.15. Reactions of cycloheptatriene and cyclooctatetraene with hexafluorobut-
2—yne (4).118, 124

Quadricyclane will react as a diene with hexafluorobut-2-yne and form an
interesting tricyclic compound;'?> which on pyrolysis rearranges to bicyclic (41) in
79% yield.

CF
» v CFS 4 ’
+ 4 —
H~CF; CF,4
H

(41)

79%
Scheme 2.16. Reaction of quadricyclane and hexafluorobut-2-yne (4).!%
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2.II. Reactions of (Z)-2H-Heptafluorobut-2-ene with Dienes.
Previous workers®% 126 in this laboratory have shown the ability of (Z)-2H -
heptafluorobut-2-ene (10) to act as a dienophile in its reactions with furan and

cyclopentadiene to form the anticipated 1:1 adducts (42-45).

X 120°C
E/) + (10) - 4 T CF3 + 7 F CFS
CF, CF,
X =0 47% (42) 31% (43)
= CH, 53% (44) 36% (45)

Scheme 2.17. Diels-Alder reactions carried out by Rock.!26

Study of the proton NMR data of the endoxides (42) and (43)!26 has enabled the
correct assignment of the stereoisomers. According to the Karplus Rule!?’ the coupling
between protons on vicinal carbons in a rigid system depends largely on the dihedral
angle between the H-C-C' and C-C'-H' planes. This rule predicts the values of the
coupling constant between the bridge head proton and the endo proton to be ~0 Hz
whilst ~5 Hz should be found for the exo proton. The observed values were 0 and 4 Hz
respectively, giving clear evidence for the assignment.

Elimination of hydrogen fluoride was a requirement needed to show the
effectiveness of (Z)-2H-heptafluorobut-2-ene as a synthetic equivalent for
hexafluorobut-2-yne. However, potassium tertiarybutoxide in butanol only successfully
eliminated hydrogen fluoride from the cyclopentadiene adduct, not from the furan
adduct. Roche discovered another route to bicyclic diene (38);30 if the initial Diels-
Alder reaction is performed at higher temperatures, c.a. 300 °C, dehydrofluorination

occurs in situ, Scheme 2.19.

300°C
10 > 44 45 4
@ + (0 quatrz tube (44) + (45) + CFs
—_— CF3
(38)
5% 53%

Scheme 2.19. Direct synthesis of 2,3-bis(trifluoromethyl)bicyclo[2.2.1]hept-2,5-diene
(38).

It was believed that the pyrolysis of (38) might give a convenient route to

fluorinated dienes (46a-c), in a similar fashion to Scheme 2.20. However evidence
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obtained by Roche after several attempts was insufficient and isolation of (46a-c) was
never attempted. Further reactions were carried out to hydrogenate the non-fluorinated
double-bond of diene (38) in order to simplify the pyrolysis, as was found in the furan
case by Weis.!9¢ However hydrogenation proved difficult and complicated product
mixtures were obtained when ethanol was used as the solvent. Pyrolysis of this mixture
gave further encouragement that (46a-c) could be synthesised by this route but again

conversions were too poor to enable isolation.

2 CFj or CF;
CF,4 CF,
(38) (47)
A
CF,
CF, CF,
0
CF CF
3 CF3 3
(46a) (46b) (46¢)
- J
Y

6-8% conversion
Scheme 2.20. Pyrolysis of norbornenes (38) and (47).

RESULTS AND DISCUSSION

2.III. Further Investigation Of The Reaction Of 2H-Heptafluorobut-2-ene with
Furan.

(in collaboration with A.J. Roche)

2.IIL1. Furan - It was the aim of this section to continue the research of other
members of this laboratory into the Diels-Alder reaction of furan and fluoroalkene (10).
In an attempt to increase yields of the two 1:1 adducts, (42) and (43), higher reaction
temperatures were used; 190 °C rather than the more usual 120 °C. However, this led to

a mixture of products being formed, Scheme 2.21].
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0 0 0
0
ﬂb/ CFa AE?E CFa %E%CFQ, M
F CF
CF, CF, CFs °  CR,
(42) (43) (25) (18)

2% 2% 6% 20%
Scheme 2.21. Reaction of furan and (Z)-2H-heptafluorobut-2-ene (10) at 190 °C.

The four compounds (18), (25), (42) and (43) are all known compounds. 06 116,
119, 126, 128 Tsolation of the individual components was not attempted, however they
could be identified by comparison of their 19F NMR spectra and GLCMS with

literature values.

Exploration of the reaction temperature, remarkably revealed that at 300 °C in a
sealable metal tube (18) was not only the sole product of the reaction but present in
87% yield.

O 10 300°C 0]
+ o
CF,
CFy
(18)
87%

Scheme 2.22. 'One-pot' synthesis of 3,4-bis(trifluoromethyl)furan (18).

Furan (18) is a known compound;'% isolation by distillation gave a colourless
liquid, shown to be a single product, that was identified as 3,4-bis(trifluoromethyl)furan
(18) by comparison of its IH, !13C and !9F NMR spectra and GLCMS with literature
values.

This result indicates that a simple 'one-pot' synthesis of furan (18) has been

discovered, and further investigation into the scope of this reaction was required.

2.I11.2. 2,5-Dimethylfuran - When excess fluoroalkene (10) was reacted with 2,5-
dimethylfuran at 200 °C, high yields of the Diels-Alder-retro-Diels-Alder product 2,5-
dimethyl-3,4-bis(trifluoromethyl)furan (48) were obtained.
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@) 300°C O

= 09 T |/

CF,
(48)

76%
Scheme 2.23. Formation of 2,5-dimethyl-3,4-bis(trifluoromethyl)furan (48).

Furan (48) is a known compound;!'?? isolation by distillation gave a single
product that was identified as 2,5-dimethyl-3,4-bis(trifluoromethyl)furan (48) by
comparison of its H, 13C and 19F NMR spectra and GLCMS with literature values.

2.JV. Further Investigation Of The Reaction Of (Z)-2H-Heptafluorobut-2-ene
with Cyclopentadiene.

Following the discovery of the novel anion pentakis(trifluoromethyl)cyclopentadienide
and the inconclusive work started by Roche,3? attempts were made to synthesise
bis(trifluoromethyl)cyclopentadiene.

2.1V.1.a. Cyclopentadiene - It was decided to study more carefully the hydrogenation
of 2,3-bis(trifluoromethyl)bicyclo[2.2.1]hept-2,5-diene (38) in an attempt to isolate 2,3-
bis(trifluoromethyl)bicyclo[2.2.1]hept-2-ene (47) and continue the work started by
Roche.3® Considering the problems encountered when carrying out the hydrogenation
in ethanol, including some ethanol addition, dichloromethane was chosen as an
alternative solvent. Hydrogenation was carried out in Parr apparatus using a platinum
catalyst for 15 hours at room temperature. After this time !9F NMR and GLCMS
analysis indicated that there had been quantitative conversion of (38) to two
compounds; the expected 2,3-bis(trifluoromethyl)bicyclo[2.2.1]hept-2-ene (47) as the
minor component and endo,endo-2,3-bis(trifluoromethyl)bicyclo[2.2.1Theptane (49) as

the major.
Ho
38 > +
9 Pt/C CFs
CF CFs
15 hours 8 CF,4
(47) (49)

1:9
Scheme 2.24. Hydrogenation of 2,3-bis(trifluoromethyl)bicyclo[2.2.1]hept-2,5-diene
(38).
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The reaction mixture was then subjected to further hydrogenation to facilitate
isolation of (49). After removal of the solvent, distillation gave a colourless oil,
analysis of which showed it to be norbornane (49). Norbornane (49) is a new
compound and was identified by its 19F, 13C and H NMR and GLCMS spectra. Only
one signal was observed in the 19F NMR spectrum at -60.7 ppm indicating the presence
of one trifluoromethyl group environment. 13C NMR analysis showed the presence of
five distinct carbon environments, and therefore a symmetrical system, and two quartets
were observed with coupling of lJc.g 279 and 2Jc.p 29 Hz which are indicative of a
CF3 and C-CF3. Owing to complex coupling the IH NMR spectrum provides little
information, however the peaks integrated correctly and a peak at 3.07 ppm (2H)
indicated the bridgehead protons. GLCMS gave a mass spectrum with the correct
molecular ion of 232 and after distillation at reduced pressure endo,endo-2,3-
bis(trifluoromethyl)bicyclo[2.2.1]heptane (49) gave a satisfactory elemental analysis.

I9F NMR showed the presence of only one fluorine environment indicating
either the endo,endo or exo,exo isomer had been formed. It was impossible to tell
which isomer was formed because of complex H NMR data, however comparing this
compound with similar reactions found in the literature!3%- 131 it is assumed that the
least hindered face of the norbornene is hydrogenated to give the endo,endo isomer.

Since a trace amount of 2,3-bis(trifluoromethyl)bicyclo[2.2.1]hept-2-ene (47)
had been observed in this reaction, indicating that the non-fluorinated double bond is
hydrogenated first, the period of hydrogenation was investigated. After various trials
the time was optimised to give a good yield of 2,3-
bis(trifluoromethyl)bicyclo[2.2.1]hept-2-ene (47).

H,
(38) o /? - CFSCF3
12 min
(47)
82%

Scheme 2.25. Formation of 2,3-bis(trifluoromethyl)bicyclo[2.2.1]hept-2-ene (47).

Although 2,3-bis(trifluoromethyl)bicyclo[2.2.1]hept-2-ene (47) has been
observed before,V it has never been isolated, and was identified by comparison and
interpretation of its 'H and !9F NMR spectra and GLCMS with literature data. Only
one signal was observed in the '9F NMR spectrum at -60.6 ppm indicating one
trifluoromethyl environment. A singlet at 3.30 ppm was observed in the |H NMR
spectrum, indicative of bridgehead protons, and multiplets at 1.28, .32, 1.68 and 1.89
ppm confirmed the presence of CHy protons on the norbornene derivative. 13C NMR
data and integration of the !H NMR were also consistent with compound (47), and
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HETCOR and COSY NMR analysis confirmed the assignment of the 1H and 13C NMR
spectra (see NMR appendix).

Unfortunately, this reaction is impractical due to the complications found when
the reaction goes too far and the reaction can only be successful after several trials to
gage the correct period of hydrogenation. For this reason an alternative route to 2,3-
bis(trifluoromethyl)bicyclo[2.2.1]hept-2-ene (47) was investigated.
2.IV.1.b. Dicyclopentadiene - Almost quantitative yields of endo- and exo- 5-fluoro-
5,6-bis(trifluoromethyl)bicyclo[2.2.1]hept-2-ene (44) and (45) were obtained when
butene (10) and dicyclopentadiene were heated at 180 °C for 6 days. This varied from
the usual preparation by not pre-forming the cyclopentadiene; instead

dicyclopentadiene was used, and higher yields were obtained.

180°C CF CF
4 + (10 - Abf - ;E?; 3 ‘
F
CF; CFj3

(44) (45)

N J
~

92% (14:11 ratio)
Scheme 2.26. Reaction of dicyclopentadiene and (Z)-2H-heptafluorobut-2-ene (10).

Endo- and exo- 5-fluoro-5,6-bis(trifluoromethyl)bicyclo[2.2.1]hept-2-ene (44)
and (45) are known compounds!?8 and were identified by comparison of their 'H and
I9F NMR and GLCMS spectra with literature data. Isolation of the individual
components was not attempted, however, after distillation the mixture gave a

satisfactory elemental analysis and mass spectrum.

2.01V.2. Hydrogenation of FEndo- and Exo - 5-fluoro-5,6-
bis(trifluoromethyl)bicyclo[2.2.1]hept-2-ene (44) and (45).

It was at this stage that this new work diverged significantly from those of earlier
workers. Considering the difficulty found in hydrogenating (38) cleanly at the non-
fluorinated double bond it seemed convenient to perform the hydrogenation at this stage
in the proceedings to avoid any complications. At room temperature the hydrogenation
of (44) and (45) (combined) was carried out successfully and excellent yields of the

saturated derivatives were isolated.
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Ha CF, CF,

(44) + (45) LG - T + F
hexane or CH,Cl, CF; CF4
(50) (51)
\ J
Yo
85%

Scheme 2.27. Hydrogenation of norbornenes (44) and (45).

Endo-2-fluoro-2,3-bis(trifluoromethyl)bicyclo[2.2.1]heptane (50) and exo-2-
fluoro-2,3-bis(trifluoromethyl)bicyclo[2.2.1]heptane (51) are new compounds and were
identified by 19F NMR and GLCMS spectra. Isolation of the individual components
was not attempted, owing to the proximity of their peaks on the GC trace. However,
after distillation, a colourless oil, shown to be a mixture of (50) and (51) only, gave a
mass spectrum of the correct molecular ion, 250, and a satisfactory elemental analysis.
I9F NMR analysis indicated the presence of four trifluoromethyl groups and two
tertiary fluorine atoms, furthermore integration enabled these peaks to be assigned to
the relevant isomers, since (50) is in a slight excess over (51). Although good 'H and
13C NMR spectra were obtained they were too complicated to assign and this meant
that the isomers were assigned, reasonably, by comparing the chemical shifts in the 19F

NMR spectrum with similar compounds (44) and (45).

2.1V.3. Dehydrofluorination of Endo- and Exo- 2-fluoro-2,3-
bis(trifluoromethyl)bicyclo[2.2.1]heptane (50) and (51).

Dehydrofluorination of (50) and (51) would now give a convenient route to the mono-
ene (47) that Roche had attempted to prepare. Potassium tertiarybutoxide was the first
base to be tried, following the success of other dehydrofluorinations carried out using
this base. At room temperature, dehydrofluorination of (50) occurred overnight, owing
to the lower steric demand of the exo proton involved in the elimination. Increasing the
temperature to 70 °C enabled (51) to dehydrofluorinate, thus producing a quantitative
conversion of (50) and (51) to (47). However, complete separation from the butanol
proved difficult so a further method of dehydrofluorination was required; norbornanes
(50) and (51) were added dropwise to a vigorously stirred suspension of potassium
hydroxide in hexane, and then refluxed for 15 hours. After this time the solid base was
removed by filtration and the remaining solution distilled to give a quantitative

conversion of (50) and (51) to norbonene (47).




KOH
(50) + (51) > CF3
hexane
reflux CFs

(47)

100%
Scheme 2.28. Formation of 2,3-bis(trifluoromethyl)bicyclo[2.2.1]hept-2-ene (47).

2,3-Bis(trifluoromethyl)bicyclo[2.2.1]hept-2-ene (47) is a known compound3?

and was identified as described in detail earlier.

2.1V.4. Pyrolysis of 2,3-Bis(trifluoromethyl)bicyclo[2.2.1]hept-2-ene (47).

Norbornene (47) was allowed to pass through a glass tube at elevated temperatures in
an attempt to facilitate retrocleavage to ethene and bis(trifluoromethyl)cyclopentadiene
(46). At 300 °C no reaction occurred, however at 450 °C a 60% conversion of

norbornene (47) to the new compound bis(trifluoromethyl)cyclopentadiene (46) was

achieved.
o CF4
(47) 450°C CF; CFs. f
| > + I :> +
CF CF
3 CF3 3
(46a) (46b) (46¢)
. J

~

60% conversion of (47)
Scheme 2.29. Pyrolysis of 2,3-bis(trifluoromethyl)bicyclo[2.2.1]hept-2-ene (47).

Bis(trifluoromethyl)cyclopentadiene was observed as a mixture of olefinic
isomers (46a-c) by GLCMS, all possessing identical parent ions of 202 and accurate
mass analysis was obtained that agreed with the formula C7H4Fs. !9F NMR gave 5
peaks, indicating all of the possible environments in the three isomers (46a-c), at -61.7,
-61.8, -61.9, -63.8 and -66.4 ppm. !'H NMR produced a more complex spectrum,
however, olefinic protons could be seen between 6.4 and 7.1 ppm, whilst the saturated
CHj protons gave peaks at 2.7 and 3.3 ppm. Also a well resolved quartet at 4.06 ppm
(3Ju.r 9.1 Hz) indicates the presence of the CHCF3 proton in isomer (46¢). Isolation of
the individual dienes was not attempted owing to their volatilities. It was hoped that a

pure sample could be isolated by forming the cyclic anion, (52), using a tetraalky]l
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ammonium or metal salt in analogous methods to previous workers in this laboratory 3%
132 However, time constraints have meant that exploration of this was not possible.

CF3  Bu,N*
BuyNBr
(46a-c) --o--ooo- - )—or
H,0 :
(62)
Scheme 2.30. Proposed formation of tetrabutylammonium 1,2-

bis(trifluoromethyl)cyclopentadienide (52).

2.V. Investigation of the Reactions of (Z)-2H-Heptafluorobut-2-ene with Arenes.

As discussed earlier there has been limited success in the Diels-Alder reactions of
arenes with alkenes and alkynes. However, owing to the efficiency of the reaction
between fluoroalkene (10) with furan derivatives and cyclopentadiene it was the aim of

this section to investigate the reaction of fluoroalkene (10) with arenes.

2.V.1. 1,2,4,5-Tetramethylbenzene - When excess fluoroalkene (10) was reacted with
1,2,4,5-tetramethylbenzene in a quartz tube at 300 °C excellent yields of 1,2-
bis(trifluoromethyl)-4,5-dimethylbenzene (34) were obtained. Surprisingly at this

temperature there was no trace of the 1:1 adduct obtained by Krespan.!20

300°C CFs
+ (10) >
QT CF,

(34)

91%
Scheme 2.31. Formation of 1,2-dimethyl-4,5-bis(trifluoromethyl)benzene (34).

1,2-Dimethyl-4,5-bis(trifluioromethyl)benzene (34) is a known compound!?9 and
was identified by comparing its IH and 19F NMR spectra and GLCMS to literature
values. It was possible to purify (34) by vacuum sublimation, however, a trace of
1,2,4,5-tetramethylbenzene remained in the white crystalline solid that could not be
removed by flash column chromatography.

As with the furan derivatives it appears that a 'one-pot' synthesis of 1,2-
bis(trifluoromethyl)benzene derivatives has been discovered. Therefore to test the
general applicability of this procedure a variety of substituted benzene derivatives were

studied.
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2.V.2. Anthracene - When excess fluoroalkene (10) was reacted with anthracene in a
quartz tube at 300 °C quantitative yields of the dehydrofluorinated 1:1 adduct were
obtained. In this case further elimination to produce a fluorinated arene does not occur
owing to the extreme instability of the resulting benzyne, hence the reaction rests at the

norbornatriene type structure (53).

300°C CF,
+ (10)
T )

(53)

CF;

Y

97%
Scheme 2.32. Formation of 11,12-bis(trifluoromethyl)-9,10-dihydro-9,10-

ethenoanthracene (53).

11,12-Bis(trifluoromethyl)-9,10-dihydro-9,10-ethenoanthracene (53) is a known
compound!?! and was identified by its parent peak in GLCMS, and its 1H and 1°F

NMR spectra by comparison to literature data.

2.V.3. Benzene - The equivalent reaction of benzene and fluoroalkene (10) in a quartz
tube gave only a 15% conversion of benzene to 1,2-bis(trifluoromethyl)benzene (20).
In an attempt to increase this conversion the reaction was scaled up in a sealable metal
tube and excess benzene used. After various trials using the metal tube it was found
that pressure is an important factor in the reaction. When the reaction was carried out at
340 °C and, according to ideal gas calculations, 130 atmospheres, good yields of 1,2-
bis(trifluoromethyl)benzene (20) were obtained. In comparison to the equivalent
reaction carried out by Krespan'?Y in 1961 with hexafluorobut-2-yne and benzene this

new result is surprisingly uncomplicated.

340°C CFy
+ (10) >
SMT CF,

(20)

63%
Scheme 2.33. Formation of 1,2-bis(trifluoromethyl)benzene (20).

1,2-Bis(trifluoromethyl)benzene (20) is a known compound and was identified
by comparing its |H and 19F NMR spectra and GLCMS to literature values'3? after
Spaltrohr distillation.
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2.V.4. Trifluoromethylbenzene - When excess trifluoromethylbenzene was reacted
with fluoroalkene (10) in a sealable metal tube at 340 °C and 130 atmospheres, a
reasonable conversion to 1,2,3-tris(trifluoromethyl)benzene (54) was obtained. Once
again the reaction was clean and only traces of the intermediate adducts were seen.
However, owing to the low conversion, isolation of a small sample could only be

achieved by preparative GLC techniques.

CF4 CF4
340°C CF, CF,
+ (10) -
SMT
(54)
39%

Scheme 2.34. Formation of 1,2,3-tris(trifluoromethyl)benzene (54).

1,2,3-Tris(trifluoromethyl)benzene (54) is a known compound and was
identified by comparing its 1H and 19F NMR spectra and GLCMS to literature

values!33

after purification of a sample by preparative GLC.

2.V.5. 1,3,5-Trimethylbenzene - A complex product mixture was obtained when
excess fluoroalkene (10) was reacted with 1,3,5-trimethylbenzene in a quartz tube at
375 °C. Contained within this mixture were two isomers of the 1:1 adduct (55ab),
dehydrofluorinated adduct (56) and retro-Diels-Alder product (57), Scheme 2.35.

hr F

(55b) (56)
J

Vv
58%
Scheme 2.35. The complex reaction mixture of the reaction between (Z)-2H -

3% 3%

heptafluorobut-2-ene (10) and 1,3,5-trimethylbenzene

It was decided to try and isolate (56) from this mixture and, to this end, a larger
scale reaction in a sealable metal tube was carried out in order to obtain more material.
Using excess 1,3,5-trimethylbenzene a similar conversion and product distribution to

the quartz tube experiment was achieved. Following the success discovered using
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potassium hydroxide in hexane, dehydrofluorination of (55ab) was carried out to
increase the yield of (56), and subsequent filtration followed by distillation gave an

isolable sample of triene (56).

CF;
i, (10), 340°C, SMT ~ CF;
ii, KOH, hexane, reflux ;
(56)
52%

Scheme 2.36. Formation of 1,3,5-trimethyl-7,8-bis(trifluoromethyl)-bicyclo[2.2.2]-
octa-2,5,7-triene (56).

1,3,5-Trimethyl-7,8-bis(trifluoromethyl)-bicyclo[2.2.2]-octa-2,5,7-triene (56) is
a new compound and was identified by its !H and 19F NMR and GLCMS spectra. Two
peaks were observed in the 19F NMR spectrum at -59.0 and -67.8 ppm, indicating two
distinct trifluoromethyl environments. Vinylic protons were observed at 6.82 ppm in
the 1H NMR spectrum, the bridgehead proton was clearly visible at 3.76 ppm and
peaks at 2.29 and 2.30 ppm indicated the presence of two methyl group environments in
a 2:1 ratio. Integration was also consistent with compound (56). After distillation
1,3,5-trimethyl-7,8-bis(trifluoromethyl)-bicyclo[2.2.2]-octa-2,5,7-triene (56) gave a
satisfactory mass spectrum and elemental analysis.

It is of interest that, at the same temperatures as the other benzenoid Diels-Alder
reactions, the 1,3,5-trimethylbenzene 1:1 adducts (55ab) do not dehydrofluorinate. One
plausible explanation of this considers the effect of substituents at the bridge head

carbon of the 1:1 adduct, Scheme 2.37.
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H r HA,’I +
¢ o HF ¢
/7 —_— —_—
R R R
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-
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o R

R
109 0
e 180
7\ Cl ~—
sp

3 increase in s character
increase in electron density

o

Scheme 2.37. Increase in bond angle going from sp3 to sp

sp

Assuming that dehydrofluorination is a concerted process, it is reasonable to assume
that the transition state, A, is similar in character to the barrelene type structure B. As
the elimination occurs, angle ¢ at the bridge head carbon increases, and considering the
extreme case where angle ¢ would be 180°, the bridge head carbon would, theoretically
be sp hybridised. Therefore on elimination of hydrogen fluoride the sp? hybridised
bridge head carbon becomes more sp hybridised, i.e. there is an increase in s character
of the bridge head carbon and hence an increase in electron density. Obviously,
electron withdrawing groups would stabilise, and electron releasing groups would
destabilise, the transition state. For 1,3,5-trimethylbenzene, R = Me, the methyl group
destabilises the transition state and thus inhibits the dehydrofluorination. In the case of
trifluoromethyibenzene, R = CF3, the electron withdrawing group stabilises the
transition state and dehydrofluorination occurs.

This theory may also explain why only the 1,2,3-tris(trifluoromethyl) isomer

(54) is observed in the reaction of fluoroalkene (10) and trifluoromethylbenzene.
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F CF,4 F. CF,

CF, CFj3 CF
(10) (10)
/ /

CF4 CFs
c D
-HFX -HF 1

CFs CFy
CFs CFs

N
N

CF; CF;
-CQH2 ,: 'C2H2
Y
CF3 CFg
/©/CF3 CF, CF,
CF;
(54)

Scheme 2.38. Formation of 1,2,3-tris(trifluoromethyl)benzene (53).

Bicyclic C must be less stable than D following the previous argument. Therefore D
dehydrofluorinates and undergoes a retro-Diels-Alder reaction to afford 1,2,3-
tris(trifluoromethyl)benzene (54), whilst C does not eliminate hydrogen fluoride.

Hence (54) is the exclusive isomer seen in this reaction.
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Chapter 3.

Nucleophilic Additions to (Z)-2H-Heptafluorobut-2-
ene.

3.I. Review of Nucleophilic Additions to Hexafluorobut-2-yne and (Z)-2H-
Heptafluorobut-2-ene

There has been considerable work conducted into the chemistry of both hexafluorobut-
2-yne (4) and (Z)-2H-heptafluorobut-2-ene (10), especially in this laboratory.30- 126, 128,
1341t has been shown that fluoroalkene (10), produced easily and cheaply on a
reasonable laboratory scale, can be effectively used as a synthon for the more expensive
hexafluorobut-2-yne.% 135 It is therefore the aim of this section to explore some of the
analogous reactions between these two fluorocarbon gases and to discuss some new

reactions carried out in this area using fluoroalkene (10).

3.1.1. Oxygen Nucleophiles '

In general the addition of alcohols to hexafluorobut-2-yne and (Z)-2H-heptafluorobut-2-
ene requires base catalysis at room temperature,!3% 137 and tend to give the Z isomer as
the major product. However at elevated temperatures the reactions can be carried out
without catalysts to give the E products.!3® Hexafluorobut-2-yne and (Z)-2H -
heptafluorobut-2-ene usually give identical products; the fluoroalkene (10) reactions
occur via nucleophilic addition elimination type mechanisms, whilst hexafluorobut-2-

yne undergoes simple nucleophilic addition across the acetylenic bond, Scheme 3.1.

CFy
CF,C=CCF3 —-— )—_—\ H*
) Nuc  CF, \
Nue™ 4 ) CF; H
Nuc CF3

F) CF, NUCF> CF,
Nuc

(10)
Scheme 3.1. The similarities in nucleophilic addition to hexafluorobut-2-yne and (Z)-

2H-heptafluorobut-2-ene.
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Hydration of hexafluorobut-2-yne is difficult in the absence of a basic catalyst.
However, in the presence of trimethylamine the fluoroacetylene reacts vigorously with
water, although only low yields of the expected butanone are obtained.!3® The main
product of the reaction is cis,trans-(CF3CH=CCF3),0, thought to be formed by attack
of the enol form of the butanone on the butyne, Scheme 3.2. Other products such as
carbon dioxide and trans-pentafluorobut-2-ene are also observed that indicate some

decomposition of the butyne and catalyst.

CF;, O /\

—=( CF,CZCCF3  ——— cis, trans-(CF,CH=CCF3),0
CF,

Scheme 3.2. Formation of the hydration product of hexafluorobut-2-yne.

Similarly the reaction of (Z)-2H-heptafluorobut-2-ene with water is also difficult
to carry out. At 80°C 1,1,1-trifluoroacetone is obtained in a 56% yield (isolated as its
2,4-DNP derivative®¥), whilst no reaction was observed below this temperature, using

various solvents. It is thought that the 1,1,1-trifluoroacetone is formed in a way

analogous to the addition of potassium hydroxide to 2H-heptafluorobut-2-ene,3°
Scheme 3.3.
CFy F i CF;  OH 0
—( =/ oFe I
CFs3 CF5 - 8
-F
- @) F O
0 CO, oG \/lL +OH" M
2
CH3 CF4 CF, etc. F CF;
56%
i = Hzo, K2CO3, CH3CN, BOOC
Scheme 3.3. Formation of 1,1,1-trifluoroacetone from (Z)-2H-heptafluorobut-2-ene.
40

Sodium salts, such as methoxide and phenoxide, react at room temperaturel
with fluoroalkene (10), using cesium carbonate as the basic catalyst, giving excellent
yields of the addition-elimination products in 100% and 90% Z forms, respectively,
Scheme 3.4. These products are precisely those that are obtained in reactions carried

out with hexafluorobut-2-yne, with similar yie:lds.136
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—=( . =y ?ZZOHFB 61%)

CF, CF4
: R cis:trans
! Me 1:0
Ph 9:1

RO. _OR  90%
CF3\)<CF3 (c.f. HFB 59%)

i = NaOR, Tetraglyme, R.T. (yields for R=Me)
Scheme 3.4. Alkoxide addition to (Z)-2H-heptafluorobut-2-ene.

If more than a two-fold excess of alkoxide is used,!3° further reaction occurs and good
yields of the saturated diadducts are obtained.

Allyl alcohol adds to hexafluorobut-2-yne to form 1,1,1-trifluoro-3-
trifluoromethylhex-5-ene-2-one (5§9). This occurs by simple nucleophilic addition to

the acetylene followed by a facile Claisen rearrangement!4! of the 1:1 adduct, Scheme

3.5.
ory o— CFal 1
CF;C=CCF4 3 — |) o
CF, CF3" 0]
L (58) -

i = Allyl alcohol, NaOH, 50°C

CF3\q
|

RENS
CF" 0

74%
(59)

Scheme 3.5. The Claisen rearrangement of the allylic alcohol adduct of hexafluorobut-

2-yne.

Diols can be used in some fascinating reactions with these unsaturated

fluorocarbons.®* In these cases the mono- and di- adducts can be formed and also, in
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the special cases of 1,2-diols, there is the possibility of other interesting addition

products, Scheme 3.6.
HO OH

CF, CF3 / ’ \ st\\
& / ™ O T,
CF, O>—<04<:F3 CFSﬁi‘Z }L“J\/O/CF

e e o) .
CF;

Scheme 3.6. (Z)-2H-heptafluorobut-2-ene with 1,2-diols.

Both the mono- (60) and di- (61) adducts of hydroquinone with (10) have been

made.%*
CF, H
=
)X = = =
H CFg H  CF;
84%
(60) (61)

Scheme 3.7. Mono- and di- adducts of hydroquinone and (Z)-2H-heptafluorobut-2-ene
(10).

Catechol and ethylene glycol have been shown to react twice at the same carbon
atom, Scheme 3.8, in effect producing protected ketones.%* However, deprotection of
these ketals by the usual methods has proven unsuccessful, a difficulty observed in

cases of other highly fluorinated systems.142
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, @)
HO I />

OH CF.
OH
OH i 0
— 84%
CF3 O
CF,

i =(10), Cs,CO3, CH;CN or Tetraglyme, R.T.
Scheme 3.8. 1,2-Diol additions to (Z)-2H-heptafluorobut-2-ene.

3.1.2. Nitrogen Nucleophiles

Nitrogen nucleophiles react in an analogous way to oxygen nucleophiles. Although, for
the most part, they do not require the base catalysis of the alcohols due to their greater
basicity and nucleophilicity.

Dimethylamine and diethylamine react with hexafluorobut-2-yne to produce 1:1
adducts, Scheme 3.9. Diethylamine reacts to give exclusively the E form,!3¢ whilst
dimethylamine gives a 6:1 ratio of trans to cis.!43 Steric factors account for the
disparity in the stereochemical outcome; the diethylamine is more sterically demanding
than the dimethyl form. Once again, these reactions can be reasonably assumed to
proceed via nucleophilic attack, promoted by the fluorocarbon groups. In the case of
(Z)-2H-heptafluorobut-2-ene and diethylamine3? it has been shown that only a very
small amount of the adduct is formed (<5%), and this is one of the few differences

between hexafluorobut-2-yne and 2H-heptafluorobut-2-ene.

i CF, CF,4
EtNH ———— =( 100% E
NEt,
57%
i CF3 CF3 860/0 E
MeoNH — = 14% Z
NM62
i=(4),RT.

Scheme 3.9. Addition of diethylamine and dimethylamine to hexafluorobut-2-yne.
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Cyclohexamine is also found to react with hexafluorobut-2-yne,'* although the
stereochemical outcome is not reported in the literature.

Hexafluorobut-2-yne has been shown to react with NoF4!43 to produce cis and
trans 1somers of CF3C(NF;)=C(NF;)CF3, which, on heating, rearranges to give the

imine, shown below.

NF

F
I

F NF,

An interesting ring expansion is observed on the addition of 2-vinylaziridine®3
to hexafluorobut-2-yne. At low temperatures the initial mono-adduct is formed, but on
heating to 50°C a rearrangement occurs and the ring expands to a seven membered

isomer, Scheme 3.10.

3
CF
/ i = i Y ’
, N) CF;, _* . N
" a /
90%
i = (1), -78°C 7
ii = 50°C

Scheme 3.10. Rearrangement of the 2-vinylaziridine adduct of hexafluorobut-2-yne.

Ammonia affords two products when stirred at 0°C with hexafluorobut-2-
yne, 46 Scheme 3.11, the first is the expected mono-adduct and the second is an imine,
and it has been shown that this is not formed by rearrangement of the mono-adduct at
room temperature.!40 With (Z)-2H-heptafluorobut-2-ene the addition product®* is
observed after one week, at room temperature, although a significant amount of
1,1,1,4,4,4-hexafluorobutan-2-one is also formed. After three weeks this is the sole

product, formed by hydrolysis in the aqueous ammonia used by Roche.

; CF; H CF,

we e L T
H,N  CFy HN  CF,

39% 23%

i = HFB, 0°C

Scheme 3.11. Addition of ammonia to hexafluorobut-2-yne.
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The imine form of the addition product of fluoroalkene (10) and n-butylamine®*
1s obtained in good yields and is easily hydrolysed in a similar manner to the ammonia

product with aqueous sulfuric acid, Scheme 3.12.

CFS i CF3
Bun'N CF3 O CF3
84%
i = aqueous sulfuric acid

Scheme 3.12. Hydrolysis of the n-butylamine product.

3.1.3. Sulfur Nucleophiles

Perhaps surprisingly, little work is documented on the addition of sulfur nucleophiles to

hexafluorobut-2-yne, and none on their addition to 2H-heptafluorobut-2-ene.
Hexafluorobut-2-yne will react with hydrogen sulfide under X-ray initiation!4’

to produce the 1:1 adduct (62) in 100% Z form. Using excess hydrogen sulfide also

gives the diadduct, although the thiol groups are on different carbon atoms, Scheme

3.13.
CF, SH | SH

cFic=CceF, . = _i, CF3YKCF3
H  CF, L

i =H,S, X-rays
Scheme 3.13. Hydrogen sulfide addition to hexafluorobut-2-yne.

RESULTS AND DISCUSSION

3.I1. Novel Nucleophilic Additions to 2H-Heptafluorobut-2-ene

It was decided to continue the investigation into the addition of nucleophiles to (10) and
provide further evidence of the suitability of this fluoroalkene as a synthon for

hexafluorobut-2-yne (4).

3.11I.1. Oxygen Nucleophiles

3.I1.1.a. Hexafluoro-2,2-di(4-hydroxyphenyl)propane. - When excess fluoroalkene
(10) was reacted with hexafluoro-2,2-di(4-hydroxyphenyl)propane, in the presence of
base, only the diadduct was observed by !9F NMR. After isolation, this compound was
shown to be exclusively in the Z,Z conformation, see Section 3.11 for the elucidation of

the stereochemical outcome.
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FS
i
CF; H
N
o o0 o
— CF;
H  CF;
88%
(63)

i = CH3CN, K2003, RT
Scheme 3.14. Formation of 1,1,1,3,3,3-hexafluoro-2,2-bis[4-(3,3,3-trifluoro-1-
trifluoromethylprop-1-enyloxy)phenyl]propane (63).

1,1,1,3,3,3-Hexafluoro-2,2-bis[4-(3,3,3-trifluoro- 1 -trifluoromethylprop- 1-
enyloxy)phenyl]propane (63) is a new compound and was identified by its 19F and 'H
NMR spectra and GLCMS. Only three peaks were observed on the 19F NMR spectrum
at -59.7, -64.2 and -69.7 which integrated 1:1:1, indicating the presence of three distinct
trifluoromethyl environments and there was no trace of the vinylic fluorine at -119 ppm
present in the starting fluoroalkene (10). A quartet at 6.23 ppm was observed on the 'H
NMR spectrum, indicative of a vinylic proton coupling to a trifluoromethyl group, and
an AB quartet at 7.03 and 7.37 ppm confirmed the presence of aromatic protons on a
para substituted benzene ring. Integration of the lH NMR spectrum and !3C NMR data
was also consistent for compound (63). GLCMS gave a mass spectrum with the correct
molecular ion of 660 and after distillation 1,1,1,3,3,3-hexafluoro-2,2-bis[4-(3,3,3-
trifluoro-1-trifluoromethylprop-1-enyloxy)phenyl]propane (63) gave a satisfactory

elemental analysis.

3.I1.1.b.i. Allyl alcohol. - No reaction was observed when excess fluoroalkene (10) was
stirred with allyl alcohol and potassium carbonate, in acetonitrile, at room temperature.
At elevated temperatures complex mixtures of fluorinated products were formed.

However when excess (10) was added to the sodium salt of allyl alcohol, in the absence
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of solvent and at room temperature, good yields of the addition product [Z-3,3,3-
trifluoro-1-trifluoromethylprop-1-enyl] prop-2-enyl ether were obtained.

CFs F R.T. CF, o—/_

= A

76%

(58)
Scheme 3.15. Formation of [Z-3,3,3-trifluoro-1-trifluoromethylprop-1-enyl] prop-2-
enyl ether (58).

[Z-3,3,3-Trifluoro-1-trifluoromethylprop-1-enyl] prop-2-enyl ether (58) is a new
compound and was identified by its 19F and !H NMR spectra and GLCMS. A I9F
NMR spectrum showed two signals of equal intensity at -57.8 and -70.0 ppm indicating
two distinct trifluoromethyl groups. On the |H NMR spectrum a quartet at 5.75 ppm
was observed, indicative of a vinylic proton coupling to a trifluoromethyl group, and
the allylic CHpCH=CH; chain gave appropriate multiplets at 4.58, 5.32, 5.40 and 5.95
ppm. 13C data and integration of the !H NMR spectrum were also consistent for ether
(58). GLCMS gave a mass spectrum with the correct molecular ion of 220 and after
distillation [Z-3,3,3-trifluoro- 1-trifluoromethylprop-1-enyl] prop-2-enyl ether (58) gave

a satisfactory elemental analysis.

3.11.1.a.ii. Pyrolysis of Allyl alcohol adduct. - Earlier we have seen that diene (58) is
the intermediate in the Claisen rearrangement shown in the analogous reaction with
hexafluorobut-2-yne, Scheme 3.5, and has not been isolated before this time. Reaction
conditions in the latter reaction cause a thermal rearrangement that does not occur at
room temperature. Further, to prove that diene (58) is indeed the intermediate in this
Claisen rearrangement a pure sample was heated to 80°C for 15 hours. This resulted in

a quantitative yield of the ketone (89), Scheme 3.16.

cr. o—/  50-100°C Q
3_ - =

H  CF, CFy4

100%

(59)
Scheme 3.16. Formation of 1,1,1-trifluoro-3-trifluoromethyl-5-hexen-2-one (589).
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1,1,1-Trifluoro-3-trifluoromethyl-5-hexen-2-one (89) is a known compound““
and was identified by comparing its 19F and 'H NMRs and GLCMS data with literature
values. The 19F NMR spectrum gave two signals of equal intensity at -66.4 and -79.5
ppm, indicating two distinct trifluoromethyl groups. The allylic chain was still apparent
in the TH NMR spectrum at 2.71, 5.15, 5.19 and 5.67 ppm (2:1:1:1) but more noticeable
was the loss of the vinylic proton signal at 5.75 ppm in (58), and the gain of a complex
multiplet at 3.85 ppm indicating that the vinylic proton is no longer at an unsaturated
site and is now coupling to the allylic chain. !13C data and integration of the 'H NMR
spectrum were also consistent for ketone (59), and agreed with the literature data. After
distillation 1,1,1-trifluoro-3-trifluoromethyl-5-hexen-2-one (59) gave a satisfactory

mass spectrum and elemental analysis.

3.11.2. Nitrogen Nucleophiles

3.I1.2.a. Aniline. - When excess fluoroalkene (10) was reacted with aniline, in the
presence of base, complete conversion of the aniline to one product was observed by
GLCMS and !H NMR. This product was found to be 1,1,1,4,4,4-hexafluoro-2-
phenyliminobutane (64).

CFs F N .

HHCFB * —— CF, N
CF,
91%
(64)

i = CH30N, K2C03, RT
Scheme 3.17. Formation of 1,1,1,4,4,4-hexafluoro-2-phenyliminobutane (64).

1,1,1,4,4,4-Hexafluoro-2-phenyliminobutane (64) is a new compound and was
identified by its 19F and 'H NMR and GLCMS spectra. Peaks at -60.5 and -71.7 ppm
of equal intensity, in the 19F NMR spectrum, indicated the presence of two
trifluoromethyl groups. In the IH NMR spectrum aromatic protons were clearly visible
at 6.77, 7.22 and 7.41 ppm and a quartet at 3.33 ppm, a lower chemical shift than
vinylic protons, integrated to two protons suggesting a CHp, therefore illustrating that
the imine tautomer of the aniline adduct had been formed. Furthermore, a peak at 150.1
ppm in the 13C spectrum confirmed this conclusion. GLCMS gave a mass spectrum
with the correct molecular ion of 255 and after distillation 1,1,1,4,4,4-hexafluoro-2-
phenyliminobutane (64) gave a satisfactory elemental analysis.

Previously workers3? had been unsuccessful in the synthesis of this compound,

although none had tried using a basic catalyst. At room temperature, in the absence of
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catalyst, we have shown that there only a small amount of reaction between aniline and
(10) in acetonitrile.
One mechanism is illustrated in Scheme 3.18.

B 1 ¥
CF3 /—\.. K»COs Q
®

“H = F;, NH
CFs  NyH o CF;  NH,
-CO
H™ CF, KE- H  CFs
K2COs

g
g

Scheme 3.18. Mechanism of aniline addition?

Of course, this mechanism is also plausible using aniline as the base, instead of
potassium carbonate. However, clearly, potassium carbonate must promote

nucleophilic attack of the aniline by acting as a Lewis base, Scheme 3.19. and this

accounts for the huge difference between reactivity of the systems with and without

O H_ 7~ N\

Base makes this
a more nucleophilic

potassium carbonate.

BrmnnH—N 8=

site.

Scheme 3.19. Potassium carbonate as a Lewis base?
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3.11.2.a.i. 1,1,1,4,4,4-Hexafluoro-2-phenyliminobutane (64) and Potassium
Hydroxide. - Haszeldine!4® in 1974 showed that aniline derivatives will react with
fluoroalkenes, and in the cases where there are hydrogen ortho to the amine the reaction

can proceed further than the initial adducts,!48-150 Scheme 3.20.

OMe
N\ CsF5
NH, j;
MeO C CF3
N’

CF; F OMe
_ . .
OMe
OMe
OMe
/N I C,F5
_ MeO CF4 E——

C
MeO OMe

Scheme 3.20. Haszeldine's route to fluorinated quinolines.

This, therefore, offers a useful route to fluorinated quinoline derivatives.
More recently, work carried out in this laboratory by Mullins'3* again showed

the use of primary aromatic amines to form quinolines with fluoroalkenes.

N
~N
NH, P
i CF; CFq - . ) CF,
O - N
CH,CN CF
CF; CF4 3
F
F
52%

Scheme 3.21. Mullins' route to fluorinated quinolines.
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Following these examples it was decided to attempt to synthesise a fluorinated
quinoline from 1,1,1,4,4,4-hexafluoro-2-phenyliminobutane (64). Imine (64) was
added to a stirred slurry of a large excess of potassium hydroxide powder in hexane, to

give 2-trifluoromethyl-4-(N-phenylamino)-quinoline (65).

CF3 - —
hexane
CFs RT
NHPh
(64)
53%
(65)

Scheme 3.22. Formation of 4-(N-phenylamino)-2-trifluoromethylquinoline (65).

4-(N-Phenylamino)-2-trifluoromethylquinoline (65) has previously never been
synthesised and was identified by its 1°F, 1H and !13C NMR and mass spectra. [9F
NMR gave a spectrum with only one signal at -67.5 ppm revealing the presence of one
trifluoromethyl group. All of the peaks observed in the IH NMR spectrum were in the
aromatic region, between 7.06 and 8.36 ppm and integrated correctly. A singlet at 7.06
ppm was observed, characteristic of a proton at position 3 in a 2,4 substituted quinoline
and the other peaks were assigned by comparison with similar compounds in the
literature. After vacuum sublimation at 100 °C / 0.1 mmHg a pure sample of 4-(N-
phenylamino)-2-trifluoromethylquinoline (65) gave a satisfactory elemental analysis
and mass spectrum.

The formation of quinoline (65) can be accounted for by the mechanism
illustrated in Scheme 3.23. Potassium hydroxide causes a dehydrofluorination from the
terminal trifluoromethyl group in imine (64), this then undergoes a 6-endo-trig
cyclisation followed by a further dehydrofluorination giving 4-fluoro-2-
trifluoromethylquinoline (66). Simultaneously, aniline is regenerated by the base
induced elimination of hexafluorobut-2-yne (1) from the amine tautomer of imine (64).
Aniline then reacts with the quinoline (66) to form 4-(N-phenylamino)-2-

trifluoromethylquinoline (65) by nucleophilic displacement of fluorine at position 4.
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KOH (64)
HF \
H
NwF N%H
©/ CFs F ©/ CF,4

I KOH l CyFe
N.__CF NH
N 3 2
YL
FF
l N.__CF,
N
/N CF, N\ CF; P
-HF = NH
F F F ©/
(66) (65)

Scheme 3.23. Mechanism for the formation of 4-(N-phenylamino)-2-
trifluoromethylquinoline (65).

3.J1.2.b. 4-Methylaniline. - When excess fluoroalkene (10) was reacted with 4-
methylaniline, in the presence of base, complete conversion of the aniline derivative to
one product was observed by GLCMS and !H NMR. This product was found to be
1,1,1,4,4,4-hexafluoro-2-(4-methylphenyl)iminobutane (67).

FsC  F N i
= * ——  F,C N
H CF,4 \ /<

CF,
83%
I = CH3CN, KQCOB, RT (67)
Scheme 3.24. Formation of 1,1,1,4,4,4-hexafluoro-2-(4-methylphenyl)iminobutane
(67).
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1,1,1,4,4,4-Hexafluoro-2-(4-methylphenyl)iminobutane (67) is a new compound
and was identified by its 19F, IH and 13C NMR spectra and GLCMS data, and
comparison to (64). Peaks at -60.5 and -71.6 ppm of equal intensity, in the !19F NMR
spectrum, indicated the presence of two distinct trifluoromethyl groups. Also the
vinylic fluorine at -119 ppm, found in the starting fluoroalkene (10) had disappeared
proving that this fluorine had been replaced by the nitrogen nucleophile in 4-
methylaniline. Once again a quartet at 3.33 ppm was observed in the 'H NMR
spectrum, integrating to two protons and indicating the formation of the imine. Also a
singlet at 2.35 (CH3) and an AB quartet at 6.67 and 7.21 ppm exposed the para-methyl
substituted aromatic ring. 13C data were also consistent with compound (67) and a
quartet of quartets at 149.8 ppm further confirmed the presence of the imine. GLCMS
gave a mass spectrum with the correct molecular ion of 269 and after distillation
1,1,1,4,4,4-hexafluoro-2-(4-methylphenyl)iminobutane (67) gave a satisfactory

elemental analysis.

3.11.3. Sulfur Nucleophiles

3.11.3.a. Thiophenol. - When excess fluoroalkene (10) was added to thiophenol at
room temperature, in the presence of base, good yields of the addition-elimination
product Z-1,1,1,4,4,4-hexafluoro-2-phenylthiobut-2-ene (68) were obtained.

>_< + - CF3 S@
H  CF, =
H CF,
80%
i = CH3CN, K2003, RT (68)

Scheme 3.25. Formation of Z-1,1,1,4,4,4-hexafluoro-2-phenylthiobut-2-ene (68).

Z-1,1,1,4,4,4-Hexafluoro-2-phenylthiobut-2-ene (68) is a new compound and
was identified by its 19F and 1H NMR spectra and by GLCMS. Two peaks of equal
intensity were observed in the 19F NMR spectrum at -58.5 and -64.0 ppm, indicating
the presence of two distinct trifluoromethyl environments, again there was no trace of
the starting alkene (10). A quartet of quartets at 6.65 ppm was observed in the 'H
NMR spectrum, indicative of a vinylic proton coupling to two trifluoromethyl groups,
and the aromatic protons could be seen as a complex multiplet between 7.3 and 7.5
ppm. !3C NMR data and integration of the 1H NMR spectrum were also consistent for
fluoroalkene (68). GLCMS gave a mass spectrum with the correct molecular ion of 272
and after distillation Z-1,1,1,4,4,4-hexafluoro-2-phenylthiobut-2-ene (68) gave a

satisfactory elemental analysis.
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Following the success encountered with thiophenol, and the absence of thiol
additions to hexafluorobut-2-yne and (Z)-2H-heptafluorobut-2-ene in the literature, it
was decided to extend this methodology and try different thiols to produce compounds

of the type shown in Scheme 3.26.

>:< + RSH — — s+ CF3 S-R

H CF4
i = CH3CN, K,COg, R.T.
Scheme 3.26. Reactions of thiols with fluoroalkene (10).
Table 3.1. Thiol additions to (10) and selected data.
RSH Yield (%) OF (ppm) vinylic proton Compound
oy (ppm) No.
78 -58.4,-63.8 6.49 69
90 -58.5, -64.0 6.63 (70)
SH
89 -58.6, -64.4 6.72 (71)
SH
HS

86 -59.1, -64.7 6.57 (72)
CH,SH

” _ _ _%
SH T4c. 59.7, -65.5 (73)

NO - - -
SH REACTION

* (73) was not isolated therefore the yield given is a conversion based on GCLMS

analysis, and no !H NMR was obtained.

A convenient route to fluorinated sulfides now exists that is particularly good
for phenyl and benzyl thiols. Secondary thiols react less well owing to steric problems
during nucleophilic attack, further proved by the complete lack of reaction with the

tertiary thiol under these conditions.
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3.I11. Elucidation of Stereochemistry

Coupling constants obtained from the !9F and !H NMR spectra have been used to
determine the relationship between the trifluoromethyl groups on the fluoroalkenes
synthesised in this section. There has been a significant amount of data compiled in the

literature as to the size of these coupling interactions!®! and Scheme 3.27 illustrates the

relevant general trends.

5
Jep1-2 Hz
F-F SJe.p 10-15 Hz
SU.F 4-8 Hz PN
<i3F3 R CF, CF3
H CF3 RI Rn
A B C

Scheme 3.27. Some general trends in coupling.

All of the fluoroalkenes synthesised in this section show a 3Jg_g coupling of 7-8 Hz,
consistent with published data for systems similar to A. However in the 19F spectra
there is no evidence of any larger coupling to indicate a cis relationship between the
trifluoromethyl groups, as in C. Fluoroalkenes (68) and (70) show SJg.g values of 1.1
and 1.5 respectively, Scheme 3.28, clearly indicating the trans relationship between the
trifluoromethyl groups as for B. This much smaller coupling is not observed for the
other fluoroalkenes in this section, however a coupling of 10-15 Hz (C) would be seen
if cis trifluoromethyl groups were present in the systems. This evidence proves that the

trifluoromethyl groups are trans to each other in this series of reactions.

(A

3

3JH-F 7.1 Hz

®Jeg 1.1 Hz

Scheme 3.28. Coupling in fluoroalkene (68).

65




Chapter 4.

Perfluorocarbon Fluids as Solvent Replacements.

4.1. Introduction.

It is the aim of this chapter to discuss a new, essentially solvent-free methodology in
which halogen exchange reactions may be carried out. Perfluorocarbon fluids (PFCs)
are used to replace the normal hydrocarbon solvents in efficient halogen exchange

reactions involving the replacement of chlorine by fluorine using metal fluorides.

4.1.1. Perfluorocarbon Fluids.
Saturated perfluorocarbons (PFCs), e.g. perfluoroperthydrophenanthrene (74), are now

industrially available over a wide range of boiling-points .

o oo o

76°C 160°C (74)

215°C

Scheme 4.1. Examples of various perfluorocarbons.

They are essentially chemically inert, with exceptions including defluorinations over hot

) —m O
400°C

152

metal 32

Scheme 4.2. Defluorination using hot iron.

and the interesting direct reaction with thiophenate.!>3

SPh SPh
: : PhSNa PhS ‘ ‘ SPh
60-70°C PhS SPh

SPh SPh

65%

Scheme 4.3. Reaction of perfluorodecalin with sodium thiophenates.'>3
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They are generally regarded as largely immiscible with most organic solvents, although
published data is sparse. Low molecular-weight hydrocarbons and some halons have
been shown to be soluble in PFCs, together with exceptional solubilities of gases such as
oxygen, carbon dioxide and chlorine.!54

So far, the potential general benefits of using perfluorocarbon fluids in chemistry
do not appear to have been recognised. Hydrocarbon solvents could be significantly
replaced with a suitable PFC, where the PFC serves to aid efficient mixing of reagents as
a 'bulking agent'. Essentially the PFC holds everything in an emulsion, achieved by
effective agitation, allowing the reagents to come into contact with each other and hence
reaction to occur. Once reaction has taken place any products formed can be easily
separated from the PFC which itself can be isolated simply by filtration and/or
separation. No further purification would be required, owing to the immiscibility of
PFC fluids.

Before discussing the work carried out for this chapter it is important to

understand the halogen exchange reaction, and to this end a short review follows.

4.1.2. The Halogen Exchange Reaction.
The halogen exchange reaction, or 'Halex' reaction, is simply a chemical transformation
that involves the exchange of one halogen species with another.

RX + X" —_ RX' + X

Scheme 4.4. The halogen exchange reaction.

The 'halex’ reaction is essentially an equilibrium process and X (and X'), in Scheme
4.1, can be fluorine, chlorine, bromine or iodine. The position of equilibrium is
relatively easy to shift, for example by using excess halide, therefore it is possible to
force the reaction to quantitative conversions. Fluorine and iodine are the most
commonly inserted halogens, since there are other generally available methods of

inserting chlorine and bromine.

4.1.2.a. lodine.

Iodine usually replaces chlorine or bromine in a system, commonly using sodium iodide.
Sodium iodide is soluble in acetone, unlike the bromide and chloride salts, which
‘provides a convenient method of forcing the equilibrium by precipitation of the chloride
or bromide salts when these reactions are carried out in acetone.

The reaction mechanism has been described as an SN2 reaction, i.e. reaction
occurs with inversion and proceeds more easily for primary halides than for secondary or
tertiary. Reaction of sodium iodide is so effective that it has also found use as a test for
primary chlorides and bromides, by the formation of a precipitate in acetone.

Further methods of iodination via the halogen exchange reaction are shown in
Scheme 4.5.
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Nal

ZnCl,, CS,
64%
Ph Kl, Cul, HMPT Ph
= =
\_\Br 120°C [
85%
E:Z 99:1

Ph Br  KI, Cul, HMPT Ph I

120°C
87%

E:Z 1:99

Scheme 4.5. Examples of iodination via halogen exchange reactions of chloro!>> and

bromo!3° derivatives.

4.1.2.b. Fluorine

Fluorine-containing compounds can be prepared in an analogous way to that of iodides.
Alkyl halides are fluorinated using a variety of fluorinating agents, such as hydrogen
fluoride,!>7 potassium fluoride,3® bromine trifluoride,!%® EtsN.2HF'>° and antimony

trifluoride with hydrogen fluoride. %0

CH2C|CHFCH2BF + BrF3 CHQCICFQCHS

\ / 48%

H, T
via CH,CICR——C—Br-----BIFs
\\ 6_*_//
H

Scheme 4.6. Examples of fluorination using halogen exchange techniques.

158

For fluoride halo-exchange reactions the equilibrium is shifted towards the
fluorinated products, owing to the strong bonds formed by fluorine and consequently its

poor ability as a leaving group.
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4.I.2.c. Chlorine and Bromine.

Chlorine and bromine containing compounds are readily available from reactions
between hydrocarbons and halogen gases.!®! However a number of techniques are
available to replace halogens with chlorine or bromine. Primary alkyl bromides can be
prepared by converting the equivalent chloride using ethyl bromide and a catalytic

amount of sodium bromide.!%2 Lithium bromide!3 or tetrabutylammonium bromide!%4

165 can brominate

will achieve the same transformation whilst gaseous hydrogen bromide
secondary and tertiary alkyl chlorides with anhydrous iron (III) bromide as a catalyst.
Alkyl bromides and chlorides can also be prepared from alkyl iodides!% or alkyl

fluorides!67 using either hydrogen bromide or hydrogen chloride.

NR,*X
P U U ol — T,
+ LiBr + LiCl
80-94%

Scheme 4.7. Lithium bromide bromination of 1-chlorooctane.!¢3

A number of products are prepared by the Halex process that are operated on
industrial scales. Solvent recovery causes serious waste disposal problems and, in the
past, established procedures have proven hazardous.!%® Reduced solvent consumption,
reduced explosion hazards and simple product isolation are just some of the potential
benefits of using PFCs for these processes.

Within this group there is an ongoing interest®* 63 135, 169 in the chemistry of
(2)-2H-heptafluorobut-2-ene (10) and hexafluorobut-2-yne (4). Fluoroalkene (10) is
synthesised using a procedure developed by Maynard3® in 1963 and the overall reaction
involves the replacement of chlorine on hexachlorobutadiene (75) with fluorine, Scheme

4.8, using potassium fluoride in an aprotic solvent.

Cl Cl
Cl — KF, 190°C CF;, F
~( o =
Cl Cl NMP or sulfolane H CF,
(75) (10)

Scheme 4.8. Maynard's route to fluoroalkene (10).

It is Maynard's reaction that is used as the starting point for the investigation of

the replacement of sulfolane by PFC.
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4.II. Results and Discussion

We have taken the halogen exchange system and investigated how far it is
possible to replace the hydrocarbon with a perfluorocarbon fluid and retain high
conversions and yields. Perfluoroperhydrophenanthrene (74) was chosen as the
perfluorocarbon to replace sulfolane in these halogen exchange reactions, because owing
to its high boiling point (bp 215 °C) there would be limited loss of PFC by evaporation
at the reaction temperature 190 °C and no contribution to the pressure in sealed systems.
Reaction proceeded efficiently when up to 75% v/v of the normal solvent required3® was
replaced by the equivalent volume of PFC (74). For example, in a typical synthesis of
fluoroalkene (10) where 1500 cm3 of sulfolane is used reaction could now be
accomplished, giving comparable yields, when 375 cm3 of sulfolane and 1125¢m3 of
PFC (74) were used. No reaction occurred when 10%, or less, of the normal sulfolane
charge was used. Nevertheless, when replacing up to 75% of the normal sulfolane
charge, reactions were carried out efficiently using either a Carius tube, or on a larger
scale using atmospheric pressure conditions. More remarkable was the observation that
the volatile products obtained from fluorination of hexachlorobutadiene contained

hexafluorobut-2-yne (4) and fluoroalkene (10), Scheme 4.9., in a 3:1 ratio.

molecular
KF, 190°C CFs  F  sieve, 25d
(75) ——— CFzC=CCF; + \=< — >  CF4C=CCF,
CF;
(4) (10) (4)

Scheme 4.9. New convenient synthesis of hexafluorobut-2-yne (4).

Hexafluorobut-2-yne (4)° and (Z)-2H-heptafluorobut-2-ene (10)3¢ are both
known compounds and, initially, were identified by their characteristic 1F NMR
signals. A sharp singlet at -55,6 ppm indicated the presence of the butyne (4) and
resonances at -62.5, -77.0 and -119.7 ppm (3:3:1) revealed the butene (10). After
isolation analytical data acquired from the individual fluorinated gases were in agreement
with literature data.

Formation of hexafluorobut-2-yne (4) was unexpected and coupled with the
recent finding that dehydrofluorination of fluoroalkene (10) occurs on standing over
molecular sieve® now provides a simple laboratory synthesis of hexafluorobut-2-yne
(4). That is, the (10) present in the product mixture, was converted quantitatively to
butyne (4) when the mixture of (4) and (10) was allowed to stand as a fluid layer, in a
sealed system, over 4 A molecular sieve for 25 days. There have been no previous

reports of the direct synthesis of hexafluorobut-2-yne from hexachlorobutadiene (75)
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and the alternative synthesis of (4) from (75) requires two steps and the use of antimony

fluorides and/or hydrogen fluoride.’

Cl Cl

cl — HF, SbCly Zn, EtOH
— cf ———— CF;CCI=CCICF,

Cl Cl

CF,C=CCF,

(75) (76) (4)
Scheme 4.10. The synthesis of hexafluorobut-2-yne using antimony fluorides.’

The unique formation of (4) can be reasonably explained by the rapid migration
of the butyne into the perfluorocarbon layer, where it is protected from further fluoride
attack and access to protons, which otherwise would promote the conversion of (4) to
(10).

Along with the synthesis of fluoroalkene (10), Maynard also described a
convenient laboratory synthesis of octafluorocyclopentene®® (3) from
octachlorocyclopentene and potassium fluoride. It is now possible to use only 25% v/v
of the normal charge of sulfolane with replacement PFC and still get high conversions to

(3) using either a Carius tube or atmospheric pressure.
@ KF, 190°C @
PFC (74) : sulfolane -
3:1
@)

89%
Scheme 4.11. The synthesis of octafluorocyclopentene (3).

Perfluorocyclopentene (3) is a known compound and was identified by
comparing its spectra to literature values,! particularly the 1°F NMR spectrum. This
gave three complex multiplets at -117.6, -129.4 and -148.7 ppm (2:1:1) indicating two
CF; environments and one vinylic fluorine, in the correct ratio. '3C NMR data were
also consistent with (3), however they were complicated by second order coupling.

Similarly chlorofluoro-pyridines and -pyrimidines are commercial products and
we find that the conditions described above can be equally applied to these systems and
also to the synthesis of chlorofluorobenzene derivatives; these results are summarised in
Table 4.1.
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Table 4.1. Fluorination of chlorocarbons using KF and 25% v/v of sulfolane.

Chlorocarbon % sulfolane? CTb/APC Products Yield (%)
75 25 AP 4 56d
10 AP No reaction -
KF coated® AP No reaction -
25 CT 10 75
@ 25 AP 3 58
25 CT 3 89
0 CT No reaction -
AN 25 AP O\ O 93
| cl | F
~ ~
N N
25 CT " 54
0 CT No reaction -
XN 25 CT Cho 65
| cl /| : | F /|
~ ~
N N
@ 25 CT Cl 83
Cl Cl

aVolume % bCarius Tube CAtmospheric Pressure 4% After leaving over molecular
sieve for 25 days® €The potassium fluoride used had been soaked in sulfolane and the

excess solvent decanted off.

3,5-Dichloroperfluoropyridine,!7? 5-chloroperfluoropyrimidine!”! and 1,3,5-
trichloro-2,4,6—trifluorobenzene36 are all known compounds and were identified by
comparison of their spectra with those found in the literature.

Following the successful replacement of up to 75% v/v of the normal charge of
sulfolane, the next objective was to reduce the volume of hydrocarbon used further in
order to obtain essentially a 'solventless' system. However, it has already been seen that
replacing more than 75% of the sulfolane leads to reduced reactivity, and at 90%
replacement no reaction occurs. Therefore it was decided to attempt Halex reactions
using a series of 'additives' added to the PFC, with complete replacement of the

hydrocarbon solvent. It was hoped that the 'additive’ would increase the availability of
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fluoride by co-ordinating to the potassium, or allowing the potassium fluoride to be
partially soluble in the PFC. Also ESCA (Electron Spectroscopy for Chemical Analysis)
experiments!’? have shown that the surface of analytically pure potassium and cesium
fluoride is covered with the equivalent chloride. This implies that all of the chloride
impurities in the metal fluoride migrate to the surface. Using 'additives' in the PFC may
also aid in the cleaning of the surface, again increasing the availability of fluoride.

The additives examined were water, tetraglyme, tetrabutylammonium bromide,
and 18-crown-6 (77). Only the latter led to efficient fluorination giving a quantitative

yield of cycloalkene (3), although tetrabutylammonium bromide showed a significant

effect.
@ KF, PFC (74), 190°C @
‘additive’
‘additive' (%)

H0 (0)
tetraglyme (0)
Bu,N*Br (36)
18-crown-6 (100)

Scheme 4.12. 'Additives' used in the fluorination of octachlorocyclopentene in the

absence of hydrocarbon solvent.

Water or tetraglyme did not facilitate fluorination of octachlorocyclopentene. However,
in contrast, 18-crown-6 (77) was found to be effective down to levels as low as 1%
molar ratio, in relation to the chlorinated starting material, thus demonstrating the concept
of potentially 'solventless' systems. At these concentrations, however, reaction
proceeds slowly and therefore it was necessary to use 10% molar equivalents to effect
shorter reaction times in further investigations.

An important factor for this technique to gain general application was the need for
the PFC to be recovered unaltered and quantitatively after the reaction. This can be
accomplished simply by filtration of the solid material in the perfluorocyclopentene (3)
synthesis and the PFC requires no further purification before reuse. At this stage the 18-
crown-6 remains with the waste inorganic salts but is effectively removed by extraction
with acetone. A second cycle reaction was performed using the recovered PFC and 18-
crown-6 without further purification with fresh potassium fluoride and
octachlorocyclopentene. However, this second cycle reaction gave a lower yield
indicating that some decomposition of the crown ether may be occurring during the
reaction or that further purification is required to maintain high efficiency in re-use.
Examples of the application of this system to the synthesis of fluorinated aromatic

compounds are shown in Table 4.2.
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Table 4.2. Fluorination of aromatics using KF, perfluorocarbon and 18-crown-6 (77
Chlorocarbon Products Yield
(%)

N Cl O 84
| C'/ | F "z

N N Cl 9]
(o] I@
’

Returning to the reactions of hexachlorobutadiene, we found that the products

obtained from the system containing 18-crown-6 depend on the molar ratio of crown
ether used. When a molar ratio of 50% of 18-crown-6 with hexachlorobutadiene was
used, the sole product of the reaction was 2H-heptafluorobut-2-ene (10); a ratio of 10%
(77) gave hexafluorobut-2-yne (4) as the major product (72:10:18; 4:10:2), while a 1%
ratio and using a sealed system unexpectedly gave hexafluorocyclobutene (2) as the
product (68%), with traces of (4) and (10). This leads to a useful route to three

interesting compounds from the same starting materials.

(75)
. i
i
CF H
g(F F- i
CF;—==—CF,
(10) (4) (2)

18-Crown-6, PFC (74), 190°C

i, 50% molar ratio

i, 10% molar ratio

iii, 1% molar ratio (sealed system)

Scheme 4.13. Three products from hexachlorobutadiene (75).
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Hexafluorocyclobutene (2) is also a known compound and was identified by
comparison with published data.!”?

These surprising findings now cast some light onto the previously unestablished
mechanism of these processes. If we assume that the availability of fluoride ion in the
system is directly related to the concentration of polyether (77) used we can conclude

that there is only one feasible mechanism that accounts for these observations.

CICl - F F =
C|~§\_/2~Cl — FMF — [CF2=C=CFCF3
c’  cl F F
(75) (7)
F
F F F
|
F TN
(2)
\
Cr _H_ CF{CR=GOF M —
solvent s 3 s T 3
CFs
(10) (78) (4)

Scheme 4.14. Reaction sequence for the synthesis of hexafluorocyclobutene (2),
hexafluorobut-2-yne (4) and (Z)-2H-heptafluorobut-2-ene (10).

Initial vinylic displacement of chloride by fluoride occurs giving hexafluorobutadiene (7)
which, at low concentrations of fluoride ion, will be preferentially extracted into the
fluorocarbon phase and then undergo the well established electrocyclisation!7* to (2).
This will also be favoured by the increased pressure associated with the use of a Carius
tube. However, in the presence of higher ratios of fluoride, (7) is quickly converted to
hexafluorobut-2-yne (4), again by established processes.!”> This will then be extracted
into the perfluorocarbon layer and consequently protected from further reaction.
However, at high concentrations of fluoride further reaction i.e. (4) to (78) to (10),

competes.
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The conclusion that the process begins by vinylic displacement of chlorine by
fluorine to give (7), rather than by attack accompanied by allylic displacement, is further
confirmed by the fact that conversion of (76) to octafluorobut-2-ene (6), is performed

with very high efficiency and this perfluoroalkene was previously relatively

inaccessible.!76
CF, Cl KF, 190°C CF; iF
Cl CF3 18-crown-6, PFC (74) F CF;
(76) (6)

90%
Scheme 4.15. Formation of octafluorobut-2-ene (6).

Octafluorobut-2-ene (6) is a known compound and was identified by comparison
of its spectra with literature data.!’® 19F NMR data could be integrated and assigned to
show that a 3:1 ratio of the E and Z isomers, respectively, were produced.

There remains the question of whether the potassium fluoride is actually taken
into the perfluorocarbon layer by the 18-crown-6 (77), or whether the latter remains
solely in suspension. Potassium permanganate and potassium picrate have been used
separately with 18-crown-6 (77) and the perfluorocarbon (74) and in neither case did we
have clear evidence of colour generated in the perfluorocarbon layer indicating solubility
and it seems unlikely that fluoride salts would be more soluble. On this basis, therefore,
we favour the conclusion that the 18-crown-6/potassium fluoride complex is essentially
in suspension in the perfluorinated medium, as was described above for sulfolane but
that the proportions of (77) required for activating the metal fluoride are substantially

less than for sulfolane.
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Chapter S.

Potential Routes to Tetrafluoropropyne.

S5.I. Introduction.

To date, syntheses of the terminal perfluoroalkyne tetrafluoropropyne (79) are long,
multi-stepped and poor yielding reactions,!””- 178 and this has seriously hindered the
studies on the chemistry of this interesting compound.

Tetrafluoropropyne (79) was the first 1-perfluoroalkyne to be isolated and it is
this work, carried out in 1968 by Banks and Haszeldine,!?” that remains the best method
of synthesis today. Their method ends in the debromination of 1,2-
dibromotetrafluoropropene, the result of a complicated six step synthesis, Scheme 5.1,

giving an overall yield of only 19%.

(PhCO),0, C/SiO,
CF.Br CH,=CF » CF,BrCH,CF,Br -
e T e 2222 300 °C/1 mmHg
62%
' Br, 50% KOH, aq
CF,BrCH=CF, — CF,BrCHBrCF,Br >
34 °C/light 20 °C/40 mmHg
86% 92%
AlB Zn, dioxan -
CF,BICBr=CF, 'S .  GF4CBr=CFBr » CF,CZCF
-196 to 20 °C reflux
91% 97% (79)

43%
Scheme 5.1. Banks and Haszeldine's synthesis of tetrafluoropropyne (79).!77
The only other usable route to this fluorinated gas, published in the same

paper,!77 involves the pyrolysis of sodium pentafluoro-2-butenoate (80), Scheme 5.2,

resulting in low yields, although in fewer steps.
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0._0__0O _
F —KE_, [ GF,=CFCF,COF —F ~ CF,CF=CFCOF
420 °C/1 mmHg

26%
(0]
_NaOH _  or cFcFcoNa —240C . crczcF
(80) (79)
86% 26%

Scheme 5.2. Pyrolysis of sodium pentafluoro-2-butenoate (80).!”7

Other examples of the synthesis of tetrafluoropropyne (79) are limited and of
very poor yields.!”® However one reaction of some interest has been carried out by the
group of Burton.!”® Perfluorocyclopropene, synthesised by the route developed by
Krespan,!8 gives moderate conversions to tetrafluoropropyne (79) and tetrafluoroallene
(81) when subjected to pulses of infra-red radiation, although the two gases were never

separated.

F

F ir _

.o CF,CECF +  F,C=C=CF,
F

(79) (81)
1-50% conversion
Scheme 5.3. Rearrangement of perfluorocyclopropene.

Obviously, new convenient, higher yielding routes to tetrafluoropropyne (79) are
required in order for a more thorough investigation of its chemistry. Therefore it was the

aim of this section to provide a new practical synthesis of tetrafluoropropyne (79).

5.II. Results and Discussion

5.11. Hexafluoropropene (11) adducts - Banks and Haszeldine's second route to
tetrafluoropropyne (79),!77 Scheme 5.2, is marred by the low yielding route they
employ to produce sodium pentafluoro-2-butenoate (80). If an alternative method of
synthesising (80) could be found then this could become a convenient route to (79), and
we believed that this could be achieved using hexafluoropropene (11) as the starting

point for a series of transformations, Scheme 5.4.
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J 0 o) 0
CFsCF=CF, —— o Py
1 CF,CFHCF, HO” ~CF,CFHCF,
]
(11) ©2)
-HF
O Na O
A — N
NaO” ~CF=CFCF; HO”~ ~CF=CFCF,
(80)

Scheme 5.4. Proposed route to sodium pentafluoro-2-butenoate (80).

Radical additions of hexafluoropropene (11) have been the subject of much
research recently, especially from within this laboratory.3% 181, 182 The primary aim of
this section was to produce 2,2,3,4,4,4-hexafluorobutanoic acid (82) from
hexafluoropropene (11) in order to effect dehydrofluorination and obtain acid (80a).

5.II.1. Acetaldehyde - To accomplish the first step outlined in Scheme 5.4,
peroxide initiated radical addition of hexafluoropropene (11) to acetaldehyde was carried
out at 140 °C in a sealable metal tube, following procedures developed by LaZerte,® and
Chambers. 38 183

o) ‘BuOO'Bu O
) + CF3C F=CF2 E—
140 °C CF,CFHCF4
(83)
83%

Scheme 5.5. Formation of 3,3,4,5,5,5-hexafluoropentan-2-one (83).

Simply washing the resultant material with water removed the excess
acetaldehyde used and distillation of the remaining organic layer gave a colourless oil that
was identified as 3,3,4,5,5,5-hexafluoropentan-2-one (83), a known compound, by

comparison of spectra to literature data.!3*

Oxidation of 3,3,4,5,5,5-Hexafluoropentan-2-one (83) - Haloform oxidation
of methyl ketones is a commonly used general synthetic transformation for the formation
of carboxylic acids. Base induced formation of the enolate allows the addition of
halogens to the methyl group, this is repeated until the trihalide is produced which is then

eliminated by hydroxide attack to yield the acid, Scheme 5.6.
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X twice (
@OH

-CHX4 Q
HO” ~CF,CFHCF, X =1l or Br

(82)
Scheme 5.6. The haloform mechanism for the formation of 2,2,3,4,4,4-

hexafluorobutanoic acid (82).

Therefore, when ketone (83) was added dropwise to a vigorously stirred
suspension of iodine, potassium iodide and sodium hydrogencarbonate in water
quantitative conversions of (83) to a single compound were seen by !F NMR analysis.

However problems were encountered on isolation. Sodium metabisulfite was
added to the reaction mixture after full conversion, in order to remove the excess iodine,
increasing the amount of inorganic material in the already saturated water. It was thought
that acid (82) could precipitate so filtration was avoided, instead water was added to the
slurry to form an aqueous solution. Concentrated hydrochloric acid was then added to
the aqueous solution until pH 1 was reached and continuous extraction using
dichloromethane was carried out. Unfortunately, continuous extraction only worked
efficiently for very small scale reactions (ca. 1-2 g); when the reaction was scaled up (ca.
10-20 g) the large amounts of aqueous material made the extraction process difficult,
even over 7 nights.

A pure sample of (82) was isolated, following the above procedure, and is a
known compound, identified by comparing its spectra with literature data.*

Although 2,2,3,4,4,4-hexafluorobutanoic acid (82) had successfully been
synthesised, the small amounts of pure material obtained meant that not enough was
available to proceed. Therefore an alternative route to (82) was explored; oxidation of
2,2,3,4,4,4-hexafluorobutan-1-ol (17), the radically formed adduct of methanol and

hexafluoropropene.
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5.I1.2. Methanol - 2,2,3,4,4,4-Hexafluorobutan-1-ol (17) was prepared in excellent
yields by the peroxide initiated reaction between hexafluoropropene and methanol,38. 183

carried out at 140 °C in a sealable metal tube.

. 'BuOO'Bu
MeOH + CFsCF=CF, ——— > HOCH,CF,CFHCF,
140 °C
(7)
80%

Scheme 5.7. Formation of 2,2,3,4,4,4-hexafluorobutan-1-ol (17).

2,2,3,4,4,4-Hexafluorobutan-1-ol (17) is a known compound®® and was

identified by comparison of spectra to literature data.

Oxidation of 2,2,3,4,4,4-Hexafluorobutan-1-ol (17) - When 2,2,3,4,4,4-
hexafluorobutan-1-ol (17) was added to excess potassium dichromate and concentrated
sulfuric acid excellent yields of 2,2,3,4,4,4-hexafluorobutanoic acid (17) were obtained,

as reported by LaZerte.”

K2C r207

HOCH,CF,CFHCF, - (82)
H,SO,

H,0O 87%

Scheme 5.8. Formation of 2,2,3,4,4,4-hexafluorobutanoic acid (82).

2,2,3,4,4 4-Hexafluorobutanoic acid (82) was identified by comparison to the
sample produced from 3,3,4,5,5,5-hexafluoropentan-2-one (83), after distillation from

concentrated sulfuric acid.

Dehydrofluorination of 2,2,3,4,4,4-Hexafluorobutanoic acid (82) - It was
now possible, having enough material, to attempt the dehydrofluorination of (82), the
third step in Scheme 5.4. When acid (82) was added dropwise to a stirred suspension
of powdered potassium hydroxide in hexane at room temperature approximately a 50%
conversion of (82) was observed, to the E and Z isomers of pentafluoro-2-butenoic acid
(80a) (~1:1). To work up this reaction, water was added to the suspension to dissolve
the inorganic salts and produce a biphasic mixture. The layers were separated and the
hexane layer shown to contain no fluorinated material by 19F NMR. Following this, the
remaining aqueous layer was acidified to pH 1 with concentrated sulfuric acid and
extracted with dichloromethane. Removal of the solvent by rotary evaporation left a
mixture of three compounds; (82) and E and Z isomers of (80a), although a poor mass
recovery resulted. There was not enough material to distill the components, and both
(82) and (80a) would not pass through the preparative scale GC column intact, so

isolation of the unsaturated acid could not be carried out.
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KOH
(88) —— >  CF3;CF=CFCO,H
hexane
(80a)
~50%
Scheme 5.9. Formation of pentafluoro-2-butenoic acid (80a).

In order to increase the conversion in an attempt to facilitate isolation, the reaction
was repeated with different excesses of potassium hydroxide, volumes of hexane and
addition rates. However no increase in conversion over the initial conditions could be
achieved. This was believed to be caused by 2,2,3,4,4,4-hexafluorobutanoic acid (82)
undergoing two processes, as outlined in Scheme 5.10.

)A/ \B\
CF3;CFHCF,CO,'K*
C F3C F=C FCOz-K+

Scheme 5.10. Addition of potassium hydroxide to 2,2,3,4,4,4-hexafluorobutanoic
acid (82).

CF4CFHCF,CO,H
(82)

CF30F=CFC02H
(80a)

In the first process, A, the acid forms the potassium salt before
dehydrofluorination occurs. Formation of the salt allows the acid to precipitate out of
solution and, as a solid, take no further part in the reaction. Secondly, process B allows
dehydrofluorination to occur before salt formation and it is thus a combination of both A
and B that results in an incomplete conversion.

Pentafluoro-2-butenoic acid (80a) is a known compound,'8>- 186 made by the
addition of carbon dioxide to the lithium salt of 1H-pentafluoropropene, Scheme 5.11.
Despite ineffective isolation due to low conversions, it was possible to obtain a 19F
NMR spectrum and thus identify (80a).

BulLi CO2
CF3CF=CFH —> CF;CF=CFLi —>  CF;CF=CFCO.,H
(80a)
60%

Scheme 5.11. Literature route to pentafluoro-2-butenoic acid (80a).!86
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Formation of Esters of 2,2,3,4,4,4-Hexafluorobutanoic acid (82)

Methyl ester - Good yields of methyl 2,2,3,4,4,4-hexafluorobutanoate (84) were
obtained when (82) was refluxed for 15 hours in methanol. Addition of water and
distillation led to a lower layer of ester which could then be separated and distilled to give

pure samples of the methyl ester (84).

MeOH
CF;CFHCF,CO,H " » CF;CFHCF,CO,Me
reflux

Scheme 5.12. Formation of methyl 2,2,3,4,4,4-hexafluorobutanoate (84).

Methyl 2,2,3,4,4,4-hexafluorobutanoate (84)88 is a known compound and was

identified by comparison of spectra to literature data.

Ethyl ester - Similarly, the ethyl ether was formed in good yields when (82) was
refluxed for 15 hours in ethanol, and it was also isolated by the formation of a lower
layer by the addition of water and distillation of this lower layer.

Ethyl 2,2,3,4,4,4-hexafluorobutanoate (85)!87 is a known compound and was

identified by comparison of spectra to literature data.

Dehydrofluorination of Methyl and Ethyl 2,2,3,4,4,4-
hexafluorobutanoates (84) and (85) - In an attempt to produce the
dehydrofluorinated ester, (84) was added dropwise to a stirred slurry of sodium
methoxide in hexane at room temperature. However, the results of this reaction were
unclear. After filtering off the solid material, !9F NMR analysis of the hexane solution
showed only one weak signal indicating a trifluoromethyl group, suggesting that (84)
had dehydrofluorinated but then undergone further reaction to eliminate both vinylic
fluorines. Analysis of the removed solid material by 19F NMR, showed only one strong
signal, consistent with fluoride ion, further indicating that the reaction was proceeding

beyond the required limit.
MeO" MeO’
CF3CFHCF2002M9 —_— CFsCF=CF002Me ————
Scheme 5.13.

Repeating the reaction at lower temperatures, 0 and -10 °C, produced the same
results and isolation of the unidentified compound could not be carried out owing to the

small amounts produced.
Using the ethyl ester (85) dehydrofluorination was attempted with sodium

ethoxide. At room temperature, and even at 60 °C, no reaction was observed,
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suggesting that the ethoxide is not a strong enough base to effect dehydrofluorination in

this system.

5.JL.3. Pyrolysis - In the absence of a pure sample of acid (80a) the mixture of (82)
and (80a), obtained earlier, was used in a series of pyrolysis experiments to assess the
potential of acid (80a) pyrolysing to give tetrafluoropropyne. A small amount of the
sodium salt of the mixture was heated under reduced pressure in a Wood's Metal bath
and any volatile material produced was trapped in two liquid air cooled traps.

Initially 240 °C was used, as reported in the experiments carried out by Banks
and Haszeldine,!”7 however no volatile material was found in the traps and an intractable
material was left in the round bottomed flask. Further reactions carried out at 280 °C
produced the same results, however at temperatures below 200 °C there was no reaction.
It was at this stage that this proposed route to (79) was abandoned and other potential

routes investigated.

5.I1L.4. Cyclohexanone (in collaboration with C. Farren) - Another potential route to
the fluorinated alkyne (79) is outlined in Scheme 5.13.

0 HO CF,CFHCF, HO CF=CFCF,
tBuoo‘Bu -HF
+ (11) ———
(86a)
l NaH

NaO_ CF=CFCF,

CF,CICF + é é

-NaF
(79)
Scheme 5.14. Proposed route to tetrafluoropropyne (79).

In this case, pyrolysis of the dehydrofluorinated adduct (86) would lead to the
elimination of cyclohexanone and the desired fluorinated gas (79). So our next aim was
to synthesise 1-(pentafluoroprop-1-enyl)-cyclohexanol (86a), the dehydrofluorinated
hexafluoropropene adduct of cyclohexanone.

A sample of 1-(1,1,2,3,3,3-hexafluoropropyl)-cyclohexanol, prepared by C.
Farren, was dehydrofluorinated by adding it dropwise to a stirred suspension of
powdered potassium hydroxide in hexane. Reaction was monitored by !9F NMR

analysis, and when complete conversion of the adduct was observed the reaction was
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worked up to give a colourless oil. Identification of this oil by NMR and GLCMS

techniques showed it to be a new compound (86a).

F CF,
HO CF,CFHCF; KOH HO )—
> F
hexane
(86a)
53%

Scheme 5.15. Formation of 1-(pentafluoroprop-1-enyl)-cyclohexanol (86a).

Only one isomer of fluoroalkene (86a) was observed and this proved to be the E
isomer by analysis of the 19F NMR data. For 3Jg_g coupling in alkenes trans coupling is
always larger than cis, generally trans values are between 130-150 Hz and cis are around
20-40 Hz.!3! Doublets found in the 19F NMR spectrum of fluoroalkene (86a) at -149.4
and -170.1 ppm were split by approximately 135 Hz, clearly indicating a trans
relationship between the vinylic fluorine atoms. Furthermore, the resonance peak at
-149.4 ppm was split into quartet (Jg_g 23 Hz), characteristic of a 4/g_p (cis) relationship
between a trifluoromethyl group and a fluorine across a double bond, and not a 3Jg.F
(CF-CF3) which would be only about 10 Hz.!5!

Pyrolysis - Pyrolysis of the sodium salt of (86a) was performed at 260 and 300 °C
under reduced pressure in a Wood's Metal bath with liquid air cooled traps attached: in
neither case was tetrafluoropropyne observed. However, GLCMS analysis of the small
amount of volatile material collected in the traps indicated the presence of some
cyclohexanone, suggesting that the pyrolysis may be working in part. Analysis of the
solid matter remaining in the pyrolysis flask showed some starting material,
cyclohexanone and an insoluble, charcoal-like solid.

Due to time constraints, further investigation of this route was not carried out,
although there is the possibility that by varying the leaving group on the pentafluoroprop-
I-enyl system or varying the conditions may lead to a viable synthesis of

tetrafluoropropyne (79).

S.III. Other Attempted Routes.

5.111.1. 2H-Pentafluoropropene - During Roche's work investigating novel
syntheses of hexafluorobut-2-yne (4) from (Z)-2H-heptafluorobut-2-ene (10), he found
that tertiarybutyllithium would dehydrofluorinate (10) to give low conversions to (4).

Following this idea it was decided to use tertiarybutyllithium in analogous reactions with
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2H-pentafluoropropene (5), dehydrofluorination of which could lead to a one-step
synthesis of (79).

Dehydrofluoroination of (5) was investigated using solutions of tertiary butyl
lithium at various temperatures in sealable rotaflows, the results of which can be seen in
Table 5.1.

Table 5.1. Results of dehydrofluorination of 2H-pentafluoropropene (5).

Ratio temperature time conversion to conversion to
(5)/BuLi O (hours) tetrafluoropropyne tetrafluoroallene
(79) (%) (81) (%)
0.5 - -78 2 0 0
1 -35 1 0 16.5
1 -78 15 0 0
1.2 RT 1 0 16.6
2 -55to RT 15 <0.5 16.2
'BuLi
CF3;CH=CF, > CF,=C=CF,
(5) (81)

Scheme 5.16. Formation of tetrafluoroallene (81).

Both tetrafluoropropyne (79) and tetrafluoroallene (81) are known
compounds!7® 188 and were identified by comparison of their 19F NMR spectra with
literature data.

These results show that dehydrofluorination occurs from the saturated CF3 in
preference to the unsaturated CF; site, producing the allene (81) instead of the propyne
(79). Presumably this is because of the reduced stability of the propyne over the allene
caused by the extremely unstable fluorine attached to a triple bond in the latter.

Further attempts were carried out using flow systems, rather than sealed systems.
Balloons filled with fluoroalkene (5) were allowed to slowly release the gas, bubbling it
through a cooled, stirred, solution of tertiarybutyllithium and the evolved gases collected
in a series of liquid air cooled traps. Conversion of (5) was not increased by this
method, and it actually decreased owing to reduced contact time between (5) and the
base; most of the fluoroalkene simply passed through the solution.

In both cases, sealed and flow systems, mass recovery was never quantitative
because of some insoluble polymeric material being formed. It is important to note that
since this work has been carried out similar results have been published in the

literature 88 although they quote higher conversions using flow systems.
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S.II1.2. Decarboxylation of Isoxazolone derivatives - Another more recent
advance in the synthesis of alkynes was published by Zard in 1991,!8° whose route
involves the synthesis of substituted isoxazolones followed by decarboxylation, induced

by nitrosation, Scheme 5.17.

H
R N R o
o . | o _HONO °
R R
0 0

R and R' = alkyl or arene

Scheme 5.17. Formation of alkynes from isoxazolones.

Therefore, if isoxazolone (87), Scheme 5.18, could be formed easily and the

decarboxylation step worked efficiently a new route to (79) would be effected.

CF; N CF, N
- \O - \O
F
O )
(87) (88)

Scheme 5.18. Target isoxazolones (87) and (88).

Following the retrosynthetic pathway illustrated in Scheme 5.19, it seemed likely
that mono fluorination of ethyl trifluoroacetoacetate (89) by elemental fluorine, would
give a potential precursor to (87). However, before fluorination was attempted it was

decided to try and form isoxazolone (88) from (89).
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CF; _N, 0] @) 0 0
O
I« — CFs)'\(‘L o = NI
F . CF; OFEt
O

(87) (89)
Scheme 5.19. Retrosynthesis of (87).

Ethyl trifluoroacetoacetate (89) - When ester (89) was allowed to react
with hydroxylamine hydrochloride and sodium hydroxide in water, good yields of a

white crystalline solid were obtained. However this was not our target compound.

H
NH,OH CF O 0,
(89) > 3 NH
O ..
(90)
56%

Scheme 5.20. Formation of 5-hydroxy-5-trifluoromethylisoxazolidin-3-one (90).

5-Hydroxy-5-trifluoromethylisoxazolidin-3-one (90) is a new compound and
was identified by NMR and crystallographic data. A single resonance signal in the 1°F
NMR spectrum at -84.6 ppm indicated one trifluoromethyl group environment. The
methylene protons were observed in the !H NMR spectrum as two doublets at 2.35 and
2.85 ppm and other protons were observed at 8.31 and 11.30 ppm, belonging to the OH
and NH (unassigned). 13C data gave four resonances, the methylene carbon was seen at
39.5 ppm, CCF3 gave a quartet at 102.5 (2Jc.f 34 Hz), CF3 gave a larger quartet at
122.8 ppm (1Jc.F 284 Hz) and the carbonyl carbon gave a characteristic peak at 171.6

ppm.!27 Furthermore crystallographic data was obtained after an adequate crystal was

grown from dichloromethane, conclusively proving the structural assignment.
5-Hydroxy-5-trifluoromethylisoxazolidin-3-one (90) was formed in preference
to isoxazolone (88) owing to the hydroxylamine acting as an oxygen nucleophile, rather

than a nitrogen nucleophile, illustrated in Scheme 5.21.

88



O O

JI M (e9)
CF; OEt
Nw% \
NH,OH
HOHN OH O H,NO OH O

CF MOEt CFsMOEt

NOH O HO o
CF3 M
CF; OEt NH
l o)
(90)
CF3 N
0
o)
(88)

Scheme 5.21. Possible mechanisms for the addition of hydroxylamine hydrochloride

to ethyl trifluoroacetoacetate (89).

To explain the exclusive attack of oxygen in the bifunctional nucleophile
hydroxylamine, the theory of 'hard' and 'soft' acid and bases needs to be considered.
This theory works equally well for nucleophiles and electrophiles; a 'hard' nucleophile or
electrophile is small and highly charged, while 'soft' are larger and less highly charged.
For reactions between nucleophiles and electrophiles 'hard'-'hard’ or 'soft'-'soft’
interactions dominate i.e. a 'hard' nucleophile will preferentially attack a ‘hard'
electrophile. In (89), the trifluoromethyl group pulls electron density away from the
carbonyl carbon making it more electropositive and therefore a 'harder' site. In
hydroxylamine there is the choice of two nucleophilic sites, 'hard' oxygen or the less
'hard' nitrogen and therefore the 'harder’ oxygen nucleophile preferentially attacks the
'hard' carbonyl carbon in (89).

Attempts to produce isoxazolone (88) by varying the reaction conditions,
including the pH, to alter the mechanistic route were unsuccessful and so efforts to

produce isoxazolone (87) were abandonned.
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S.II1.3. 3,4,6-Trichloro-7-methyl-coumarin (91) - Another proposed route to
(79) was investigated, using substituted coumarin derivatives. In 1959 Middleton and
Sharkey!?0 provided the first synthesis of a 1-fluoroalkyne, i.e. fluorine attached directly

to the carbon-carbon triple bond, Scheme 5.22, and this reaction was used as the basis

for the coumarin work.

F
A
| O ——> FC=CH + CO, + CO

O

Scheme 5.22. Middleton and Sharkey's route to fluoroacetylene.!%0

Coumarin compounds are prone to decomposition at elevated temperatures,!®!
releasing carbon dioxide, therefore it was proposed that if the correct substituents could
be put on a coumarin skeleton then decarboxylation could form tetrafluoropropyne or

other perfluoro-1-alkynes, Scheme 5.23.

Re

AN F A
—»CO Re——F
B

o "0 -benzyne

Scheme 5.23. Proposed formation of perfluoro-1-alkynes.

In order to synthesise fluorinated coumarin derivatives it was decided to try and
perform halogen exchange reactions on a 3,4-dichlorocoumarin, using fluoride ion
and/or perfluoroalkyl anions to build the desired structure. 3,4,6-trichloro-7-methyl-
coumarin (91) was synthesised in high yields following a literature procedure!92: 193

incorporating hexachloropropene and a phenol derivative, Scheme 5.24.

OH Cl
2 AICI, ol cl
CCl,CCI=CCl,  + - X
ice, H,SO4

Me Me o "0

Cl ©1)

85%

Scheme 5.24. Formation of coumarin (91).192 193

However, after producing (91), it was found to be insoluble in the common

organic solvents, including sulfolane and acetonitrile. Therefore the attempted halogen
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exchange reactions failed using potassium and cesium fluorides, even at elevated

temperatures.
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Instrumentation and Reagents

Gas Liquid Chromatographic Analysis

GLCMS analyses were performed on a Fisons Trio 1000 spectrometer linked to a
Hewlett Packard 5890 Series II gas liquid chromatograph equipped with a 20 m cross-
linked methyl silicone capillary column. All GLCMS mass spectra were generated by
electron impact.

Preparative scale GC was performed on a Varian Aerograph Model 920
(catharometer detector) gas chromatograph, fitted with a 3 m 10% SE30 packed

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.

NMR Spectra

IH NMR spectra were recorded on a Briicker AC250 spectrometer operating at 250.13
MHz, a Varian Gemini VXR200 spectrometer operating at 199.98 MHz or a Varian
VXR400S spectrometer operating at 399.96 MHz. 19F NMR spectra were recorded on
the Briicker AC250 spectrometer operating at 235.34 MHz or on the Varian VXR400S
spectrometer operating at 376.29 MHz. 13C NMR spectra were recorded on the Varian
VXR400S spectrometer operating at 100.58 MHz or the Varian Gemini VXR200
spectrometer operating at 50.29 MHz. All spectra were recorded in CDCl3 with TMS
and fluorotrichloromethane as internal standards, unless otherwise stated. J Values are

given in Hz.
FT-IR Spectra

Infrared spectra were recorded on a Perkin-Elmer 1600 FT-IR spectrometer using KBr
discs (solid samples) or thin films between two NaCl plates (liquid samples) or volatile

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

Mass Spectra

Mass spectra of solid samples were recorded on a VG7070E spectrometer.
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Distillation

Fractional distillation of product mixtures was carried out using a Fischer Spahltroh
MMS255 small concentric tube apparatus. Boiling points were recorded during the

distillation.
Melting Points

Melting points were carried out at atmospheric pressure, using a Gallenkamp apparatus,

and are uncorrected.
Reagents and Solvents

Unless otherwise stated, chemicals were used as received from suppliers (Aldrich,
Fluorochem, Fluka, Jansen, BDH). Solvents were dried by standard methods and
stored over 4A molecular sieve. A current of dry nitrogen was maintained for removal

of the solvent with a syringe.

Caution: The unsaturated fluorocarbons described in this thesis should be

assumed to be highly toxic.
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Chapter 6.

Experimental to Chapter 2.

Furan Systems

General Procedure for Sealable Metal Tubes. A sealable metal tube (90
cm3), charged with 2H-heptafluorobut-2-ene (10) and furan derivative, was evacuated,
sealed and heated in a rocking furnace maintained at 300 °C for 40 h. After the reaction
was completed the tube was opened and the contents removed. Distillation under
reduced pressure was carried out to afford a single product.

3,4-Bis(trifluoromethyl)furan (18). - Furan (3.0 g, 44.1 mmol) and 2H-
heptafluorobut-2-ene (10) (16.0 g, 87.9 mmol) gave 3,4-bis(trifluoromethyl)furan (18)
(7.8 g, 87%); bp 87-89°C (lit.,1%6 88-89°C); (Found: C, 35.1; H, 1.1. CgHyFgO requires
C, 35.3; H, 1.0%) NMR spectrum no. 8; IR spectrum no. 7; Mass spectrum no. 7.

2,5-Dimethyl-3,4-bis(trifluoromethyl)furan (48). - 2,5-Dimethylfuran (3.9 g,
40.6 mmol) and 2H-heptafluorobut-2-ene (10) (14.0 g, 76.9 mmol) gave 2,5-dimethyl-
3,4-bis(trifluoromethyl)furan (48) (7.2 g, 76%); bp 52-56 °C / 12 mmHg (lit.,'? 77-78
°C / 88 mmHg); (Found: C, 41.2; H, 2.7. CgHgFgO requires C, 41.4; H, 2.6%) NMR
spectrum no. 19; IR spectrum no. 11; Mass spectrum no. 19.

Cyclopentadiene

Endo,endo-2,3-bis(trifluoromethyl)bicyclo[2.2.]1]heptane (49). - 2,3-
bis(trifluoromethyl)bicyclo[2.2.1]hept-2,5-diene (38) (4.0 g, 17.5 mmol) was dissolved
in hexane (20 cm3) and hydrogenated in Parr apparatus for 30 h in the presence of a
platinum catalyst on activated carbon (0.6 g). Catalyst was removed by filtration
through celite and distillation gave endo,endo-2,3-
bis(trifluoromethyl)bicyclo[2.2.1Jheptane (49) (3.3 g, 81%); bp 34-36 °C / 10 mmHg;
(Found: C, 46.4; H, 4.4. CoHoFg requires C, 46.6; H, 4.3%) NMR spectrum no. 20;
IR spectrum no. 12; Mass spectrum no. 18.

2,3-Bis(trifluoromethyl)bicyclo[2.2.1]hept-2-ene (47). - 2,3-
bis(trifluoromethyl)bicyclo[2.2.1]hept-2,5-diene (38) (4.0 g, 17.5 mmol) was dissolved
in hexane (20 cm3) and hydrogenated in Parr apparatus for 12 min in the presence of a
platinum catalyst on activated carbon (0.6 g). Catalyst was removed by filtration
through celite and distillation gave 2,3-bis(trifluoromethyl)bicyclo[2.2.1 ]hept-2-ene
(47) (3.3 g, 82%); bp 57-59 °C / 44 mmHg; (Found: C, 47.2; H, 3.6. CoHgFg requires
C, 47.0; H, 3.5%) NMR spectrum no. 18; IR spectrum no. 10; Mass spectrum no.
17.

Endo- and exo- 5-fluoro-5,6-bis(trifluoromethyl)bicyclo[2.2.1]hept-2-ene (44)
and (45). - 2H-Heptafluorobut-2-ene (10) (20.0 g, 0.11 mol) was transferred, under
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reduced pressure, to a sealable metal tube (40 cm3) that had previously been charged
with dicyclopentadiene (7.9 g, 60 mmol) under a counter current of dry nitrogen. The
tube was evacuated, sealed and heated in a rocking furnace maintained at 180 °C for 6
d, under autogeneous pressure. Once reaction was complete the tube was cooled to
liquid air temperatures, opened and unreacted fluoroalkene (10) removed by distillation
at atmospheric pressure. The residue was filtered, redistilled and shown to contain 2
components in approximately a 1:1 ratio, identified as two isomers of 5-fluoro-5,6-
bis(trifluoromethyl)bicyclo[2.2.1]hept-2-ene (44) and (45) (25.0 g, 92%); bp 24-26 °C/
7 mmHg (lit.,'?6 85.6 °C); (Found: C, 43.2; H, 2.7. CoH7F7 requires C, 43.5; H, 2.8%)
NMR spectrum no. 15/16; IR spectrum no. 9; Mass spectrum no. 14/15 by
comparison with literature data.!2% 128

Endo- and exo- 2-fluoro-2,3-bis(trifluoromethyl)bicyclo[2.2.1 Jheptane (50) and
(51). -- A mixture of endo- and exo- S5-fluoro-5,6-
bis(trifluoromethyl)bicyclo[2.2.1]hept-2-ene (44) and (45) (17.2 g, 69.4 mmol) was
dissolved in hexane (20 cm3) and hydrogenated in Parr apparatus for 15 h in the
presence of a platinum catalyst on activated carbon (2 g). Catalyst was removed by
filtration through celite and distillation gave a mixture of endo- and exo- 2-fluoro-2,3-
bis(trifluoromethyl)bicyclo[2.2.1]heptane (50) and (51) (14.8 g, 85%); bp 38-40 °C/
10 mmHg; (Found: C, 43.4; H, 3.6. CoHgF7 requires C, 43.2; H, 3.6%) NMR
spectrum no. 21/22; IR spectrum no. 13; Mass spectrum no. 20/21.

2,3-Bis(trifluoromethyl)bicyclof2.2.1]hept-2-ene (47). - A mixture of endo- and
exo- 2-fluoro-2,3-bis(trifluoromethyl)bicyclof2.2.1]heptane (50) and (51) (14.0 g, 56.0
mmol) was added dropwise to a slurry of powdered potassium hydroxide (10.0 g, 178.6
mmol) in hexane (20 cm3), stirred and refluxed for 48 h. Reaction could be monitored
by 19F NMR, and once reaction was complete the reaction mixture was added to water
(100 cm3) and extracted with dichloromethane (3 x 100 cm3). Removal of the solvent,
followed by redistillation gave a colourless oil identified as 2,3-
bis(trifluoromethyl)bicyclo[2.2.1]hept-2-ene (47) (12.9 g, 100%); bp 57-59 °C / 44
mmHg; see earlier experiment for elemental analysis, NMR spectrum no. 18; IR
spectrum no. 10; Mass spectrum no. 17 by comparison with literature data.>

Bis(trifluoromethyl)cyclopentadiene (46a-c). - 2,3-
Bis(trifluoromethyl)bicyclo{2.2.1]hept-2-ene (47) (5.0 g, 21.7 mmol) was passed
dropwise through a glass tube in a furnace maintained at 450 °C. Volatile material (4.6
g) was collected in a series of traps cooled to liquid air temperatures and was shown to
contain an isomeric mixture of bis(trifluoromethyl)cyclopentadiene (46a-c) (60%);
(Found: M+, 202.0217. C7H4Fg requires M+, 202.0954) NMR spectrum no. 17; Mass
spectrum no. 16, unreacted 2,3-bis(trifluoromethyl)bicyclo[2.2.1]hept-2-ene (47)
(12%) and unidentified material (28%).
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Arene Systems

General Procedure for Quartz Tubes. A quartz tube (1 cm3), charged with
2H-heptafluorobut-2-ene (10) and arene derivative, was evacuated, sealed and heated in
a furnace maintained at 300 °C for 24 h. After the reaction was completed the tube was
opened and the contents removed. Vacuum sublimation was carried out to afford a
single product.

1,2-Bis(trifluoromethyl)-4,5-dimethylbenzene (34). - 1,2,4,5-
Tetramethylbenzene (0.13 g, 1.0 mmol) and 2H-heptafluorobut-2-ene (10) (0.18 g, 1.0
mmol) gave 1,2-dimethyl-4,5-bis(trifluoromethyl)benzene (34) (0.22 g, 91%); NMR
spectrum no. 11; Mass spectrum no. 10, identified by comparison with literature
data.123

11,12-Bis(trifluoromethyl)-9,10-dihydro-9,10-ethenoanthracene (53). -
Anthracene (0.12 g, 0.7 mmol) and 2H-heptafluorobut-2-ene (10) (0.18 g, 1.0 mmol)
gave 11,12-bis(trifluoromethyl)-9,10-dihydro-9,10-ethenoanthracene (53) (0.23 g,
97%); mp 105-107°C (lit.,'?! 110°C); NMR spectrum no. 23; Mass spectrum no. 22,

identified by comparison with literature data.!?!

General Procedure for Sealable Metal Tubes. A sealable metal tube (40 or
90 cm3), charged with 2H-heptafluorobut-2-ene (10) and arene derivative, was
evacuated, sealed and heated in a rocking furnace maintained at 340 °C (~130 atm.) for
60 h. After the reaction was completed the tube was opened and the contents removed.
Distillation under reduced pressure was carried out to afford a single product.

1,2-Bis(trifluoromethyl)benzene (20). - Benzene (25.0 g, 321 mmol) and 2H-
heptafluorobut-2-ene (10) (9.1 g, 50 mmol) gave 1,2-bis(trifluoromethyl)benzene (20)
(6.7 g, 63%); bp 139-141°C (lit.,’8 143°C); (Found: C, 45.0; H, 2.0. CgH4Fg requires C,
44.9; H, 1.9%) NMR spectrum no. 9; IR spectrum no. 8; Mass spectrum no. 8,
identified by comparison with literature data.!33

1,2,3-Tris(trifluoromethyl)benzene (54). - Trifluoromethylbenzene (29.5 g, 202
mmol) and 2H-heptafluorobut-2-ene (10) (9.1 g, 50 mmol) gave /,2,3-
tris(trifluoromethyl)benzene (54) (33% conversion of 2H-heptafluorobut-2-ene (10) by
GLCMS); NMR spectrum no. 24; Mass spectrum no. 23, identified by comparison

with literature data.!33

1,3,5-Trimethyl-7,8-bis(trifluoromethyl)bicyclo[2.2.2 Jocta-2,5,7-triene (56). -
1,3,5-Trimethylbenzene (6.4 g, 53.3 mmol) and 2H-heptafluorobut-2-ene (10) (5.0 g,
27.5 mmol) gave a mixture of &8-fluoro-1,3,5-trimethyl-7,8-
bis(trifluoromethyl)bicyclo[2.2.2Jocta-2,5,-diene (55a), 7-fluoro-1,3,5-trimethyl-7,8-
bis(trifluoromethyl)bicyclo[2.2.2 ]octa-2,5,-diene (55b) (58% by GLCMS, (55ab)
combined), 1,3,5-trimethyl-7,8-bis(trifluoromethyl)bicyclo[2.2.2 Jocta-2,5,7-triene (56)
(3%), 1,3-dimethyl-4,5-bis(trifluoromethyl)benzene (57) (3%) and unreacted 1,3,5-
trimethylbenzene. The mixture was added to a slurry of powdered potassium
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hydroxide (9.5 g, 170 mmol) in hexane (50 cm3) and refluxed for 15 h. After this time
the reaction mixture was added to water and extracted with hexane (3 x 70 cm3),
removal of the solvent and redistillation gave /,3,5-trimethyl-7,8-
bis(trifluoromethyl)bicyclo[2.2.2]octa-2,5,7-triene (56) (4.0 g, 52%); bp 49-52°C / 4
mmHg; (Found: C, 55.6; H, 4.4. Cy3H2Fg requires C, 55.3; H, 4.3%) NMR spectrum
no. 25; IR spectrum no. 14; Mass spectrum no. 25.
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Chapter 7.

Experimental to Chapter 3.

General Procedure with Potassium Carbonate. A Carius tube (60 cm3),
charged with 2H-heptafluorobut-2-ene (10), potassium carbonate, acetonitrile and
nucleophilic species, was evacuated, sealed and rotated end-over-end at room
temperature for 15 h. After the reaction was completed the tube was opened and any
volatile material transferred to a cold trap under reduced pressure. The residual solid
was then placed in a separating funnel containing water (100 cm3) and dichloromethane
(3 x 50 cm3) was used to extract the organic layer, which was dried (MgSQy4) and the
solvent removed by rotatory evaporation. Further distillation under reduced pressure

was carried out to afford a single product.

Oxygen Nucleophiles.

1,1,1,3,3,3-Hexafluoro-2,2-bis[4-(3,3,3-trifluoro- 1 -trifluoromethylprop-1-
enyloxy)phenyl]propane (63). - Hexafluoro-2,2-di(4-hydroxyphenyl)propane (1.6 g, 4.8
mmol), 2H-heptafluorobut-2-ene (10) (3.7 g, 20.3 mmol), potassium carbonate (3.5 g,
25.7 mmol) and acetonitrile (20 cm3) gave 1,1,1,3,3,3-hexafluoro-2,2-bis[4-(3,3,3-
trifluoro-1-trifluoromethylprop-1-enyloxy)phenyl]propane (63) (2.8 g, 88%); (Found:
C, 42.1; H, 1.5. Cy3HoF1807 requires C, 41.8; H, 1.5%) NMR spectrum no. 26; IR

spectrum no. 15; Mass spectrum no. 27.

Nitrogen Nucleophiles.

1,1,1,4,4,4-Hexafluoro-2-phenyliminobutane (64). - Aniline (0.73 g, 7.8 mmol),
2H-heptafluorobut-2-ene (10) (3.2 g, 17.6 mmol), potassium carbonate (3.3 g, 24.3
mmol) and acetonitrile (10 cm3) gave 1,1,1,4,4,4-hexafluoro-2-phenyliminobutane (64)
(1.8 g, 91%); bp 32-34 °C (5 mmHg); (Found: C, 46.9; H, 2.7; N, 5.4. CjoH7F¢N
requires C, 47.1; H, 2.7; N, 5.5%) NMR spectrum no. 29; IR spectrum no. 18; Mass
spectrum no. 30.

1,1,1,4,4,4-Hexafluoro-2-(4-methylphenylimino)butane (67). - p-Toluidine (2.1
g, 19.6 mmol), 2H-heptafluorobut-2-ene (10) (5.6 g, 30.8 mmol), potassium carbonate
(4.1 g, 29.7 mmol) and acetonitrile (20 cm3) gave 1,1,1,4,4,4-hexafluoro-2-(4-
methylphenylimino)butane (67) (4.5 g, 83%); bp 48-50 °C (4 mmHg); (Found: C, 48.8;
H, 3.1; N, 5.1. C1 HgFgN requires C, 49.1; H, 3.4; N, 5.2%) NMR spectrum no. 31;

IR spectrum no. 20; Mass spectrum no. 32.
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Sulfur Nucleophiles.

Z-1,1,1,4,4,4-Hexafluoro-2-(3-methylphenylthio)but-2-ene (70). - m-Thiocresol
(1.0 g, 8.1 mmol), 2H-heptafluorobut-2-ene (10) (3.1 g, 17.0 mmol), potassium
carbonate (3.3 g, 24.3 mmol) and acetonitrile (20 cm3) gave Z-1,1,1,4,4,4-hexafluoro-2-
(3-methylphenylthio)but-2-ene (70) (2.1 g, 90%); bp 42-44 °C (5 mmHg); (Found: C,
46.0; H, 2.7. C11HgFgS requires C, 46.2; H, 2.8%) NMR spectrum no. 34; IR
spectrum no. 23; Mass spectrum no. 35.

1,3-Bis(Z-3,3,3-trifluoro- 1 -trifluoromethylprop-2-enylthio)benzene (71). - 1,3-
Dithiolbenzene (1.0 g, 7.0 mmol), 2H-heptafluorobut-2-ene (10) (3.7 g, 20.3 mmol),
potassium carbonate (4.3 g, 31.4 mmol) and acetonitrile (25 cm3) gave 1,3-bis(Z-3,3,3-
trifluoro-1-trifluoromethylprop-2-enylthio)benzene (71) (2.9 g, 89%); bp 58-60 °C (3
mmHg); (Found: C, 35.8; H, 1.2. C14HgF 1257 requires C, 36.1; H, 1.3%) NMR
spectrum no. 35; IR spectrum no. 24; Mass spectrum no. 36.

Z-1,1,1,4,4,4-Hexafluoro-2-phenylthiobut-2-ene (68). - Thiophenol (1.0 g, 9.1
mmol), 2H-heptafluorobut-2-ene (10) (2.7 g, 15.0 mmol), potassium carbonate (4.3 g,
31.4 mmol) and acetonitrile (10 cm3) gave Z-1,1,1,4,4,4-hexafluoro-2-phenylthiobut-2-
ene (68) (2.0 g, 81%); bp 34-36 “C (4 mmHg); (Found: C, 44.0; H, 2.2. C1gHgFsS
requires C, 44.1; H, 2.2%) NMR spectrum no. 32; IR spectrum no. 21; Mass
spectrum no. 33.

Z-1,1,1,4,4,4-Hexafluoro-2-(4-methylphenylthio )but-2-ene (69). - p-Thiocresol
(1.0 g, 8.1 mmol), 2H-heptafluorobut-2-ene (10) (3.3 g, 18.1 mmol), potassium
carbonate (4.3 g, 31.4 mmol) and acetonitrile (10 cm3) gave Z-1,1,1,4,4,4-hexafluoro-
2-(4-methylphenylthio)but-2-ene (69) (1.8 g, 78%);bp 51-53 °C (5 mmHg); (Found: C,
45.9; H, 2.7. C11HgFgS requires C, 46.2; H, 2.8%) NMR spectrum no. 33; IR
spectrum no. 22; Mass spectrum no. 34.

Z-1,1,1,4,4,4-Hexafluoro-2-(phenylmethylthio)but-2-ene (72). - Benzyl
mercaptan (1.5 g, 12.1 mmol), 2H-heptafluorobut-2-ene (10) (3.3 g, 18.1 mmol),
potassium carbonate (4.3 g, 31.4 mmol) and acetonitrile (20 cm3) gave Z-1,1,1,4,4,4-
hexafluoro-2-(phenylmethylthio)but-2-ene (72) (2.9 g, 84%); bp 52-54 °C (5 mmHg);
(Found: C, 45.9; H, 3.0. C{1HgFgS requires C, 46.2; H, 2.8%) NMR spectrum no. 36;
IR spectrum no. 25; Mass spectrum no. 37.

Z-2-Cyclopentylthio-1,1,1,4,4,4-hexafluorobut-2-ene (73). - Cyclopentyl
mercaptan (1.0 g, 9.8 mmol), 2H-heptafluorobut-2-ene (10) (2.7 g, 15.0 mmol),
potassium carbonate (4.3 g, 31.4 mmol) and acetonitrile (20 cm3) gave Z-2-
cyclopentylthio-1,1,1,4,4,4-hexafluorobut-2-ene (73) (1.8 g, 70%) NMR spectrum no.

37; Mass spectrum no. 38.

General Procedure without Potassium Carbonate. A Carius tube (60 cm3),
charged with 2H-heptafluorobut-2-ene (10), solvent (if required) and nucleophilic
species, was evacuated, sealed and rotated end-over-end at room temperature. After the
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reaction was completed the tube was opened and any volatile material transferred to a
cold trap under reduced pressure. The residual solid was then placed in a separating
funnel containing water (100 ml) and dichloromethane (3 x 50 cm3) was used to extract
the organic layer, which was dried (MgSO4) and the solvent removed by rotatory
evaporation. Further distillation under reduced pressure was carried out to afford a

single product.

Nitrogen Nucleophiles.

1,1,1,4,4,4-Hexafluoro-2-phenyliminobutane (64). - Aniline (0.7 g, 7.5 mmol),
2H-heptafluorobut-2-ene (10) (2.6 g, 14.3 mmol) and acetonitrile (10 cm3) reacted for
60 h gave 1,1,1,4,4,4-hexafluoro-2-phenyliminobutane (64) (0.6 g, 31%); bp 32-34 °C
(5 mmHg); see earlier experiment for elemental analysis, NMR spectrum no. 29; IR

spectrum no. 18; Mass spectrum no. 30.

Oxygen Nucleophiles.

[Z-1-Trifluoromethyl-3,3,3-trifluoroprop- 1-enyl] prop-2-enyl ether (58). - Allyl
alcohol sodium salt (2.4 g, 30.0 mmol) and 2H-heptafluorobut-2-ene (10) (4.0 g, 22.0
mmol) reacted for 15 h gave [Z-1-trifluoromethyl-3,3,3-trifluoroprop-1-enyl] prop-2-
enyl ether (58) as a volatile product (3.7 g, 76%); bp 40-42 °C; (Found: C, 38.3; H, 2.8.
C7HgFgO requires C, 38.2; H, 2.7%) NMR spectrum no. 27; IR spectrum no. 16;
Mass spectrum no. 28.

1,1,1-Trifluoro-3-trifluoromethyl-5-hexen-2-one (59). - A Carius tube (60 cm3)
charged with [Z-1-trifluoromethyl-3,3,3-trifluoroprop-1-enyl] prop-2-enyl ether (58)
(3.7 g, 16.8 mmol) was evacuated, sealed and heated to 80 °C for 24 h. After the
reaction was completed the tube was opened and any volatile material transfered to a
cold trap under reduced pressure (0 g). The residual oil was then distilled under
reduced pressure to afford a single product identified by comparison with authentic
spectra as 1,1, I-trifluoro-3-trifluoromethyl-5-hexen-2-one (59) (3.7 g, 100%); bp 88-90
°C (lit.,'4! 88.5-89 °C); (Found: C, 38.3; H, 2.7. C7HgFsO requires C, 38.2; H, 2.7%)
NMR spectrum no. 28; IR spectrum no. 17; Mass spectrum no. 29.

Formation of 2-Trifluoromethyl-4-(N-phenylamino)-quinoline.

4-(N-Phenylamino)-2-trifluoromethylquinoline (65). - 1,1,1,4,4,4-Hexafluoro-2-
phenyliminobutane (64) (1.0 g, 3.9 mmol) was added dropwise to a stirred slurry of
powdered potassium hydroxide (2.0 g, 35.7 mmol) in hexane (50 cm3) and left at room
temperature for 60 h. After the reaction was complete the hexane was removed by
rotatory evaporation, the resultant slurry added to water and extracted with
dichloromethane (3 x 50 cm3). Solvent was removed by rotatory evaporation and the
resultant solid purified by vacuum sublimation [oil bath temperature 100 "C (<!
mmHg)] to afford a single white crystalline product identified as 4-(N-phenylamino)-2-
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trifluoromethylquinoline (65) (0.3 g, 53%); mp 140-142 °C; (Found: C, 66.5; H, 3.8; N,
9.9. C16H11F3N3 requires C, 66.7; H, 3.8; N, 9.7%) NMR spectrum no. 30; IR
spectrum no. 19; Mass spectrum no. 31.
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Chapter 8.

Experimental to Chapter 4.

Reactions using sulfolane

General Procedure for Reactions in Carius tubes. A Carius tube (60 cm3),
charged with potassium fluoride, PFC (74), sulfolane and chlorocarbon, was evacuated,
sealed and heated in a rotating oil bath maintained at 190 °C. After the reaction was
completed the tube was opened and any volatile material transferred to a cold trap
under reduced pressure. Further distillation under reduced pressure was carried out to
afford a single product.

2H—Heptaﬂu0robui-2-ene (10). - Hexachlorobuta-1,3-diene (75) (2.1 g, 8.1
mmol), potassium fluoride (4.7 g, 81 mmol), PFC (74) (6.5 cm3) and sulfolane (2 cm3),
heated for 15 h gave 2H-heptafluorobut-2-ene (10) (1.1 g, 75%); bp 8-10 °C (lit.,6 7-8
°C) NMR spectrum no. 6; IR spectrum no. 5; Mass spectrum no. 5.

Octafluorocyclopentene (3). - Octachlorocyclopentene (3.4 g, 10 mmol),
potassium fluoride (5.8 g, 100 mmol), PFC (74) (6.5 cm3) and sulfolane (2 cm3),
heated for 15 h gave octafluorocyclopentene (3) (1.9 g, 89%); bp 26-28 °C (lit.,'> 25.4-
26.5 °C) NMR spectrum no. 2; IR spectrum no. 2; Mass spectrum no. 2.

1,3,5-Trichloro-2,4,6-trifluorobenzene. - Hexachlorobenzene (1.0 g, 3.5 mmol),
potassium fluoride (1.8 g, 31.6 mmol), PFC (74) (10 cm3) and sulfolane (4.5 cm3),
heated for 200 h gave 1,3,5-trichloro-2,4,6-trifluorobenzene (0.7 g, 83%); mp 59-61 °C
(lit.,3¢ 57-61 °C); (Found: C, 30.3. C¢Cl3F3 requires C, 30.6%) NMR spectrum no.
40; IR spectrum no. 28; Mass spectrum no. 41.

3,5-Dichlorotrifluoropyridine. - Pentachloropyridine (2.5 g, 10 mmol),
potassium fluoride (4.0 g, 70 mmol), PFC (74) (6.5 cm?3) and sulfolane (2 cm?3), heated
for 15 h gave 3,5-dichlorotrifluoropyridine (1.1 g, 54%); bp 157-159 °C (lit.,'7® 159-
160 °C); (Found: C, 29.6; N, 6.9. C5ClyF3N requires C, 29.7; N, 6.9%) NMR
spectrum no. 38; IR spectrum no. 26; Mass spectrum no. 39.

5-Chloroperfluoropyrimidine. - Tetrachloropyrimidine (2.2 g, 10 mmol),
potassium fluoride (3.5 g, 60 mmol), PFC (74) (6.5 cm3) and sulfolane (2 cm3), heated
for 15 h gave 5-chloroperfluoropyrimidine (1.1 g, 65%); bp 115-116 °C (lit.,!”! 115
°C); (Found: C, 28.5; N, 16.5. C4CIF3Nj requires C, 28.5; N, 16.6%) NMR spectrum
no. 39; IR spectrum no. 27; Mass spectrum no. 40.

General Procedure for Reactions at Atmospheric Pressure. - A round
bottomed flask (500 cm3) fitted with a reflux condenser, charged with potassium
fluoride, PFC (74) (70 cm?3), sulfolane (30 cm?3) and chlorocarbon was heated to 190 °C

and the contents stirred mechanically. After the reaction was complete, the flask was
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allowed to cool and any volatile material transferred to a cold trap under reduced
pressure. Further distillation under reduced pressure afforded a single product.

Octafluorocyclopentene (3). - Octachlorocyclopentene (17.2 g, 50 mmol) and
potassium fluoride (34.8 g, 600 mmol) heated for 2 d gave octafluorocyclopentene (3)
(6.1 g, 58%); bp 26-28 °C (lit.,!> 25.4-26.5 °C) NMR spectrum no. 2; IR spectrum
no. 2; Mass spectrum no. 2.

3,5-Dichlorotrifluoropyridine. - Pentachloropyridine (6.3 g, 25 mmol) and
potassium fluoride (11.6 g, 200 mmol) was heated for 3 d. After this time the flask was
allowed to cool and the contents filtered, leaving a bi-phasic mixture; the lower layer
(PFC (74)) was colourless and the upper (sulfolane) was orange. The layers were
separated and worked up independently. The PFC layer was extracted with toluene (3
x 70 cm?) and the solvent removed by rotatory evaporation yielding a colourless oil
which solidified. The sulfolane layer was distilled under reduced pressure and yielded
an identical sample of this colourless material. The two samples were combined and
gave 3,5-dichlorotrifluoropyridine (4.7 g, 93%); bp 157-159 °C (lit.,!’® 159-160 °C);
see earlier experiment for elemental analysis, NMR spectrum no. 38; IR spectrum
no. 26; Mass spectrum no. 39.

Hexafluorobut-2-yne (4). - Hexachlorobuta-1,3-diene (75) (261 g, 1 mol) was
added dropwise over 2 h to a mechanically stirred suspension of freshly dried
potassium fluoride (500 g, 8.5 mol) in anhydrous sulfolane (0.3 1) and PFC (74) (1 1),
maintained at 190 °C. The reaction was stirred for a further 4 h after the final addition
of the diene, whilst volatile products (96 g) were collected in two sequential traps
maintained at liquid air temperatures and were identified by comparison to authentic
spectra as hexafluorobut-2-yne (4) (43% by !1°F NMR integration) and 2H-
heptafluorobut-2-ene (10) (14%). The volatiles were condensed over 4 A molecular
sieve® under reduced pressure and allowed to stand at room temperature for 25 d.
After this time further analysis of a representative sample showed that the volatiles
contained only hexafluorobut-2-yne” (4) (91 g, 56% based on starting diene (75))
NMR spectrum no. 3; IR spectrum no. 3; Mass spectrum no. 3.

Reactions using 18-Crown-6

General Procedure for Reactions in Carius tubes. A Carius tube (60 cm3),
charged with potassium fluoride, PFC (74) (20 cm3), 18-crown-6 (77) and
chlorocarbon, was evacuated, sealed and heated in a rotating oil bath maintained at 190
°C. After the reaction was complete, the tube was opened and any volatile material
transferred to a cold trap under reduced pressure. Additional distillation under reduced
pressure was carried out to effect further purification.

Hexafluorocyclobutene (2). - Hexachlorobuta-1,3-diene (75) (2.6 g, 10 mmol),
potassium fluoride (5.8 g, 100 mmol) and 18-crown-6 (77) (0.3 g, | mmol), heated for
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15 h gave hexafluorocyclobutene (2) (1.1 g, 68%); bp 0-2 °C (lit.,!”3 1.1 °C) NMR
spectrum no. 1; IR spectrum no. 1; Mass spectrum no. 1.

2H-Heptafluorobut-2-ene (10). - Hexachlorobuta-1,3-diene (75) (2.6 g, 10
mmol), potassium fluoride (4.6 g, 80 mmol) and 18-crown-6 (77) (1.3 g, 5 mmol),
heated for 15 h gave 2H-heptafluorobut-2-ene (10).(1.0 g, 55%); bp 8-10 °C (lit.,36 7-8
°C) NMR spectrum no. 6; IR spectrum no. 5; Mass spectrum no. 5.

Octafluorobut-2-ene (6). - 2,3-Dichlorohexafluorobut-2-ene (76) (2.3 g, 10
mmol), potassium fluoride (2.3 g, 40 mmol) and 18-crown-6 (77) (0.3 g, | mmol),
heated for 48 h gave E/Z octafluorobut-2-ene (6) (1.8 g, 90%); bp 0-5 °C (lit.,'76 0.9
°C) NMR spectrum no. 4/5; IR spectrum no. 4; Mass spectrum no. 4.

1,3,5-Trichloro-2,4,6-trifluorobenzene. - Hexachlorobenzene (2.9 g, 10 mmol),
potassium fluoride (4.6 g, 80 mmol) and 18-crown-6 (77) (0.3 g, 1 mmol), heated for
216 h gave 1,3,5-trichloro-2,4,6-trifluorobenzene (60% by GCMS integration) and,
presumably, 1,2,3,5,-tetrachloro-4,6-difluorobenzene (40%) NMR spectrum no. 40;
IR spectrum no. 28; Mass spectrum no. 41.

3,5-Dichlorotrifluoropyridine. - Pentachloropyridine (2.5 g, 10 mmol),
potassium fluoride (4.0 g, 70 mmol) and 18-crown-6 (77) (0.3 g, 1 mmol), heated for
15 h gave 3,5-dichlorotrifluoropyridine (1.7 g, 84%); bp 157-159 °C (lit.,!70 159-160
°C); see earlier experiment for elemental analysis, NMR spectrum no. 38; IR
spectrum no. 26; Mass spectrum no. 39.

5-Chloroperfluoropyrimidine. - Tetrachloropyrimidine (3.3 g, 15 mmol),
potassium fluoride (4.6 g, 80 mmol) and 18-crown-6 (77) (0.4 g, 1.5 mmol), heated for
15 h gave 5-chloroperfluoropyrimidine.(2.3 g, 91%); bp 115-116 °C (lit.,'”! 115 °C);
see earlier experiment for elemental analysis, NMR spectrum no. 39; IR spectrum
no. 27; Mass spectrum no. 40.

Octafluorocyclopentene (3). - Octachlorocyclopentene (1.7 g, 5 mmol),
potassium fluoride (3.5 g, 60 mmol) and 18-crown-6 (77) (0.1 g, 0.5 mmol), heated for
15 h gave octafluorocyclopentene (3) (1.1 g, 100%). The PFC slurry was then filtered
and 18-crown-6 extracted from the inorganic residues using acetone (3 x 10 cm3). The
acetone was removed on a rotatory evaporator and the 18-crown-6 used in a repeat
reaction without further purification along with the recovered PFC, as follows.
Octachlorocyclopentene (1.5 g, 4.4 mmol), potassium fluoride (3.5 g, 60 mmol) and the
recovered material, heated for 15h gave octafluorocyclopentene (3) (0.7 g, 75%); bp
26-28 °C (lit.,!5 25.4-26.5 °C) NMR spectrum no. 2; IR spectrum no. 2; Mass

spectrum no. 2.

General Procedure for Reactions in Stirred Autoclaves. - A stirred autoclave
(500 cm3), charged with potassium fluoride, PFC (74) (50 ml), 18-crown-6 (77) and
chlorocarbon, was evacuated, sealed and heated in a furnace maintained at 190 °C,

whilst being stirred continuously. After the reaction was complete the autoclave was
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cooled, opened and any volatile material transfered to a cold trap under reduced
pressure. Additional distillation under reduced pressure was carried out to effect further
purification.

Octafluorocyclopentene (3). - Octachlorocyclopentene (5.0 g, 14.4 mmol),
potassium fluoride (10.0 g, 172.4 mmol) and 18-crown-6 (77) (0.4 g, 1.4 mmol), heated
for 120 h gave octafluorocyclopentene (3) (2.3 g, 74%); bp 26-28 °C (lit.,!> 25.4-26.5
°C) NMR spectrum no. 2; IR spectrum no. 2; Mass spectrum no. 2.

3,5-Dichlorotrifluoropyridine. - Pentachloropyridine (5.0 g, 20.0 mmol),
potassium fluoride (10.0 g, 172.4 mmol) and 18-crown-6 (77) (0.5 g, 2.0 mmol), heated
for 40 h gave 3,5-dichlorotrifluoropyridine (2.8 g, 69%) after filtration and extraction
of the PFC layer with toluene (3 x 70 cm3), removal of solvent and subsequent
distillation; bp 157-159 °C (lit.,!7% 159-160 °C); see earlier experiment for elemental
analysis, NMR spectrum no. 38; IR spectrum no. 26; Mass spectrum no. 39.

General Procedure for Reactions at Atmospheric Pressure. - A round
bottomed flask (250 cm3) fitted with a reflux condenser, charged with potassium
fluoride, PFC (74), 18-crown-6 (77) and chlorocarbon was heated to 190 °C and the
contents stirred mechanically for 4 d. After this time the flask was allowed to cool and
any volatile material transferred to a cold trap under reduced pressure. Additional
distillation under reduced pressure was carried out to effect further purification.

3,5-Dichlorotrifluoropyridine. - Pentachloropyridine (5.0 g, 20 mmol),
potassium fluoride (9.2 g, 159.2 mmol), PFC (74) (50cm3) and 18-crown-6 (77) (0.5 g,
2 mmol) gave 3,5-dichlorotrifluoropyridine (2.6 g, 65%) after filtration and extraction
of the PFC layer with toluene (3 x 70 cm3), removal of solvent and subsequent
distillation; bp 157-159 °C (lit.,!7? 159-160 °C); see earlier experiment for elemental
analysis, NMR spectrum no. 38; IR spectrum no. 26; Mass spectrum no. 39.

5-Chloroperfluoropyrimidine. - Tetrachloropyrimidine (3.3 g, 15 mmol),
potassium fluoride (5.0 g, 86.2 mmol), PFC (74) (20cm?3) and 18-crown-6 (77) (0.7 g,
2.8 mmol) gave 3,5-dichlorotrifluoropyridine (1.6 g, 69%); bp 115-116 °C (lit.,'"! 115
°C); see earlier experiment for elemental analysis, NMR spectrum no. 39; IR
spectrum no. 27; Mass spectrum no. 40.

Hexafluorobut-2-yne (4). - Hexachlorobuta-1,3-diene (75) (240.0 g, 0.9 mol)
was added dropwise over 2 h to a mechanically stirred suspension of freshly dried
potassium fluoride (580.0 g, 10.0 mol), 18-crown-6 (77) (26.4 g, 0.1 mol) and PFC
(74) (1.5 1), maintained at 190 °C. The reaction was stirred for a further 4 h after the
final addition of the diene. Volatile products (83 g) were collected in two sequential
traps maintained at liquid air temperatures and products were identified by comparison
to authentic spectra as hexafluorobut-2-yne!%* (4) (72% by !9F NMR integration), 2H-
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heptafluorobut-2-ene3¢ (10) (10%) and hexafluorocyclobutene!” (2) (18%); see above

for spectroscopic data.
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Chapter 9.

Experimental to Chapter 5.

Hexafluoropropene (11) Adducts

3,3,4,5,5,5-Hexafluoropentan-2-one (83). - Degassed hexafluoropropene (11)
(16 g, 106.7 mmol) was transferred under reduced pressure to a sealable metal tube that
had previously been charged with degassed acetaldehyde (6 g, 136.4 mmol) and di-
tertiary butyl peroxide (1 g, 6.8 mmol). The tube was then evacuated, sealed and
heated in a rocking furnace maintained at 140 °C for 15 h. After this time the tube was
allowed to cool to room temperature and then further cooled to liquid air temperatures
before being opened. The resultant liquid was then poured into a separating funnel
containing water (300 cm3) and extracted with dichloromethane (3 x 100 cm3).
Removal of the solvent and distillation under reduced pressure gave a colourless oil
(17.2 g), analysis of which identified the oil as 3,3,4,5,5,5-hexafluoropentan-2-one (83)
by comparison to literature data!®* (17.2 g, 83%); bp 82-84 °C (lit.,'%* 78 °C); NMR
spectrum no. 46; IR spectrum no. 30; Mass spectrum no. 43.

2,2,3,4,4,4-Hexafluorobutanoic acid (82). - lodine (14 g, 55.1 mmol) and
potassium iodide (3 g, 18.1 mmol) were added to a stirred suspension of fluoroketone
(83) (3.6 g, 18.6 mmol) and sodium hydrogen carbonate (10 g, 119.0 mmol) in water
(100 cm3) and allowed to react at room temperature for 15 h, monitored by 1°F NMR.
On completion the reaction was filtered and excess sodium metabisulfite added, the
resultant slurry was dissolved in water (200 cm3) and made to pH 1 with concentrated
hydrochloric acid. Continuous extraction with dichloromethane for 15 h, then
distillation resulted in a colourless oil (2.3 g). Analysis of the oil, by comparison to
literature data,”? identified it as 2,2,3,4,4,4-hexafluorobutanoic acid (82) (2.3 g, 63%);
bp 179-181 °C (lit.,%% 140 °C / 740 mmHg); (Found: C, 24.6; H, 1.1. C4HF¢0-
requires C, 24.5; H, 1.0%) NMR spectrum no. 45; IR spectrum no. 29; Mass
spectrum no. 42.

2,2,3,4,4,4-Hexafluorobutan-1-ol (17). - Degassed hexafluoropropene (11) (45
g, 300.0 mmol) was transferred under reduced pressure to a sealable metal tube that
had previously been charged with degassed methanol (8.8 g, 275.0 mmol) and di-
tertiary butyl peroxide (1.5 g, 10.3 mmol). The tube was then evacuated, sealed and
heated in a rocking furnace maintained at 140 °C for 15 h. After this time the tube was
allowed to cool to room temperature and then further cooled to liquid air temperatures
before being opened. Unreacted (11) was collected in a liquid air cooled trap (3.8 g)
and the remaining liquid was transferred to a distillation apparatus. Distillation under
reduced pressure gave a colourless oil (40 g), analysis of which identified the oil as
2,2,3,4,4,4-hexafluorobutan-1-ol (17) by comparison to literature data® (40.0 g, 80%);
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bp 159-161°C (1it.,.%% 114.5 °C / 740 mmHg); (Found: C, 26.2; H, 2.2. C4H4F¢O
requires C, 26.4; H, 2.2%) NMR spectrum no. 7; IR spectrum no. 6; Mass spectrum
no. 6.

2,2,3,4,4,4-Hexafluorobutanoic acid (82). - A round bottomed flask (250 cm3)
was charged with 2,2,3,4,4,4-hexafluorobutan-1-ol (17) (17.4 g, 95.6 mmol), potassium
dichromate (28.1 g, 95.6 mmol), concentrated sulfuric acid (38.2 g) and water (80 cm3)
and the contents heated at reflux for 4 h. The reaction mixture was allowed to cool
and filtered, the filtrate was then extracted with dichloromethane (4 x 50 cm3).
Removal of the solvent by rotary evaporation followed by distillation from
concentrated sulfuric acid (30 cm3) gave a colourless oil (16.3 g), identified as a single
product. Analysis of the oil, by comparison to literature data,’® indicated it to be
2,2,3,4,4,4-hexafluorobutanoic acid (82) (16.3 g, 87%); bp 179-181 °C (lit.,** 140 °C /
740 mmHg); see earlier experiment for elemental analysis, NMR spectrum no. 45; IR
spectrum no. 29; Mass spectrum no. 49.

E and Z Pentafluoro-2-butenoic acid (80a). - Acid (82) (1.2 g, 6.1 mmol) was
added dropwise to a stirred suspension of powdered potassium hydroxide (1.7 g,
30.4mmol) in hexane (20 cm3) maintained at 0 °C. On complete addition of (82) the
suspension was allowed to warm to room temperature and stirred for 40 h. After this
time water (100 cm3) was added and the resultant solution acidified to pH 1 with
concentrated sulfuric acid. Extraction of the acidic solution with dichloromethane (4 x
50 cm3) gave a small amount of material (0.8 g) identified as a mixture of (82) and E
and Z pentafluoro-2-butenoic acid (80a) (5:6, 50% conversion of (82) by 1I9F NMR
integration of recovered material) NMR spectrum no. 42/43.

Methyl 2,2,3,4,4,4-hexafluorobutanoate (84). - A round bottomed flask was
charged with acid (82) (5 g, 25.5 mmol), methanol (20 cm3) and concentrated sulfuric
acid (5 cm3), the solution was then heated at reflux for 15 h. After this time the
solution was allowed to cool to room temperature and a lower layer formed on the
addition of water (100 cm3). Separation and distillation of this lower layer gave a
colourless oil (3.6 g) identified as methyl 2,2,3,4,4,4-hexafluorobutanoate (84) by
comparison to literature data®? (3.6 g, 67%); bp 68-70°C / 740 mmHg (1it.,%8 116 °C);
(Found: C, 28.4; H, 1.9. CsH4FcO5 requires C, 28.6; H, 1.9%) NMR spectrum no. 47;
IR spectrum no. 31; Mass spectrum no. 44.

Ethyl 2,2,3,4,4,4-hexafluorobutanoate (85). - A round bottomed flask was
charged with acid (82) (5 g, 25.5 mmol), ethanol (20 cm?3) and concentrated sulfuric
acid (5 c¢cm3), the solution was then heated at reflux for 15 h. After this time the
solution was allowed to cool to room temperature and a lower layer formed on the
addition of water (100 cm3). Separation and distillation of this lower layer gave a
colourless oil (4.3 g) identified as ethyl 2,2,3,4,4,4-hexafluorobutanoate (85) by
comparison to literature data'87 (4.3 g, 75%); bp 104 °C (it.,'87 118-119 °C); NMR
spectrum no. 48; IR spectrum no. 32; Mass spectrum no. 45.
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(Z)-1-(Pentafluoroprop-1-enyl)-cyclohexanol (86a). - 1-(1,1,2,3,3,3-
Hexafluoropropyl)-cyclohexanol (10.0 g, 40.0 mmol) was added dropwise to a stirred
suspension of powdered potassium hydroxide (11.2 g, 200 mmol) in hexane (100 cm3)
maintained at 0 °C. On complete addition the suspension was allowed to warm to room
temperature and stirred for 40 h. After this time the reaction was filtered and the
solvent removed by rotary evaporation to give a pale brown oil (5.6 g). Distillation of
the oil gave a colourless liquid identified as (Z)-1-(pentafluoroprop-1-enyl)-
cyclohexanol (86a) (4.9 g, 53%), bp 52-54 °C / 8 mmHg; (Found: C, 47.2; H, 4.9.
CoH1{F50 requires C, 47.0; H, 4.8%) NMR spectrum no. 49; IR spectrum no. 33;

Mass spectrum no. 46.

Other Attempted Routes

Tetrafluoroallene (81). - 2H-Pentafluoropropene (5) (0.7 g, 5.3 mmol) was
transferred, under reduced pressure to a sealable round bottomed flask (250 cm3) which
had previously been charged with a pentane solution of tertiary butyl lithium (1.7 M,
2.1 cm3) under a counter current of dry nitrogen. The flask was then sealed and
allowed to warm to -55 °C and the solution stirred at this temperature for 15 h. After
this time the flask was opened and volatile material (0.4 g) collected in a liquid air
cooled trap. Analysis of the volatile materials showed it to be a mixture of starting
fluoroalkene (S) and tetrafluoropropyne (79) (<0.5% by 19F NMR integration) NMR
spectrum no. 41 and tetrafluoroallene (81) (16.2%) NMR spectrum no. 44.

Tetrafluoroallene (81). - 2H-Pentafluoropropene (5) (0.34 g, 2.6 mmol) was
transferred to a sealable bladder which was allowed to bubble the gas through a pentane
solution of tertiary butyl lithium (1.7 M, 20 cm3) cooled to -55 °C. Whilst maintaining
this temperature volatile material was trapped in two liquid air cooled traps set up in
series over a 6 h period. After this time the volatile material (0.2 g) was collected and
analysis showed it to be a mixture of starting fluoroalkene (8) and tetrafluoroallene
(81) (10% by 19F NMR integration) NMR spectrum no. 44.

5-Hydroxy-5-trifluoromethylisoxazolidin-3-one (90). - Ester (89) (4.6 g, 25.0
mmol) was added dropwise to a stirred solution of hydroxylamine hydrochloride (1.7 g,
25.0 mmol), sodium hydroxide (1.3 g, 32.5 mmol) and water (20 cm3) in a round
bottomed flask. After complete addition the solution was allowed to stir for 2 h while
maintained at room temperature. After this time the solution was acidified to pH 3
with dilute hydrochloric acid added dropwise. Extraction of the aqueous solution with
diethyl ether and removal of the solvent by rotary evaporation gave a white crystalline
solid. Purification by vacuum sublimation (60 °C / | mmHg) gave a single product
identified as 5-hydroxy-5-trifluoromethylisoxazolidin-3-one (90) (2.4 g, 56%); mp 140-
142 °C; (Found: C, 28.1; H, 2.3; N, 8.0. C4H4F3NO3 requires C, 28.1; H, 2.3; N,
8.2%); NMR spectrum no. 50 (dg-DMSO); Mass spectrum no. 47; Crystal

Structure no. 1.
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Appendix 1.

NMR Data
No Name
1 hexafluorocyclobutene (2)
2 octafluorocyclopentene (3)
3 hexafluorobut-2-yne (4)
4 trans-octafluorobut-2-ene (6)
5 cis-octafluorobut-2-ene (6)
6 2H-heptafluorobut-2-ene (10)
7 2,2,3.4,4,4-hexafluorobutan-1-ol (17)
8 3,4-bis(trifluoromethyl)furan (18)
9 1,2-bis(trifluoromethyl)benzene (20)
10 2,3-bis(trifluoromethyl)-7-oxabicyclo[2.2.1]hept-2,5-diene (25)
11 1,2-bis(trifluoromethyl)-4,5-dimethylbenzene (34)
12 2,3-bis(trifluoromethyl)bicyclo[2.2.1]hept-2,5-diene (38)
13 endo-5-fluoro-5,6-bis(trifluoromethyl)-7-oxabicyclo[2.2.1]hept-2-ene (42)
14  exo-5-fluoro-5,6-bis(triftuoromethyl)-7-oxabicyclo[2.2.1]hept-2-ene (43)
15  endo-5-fluoro-5,6-bis(trifluoromethyl)bicyclo[2.2.1]hept-2-ene (44)
16 exo-5-fluoro-5,6-bis(trifluoromethyl)bicyclo[2.2.1]hept-2-ene (45)
17  bis(trifluoromethyl)cyclopentadiene (46a-c)
18 2,3-bis(trifluoromethyl)bicyclo[2.2.1]hept-2-ene (47)
19 2,5-dimethyl-3,4-bis(trifluoromethyl)furan (48)
20  endo,endo-1,2-bis(trifluoromethyl)bicyclo[2.2.1]heptane (49)
21  endo-2-fluoro-2,3-bis(trifluoromethyl)bicyclo[2.2.1]heptane (50)
22 exo-2-fluoro-2,3-bis(trifluoromethyl)bicyclo[2.2.1]heptane (51)
23 11,12-bis(trifluoromethyl)-9,10-dihydro-9,10-ethenoanthracene (53)
24 1,2,3-tris(trifluoromethyl)benzene (54)
25 1,3,5-trimethyl-7,8-bis(trifluoromethyl)bicyclo[2.2.2]octa-2,5,7-triene (56)
26 1,1,1,3,3,3-hexafluoro-2,2-bis{4-(3,3,3-trifluoro- 1 -trifluoromethylprop-1-
enyloxy)phenyl]propane (63)
27  [Z-1-trifluoromethyl-3,3,3-trifluoroprop-1-enyl] prop-2-enyl ether (58)
28 1,1,1-trifluoro-3-trifluoromethyl-5-hexen-2-one (59)
29 1,1,1,4,4,4-hexafluoro-2-phenyliminobutane (64)
30  4-(N-Phenylamino)-2-trifluoromethylquinoline (65)
3] 1,1,1,4,4,4-hexafluoro-2-(4-methylphenylimino)butane (67)
32 Z-1,1,1,4,4 4-hexafluoro-2-phenylthiobut-2-ene (68)
33 Z-1,1,1,4,4,4-hexafluoro-2-(4-methylphenylthio)but-2-ene (69)
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34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

Z-1,1,1,4,4,4-hexafluoro-2-(3-methylphenylthio)but-2-ene (70)
1,3-bis(Z-3,3,3-trifluoro- 1-trifluoromethylprop-2-enylthio)benzene (71)
Z-1,1,1,4,4,4-hexafluoro-2-(phenylmethylthio)but-2-ene (7 2)
Z-2-cyclopentylthio-1,1,1,4,4,4-hexafluorobut-2-ene (73)
3,5-dichloroperfluoropyridine

5-chloroperfluoropyrimidine _
1,3,5-trichloro-2,4,6-trifluorobenzene

tetrafluoropropyne (79)

trans pentafluoro-2-butenoic acid (80a)

cis pentafluoro-2-butenoic acid (80a)

tetrafluoroallene (81)

2,2,3,4,4,4-hexafluorobutanoic acid (82)
3,3,4,5,5,5-hexafluoropentan-2-one (83)

methyl 2,2,3,4,4,4-hexafluorobutanoate (84)

ethyl 2,2,3,4,4,4-hexafluorobutanoate (85)
1-(pentafluoroprop-1-enyl)-cyclohexanol (86a)
5-hydroxy-5-trifluoromethylisoxazolidin-3-one (90)

Note: 19F NMR spectra are acquired using a machine that records data points
every 7 Hz, therefore there is a degree of error in coupling of +/- 7 Hz. This means
at times the Jg.g, from 19F NMR, does not equal the Jy_ obtained in the relevant
IH NMR spectrum, however the two values will be equal within this error.

2D NMR Data

IH-1H COSY NMR 2,3-bis(trifluoromethyl)bicyclo[2.2.1]hept-2-ene (47)

1H-13C HETCOR NMR 2,3-bis(trifluoromethyl)bicyclo[2.2.1]hept-2-ene (47)
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1H-1H COSY NMR Spectrum
2,3-bis(trifluoromethyl)bicyclo{2.2.1]hept-2-ene (47)
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1H-13C HETCOR NMR Spectrum

2,3-bis(trifluoromethyl)bicyclo[2.2.1}hept-2-ene (47)
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Appendix 2.

I.R. Data

No. Name

1 hexafluorocyclobutene (2)

2 octafluorocyclopentene (3)

3 hexafluorobut-2-yne (4)

4 E and Z octafluorobut-2-ene (6)

5 2H-heptafluorobut-2-ene (10)

6 2,2,3.4,4,4-hexafluorobutan-1-ol (17)

7 3,4-bis(trifluoromethyl)furan (18)

8 1,2-bis(trifluoromethyl)benzene (20)

9 endo and exo-5-fluoro-5,6-bis(trifluoromethyl)bicyclo[2.2.1]hept-2-ene (44)
and (45)

10 2,3-bis(trifluoromethyl)bicyclo[2.2.1]hept-2-ene (47)

11 2,5-dimethyl-3,4-bis(trifluoromethyl)furan (48)

12 endo,endo-1,2-bis(trifluoromethyl)bicyclo[2.2.1]heptane (49)

13 endo and exo-2-fluoro-2,3-bis(trifluoromethyl)bicyclo[2.2.1]heptane (50) and
(S1)

14 2,4,6-trimethyl-7,8-bis(trifluoromethyl)bicyclo[2.2.2]octa-2,5,7-triene (56)

15 1,1,1,3,3,3-hexafluoro-2,2-bis[4-(3,3,3-trifluoro- 1-trifluoromethylprop-1-
enyloxy)phenyl]propane (63)

16 [Z-1-trifluoromethyl-3,3,3-trifluoroprop-1-enyl]} prop-2-enyl ether (58)

17 1,1,1-trifluoro-3-trifluoromethyl-5-hexen-2-one (59)

18 1,1,1,4,4,4-hexafluoro-2-phenyliminobutane (64)

19 4-(N-Phenylamino)-2-trifluoromethylquinoline (65)

20 1,1,1,4,4,4-hexafluoro-2-(4-methylphenylimino)butane (67)

21 Z-1,1,1,4,4,4-hexafluoro-2-phenylthiobut-2-ene (68)

22 Z-1,1,1,4,4 4-hexafluoro-2-(4-methylphenylthio)but-2-ene (69)

23 Z-1,1,1,4,4,4-hexafluoro-2-(3-methylphenylthio)but-2-ene (70)

24 1,3-bis(Z-3,3,3-trifluoro- I -trifluoromethylprop-2-enylthio)benzene (71)

25 Z-1,1,1,4,4 4-hexafluoro-2-(phenylmethylthio)but-2-ene (72)

26 3,5-dichloroperfluoropyridine

27 5-chloroperfluoropyrimidine

28 1,3,5-trichloro-2,4,6-trifluorobenzene

29 2.2.3.4.4 4-hexafluorobutanoic acid (82)

30 3,3,4,5,5,5-hexafluoropentan-2-one (83)

31 methyl 2,2,3,4,4,4-hexafluorobutanoate (84)
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32 ethyl 2,2,3,4,4 4-hexafluorobutanoate (85)
33 (E)-1-(pentafluoroprop-1-enyl)-cyclohexanol (86a)

For all of the following IR spectra the axes are as indicated below:-

Transmittance

s
-

Wavenumber (cm'l)
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Appendix 3.

Mass Spec. Data

No. Name

1 hexafluorocyclobutene (2)

2 octafluorocyclopentene (3)

3 hexafluorobut-2-yne (4)

4 cis- and trans octafluorobut-2-ene (6)

5 2H-heptafluorobut-2-ene (10)

6 2,2,3,4,4,4-hexafluorobutan-1-ol (17)

7 3,4-bis(trifluoromethyl)furan (18)

8 1,2-bis(trifluoromethyl)benzene (20)

9 2,3-bis(trifluoromethyl)-7-oxabicyclo[2.2.1]hept-2,5-diene (25)

10 1,2-bis(trifluoromethyl)-4,5-dimethylbenzene (34) |

11 2,3-bis(trifluoromethyl)bicyclo[2.2.1]hept-2,5-diene (38)

12 endo-5-fluoro-5,6-bis(trifluoromethyl)-7-oxabicyclo[2.2.1]hept-2-ene (42)

13 exo-5-fluoro-5,6-bis(trifluoromethyl)-7-oxabicyclo[2.2.1]hept-2-ene (43)

14  endo-5-fluoro-5,6-bis(trifluoromethyl)bicyclo[2.2.1]hept-2-ene (44)

15 exo-5-fluoro-5,6-bis(trifluoromethyl)bicyclo[2.2.1]hept-2-ene (45)

16  bis(trifluoromethyl)cyclopentadiene (46a-c)

17 2,3-bis(trifluoromethyl)bicyclo[2.2.1]hept-2-ene (47)

18 endo,endo-1,2-bis(trifluoromethyl)bicyclo[2.2.1]heptane (49)

19  2,5-dimethyl-3,4-bis(trifluoromethyl)furan (48)

20  endo-2-fluoro-2,3-bis(trifluoromethyl)bicyclo[2.2.1]heptane (50)

21  exo-2-fluoro-2,3-bis(trifluoromethyl)bicyclo[2.2.1]heptane (51)

22 11,12-bis(trifluoromethyl)-9,10-dihydro-9,10-ethenoanthracene (53)

23 1,2,3-tris(trifluoromethyl)benzene (54)

24 2,4,6-trimethyl-7(or 8)-fluoro-7,8-bis(trifluoromethyl)bicyclo[2.2.1]octa-
2,5-diene (§5ab)

25 2,4,6-trimethyl-7,8-bis(trifluoromethyl)bicyclo[2.2.2]octa-2,5,7-triene (56)

26 1,2-bis(trifluoromethyl)-3,5-dimethylbenzene (57)

27  bis(trifluoromethyl)methylenedi-p-phenylenedioxy-2,2'-bis(1,1,1,4,4,4-
hexafluorobut-2-ene (63)

28  [Z-1-trifluoromethyl-3,3,3-trifluoroprop- 1-enyl]prop-2-enyl ether (58)

29 1,1, 1-trifluoro-3-trifluoromethyl-5-hexen-2-one (59)

30 1,1,1,4,4,4-hexafluoro-2-phenyliminobutane (64)

31  4-(N-Phenylamino)-2-trifluoromethylquinoline (65)

32 1,1,1,4,4,4-hexafluoro-2-(4-methylphenylimino)butane (67)
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33 Z-1,1,1,4,4,4-hexafluoro-2-phenylthiobut-2-ene (68)

34 Z-1,1,1,4,4,4-hexafluoro-2-(4-methylphenylthio)but-2-ene (69)
35 Z-1,1,1,4,4 4-hexafluoro-2-(3-methylphenylthio)but-2-ene (70)
36 1,3-bis(Z-3,3,3-trifluoro-1-trifluoromethylprop-2-enylthio)benzene (71)
37 Z-1,1,1,4,4 4-hexafluoro-2-(phenylmethylthio)but-2-ene (72)
38 Z-2-cyclopentylthio-1,1,1,4,4,4-hexafluorobut-2-ene (73)

39  3,5-dichloroperfluoropyridine

40  5-chloroperfluoropyrimidine

41 1,3,5-trichloro-2,4,6-trifluorobenzene

42 2,2,3,4,4,4-hexafluorobutanoic acid (TMS ester) (82)

43 3,3,4,5,5,5-hexafluoropentan-2-one (83)

44 methyl 2,2,3.4,4,4-hexafluorobutanoate (84)

45 ethyl 2,2,3,4,4,4-hexafluorobutanoate (85)

46  1-(pentafluoroprop-1-enyl)-cyclohexanol (86a)

47  5-hydroxy-5-trifluoromethylisoxazolidin-3-one (90)
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No. 1.

AECYCLO’38 (B.634) KEFINE
1007 31 AECYCLO’38 (0.634) 485504
100 27559
%FS a3 XFS 1T2
50 ol — —
ﬁz 74 n/z458 168 162 164
@ T L t ! T lx | T T } —4 ~—t T L 1
n/z 40 ca 80 100 120 14a " 1608
AECYCLO'38 (0.634) REFINE 40
------------------ +---——-------------4»------------—----~+-—--—-----------
Mass  Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
------------------ +—----—------------+-----—------------+---—----—~-——~--
24 0.94 43 4.36 66 1.06 100 3.91
25 0.14 a4 1.26 67 0.14 105 0.08
26 0.23 47 0.77 69 7.77 112 3.85
31 100.00 48 0.14 74 17.17 113 0.08
32 0.73 50 23.99 75 0.40 124 2.76
3s 0.28 55 8.84 81 1.47 131 0.35
36 1.82 56 0.27 86 0.34 143 3.3%
37 0.17 62 14.52 93 49.24 162 3.44
40 0.13 63 0.16 94 1.45 163 0.03
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No. 2.

AE178 42 (d.7@8)

1001 93 1914a8
%XFS{
31 143 162
28 €9 74 193
\ ‘ / 142 124
, + Il 4 ll Aoyt 'J - : o J T e 2]2
"n/z ) g Y : "’ ) : j
20 48 €0 80 100 120 140 160 180 288
AE170 42 (0.700) 1914
------------------- . ettt dlh it ettt ittt
Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
------------------- feemmemeemmmmmemmememefemecee-so-o oo --de—es-osomoooe-oo=<
20 1.55 45 0.16 79 0.22 131 3.28
24 0.17 47 0.73 81 1.45 143 31.42
26 0.22 48 0.21 86 1.68 144 0.57
28 9.09 50 5.55 92 4.11 155 0.88
29 0.22 54 0.29 93 100.00 162 35.29
31 25.27 55 4.21 94 3.18 163 1.31
32 1.30 56 0.18 98 0.36 174 0.67
35 1.01 62 3.64 100 6.45 193 28.74
36 1.46 66 0.22 105 2.44 194 1.18
37 0.35 67 0.24 111 0.62 211 0.89
38 0.48 69 19.65 112 13.10 212 13.37
40 0.18 73 0.50 117 0.62 213 0.59
43 0.58 74 11.23 123 0.57
44 5.08 75 0.55 124 16.31
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No. 3.

2 27@3E6e!
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| 32 Il
¥¥3{ | _
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n/z 20 48 £0 t14) 100 12¢ 140 158
Mass Rel ot 0 Mass Bel Int § dass Rel Int U Mass Rel [ot 1 Mass Rel fot | Mass fel Int { Mass el Int 1 Kass Rel Imt 1 Mass Rel lat
2 LS 1R OBE 1.0 RIS &M 1.9 ; L6 1 31 LNl S
A LW RS L8 R BTN KIS 19 LR AT e k%
‘M el X L% 5 LRI S B M L& TR X
XN oS!} MBI WR 1S LN T aE WU 0w LI
B OLT LM LE/ 6 AW IO 6N L& - BRI W KA1 SR US AR
3RSl 8 310D 23S AR 1S A2 1S @11 a2 Ll eI
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No. 4.

AE236 39 (8.654)

1001 69 737280
131
xFs{ . a3
181
31 200
el L L | —_— | T ?
n/z 2@ 48 60 80 188 120 198 168188 ze@®
AE236 39 (0.650) 737
----------------- fomeememmmmmma—ame—fmem—m-emeesecc oo odeccnco s
Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
----------------- femcccmmememmmwme—emfemmm—-mmme-c-ccc-ssofeoceoosoo-moo-o--
20 0.20 44 2.47 74 6.25 119 0.12
24 0.05 45 0.09 75 0.33 124 0.25
25 0.04 47 0.24 78 0.03 131 70.00
26 0.07 48 0.03 81 6.18 132 2.08
28 7.64 50 5.10 86 0.13 143 0.39
29 0.15 51 0.14 93 45.56 150 6.22
31 12.50 55 2.01 94 0.60 151 0.18
32 1.80 56 0.07 100 6.91 162 0.46
33 0.02 62 3.82 101 0.18 163 0.07
36 0.26 63 0.15 105 0.04 181 26.25
40 0.18 64 0.05 109 0.06 182 0.94
42 0.05 66 0.08 112 8.33 200 10.14
43 0.95 69 100.00 113 0.39 201 0.35
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AEZYY 4Y (U.65)

No. §.

1801 113 1015808
69
XFS 1
163
. 31 7|5 a3 T 1T2
ol . O . A 1. . .
rn/z 28 qe 60 89___ 100 120 ' 1a8 168 188 208
\]
AE230 39 (0.650) 101¢
------------------ +—---—------------—+——-—---—----—-----+——--—----------—-
Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
------------------ +--——---------------1»-—-—---—----------+---—------------~
20 0.07 50 3.07 76 0.49 119 0.24
24 0.23 S1 2.27 79 0.02 124 0.29
25 0.5¢9 55 1.47 82 7.76 131 0.86
26 0.07 56 1.66 83 0.17 132 4.46
28 3.40 57 0.05 86 0.09 133 0.51
31 19.56 62 0.38 °3 10.79 144 0.72
32 1.59 63 1.57 9S4 6.55 163 27.02
36 0.25 64 0.25 95 0.45 164 0.75
37 0.59 69 64.92 100 0.57 182 17.24
40 0.07 70 0.69 105 0.05 207 0.09
43 0.47 72 0.66 106 0.04
44 5.75 74 2.19 113 100.00
45 0.20 75 16.33 114 2.77
------------------ P et I e il S
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AE328 B8Y (1.484)

No. 6.

1087 3t 3457024
XFS{29
S1 69
33
21l P
@ el dal g d i . . . . — i
n/z 50 1900 150 200 250 309 350
AE320 89 (1.484) 3457
————————————————— 4.-----—---———--——--+-———-——--—-----‘—'4'—---——-—----—--—-
Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
----------------- fommamceemm—mmememmgemmmmcee—-e--se-- oo ----oo-eoo--s
20 0.42 65 2.67 104 0.01 150 0.31
21 0.04 66 0.19 105 0.04 151 0.56
24 0.20 67 0.71 106 0.02 152 0.02
25 0.41 68 3.26 107 0.02 158 0.00
26 1.16 69 0.33 108 0.01 159 0.03
27 1.98 70 0.40 109 0.06 161 0.19
28 5.98 71 0.27 110 0.09 162 0.65
29 37.91 72 0.21 111 0.22 163 5.60
31 100.00 73 1.44 112 0.99 164 0.15
32 6.34 74 0.82 113 7.49 165 0.47
33 14.69 75 2.87 114 0.63 175 0.01
34 0.31 76 0.96 11§ 0.87 177 0.02
35 0.04 77 5.39 116 0.03 181 0.04
36 0.10 78 0.36 117 0.01 183 11.49
37 0.36 79 0.47 118 0.01 184 0.21
38 0.43 80 2.99 119 0.04 190 0.01
38 0.39 81 3.85 120 0.00 195 0.22
40 0.09 82 11.85 121 0.02 195 0.20
42 3.88 83 1.18 122 0.29 203 0.02
43 1.50 84 0.02 123 3.14 211 0.01
44 4.59 85 0.05 124 0.17 211 0.01
45 5.57 86 0.01 125 0.03 213 0.12
46 2.25 87 0.03 126 0.04 223 0.11
47 1.73 88 0.03 127 0.16 228 0.01
49 6.43 89 0.02 128 0.11 231 0.01
S1 34.60 90 0.11 129 0.02 243 0.11 .
52 0.59 91 0.97 130 0.07 275 0.02
53 0.50 92 0.41 131 0.50 276 0.01
54 0.08 93 3.41 132 2.43 2717 0.03
55 0.58 94 1.34 133 0.44 284 0.01
56 0.59 95 6.87 134 0.01 285 0.06
s7 1.12 96 0.28 139 0.01 293 0.00
58 0.16 97 0.02 140 0.04 294 0.03
59 0.16 98 0.06 141 0.37 295 0.03
60 2.46 99 0.13 142 0.43 305 0.01
61 10.43 100 0.72 143 4.24 326 0.01
62 2.67 101 0.67 144 0.18 327 0.04
63 4.32 102 0.01 145 0.17 164 0.01
64 6.04 103 0.03 146 0.03 365 0.08
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Mass Rel It 1 Mass Rel Int

| Mass Rel Int 1 Mass Rel Int

| Mass Rel Int 1 Mass Rel Int
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AE167 159 (2.658)

No. 11.

1001 159 3751936
XFS
199
636653 119 1T3 189 2T2 228
) . 1, i 1'd |L E NI llll t PO | OO PO I T R W ? Iy
m/z 48 ce a0 180 120 148 ' 16 180 288 ' 228
AE167 159 (2.650) 375
------------------- B R et it T Tt R
Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
------------------- et ettt bt SR PRI
26 0.18 67 0.73 121 0.35 170 0.34
27 0.80 69 11.35 123 0.39 171 0.03
28 0.09 70 0.98 125 1.88 177 4.67
31 0.34 71 0.16 126 0.33 178 0.57
32 0.04 75 9.28 127 3.38 181 0.91
33 0.10 77 1.50 128 0.19 182 5.08
37 0.50 79 1.29 132 9.06 183 1.18
38 1.39 81 4.42 133 20.20 184 0.08
39 4.59 83 7.31 134 1.60 187 2.37
40 0.91 84 0.76 135 0.06 189 13.97
41 0.17 87 5.49 137 1.46 190 1.04
43 0.06 88 3.55 138 3.63 195 2.24
44 0.13 89 4.86 139 8.41 196 0.14
45 0.16 90 1.21 140 2.84 202 19.54
46 0.04 93 3.33 141 0.22 203 1.06
47 0.02 95 3.33 143 1.15 204 0.02
49 0.17 96 0.42 145 3.17 205 0.12
50 2.84 99 5.65 146 0.25 206 0.02
51 4.42 101 3.96 151 1.17 207 0.61
52 0.49 102 0.35 152 4.91 208 7.75
53 0.16 104 0.24 153 0.20 209 3.52
55 0.09 107 5.54 156 1.08 210 0.27
S6 0.44 109 33.19 i59 100.00 213 1.91
57 3.79 110 1.94 160 6.93 214 0.13
59 0.28 113 9.50 161 0.42 227 2.18
60 0.08 114 6.03 163 5.40 228 20.52
62 5.32 115 0.44 164 0.53 229 1.33
63 9.50 117 0.49 165 0.03 230 0.06
64 1.33 119 11.68 167 0.14
66 15.94 1.97 169 4.91
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No. 14.

AE4S8 208 (3.467)
120 66

AE358 208 (3.467) 3014656
180 489759
209
XFS _ %FS T sz 2a8
A2 @ | 22 i‘
n/z 228 240 -
39 99 109 260
ol bl L
n/z se 100 N 150 ) 208@ j 250
AE358 208 (3.467) 301
------------------ +—-----------------+—--—------—-------+--——------------
Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
------------------ +-—-------—------——+—-----------------+-—----——--‘----—
20 0.04 75 3.74 119 2.45 163 5.54
24 0.01 76 0.85 120 0.44 164 0.76
26 0.95 77 4.86 121 0.31 165 4.65
27 3.70 78 0.79 122 0.06 166 0.33
28 0.47 79 0.51 123 0.06 167 0.03
29 0.06 80 0.96 124 0.10 168 0.11
31 0.98 81 1.48 125 0.51 169 1.20
32 0.10 82 0.87 126 0.65 170 0.12
33 0.53 83 4.69 127 4.86 171 0.04
37 0.55 84 0.93 128 0.59 175 0.06
38 2.65 85 0.35 129 0.17 177 2.55
39 13.59 86 0.24 130 0.07 178 0.71
40 4.65 87 0.61 131 0.31 17 3.94
41 1.09 88 1.53 132 1.30 180 0.31
42 0.06 89 1.66 133 1.60 181 0.25
43 0.04 90 0.64 134 0.18 182 0.21
44 0.22 91 1.85 135 0.03 183 0.50
45 0.23 92 0.27 136 0.09 184 0.03
46 0.14 93 0.66 137 0.70 187 0.44
47 0.32 94 0.63 138 0.74 189 3.06
50 3.19 95 2.45 139 1.44 190 0.23
51 5.30 96 0.94 140 0.55 191 0.02
52 0.85 97 1.25 141 0.28 195 0.37
53 0.46 98 0.17 142 0.05 196 0.05
S4 0.07 99 0.81 143 0.24 197 0.08
55 0.17 100 0.43 144 0.37 201 0.11
56 0.92 101 2.55 145 3.02 205 0.01
57 3.33 102 0.40 146 0.56 207 0.35
S8 0.48 103 0.25 147 3.02 209 8.29
59 1.51 104 0.06 148 0.24 210 0.58
60 0.19 105 0.14 149 0.0S 211 0.02
61 0.64 106 0.33 150 0.22 213 0.10
62 1.71 107 1.04 151 0.58 227 0.37
63 3.97 108 1.27 152 0.21 229 5.71
64 2.51 109 11.55 153 0.19 230 0.37
65 32.20 110 1.99 154 0.02 231 0.02
66 100.00 111 0.19 155 0.05 233 0.04
67 10.60 112 0.79 156 0.19 246 0.02
69 13.72 113 6.22 157 0.47 247 0.55
70 1.06 114 1.46 158 1.489 248 3.43
71 0.43 115 1.20 159 9.10 249 0.30
72 0.14 116 0.09 160 0.99 265 0.01
73 0.14 117 0.08 161 0.10 266 0.06
74 0.86 118 0.29 162 0.44
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No. 15.

AESDE 189 (3.108)

100 €6 AE358 189 2883584
100 251864
%FS 248
%XFS 2
65 n/z249 250
69
33 7 199 159
ey | 'AJ"” T P T Tl pomenclony ol 14 1l . | 1L "
n/z 20 49 60 a8e 188 120 140~ 160 188 208 ' 238 248
AE358 189 (3.150) 2883
------------------ R T e i R e R
Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass  Rel Int
------------------ R R it N S R I S et i S it e it I
21 0.03 75 3.48 119 2.41 163 5.43
24 0.01 76 0.74 120 0.46 164 0.78
26 0.73 77 4.87 121 0.33 165 4.55
27 3.37 78 0.74 122 0.07 166 0.38
28 0.49 79 0.46 123 0.06 167 0.04
29 0.04 80 0.82 124 0.08 169 1.35
31 0.88 81 1.34 125 0.50 170 0.15
32 0.11 82 0.83 126 0.50 171 0.05
33 0.48 83 4.26 127 4.62 174 0.01
27 0.64 84 0.84 128 0.56 175 0.05
38 2.21 85 0.32 129 0.20 177 2.56
39 12.22 86 0.21 130 0.07 179 5.43
40 4.40 87 0.56 131 0.28 180 0.40
41 1.09 88 1.40 132 1.15 181 0.23
42 0.06 89 1.49 133 1.70 182 0.23
43 0.04 90 0.59 134 0.23 183 0.58
44 0.19 91 1.81 138 0.03 184 0.04
45 0.22 92 0.26 136 0.06 187 0.44
46 0.16 93 0.62 137 0.69 189 3.27
47 0.38 94 0.59 138 0.69 190 0.27
50 2.95 95 2.38 139 1.42 195 0.38
51 5.22 96 0.87 140 0.59 196 0.06
52 0.79 97 1.29 141 0.33 197 0.04
53 0.46 98 0.16 142 0.0% 201 0.11
54 0.06 99 0.74 143 0.26 202 0.03
55 0.12 100 0.36 144 0.33 205 0.02
s6 0.77 101 2.31 145 2.95 207 0.30
57 3.13 102 0.36 146 0.50 209 8.49
58 0.44 103 0.25 147 2.45 210 0.68
59 1.46 104 0.05 148 0.20 211 0.03
60 0.15 105 0.12 149 0.05 213 0.10
61 0.58 106 0.29 150 0.20 214 0.02
62 1.62 107 1.03 151 0.55 215 0.02
63 3.84 108 1.18 152 0.23 226 0.05
64 2.10 109 11.79 153 0.32 227 0.35
65 26.85 110 2.27 154 0.03 229 4.83
66 100.00 111 0.21 155 0.05 230 0.41
67 9.94 112 0.66 156 0.18 231 0.03
69 12.36 113 5.93 157 0.46 233 0.04
70 0.98 114 1.52 158 1.60 246 0.01
71 0.40 115 1.06 159 11.36 247 0.40
72 0.14 116 0.09 160 1.23 248 2.77
73 0.12 117 0.08 161 0.11 249 0.26
74 0.75 118 0.24 162 0.36

161




AE388 91 (1.517)

No. 16.

108, 1179648
XFSA
Q- T Y
M/z 25a ? 300 v
11
------------------ o rmmee e e e e
Rel Int | Mass Rel Int
------------------ g
20 1.05 81 26.04 143 11.81 213 0.37
21 0.03 82 3.91 144 1.41 214 0.15
24 1.12 83 9.11 145 1.00 215 0.05
25 1.97 84 0.65 146 0.09 216 0.01
26 4.19 85 0.38 148 0.06 217 0.03
27 3.45 87 22.92 150 1.82 218 0.16
28 7.99 88 17.71 151 3.67 219 0.93
29 0.94 89 "0.94 152 3.62 220 0.17
31 20.66 91 0.90 153 0.25 221 0.09
32 1.10 92 1.97 155 0.79 222 0.05
33 1.12 93 14.67 156 0.50 223 0.03
34 0.01 94 6.86 157 0.04 224 0.49
35 0.26 95 1.56 161 4.41 225 0.69
36 1.27 96 0.11 i63 88.89 226 0.20
37 12.93 97 0.02 164 6.34 227 0.05
38 22.22 97 0.16 165 0.23 229 0.03
39 27.78 99 7.29 167 0.04 231 0.28
40 1.20 100 1.08 169 1.04 232 0.06
41 0.94 101 5:82 170 0.40 233 0.10
42 0.33 102 0.63 171 0.25 235 0.04
43 0.76 103 0.13 173 0.0S 236 0.02
44 1.71 105 1.48 175 2.82 237 0.70
45 1.04 106 5.99 176 0.46 238 0.09
46 0.09 107 1.43 177 0.12 239 0.22
47 0.43 108 0.21 178 0.03 240 0.07
48 0.96 110 0.10 179 0.05 242 0.10
49 2.28 111 5.64 181 14 .41 243 0.42
S0 18.14 112 25.69 182 88.89 244 0.40
51 10.76 113 22.92 183 21.35 245 0.82
52 0.40 114 15.02 184 1.39 246 0.06
53 0.24 115 1.03 185 0.09 249 0.17
S4 0.08 117 3.19 186 0.08 250 0.03
55 1.41 118 0.82 187 0.34 251 0.21
56 7.38 119 0.94 188 0.63 252 0.03
57 20.14 120 0.15 189 0.24 255 0.46
S8 0.72 121 0.06 190 0.03 256 0.15
S9 0.09 123 1.20 191 0.04 257 0.62
60 0.23 124 3.60 193 0.57 258 0.07
61 9.20 125 3.23 194 0.27 259 0.03
62 34.72 126 0.33 195 1.09 261 0.04
63 88.19 127 0.45 196 0.22 263 0.35
64 6.77 128 0.09 198 0.03 264 0.08
65 0.34 130 2.56 199 0.10 265 0.09
66 0.37 131 3.15 200 0.99 268 0.03
69 50.00 132 100.00 201 0.84 269 0.03
70 1.16 133 20 .49 202 15.10 270 0.02
71 0.08 134 1.23 203 1.05 273 0.06
72 0.09 135 0.05 204 0.09 274 0.11
73 0.56 136 2.13 205 0.10 275 0.25
74 26 .04 137 3.86 206 0.47 276 0.04
75 19.36 138 0.42 207 0.24 281 0.04
76 1.78 139 0.03 208 0.05 283 0.02
77 Q.45 141 0.40 211 0.09 293 0.0S
79 0.71 142 0.07 212 0.03 294 0.06
AE380 91 (1.517) 117
---------------- B e T T T I N N ARt R i
Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
—————————————————— B T T T T T R it ettt il
295 0.05 | 299 0.02 | 305 0.02 | 324 0.03




AE362’181 (3.817)

No. 17.

REFINE

202 1327104
100 T
%FS 183
182~
133
&9 132i
ol 4, " ~ —l. . I | B .‘l N——— dkennr vl el .
n/z a0 €@ 8@ 160 120 140 168 180 200 220
AE362°181 (3.017) REFINE 1327
------------------- B I R ittt it g IR
Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
------------------- B T e
26 2.20 72 0.17 118 0.10 156 0.16
27 4.90 76 0.50 120 0.31 157 0.15
28 4.57 77 1.03 121 0.54 iss 0.51
29 0.81 78 0.56 122 0.09 159 1.49
31 0.81 79 0.27 123 0.13 160 0.58
33 0.82 82 0.51 124 0.20 151 2.66
37 0.77 84 0.68 125 0.88 163 4.55
38 2.14 85 0.33 126 0.25 164 0.53
33 6.87 86 0.28 127 3.40 165 0.39
40 0.95 87 0.53 128 0.31 169 0.82
41 1.81 88 4.01 130 0.05 171 0.74
42 0.17 89 1.66 131 1.03 177 0.35
43 0.07 91 7.56 132 10.57 179 0.04
44 0.12 92 0.98 133 26.54 182 33.02
45 0.29 93 0.47 134 1.56 183 44.14
46 0.30 94 0.28 136 0.09 184 0.26
47 0.63 95 3.72 137 0.44 187 0.32
48 0.03 96 0.82 138 0.58 189 0.60
50 1.89 97 0.37 139 0.71 191 1.62
S1 3.26 99 2.04 140 1.39 193 0.01
52 0.36 101 4.82 141 5.25 195 3.57
54 0.15 102 0.47 142 0.63 202 100.00
56 0.35 103 0.14 143 0.61 203 1.81
58 0.16 105 0.21 144 0.67 207 0.08
59 1.22 106 0.46 145 2.16 209 0.35
61 0.22 107 0.88 146 0.79 211 2.12
63 6.64 109 0.80 147 2.55 212 0.38
64 0.92 110 0.27 148 0.15 213 0.07
65 1.22 111 0.24 149 0.07 215 0.30
66 0.39 112 0.85 150 0.55 216 0.03
67 0.59 114 6.87 151 2.33 227 0.07
69 18.29 116 0.11 152 6.17 231 0.32
71 0.47 117 0.16 155 0.07
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No. 19.

AETIY4D $2Y (5.484)

100 67 2685056
%XFS
339 9 163
TR A A ]
81— Ll‘ L [ :H.[l | Iy ' Ll TR WU U I |ll deid FUTI B ] N o 1 ol {
n/z 28 4 €8 80 100 128 198 168 . 188 208 2728
AE194D 329 (5.484) 2605
------------------- -4»--—------—--------+—--—--------—-—---+--—--—--------——-
Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
------------------- +--—---------------+—-----—----------—+-----—---------—-
20 0.01 70 0.90 116 0.95 164 1.78
25 0.03 71 1.62 117 0.24 165 2.11
26 0.84 72 1.33 119 0.78 166 0.17
27 6.05 73 0.99 120 0.19 167 0.54
28 2.18 74 0.24 121 2.83 168 0.05
29 3.85 75 3.14 122 4.40 169 0.16
30 0.10 76 0.64 123 4.21 171 0.56
31 0.45 77 13.21 124 0.38 173 4.76
32 0.11 78 1.15 125 0.28 174 0.42
33 0.83 79 4.01 126 0.21 175 0.03
34 0.04 80 0.47 127 6.21 177 1.29
36 0.02 81 0.42 128 0.76 178 0.11
37 0.43 82 0.21 129 0.91 17¢ 0.05
38 2.15 83 3.42 130 0.08 181 0.08
39 21.70 84 1.04 131 0.04 182 0.13
40 4.44 85 1.70 132 0.69 183 3.62
41 18.87 86 0.25 133 2.59 184 0.33
42 5.94 87 1.08 134 1.14 185 0.20
43 0.39 88 1.26 135 8.45 187 0.02
44 - 0.16 89 3.50 136 1.04 189 0.10
45 0.46 90 1.51 137 0.22 190 0.13
46 0.54 91 3.07 138 0.08 191 0.36
47 3.14 92 0.45 139 0.73 193 6.60
48 0.09 93 1.58 140 0.26 194 0.54
49 0.13 95 9.87 141 2.35 195 0.18
50 2.87 96 1.20 142 0.26 197 1.10
S1 13.84 97 3.03 143 2.45 198 0.09
52 2.79 98 0.28 145 6.41 199 0.02
S3 12.42 99 1.26 146 0.39 201 0.02
54 3.38 100 0.18 147 4.60 202 0.51
55 9.20 101 3.85 148 0.65 203 1.43
56 0.72 102 0.87 149 1.57 204 0.63
57 5.11 103 8.37 150 0.15 205 0.04
58 0.51 104 0.60 151 1.16 209 0.05
59 15.09 105 0.07 152 0.27 211 0.20
60 0.68 106 0.11 153 1.63 212 0.12
61 0.62 107 0.44 154 0.12 213 2.06
62 0.88 108 0.37 155 0.02 214 0.18
63 2.91 109 2.71 156 0.03 217 1.83
64 2.28 110 0.25 157 0.15 218 0.14
65 7.70 111 0.10 158 0.16 231 0.30
66 4.95 112 0.10 159 0.39 232 0.13
67 100.00 113 1.94 160 0.05
68 93.71 114 2.52 161 0.62
69 15.72 115 10.22 163 20.75
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No. 20.

AE36Y°’ 229 (3.817) REFINE
100 68 AE366°229 (3.817) REFINE 259872
82 180 231 12576
232 258
sz{ 230\T, s 249_T
xXFS a t T - l + T T 44—+
a9 w/z 220 23@ 240 250
s3 6§|lgg
AR P .
a4 I!I 1lll II_:JIII ‘Il. ﬁ‘. . . o Lo " n L Ll aol L I 1 e
n/z 40 ca 80 100 128 148 160 180 268 228 248
AE3G0’229 (3.817) REFINE 25¢
___________________ PP PSR EE
Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
___________________ Lot S SRR R
26 0.81 717 8.50 122 0.38 167 1.20
27 4.82 78 0.57 123 0.23 168 0.39
29 2.96 79 0.61 124 0.13 169 0.54
31 0.17 80 0.72 125 0.31 171 4.97
33 0.24 81 2.10 126 0.51 176 0.28
37 0.77 83 2.82 127 2.92 178 0.12
38 3.51 84 1.26 128 0.34 181 7.51
39 37.55 85 1.03 129 0.22 182 1.06
40 8.40 86 0.62 130 0.11 183 6.18
41 33.99 87 0.75 131 0.29 184 0.78
42 5.81 88 0.85 132 0.69 187 0.28
44 0.47 89 1.45 133 2.42 188 0.08
45 0.38 90 1.14 134 0.52 189 1.90
46 1.57 91 1.61 135 0.73 190 0.61
47 14.72 92 0.26 136 0.14 191 3.16
48 0.43 93 0.40 137 0.35 192 1.06
50 6.32 94 0.41 138 0.41 195 3.41
51 7.21 95 2.12 139 0.54 196 0.44
52 S.68 96 0.66 140 0.61 200 0.09
53 25.30 97 1.73 141 3.29 201 0.29
54 0.81 98 0.18 142 1.20 202 2.10
55 1.18 99 0.26 143 0.42 203 6.05
s6 2.00 100 0.17 144 0.36 204 0.40
57 4.00 101 1.83 145 2.05 207 0.17
58 1.14 102 0.37 146 0.29 208 0.25
59 4.84 103 1.14 147 2.35 209 1.46
60 1.80 104 0.38 148 0.82 210 0.34
61 1.04 105 0.08 149 1.30 211 13.14
62 2.45 106 0.12 150 0.48 212 0.85
63 6.62 107 0.28 151 3.75 217 0.19
64 3.46 108 0.19 152 1.31 220 0.24
65 5.81 109 1.73 153 18.68 221 0.32
66 19.07 110 0.40 154 1.26 222 0.12
67 79 .84 111 1.70 157 0.72 227 0.15
68 100.00 112 0.32 158 0.30 230 0.63
69 15.02 113 3.11 159 1.47 231 4.08
70 1.03 115 1.25 160 0.88 232 1.49
71 4.00 116 0.17 161 1.26 235 0.98
72 1.50 117 0.18 162 0.48 236 0.16
73 9.70 118 0.07 163 2.12 249 0.57
74 D.75 119 2.25 164 0.96 250 2.62
75 10.97 120 0.30 165 3.30 2351 0.36
76 1.40 121 3.83 166 0.84
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No. 21.

AE36Y-248 (4.134) REFINE

100} 27 151552
xFS 83 113
101
91: % ‘yea| 115 191 e 231
I T T
(] jin lll!ll h“ll ll]ln: lI ..“IA‘I 11 1 —t . i Y i 1?1 1l | Y 1 L 2?0
/= sa 108 126 140 1686 188 200 ' 228 238
AE360°248 {4.134) REFINE 193
------------------ et it
Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
------------------ +—-——-----——-——--—-+-----°"-""""‘+‘----°-'--------
70 0.80 96 0.63 123 0.06 175 0.03
71 0.87 97 1.34 124 0.02 177 0.02
72 0.50 98 0.12 125 0.13 185 0.41
73 0.60 99 0.31 126 0.11 189 0.23
74 0.32 100 0.20 127 0.49 191 1.69
75 2.15 . 101 2.11 128 0.07 192 0.22
76 0.63 102 0.29 129 0.03 195 0.14
77 7.84 103 1.30 132 0.21 196 0.03
78 0.48 104 0.12 133 1.40 202 0.52
79 0.57 105 0.03 135 0.09 203 0.16
80 0.62 106 0.11 136 0.03 207 0.03
81 0.67 107 0.21 139 0.08 209 0.32
82 0.42 108 0.19 140 0.10 211 2.54
83 2.87 109 1.56 142 0.14 215 0.20
84 1.23 111 0.53 145 0.61 217 0.02
85 0.87 112 0.29 147 0.68 227 0.02
86 0.25 113 2.93 148 0.10 230 0.11
87 0.25 114 0.68 151 0.13 231 2.18
88 0.72 115 1.07 152 0.0% 232 0.19
8% 1.23 116 0.12 153 0.42 235 0.23
90 1.06 117 0.12 157 0.04 236 0.01
91 2.09 118 0.03 160 0.10 249 0.16
92 0.18 119 0.41 161 0.71 250 0.85
93 0.43 120 0.09 168 0.03
94 0.42 121 0.42 169 0.07
95 2.61 122 0.12 172 0.03
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26 0.17 88 1.30 143 4.80 197 7.47
27 2.94 89 4.53 144 6.70 198 9.74
28 2.15 S0 0.40 145 2.12 199 2.25
29 0.92 91 9.60 146 3.26 200 0.46
31 0.15 92 1.04 147 2.07 201 1.20
32 0.70 93 0.82 148 0.40 203 0.48
33 0.24 94 0.54 149 1.01 205 0.08
36 0.03 95 1.64 150 0.27 206 0.23
37 0.19 96 1.79 151 3.08 207 0.92
38 1.02 97 0.58 152 0.34 208 0.19
39 10.33 98 0.27 153 0.62 209 0.42
40 1.22 99 0.89 154 0.13 210 0.42
41 4.48 100 0.28 155 0.39 211 1.95
42 0.20 101 1.29 156 .0.16 212 1.59
43 0.19 102 2.30 157 1.13 213 100.00
44 0.38 103 7.74 158 0.71 214 12.32
45 0.07 104 4.12 159 4.12 215 1.03
47 0.30 105 31.52 160 0.85 216 0.18
50 2.99 106 3.13 161 0.56 217 0.50
S1 9.38 107 0.82 162 0.54 218 0.13
52 2.58 108 0.45 163 1.01 219 0.53
53 3.94 109 1.62 164 5.03 220 0.06
54 0.30 110 0.24 165 3.13 221 0.22
55 0.32 111 0.21 166 0.37 222 0.03
56 0.17 112 0.21 167 0.16 223 1.59
57 0.99 113 0.66 168 0.13 224 0.29
58 0.72 114 0.57 169 1.28 225 0.10
59 0.42 115 7.84 170 1.17 226 0.17
60 0.10 116 1.02 171 1.34 227 13.59
61 0.32 117 3.44 172 0.45 228 2.68
62 1.68 118 0.91 173 5.57 229 0.31
63 5.89 119 14.86 174 2.58 231 0.42
64 2.42 120 2.58 175 1.06 232 2.45
65 4.85 121 0.88 176 0.40 233 0.49
66 0.67 122 0.33 177 13.41 234 0.04
67 0.46 123 0.83 178 32.79 239 0.05
69 8.56 124 0.52 179 5.39 241 0.82
70 0.48 125 0.71 180 0.48 242 0.64
71 0.42 126 0.77 181 0.27 243 11.10
73 0.39 127 2.22 182 3.67 244 1.35
74 1.31 128 11.28 183 5.21 245 0.95
75 3.67 129 13.22 184 0.77 246 0.87
76 1.56 130 1.72 185 3.13 247 10.05
77 12.86 131 0.69 186 0.22 248 1.11
78 5.03 133 2.94 187 0.42 249 0.10
79 5.93 134 0.37 188 0.70 250 0.06
80 0.67 135 0.30 189 0.50 251 0.08
81 0.49 136 0.17 190 0.13 252 0.16
82 0.72 137 0.86 191 2.90 253 0.12
83 0.70 138 0.43 192 2.26 259 0.08
84 0.12 139 1.04 193 9.01 261 0.52
85 0.22 140 0.32 194 1.06 262 0.12
86 0.54 141 4.17 195 2.88 263 0.75
87 0.89 142 2.81 196 3.40 264 0.10
““““““““““““ +-—------—-----—---+-———-----——-----——+-—-----""""
265 0.27 268 3.58 281 4.12 284 0.48
266 0.28 269 0.20 282 55.80
267 32.43 280 0.28 283 7.07
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21 0.01 71 2.53 118 0.03 166 0.01
24 0.02 72 1.95 119 0.46 167 0.04
26 0.50 73 -5.00 120 0.15 169 0.04
27 4.43 74 0.44 121 2.26 170 0.01
27 14 .49 75 6.93 122 1.11 i71 0.28
28 2.36 76 1.56 123 65.45 172 0.28
29 1.22 77 35.91 124 3.75 173 0.16
30 0.11 78 2.56 125 0.37 174 0.03
31 2.81 79 0.52 126 0.08 175 0.02
32 0.23 80 0.26 127 0.40 177 0.02
33 1.34 81 2.67 128 0.04 179 0.04
34 0.02 82 3.20 129 0.16 180 0.18
35 0.02 83 18.18 130 0.31 181 2.32
36 0.09 84 2.88 131 9.09 182 0.37
37 2.24 85 1.25 132 1.05 183 0.34
38 6.14 86 0.20 133 4.09 185 0.83
39 52.27 87 0.27 134 0.38 186 0.06
40 6.14 88 0.87 135 0.18 189 0.02
41 100.00 89 1.35 136 0.61 191 0.03
42 4.15 90 0.71 137 0.85 192 0.01
43 1.07 91 7.10 138 0.08 193 0.05
44 0.65 92 0.35 139 0.12 195 0.02
45 0.81 93 0.47 140 0.02 197 0.01
46 1.69 94 0.23 141 0.15 200 32.05
47 1.80 95 8.07 142 0.02 201 2.61
48 0.12 96 0.72 143 0.07 202 2.14
49 1.02 97 1.51 144 0.04 203 0.47
50 10.74 98 0.11 145 0.26 204 0.05
51 18.18 99 1.01 146 0.02 205 0.12
52 3.86 100 0.22 147 0.07 206 0.02
53 14.55 101 7.61 149 1.09 207 0.08
S4 4.77 102 1.48 150 1.52 209 0.01
55 2.46 103 98.18 151 76 .36 211 0.03
56 0.92 104 6.70 152 5.74 213 0.02
57 6.76 105 0.42 153 2.19 215 0.02
58 0.78 106 0.17 154 0.20 217 0.04
59 45.00 107 0.41 155 0.06 220 1.69
60 1.93 108 0.38 156 0.07 221 0.32
61 0.48 109 1.85 157 0.08 222 0.03
62 0.60 110 1.58 158 0.06 223 0.03
63 2.84 111 5.17 159 0.04 225 0.03
64 1.42 112 0.56 160 0.01 231 0.01
65 1.34 113 Q.66 161 0.38 241 0.02
66 0.24 114 0.39 162 0.04 243 0.04
67 0.29 115 0.32 163 0.23 259 0.01
69 75.45 116 0.03 164 0.01 325 0.02
70 1.92 117 0.55 165 0.01
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20 0.01 76 1.68 127 0.56 183 0.07
24 0.02 77 8.77 128 0.02 185 3.47
25 0.17 78 1.23 129 1.44 186 0.46
26 2.48 79 0.51 130 1.46 187 1.19
27 11.12 80 0.53 131 1.12 188 0.15
28 1.95 81 1.27 132 0.50 189 0.12
29 0.65 82 0.32 133 0.34 190 0.03
30 0.04 83 2.64 134 0.02 191 0.08
31 2.17 84 0.42 135 0.65 192 0.17
32 0.21 85 4.50 137 15.10 193 0.20
33 0.48 86 0.26 138 1.01 194 0.08
35 0.45 87 2.90 139 4 .81 195 0.14
e 0.36 88 1.24 140 0.34 196 0.01
27 1.64 89 1.23 141 0.18 197 0.02
38 3.73 90 0.63 142 0.07 159 8.77
39 29.55 91 1.46 143 2.76 200 0.66
40 2.88 g2 0.12 144 0.76 201 0.11
41 100.00 93 10.15 145 1.79 202 0.03
&2 3.71 94 0.62 146 0.31 204 0.03
43 0.85 95 10.88 147 0.38 205 0.43
44 0.36 96 0.41 149 25.32 206 0.18
45 0.74 97 2.86 150 2.09 207 0.09
46 0.62 98 0.17 151 5.28 208 0.06
47 1.05 99 1.62 152 0.40 209 0.02
48 0.17 100 0.35 153 0.06 212 0.02
49 2.31 101 33.12 154 0.03 213 0.04
50 8.60 102 6.17 155 0.38 214 0.05
51 15.34 103 5.60 156 0.32 215 0.06
52 3.47 104 0.43 157 5.17 217 0.75
53 8.69 105 0.27 158 0.38 218 4.73
54 0.75 106 0.35 159 1.66 219 21 .43
S5 0.89 107 2.23 160 0.11 220 1.58
56 1.15 108 0.31 161 0.12 221 0.16
s7 4.99 109 0.85 163 0.18 222 0.02
58 0.48 110 0.13 164 0.04 231 0.02
59 10.23 111 8.44 165 1.83 233 0.02
60 0.84 112 0.37 166 0.15 234 0.17
61 3.10 113 3.02 167 0.93 235 0.03
62 2.09 114 0.27 168 0.34 236 0.06
63 2.11 115 0.31 169 0.31 237 0.02
4 0.94 116 1.42 170 0.24 239 0.02
65 0.88 117 2.11 171 28.57 243 0.12
66 0.36 118 0.79 172 1.72 245 0.01
67 1.91 119 2.19 173 0.32 254 0.02
69 60.06 120 0.56 174 0.03 263 0.05
70 1.64 121 14.94 175 0.05 264 0.02
71 2.84 122 1.97 177 0.02 271 0.09
72 1.44 123 3.57 179 0.34 283 0.05
73 1.32 124 0.50 180 0.06 290 0.02
74 0.44 125 1.02 181 0.10 311 0.06
75 9.58 126 0.10 182 0.03 331 0.05
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20 0.46 82 0.28 137 0.10 193 0.10
24 1.23 83 0.32 138 0.53 194 0.58
25 1.76 84 0.11 139 0.34 195 0.04
26 4.74 85 0.12 140 0.28 196 0.35
27 5.39 87 0.20 141 0.04 197 0.10
28 3.07 87 0.41 142 0.02 198 0.07
29 0.18 88 0.38 143 0.07 201 0.03
31 7.36 89 3.16 144 0.28 202 0.07
32 0.61 90 2.75 145 0.95 203 0.16
33 1.45 91 1.56 146 0.86 204 0.38
34 0.03 92 0.33 147 0.14 205 0.06
35 0.05 93 1.10 148 0.12 206 0.01
36 0.20 94 0.53 149 0.03 207 0.10
37 2.61 95 2.29 150 0.05 208 0.03
38 5.70 96 0.78 151 0.11 209 0.03
39 15.93 97 0.17 152 0.27 211 0.04
40 3.23 98 0.08 153 0.20 212 0.05
41 1.10 99 0.56 154 0.55 213 0.06
42 0.18 100 0.35 155 0.08 214 0.77
43 0.31 101 0.31 156 0.03 215 1.25
44 2.52 102 0.43 157 0.17 216 0.78
45 1.17 103 3.05 158 0.18 217 0.20
46 0.36 104 0.64 159 0.18 218 0.03
47 0.11 105 0.07 160 0.04 221 0.02
48 0.64 107 0.41 162 0.02 222 0.19
50 17.14 108 0.36 163 0.14 223 0.08
51 72.58 109 0.72 164 0.52 224 0.07
52 5.44 110 0.38 165 1.05 225 0.03
53 0.32 111 0.07 166 2.14 227 0.01
54 0.14 113 0.18 167 0.29 228 0.11
55 0.16 113 0.21 168 0.12 229 0.12
56 0.40 114 0.45 169 0.10 232 0.01
57 0.74 115 0.66 170 0.16 233 0.07
58 0.42 116 1.00 171 0.26 234 0.30
59 0.08 117 3.48 172 5.24 235 0.59
61 0.25 118 0.39 173 0.41 236 3.83
62 1.64 119 0.92 174 0.05 237 0.54
63 5.19 120 0.30 175 0.01 238 0.06
64 7.66 121 0.24 176 0.13 239 0.01
65 3.93 122 0.17 177 0.09 240 0.19
66 0.67 123 ©0.02 178 0.09 241 0.03
67 0.05 125 0.16 179 0.02 242 0.20
69 31.85 125 0.18 180 0.16 243 0.04
70 1.94 126 0.84 181 0.04 246 0.07
71 0.14 127 0.29 182 0.03 247 0.11
73 0.58 128 0.35 183 0.22 248 1.22
74 2.66 129 0.03 184 0.77 249 0.31
75 6.30 130 0.03 186 63.71 250 0.06
76 13.91 131 0.03 187 5.09 252 0.03
77 100.00 132 0.07 188 0.32 253 0.06
78 7.36 133 0.04 189 0.04 255 38.91
79 0.32 134 0.26 190 0.30 256 7.91
80 0.07 135 0.29 191 0.04 257 0.63
81 0.25 136 0.04 192 0.05 ! 258 0.04
___________________ SR A L SIS NSNS USRS TR E LR
260 0.04 273 0.02 293 0.05% 320 0.01
261 0.14 280 0.05 294 0.06 323 0.02
262 1.54 281 0.04 304 0.04 324 0.19
263 0.34 282 0.03 305 0.09 331 0.03
264 0.06 284 0.04 306 0.84 331 0.32
265 0.03 285 0.03 307 0.12 332 1.97
266 0.24 286 0.29 310 0.03 333 0.31
267 0.05 287 0.04 311 0.01 334 0.03
268 0.04 290 0.04 312 0.05 350 0.03
271 0.01 291 0.03 313 0.02
272 0.10 292 0.26 318 0.02
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No. 31.

68

AEI7SRESs xl  Bgd=l  23-JUN-97 11:48+8:88:
? 48+B:08:44 76E £l
BpM=8  1=2.6v He=288 TIC: :
e " T1C=41681888 cht~PT_ " Sys:ACE
198, _
y 288
]
49 ]
28
] 77
51 69
S'él o b ]’ r r E!g 257 L
188 150 288 258 388

Mass 7 Base
51.10 3.73
52.09 2.26
65.04 2.04
68.98 4.33
71.07 2.49
74.99 5.30
77.00 12.85

218. 69 2.26
266.58 5.07
266.95 2.10
285.93 9.93
286.51 8.24 F
286. 92 51.33 F
287.51 19.01 F
287.94 100.00 F
268.53 2.65
286.81 7.94 F
288. 98 4.11 F
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"No. 32.
HEZE1 455 (7.584)

160 a1 1900544
6s 208
%FS &9 Q
63 269
39511 T
a - l| A AN " 1 i "

n/z se 100 j 150 ) 208 258 ) 388 ) 359
AE261 455 (7.584) 190C
----------------- B e e et
Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
----------------- B T e e R

20 0.04 84 0.19 138 0.26 192 0.02
24 0.13 85 0.19 139 0.29 194 0.08
25 0.27 86 0.61 140 0.49 195 0.02
26 1.27 87 0.92 141 0.18 196 0.19
27 1.51 88 6.30 142 0.08 198 1.71
28 3.6l 89 32.11 143 0.05 200 76.72
29 0.10 90 40.09 144 0.20 201 6.79
31 2.24 91 100.00 145 0.32 202 0.40
32 0.88 92 7.92 146 0.26 203 0.07
33 0.65 93 0.64 147 0.16 204 0.30
35 0.03 94 0.44 148 0.29 205 0.04
36 0.10 95 0.76 149 0.13 207 0.09
37 0.82 96 0.30 150 0.20 208 0.22
38 2.36 97 0.10 151 0.71 209 0.55
39 14.87 98 0.11 152 0.47 210 0.25
40 2.63 99 1.23 153 0.20 211 0.06
41 7.06 100 3.39 154 0.14 212 0.03
42 0.34 101 0.63 155 0.04 214 0.11
43 0.17 102 1.04 156 0.07 215 0.04
44 1.68 103 1.85 157 0.32 216 0.06
45 0.97 104 1.68 158 0.86 217 0.04
46 0.62 108 0.42 159 0.55 218 0.26
47 0.20 106 0.26 160 0.34 219 0.03
48 0.24 107 0.52 161 0.13 220 0.02
49 0.46 108 0.64 162 0.17 221 0.02
S0 7.11 109 1.95 163 0.10 222 0.01
51 12.12 110 0.89 164 0.28 225 0.02
52 4.15 111 0.17 165 0.44 226 0.03
53 2.65 112 6.12 166 0.24 227 0.04
54 0.41 113 0.38 167 0.08 228 0.46
55 0.17 114 0.51 168 0.06 229 0.98
56 0.35 115 0.98 169 0.09 230 0.57
57 0.60 116 3.30 170 0.10 231 0.09
53 0.37 117 1.98 171 0.11 232 0.04
59 0.14 118 0.35 172 0.10 233 0.13
61 0.61 119 0.26 173 Q.07 234 0.07
63 17.67 120 0.25 174 0.03 236 0.03
65 82.76 121 0.22 175 0.04 238 0.01
66 3.61 122 0.26 176 0.14 246 0.13
67 0.22 123 0.2S 177 0.29 247 0.03
63 38.15 124 0.15 178 0.94 248 0.16
70 1.66 125 0.23 179 0.74 249 0.458
71 0.15 126 0.24 180 1.79 250 2.52
73 0.47 127 0.58 181 0.31 251 0.238
7% 1.86 128 0.82 182 0.21 252 0.02
75 3.88 129 0.98 183 0.29 253 0.0S
76 4.53 130 3.34 134 0.22 254 0.08
77 7.17 131 2.45 185 1.25 255 0.02
78 3.10 132 0.66 186 4.53 262 0.03
79 C.84 133 1.13 187 0.34 263 0.01
80 0.22 134 1.16 188 0.09 26+ 0.02
81 0.32 135 0.26 189 0.08 265 0.02
82 0.58 136 0.15 190 0.11 2606 0.05
83 1.35 137 0.20 191 0.02 267 0.16
R R ) R R R i
Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
—————————————————— R i i A i
268 0.80 281 0.04 3os 0.01 345 0.01
269 29.31 282 0.02 310 0.01 360 0.06
270 3.56 283 0.01 319 0.01 361 0.01
271 0.19 290 0.05 320 0.01
276 0.06 291 0.02 334 0.02
277 0.02 294 0.01 338 0.02
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No. 33.
AE323°485 (6.751) REFINE

100, 183 155648
134
203 272
%FS+ 1@
ag 51 stl 159 184 233
e il .,I ! !I el ' 1T T i " T . § Aty T I,
M/z se 160 ) 150 ; 209 ; 220 )
AE323/405 (6.751) REFINE 155648
------------------- R i i it i e et
Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
------------------- R e e d R it
21 0.09 69 17.76 106 0.81 163 0.59
26 0.48 70 1.12 107 8.10 165 0.24
27 2.32 71 0.84 108 7.517 169 1.66
28 3.74 73 0.90 109 44 .74 170 0.77
31 1.18 74 5.14 110 4.40 171 0.27
32 1.15 75 7.24 111 1.49 177 0.26
36 0.31 76 3.74 112 0.21 181 0.34
37 1.11 77 33.06 113 2.67 182 1.04
38 3.21 78 2.59 114 0.15 183 100.00
39 13.98 79 0.17 119 0.74 184 9.29
40 0.73 80 0.12 120 0.42 185 4.44
41 0.18 81 1.94 121 0.56 189 0.38
44 1.79 82 4.07 125 0.37 201 2.22
45 5.30 83 2.54 126 1.91 202 6.21
46’ 0.19 84 1.16 127 1.89 203 74 .34
47 0.41 85 0.23 128 0.31 204 5.92
49 0.52 86 0.20 131 0.29 205 3.00
50 14.97 87 1.11 132 0.34 207 0.32
51 17.27 88 0.19 134 78.95 213 0.18
52 1.89 89 1.11 135 4.24 219 0.52
56 0.32 90 0.76 136 3.70 232 0.34
57 2.41 92 3.08 137 0.54 233 16.28
S8 0.96 93 1.96 138 0.53 234 1.67
59 0.53 94 0.96 139 2.60 235 0.58
61 0.31 95 0.82 140 0.42 251 2.09
62 1.01 96 1.58 145 1.00 271 2.40
63 4.69 97 0.16 151 1.43 272 70.35
64 0.67 99 0.17 152 1.56 273 7.65
65 17.76 100 0.25 153 0.58 274 3.33
66 1.31 101 0.64 157 0.60
67 0.32 102 0.23 159 14 .47
68 0.70 105 0.25 160 1.14
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AE324 582 (8.367)

No. 34.

1@0 247 286 2293760
197
%FS 148
2 5Peg a1 123 147
63- /7?79| 121-T N 173 L 218 207 267
/a st e, II,' . (TR — iy b, . LI_L L i
n/z S8 100 150 200 258 ) 300 )
AE324 502 (8.367) 229376¢
------------------- P e S i
Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
------------------- e
25 0.03 87 1.54 140 0.09 195 0.33
26 0.19 88 0.71 141 0.56 197 70.71
27 1.24 89 9.82 142 0.06 198 7.37
28 0.76 90 3.71 143 0.11 199 3.13
29 0.05 91 24.64 144 0.17 201 2.90
31 0.27 92 2.21 145 0.87 202 23.39
32 0.32 93 2.10 147 14.11 203 2.41
33 0.07 94 1.07 148 51.43 204 1.00
37 0.59 95 2.00 149 5.18 205 0.11
39 20.54 96 0.93 150 2.53 207 0.35
40 1.41 97 2.66 151 1.46 208 0.04
41 3.84 98 2.23 152 0.63 209 0.06
42 0.13 99 0.64 153 2.08 213 0.67
45 20.71 100 0.07 154 0.25 215 7.23
46 0.24 101 0.29 156 0.04 217 93.57
47 1.18 102 0.18 157 0.37 218 9.24
50 6.83 103 0.63 158 0.14 219 3.93
51 10.63 104 0.24 159 0.25 220 0.47
52 2.76 105 0.17 162 0.04 221 0.26
53 2.86 106 0.71 163 0.39 225 0.13
54 0.17 107 7.28 164 2.01 227 0.18
55 0.06 108 4.29 165 1.2¢ 231 0.04
57 2.14 109 2.70 166 0.32 233 0.8¢
58 1.25 110 0.59 167 0.13 234 90.12
59 0.68 111 0.08 168 0.03 235 0.13
61 1.72 113 3.30 169 0.42 239 0.04
62 5.27 114 0.30 170 0.11 245 0.06
63 14.82 115 1.60 171 0.35 247 21.07
65 29.46 116 0.20 172 1.86 248 1.05
66 1.56 117 0.16 173 10.58 249 0.92
67 0.05 118 0.03 174 0.87 251 7.95
69 18.21 119 0.31 175 0.10 252 0.86
70 2.06 121 12.50 176 0.24 253 3.26
71 2.19 122 6.38 177 0.55 254 0.28
72 0.25 123 22.86 178 0.29 257 0.02
73 0.45 124 2.40 179 0.14 259 0.04
74 2.08 125 1.06 180 0.02 265 1.36
75 6.61 126 1.82 181 0.10 266 0.07
77 17.14 127 0.42 182 0.71 267 0.45
78 6.83 128 0.12 183 4.51 271 5.04
79 10.80 131 0.12 184 1.38 272 0.33
80 0.83 133 3.17 185 0.25 273 0.09
81 0.84 134 1.02 187 0.12 284 0.24
82 2.06 135 0.25 168 0.06 286 100.00
83 1.32 136 0.05 189 0.45 287 9.78
84 0.61 137 0.12 190 0.08 288 4.11
85 0.56 138 0.10 191 0.06 289 0.39
86 1.12 139 0.29 194 0.11 290 0.05




AE228 449 (8.317)
65

No. 35.

1051 1261568
217
XFS- 83,5 148
51 89 197 147 197
| 121 N T 247
a- Aaal - ‘u 4 4 Iv“ T T T Y -r Y
n/Z sa 100 1590 200 259 300 350 488
AE228 499 (8.317) 126156
------------------- frmemmm e meemmmmm 4o oo - e s e oo oo s s s s esm s
Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
___________________ e L g
20 1.12 80 1.44 137 0.30 191 0.07
22 0.02 82 5.68 138 0.53 193 0.06
24 1.44 83 4.36 139 0.83 194 0.19
25 2.37 84 1.68 140 0.42 195 0.63
26 3.53 85 0.60 141 1.23 196 1.66
27 3.84 817 5.84 142 0.92 197 24 .35
28 1.87 89 29.55 143 0.71 197 25.00
29 0.24 90 9.66 144 0.85 199 4.32
31 7.47 91 28.57 145 2.56 200 1.66
32 4.08 92 3.49 146 2.25 201 1.75
33 1.07 93 3.79 147 19.72 202 7.14
34 0.96 94 2.94 148 39.61 202 6.66
35 0.12 95 3.33 149 4.89 204 1.07
36 0.49 96 1.91 150 2.19 204 0.38
37 2.88 97 4.93 151 3.17 205 0.07
38 3.98 98 1.12 152 2.52 207 0.24
39 51.95 99 0.67 153 1.66 207 Q.27
40 3.08 100 0.27 154 0.79 209 0.08
41 13.56 101 0.85 155 0.29 211 0.06
42 0.41 102 1.40 156 1.81 212 0.04
44 4 .36 103 1.58 157 0.87 213 0.32
45 38.96 104 0.40 158 0.39 214 0.46
46 0.99 105 0.50 159 0.30 215 5.44
47 2.56 106 2.50 161 0.18 216 7.55
48 0.97 107 14.77 162 0.24 217 49 .35
49 1.46 108 8.44 162 0.52 218 37.99
50 14.94 109 3.92 164 1.23 2198 6.25
S1 26.62 110 1.01 165 2.39 219 2.25
52 6.01 111 0.15 165 2.17 220 0.34
53 9.25 112 0.51 166 0.68 221 0.11
54 0.26 113 3.17 168 0.63 225 0.21
S5 1.81 114 0.70 169 1.09 227 0.21
S6 5.52 115 2.50 169 0.82 228 0.05
57 8.77 116 0.39 170 0.57 230 0.06
58 5.19 117 0.23 171 0.46 231 0.04
59 2.50 118 0.19 173 3.08 233 0.42
60 0.85 119 0.54 173 5.36 233 0.55
61 2.66 120 2.09 174 0.69 235 0.13
62 7.14 121 16.48 176 0.56 239 0.08
63 39.29 122 4.61 177 1.03 244 0.04
64 2.74 123 12.01 177 0.80 245 0.14
65 100.00 124 4.63 179 0.66 247 17.53
66 3.9a 125 1.87 179 0.51 251 2.54
67 0.14 126 3.71 181 0.21 252 0.39
69 53.57 127 1.28 182 0.78 253 0.70
70 3.45 128 0.49 183 2.88 257 0.08
71 3.55 129 0.46 183 4.04 259 0.04
72 0.31 130 1.34 185 0.90 261 0.10
73 0.70 131 0.44 186 .47 265 1.18
74 4,89 132 0.99 187 0.30 267 2.23
75 19.97 133 3.84 188 0.30 271 0.91
77 38.96 134 1.44 189 0.58 283 0.04
78 16.72 135 0.57 189 0.48 286 64.29
79 16 .48 136 0.15 190 0.14 287 7.79
——————————————————— T T e e e il
288 2.74 309 0.08 329 0.06 355 0.02
289 0.34 311 0.03 331 1.77 361 0.02
293 0.01 313 0.02 332 0.23 363 0.24
297 0.33 315 0.18 333 0.15 364 0.02
298 0.05 317 0.11 349 0.14 377 0.03
299 0.10 327 0.03 351 0.05 399 0.06




AE216°677 (11.284)

ton- 202 No. 36. 1848576
%FS 69
108
5587 | 75 1§ il “t°
) ‘LAILJLJ *J: LI KT Lo I S | 4 4 . . ek . A . N
n/z S0 100 150 200 258 300 358 408 450
AE216°'677 (11.284) REFINE 1048
------------------- +---------—-—------+--—------—-—-——---+-------------——---
Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
------------------- +--——------—----—--+--—----—-~----—-—-+------------------—
20 0.37 85 0.33 139 2.32 208 0.22
24 0.39 86 0.47 140 4.00 209 0.06
25 0.74 87 2.98 141 0.61 213 0.44
26 0.45 88 0.70 142 0.49 214 2.00
27 0.48 89 2.15 143 0.67 215 4.10
29 0.06 90 0.22 144 0.53 216 0.28
31 5.27 91 0.09 145 1.48 217 0.09
32 1.93 92 0.49 146 0.23 219 0.56
33 0.46 93 2.98 147 0.05 220 2.69
34 0.33 94 2.61 149 0.07 221 0.29
s 0.17 95 3.30 150 0.31 223 0.09
36 0.33 96 3.66 151 2.17 224 0.15
37 1.12 97 0.58 152 8.69 225 0.17
38 1.54 98 0.29 153 0.92 226 0.24
39 2.86 99 0.39 154 0.56 227 0.27
40 0.13 100 0.45 155 0.08 231 0.25
41 0.05 101 1.39 156 0.42 232 0.61
42 0.06 102 0.21 157 1.48 233 6.64
44 1.21 103 0.07 158 0.98 234 8.11
45 9.96 104 0.06 159 0.21 235 0.70
47 0.78 105 0.46 161 0.05 236 0.20
48 0.37 106 2.64 162 0.26 237 0.08
49 0.29 107 16.11 163 0.78 239 1.36
50 9.77 108 30.86 164 1.15 240 0.12
51 31.64 109 3.61 165 2.44 241 0.05
52 0.32 110 1.56 166 0.40 244 0.07
sS4 0.29 111 0.15 167 0.24 245 0.35
S5 1.11 112 0.84 169 1.78 246 0.07
56 3.34 113 5.13 170 1.42 249 0.02
57 13.28 114 0.55 171 0.34 250 0.07
58 3.42 115 0.57 172 0.09 251 5.83
59 0.60 116 0.05 176 0.65 252 18 .46
61 1.18 117 0.19 177 0.73 " 254 1.41
62 3.10 118 0.14 178 0.11 255 0.03
63 11.52 119 0.56 179 0.11 257 0.21
64 1.07 120 0.84 181 1.20 258 1.34
65 1.20 121 2.25 183 16.89 259 1.17
66 0.21 122 0.28 184 1.71 260 0.13
69 41.80 123 0.18 185 0.60 261 0.05
70 1.95 124 0.44 187 0.59 263 0.48
71 1.61 125 1.46 189 1.71 264 1.54
72 0.20 126 4.93 190 2.37 265 0.25
73 0.82 127 4.71 191 0.33 266 0.06
74 5.54 128 0.65 192 0.13 267 0.02
75 13.87 129 0.32 195 2.71 269 0.66
76 6.84 130 0.13 196 1.56 270 31.74
77 0.99 131 0.39 197 0.11 271 6.64
78 0.22 132 1.11 198 0.04 272 0.70
79 0.08 133 0.85 201 4.74 273 0.18
80 0.30 134 0.37 202 100.00 275 0.46
81 2.39 135 0.12 203 7.03 276 0.09
82 6.74 136 0.09 204 2.32 282 0.09
83 4.13 137 0.67 205 0.24 283 0.95
84 0.66 138 1.61 207 075 284 0.18
——————————————————— +—-—-——-—-——-—--———+-<--—-------—-----+------—----—-—-—----
285 0.09 319 0.04 354 0.53 398 0.73
287 0.03 321 0.08 355 0.16 399 0.43
289 0.67 325 0.21 357 2.47 400 0.04
290 0.06 326 0.30 358 0.39 407 0.11
294 0.09 327 0.40 359 0.20 427 0.24
295 0.20 328 0.19 362 0.02 428 0.05
301 0.12 333 0.09 363 0.13 447 0.10
303 1.93 337 0.11 364 0.16 448 0.03
305 0.32 338 0.10 375 0.05 464 0.01
307 0.95 339 0.06 377 0.82 466 17.38
308 0.32 340 0.04 378 0.11 467 2.10
309 0.13 344 0.15 379 0.06 468 1.43
313 0.11 345 0.06 395 0.04 469 0.16
315 0.08 352 0.50 396 0.96 470 0.04
318 0.02 353 3.20 3197 4.59




AE326 516 (8.681)

1001 81 AE326 516 (8.681) 569344
100 22110
286
%FS xFS 2T5
6! a4 T T r r —
‘ f n/z282 284 286 288 230
Lot P AT A
M/z sa 108 ) 150 i 208 ' 258 )
AE326 516 (8.601) St
------------------ B R R I el it
Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
------------------ R et e R e e Rl it
20 0.08 58 0.24 89 6.47 131 0.11
25 0.08 59 0.10 90 7.01 132 0.04
26 0.17 60 0.07 91 100.00 133 0.39
27 0.19 61 0.48 92 7.15 134 0.05
28 1.10 62 2.17 93 0.78 143 0.07
29 0.04 63 7.91 94 0.44 144 0.06
31 0.35 64 3.73 95 0.32 145 0.35
32 0.48 65 22.84 96 0.10 146 0.04
33 0.06 66 1.33 97 0.12 147 0.18
36 0.05 67 0.08 98 0.19 151 0.07
37 '0.20 68 - 0.62 100 0.08 164 0.09
kY] 0.84 69 4.77 105 0.04 165 0.10
39 6.12 70 0.09 106 0.68 175 0.03
40 0.62 71 0.16 107 5.67 176 0.17
41 1.51 73 0.08 108 0.23 183 0.10
42 0.09 74 0.67 109 0.94 195 0.37
43 0.14 75 2.00 110 0.14 196 0.17
44 1.26 76 1.16 112 0.15 197 0.13
45 2.71 77 2.05 113 1.82 202 0.02
46 0.14 78 1.05 114 0.06 203 0.07
47 0.31 79 0.41 115 0.13 214 0.04
48 0.11 80 0.03 120 0.13 215 0.20
49 0.35 81 0.08 121 2.06 246 0.04
50 2.32 82 0.43 122 0.23 247 0.26
51 4.72 83 0.29 123 0.25 285 1.29
52 1.72 84 0.06 124 0.0S 286 2.28
53 0.39 85 0.24 125 0.21 287 0.34
55 0.20 86 0.32 126 2.20 288 0.12
56 0.62 87 1.30 127 0.09
57 1.70 88 0.49 128 0.07




No. 38.

AE3ZY°334 (5.567) KEFINE
180+ 1 AE329°'334 (5.567) REFINE 2211840
€9 108 279164
264
wrs| 39 %XFS
s 52 e T VR
7 "ea 1?7 n/z 250 260 270 280
a "ll " Ill AL ,l L : 1 - l‘ ale 1 1 T LS L T T T
n/z 58 100 150 200 250 388
AE329'334 (5.567) REFINE 221184C
------------------- D e e e e e e
Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
-------------------- R e il e ittt e el e eI I il
20 0.16 71 1.74 118 0.01 176 0.57
24 0.34 72 0.81 119 0.06 177 1.69
25 0.75 73 0.74 120 0.06 178 0.12
26 2.72 74 0.82 121 0.03 179 0.09
27 8.29 75 2.96 122 0.03 181 0.03
28 3.33 76 0.86 124 0.14 183 0.17
29 2.19 77 0.32 125 0.54 184 0.02
31 2.14 78 0.10 126 2.66 189 0.10
32 1.15 79 0.07 127 0.65 190 0.02
33 0.66 80 0.02 128 0.15 191 0.06
34 0.28 81 0.24 131 0.08 195 1.10
35 0.18 83 0.14 132 0.13 196 0.95
36 0.19 84 0.30 133 1.47 197 0.14
37 1.22 85 0.43 134 0.08 198 0.0S
38 2.28 86 0.28 135 0.08 201 0.13
39 39.63 87 1.77 138 0.02 202 0.06
40 8.47 88 0.10 139 0.24 203 0.08
41 100.00 89 0.25 140 0.04 208 0.06
42 6.30 90 0.04 141 0.03 209 0.16
43 1.85 91 0.08 143 0.11 211 0.03
44 1.76 92 0.08 144 0.08 214 0.01
45 11.16 93 0.65 145 0.56 215 0.12
46 0.75 94 0.63 146 0.08 217 0.04
47 2.71 95 0.46 147 0.18 221 0.04
48 0.14 96 0.05 148 0.02 222 0.14
49 0.30 97 0.46 149 0.02 223 0.03
50 1.88 98 0.10 151 0.23 225 0.03
S1 2.85 99 0.16 152 0.10 235 0.13
52 0.91 100 0.21 153 0.90 236 0.08
53 9.12 101 0.17 154 0.06 237 0.14
54 1.13 102 0.05S 155 0.03 241 0.05
55 1.53 103 0.07 156 0.02 245 0.07
56 1.77 105 0.06 157 0.27 249 0.02
57 4.49 106 1.47 158 0.06 251 0.02
58 3.19 107 10.23 159 0.08 264 7.50
59 4.21 108 0.54 162 0.05 265 0.79
60 0.66 109 0.52 163 0.09 266 0.37
61 0.45 110 0.03 165 0.34 267 0.04
62 0.23 111 0.01 166 0.04 268 0.01
63 4.35 112 0.30 167 0.25 281 0.00
65 5.42 113 2.94 169 0.07 282 0.03
67 18.70 114 0.14 170 0.03 283 0.02
69 82.96 115 0.18 171 0.05 342 0.02
70 3.89 117 0.01 175 0.07
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No. 39.

[AE171 250 (4.167)

100+ 2@81- 1430944
203
/7
XZFS
146
I 118 1T8
/
a - . v y etdentsy | o ‘-—:“ 1, _.Ill_“ . - L I.: — 'l.l
M/z 40 60 80 100 120 140 i68 180 200 220
AE171 250 (4.167) 149094
-------------------- D i e Tl Py UG
Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
------------------- b i e T i
24 0.03 73 1.73 108 1.43 151 0.03
26 0.01 74 3.42 109 5.29 153 0.04
28 0.06 75 0.23 110 0.39 154 0.15
31 4.46 76 0.09 111 1.75 156 8.24
32 0.08 78 4.74 112 1.30 158 5.63
35 1.03 79 2.06 113 0.12 159 0.21
36 0.40 80 1.03 116 29.95 160 0.84
37 0.32 81 1.79 117 1.37 163 0.04
38 0.21 82 0.23 118 9.62 166 24.18
43 0.12 83 0.19 119 0.46 167 1.46
45 0.11 84 0.09 121 8.38 168 7.69
47 1.01 85 1.91 122 0.13 169 0.17
48 0.21 86 8.10 123 2.82 170 2.61
49 0.35 87 0.%4 125 2.46 172 1.87
50 0.17 88 0.13 127 1.58 173 0.09
55 1.53 90 3.21 128 0.39 174 0.29
56 0.06 92 1.68 129 0.28 182 1.82
57 0.15 93 1.68 131 1.30 184 1.20
59 0.13 94 0.33 132 2.42 185 0.08
61 0.06 97 2.20 134 1.60 186 0.19
62 1.27 98 0.17 135 0.27 201 100.00
63 0.06 99 0.81 136 0.27 202 3.50
66 0.47 100 7.69 137 0.39 203 55.22
67 0.59 102 7.28 140 2.03 204 2.95
68 0.20 103 0.55 141 0.13 205 7.83
69 0.73 104 1.58 142 0.66 206 0.44
71 3.95 105 0.78 147 1.02
72 0.12 106 1.96 149 0.32
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AE1Y9-120 (2.888) KEFINL

No. 40.

100 168 3735552
170
/
XFS 31 78
133
69 18 T
) . o .l_.{ Lot I gl JIIJ | Y t L ¢ J‘L b . . r .
Mn/z 59 180 150 289 256
AE199°120 (2.000) REFINE 373
___________________ i m mm e n e e e e e e
Mass Rel Int | Mass Rel Int | Mass Rel Int Mass Rel Int
___________________ S S
20 0.00 69 16.23 100 0.08 137 0.90
31 49 .12 70 0.57 101 0.18 138 0.16
is 3.34 71 2.08 102 0.79 139 1.67
36 0.87 73 3.07 104 8.33 140 0.04
37 1.25 74 3.21 105 0.32 147 0.01
38 6.91 75 0.79 106 2.88 149 8.66
39 0.21 76 3.81 107 3.62 151 3.32
40 0.09 78 43 .86 108 0.12 152 0.14
41 0.02 79 0.78 109 0.55 154 0.07
43 2.14 80 17.32 110 0.01 156 0.03
45 2.58 81 4.99 111 0.39 161 0.02
47 8.SS5 83 7.35 113 0.07 163 0.01
48 0.10 84 2.28 114 0.64 168 100.00
49 2.71 85 5.73 115 0.04 170 58.33
S50 2.99 86 0.11 116 0.75 171 3.10
51 0.12 87 1.84 118 0.47 172 0.08
52 0.39 88 23.57 118 0.02 199 0.09
53 0.01 89 0.84 120 0.04 201 0.05
55 1.47 90 0.41 121 0.07 203 0.01
57 4.22 92 5.95 124 0.94 207 0.02
59 0.65 93 0.17 125 1.97 209 0.01
62 3.23 94 1.95 126 0.34 211 0.06
64 0.53 95 2.69 130 0.08 213 0.02
66 1.47 87 3.02 133 31.58 281 0.01
67 0.02 98 0.01 134 1.70
68 0.45 99 1.51 135 0.04
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[AE283 474 (7.901)

No. 41.

100 234 643a72
XFS
213 14 133 238
27 79 a8 I IT Lh 164 1TS' '
.ll. {. L | 1L ?l - ||u g
n/z 50 100 150 200 250 ) 308
AE203 474 (7.901) 64.
------------------ N e R e
Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
------------------ B e I
20 0.66 75 0.43 119 0.72 168 0.15
24 0.43 76 0.03 120 0.49 169 0.40
25 0.13 78 3.54 121 1.43 170 0.11
26 0.20 79 14.01 122 0.12 171 0.09
27 0.10 80 2.79 123 0.47 172 0.05
28 2.26 81 0.25 124 0.19 180 2.08
29 0.13 82 1.24 125 4.86 182 1.49
31 23.25 83 0.67 126 1.72 183 0.15
32 0.45 84 0.37 127 3.30 184 0.26
35 29.62 85 1.91 128 0.42 187 ‘1.20
36 8.56 86 5.33 129 28.34 189 0.80
37 9.83 87 0.80 130 6.61 191 0.15
38 2.11 90 5.18 131 0.52 196 0.04
39 0.12 91 1.92 132 4.34 199 21.82
40 0.05 92 1.93 133 32.96 200 4.34
41 0.05 93 1.26 134 1.94 201 13.85
42 0.10 94 0.51 135 10.83 202 2.67
43 0.74 95 3.30 136 0.60 203 3.62
44 0.67 96 0.75 137 0.32 204 0.59
45 0.07 97 1.64 139 0.23 205 1.41
47 7.60 98 12.58 140 0.34 207 0.54
48 0.93 99 1.69 141 0.12 215 0.40
49 2.55 100 0.22 142 0.17 217 0.39
50 0.51 101 0.61 143 0.06 218 0.10
51 0.10 102 4.58 145 16.40 219 0.14
55 3.54 103 0.54 146 1.29 220 0.0¢
56 0.24 104 1.56 147 5.21 234 100.00
57 0.10 105 0.27 148 0.20 236 98.73
59 0.44 106 1.14 149 22.93 237 5.61
60 2.59 107 0.26 150 0.83 238 28.50
61 0.73 108 1.12 151 15.13 239 1.75
62 0.27 109 12.10 152 1.04 240 3.11
63 0.05 110 6.05 153 2.41 241 0.18
66 2.36 111 4.50 154 0.19 265 0.14
67 0.48 112 0.22 156 0.52 267 0.14
68 0.94 113 1.14 158 0.36 269 0.06
69 1.73 114 33.28 161 0.39 313 0.09
71 4.38 115 3.03 164 12.90 3158 0.06
72 Q.75 116 10.99 165 2.45
73 1.52 117 5.18 166 4.18
74 4.14 118 2.83 167 1.25
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No. 42.

1498844

188

1001 73
R AE319THMS 144 (2.488)
253 57901
129 100
%FS %FS 254
/
69 81—l e —
N 101 m/z250 260 270 280
0 - ﬁsﬂ‘- n ‘ | n i‘n Il L A T ‘ Lo IL L =4 1,
n/z 50 186 150 200 250 T 300 '
AE319TMS 144 (2.400) 149
------------------- +—---—--—-—-—---——-+--—---—----—------+----‘-------—---
Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
------------------- +--—-—---—--—------+---—-—-----------—+----------------
26 0.06 61 0.70 95 0.35 139 0.02
27 0.27 62 0.99 96 0.06 141 0.05
28 0.31 63 8.93 97 0.03 143 4.09
29 0.70 64 0.60 100 0.23 144 0.34
30 0.09 65 0.39 101 12.43 145 0.17
31 0.48 66 0.12 102 0.32 147 0.39
32 0.08 67 0.29 105 0.05 148 0.08
33 0.03 69 14.01 107 0.05 149 0.04
38 0.03 70 0.59 108 0.04 151 2.95
39 0.16 71 0.63 109 0.39 152 0.07
40 0.03 72 2.83 110 0.07 157 3.49
41 0.12 73 82.42 111 0.06 158 0.16
42 0.97 74 7.55 112 0.17 159 0.17
43 5.77 75 4.46 113 1.75 165 0.11
44 2.09 76 2.76 114 0.06 179 0.03
45 10.71 77 100.00 117 1.17 183 0.61
46 0.82 78 7.69 118 0.11 184 0.07
47 4.31 79 3.86 119 0.10 185 0.03
48 0.33 80 0.26 121 0.19 207 0.03
49 4.46 81 3.85 122 0.02 221 0.02
50 0.47 82 2.64 123 0.05 225 3.64
51 2.63 83 0.26 125 0.17 226 0.37
52 0.08 85 0.15 126 0.02 227 0.10
53 0.52 86 0.02 129 62.09 233 0.04
54 0.27 87 0.15 130 2.04 253 4.22
55 1.37 88 0.07 131 0.97 254 0.48
56 0.40 89 0.20 132 0.33 255 0.19
57 1.18 91 2.94 133 0.05 269 0.02
58 2.95 92 0.20 135 0.01 341 0.03
59 3.66 93 0.55 137 1.39
60 0.60 94 0.18 138 0.07




AE287 46 (8.767)

No. 43.

189

100 > 3588096
i 155
‘|%Fs €9 175
51 195
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n/z Se 100 158 200 | 250  30M 350
________ RSP EE R
AE287 46 (0.767) 358.
------------------ e fmmemmcmmmmmmemmeee—gm--===s=-c-=--c-oscdoosesmesmEEET TN
Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
------------------- fmmmmmeemmmmmmmmm—egm—-m—m=-----somosoodko—oesooeomomS T
20 0.12 78 1.02 137 0.40 217 0.09
21 0.01 79 0.09 139 0.41 218 0.01
24 0.13 81 2.65 140 0.04 219 0.02
25 0.32 82 12 .44 141 0.46 221 0.07
26 0.90 83 0.61 142 0.03 222 0.01
27 2.28 84 0.04 144 0.40 223 0.02
28 1.91 85 0.06 145 0.21 225 0.10
29 1.91 86 0.03 147 0.66 227 0.19
31 8.11 87 0.11 148 0.02 229 0.02
32 1.64 88 0.23 149 0.06 231 0.02
33 2.31 89 0.41 151 6.28 232 0.04
34 0.08 90 0.50 152 0.19 233 0.09
35 0.09 91 4.91 153 0.18 235 0.02
36 0.12 92 0.19 155 61.64 236 0.01
37 0.56 93 1.78 156 3.25 237 0.18
38 0.76 94 0.34 157 0.93 239 0.05
39 2.63 95 1.61 159 1.81 241 0.03
40 0.52 96 0.15 160 0.12 243 0.31
41 4.11 97 0.03 161 0.07 245 1.48
42 45.21 98 0.01 163 0.10 246 0.09
43 100.00 99 0.11 165 0.01 247 0.02
44 12.44 100 0.74 167 0.04 249 0.03
45 3.80 101 0.73 168 0.15 251 0.07
46 0.66 102 0.04 169 0.11 253 0.04
47 1.19 103 0.04 171 0.06 255 0.02
48 0.11 104 0.07 175 47.03 256 0.04
49 0.66 105 0.05 176 2.48 257 0.01
50 3.91 106 0.16 177 1.48 259 0.01
51 27.17 107 0.57 178 0.10 261 0.01
52 0.42 108 0.39 178 0.21 263 1.47
53 0.86 109 1.03 181 0.06 264 0.09
54 0.09 110 0.09 183 0.02 265 0.05
55 0.83 111 0.10 185 0.06 267 0.02
56 1.02 112 0.85 187 0.05 269 0.02
S7 3.82 113 7.99 189 0.45 271 0.03
58 2.11 114 0.30 190 0.05 275 0.02
59 6.65 115 0.08 191 0.04 276 0.01
60 0.79 116 0.01 193 0.09 281 0.01
61 2.28 117 0.08 195 26.71 287 0.0S
62 0.67 118 0.01 196 1.29 289 0.02
63 4.88 119 0.13 197 0.16 291 0.01
64 1.50 121 0.18 199 0.04 293 0.01
65 5.45 123 0.04 201 0.03 294 0.01
66 0.19 124 0.07 203 0.02 295 0.08
67 0.36 125 0.34 205 0.04 301 0.02
69 44 .75 126 0.42 206 0.02 303 0.01
70 0.66 127 3.74 207 0.02 308 0.02
71 1.13 128 0.21 208 6.39 308 0.03
72 0.19 129 0.10 210 0.37 311 0.02
73 0.53 131 2.11 211 0.04 313 0.01
74 0.56 132 0.42 213 0.09 321 0.04
75 4.05 133 0.23 214 0.01 3129 0.03
76 0.63 135 0.84 215 0.02 331 0.01
77 10.73 136 0.05 216 0.01 345 0.05
AE287 46 (0.767)
__________________ USSR
Mass Rel Int | Mass Rel Int | Mass Rel Int
__________________ el mm e
349 0.18 369 0.02 390 0.01
350 0.02 389 0.12



No. 44.

AE339A 67 (1.117) ’
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n/z 50 169 150 200 250 3890 359
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------------------- P e R R R R Rl Kt i
Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
------------------- B e et R LR Lkttt
20 0.01 56 0.21 98 0.11 147 0.02
24 0.01 57 0.10 100 2.92 151 49.06
25 0.03 59 100.00 101 6.78 152 1.39
26 0.03 60 2.39 102 0.17 159 0.58
27 0.08 61 0.63 103 0.07 160 0.43
28 0.35 63 5.96 104 0.02 161 0.10
29 5.81 65 2.24 107 0.02 163 17.10
30 1.54 66 0.11 109 1.19 164 0.58
31 8.96 67 0.04 110 0.09 165 0.05
32 0.97 69 72.17 111 0.16 171 20.87
33 0.33 70 0.78 113 14.86 172 0.87
34 0.01 71 0.38 114 0.44 173 0.09
35 0.11 72 0.23 115 0.01 179 0.52
36 0.02 74 0.66 119 0.07 181 0.83
37 0.04 75 0.99 121 0.11 191 8.14
38 0.01 78 1.50 122 0.03 192 0.35
39 0.05 79 0.12 123 0.01 193 0.03
40 0.03 81 22 .88 125 0.11 209 0.04
41 0.03 82 21.34 126 0.03 211 12.74
42 0.09 83 0.57 129 16.86 212 0.55
43 0.56 84 0.04 131 3.80 213 0.05
44 2.30 85 0.02 132 6.04 225 29.72
45 1.67 86 0.03 133 0.34 226 1.61
46 0.04 87 0.02 137 6.28 227 0.15
47 1.30 88 0.02 138 0.24 243 0.01
48 0.03 91 6.34 139 0.02 261 0.01
50 3.15 93 2.68 141 0.44 279 0.56
S1 13.56 94 0.41 143 0.55 280 0.03
53 0.57 95 0.10 144 0.02 311 0.11
55 0.19 97 0.04 145 0.02 361 0.01
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No. 45.

AE32U°'89 (1.484) REFINE
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69
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------------------- fomcemmmmmm e esma-femmmemmem— - me-ooeecgoccsomo——mooo o
Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
------------------- B e i R Rl ittt
20 0.33 61 11.04 96 0.30 129 0.02
21 0.05 62 2.70 97 0.06 130 0.08
24 0.22 63 1.97 98 0.08 131 0.85
25 0.37 €4 6.12 99 0.16 132 3.05
26 1.12 65 2.70 100 0.94 133 0.60
27 1.98 66 0.16 101 0.83 134 0.02
28 6.03 67 0.69 102 0.03 140 0.05
29 38.58 68 3.39 103 0.04 141 0.29
31 100.00 69 32.99 104 0.01 142 0.46
32 6.22 70 0.45 106 0.02 144 0.12
33 15.36 72 0.16 107 0.02 146 0.03
34 ©0.30 73 1.49 109 0.06 150 0.42
35 0.06 74 0.33 110 0.12 151 0.77
36 0.11 75 2.92 111 0.24 152 0.02
39 0.23 76 0.52 112 0.97 158 0.00
40 0.09 78 0.36 113 8.88 159 0.04
42 3.90 79 0.50 114 0.74 161 0.11
43 1.47 - 80 3.46 115 0.85 162 0.69
44 4.16 81 4.47 116 0.03 164 0.16
45 6.06 82 13.07 117 0.01 165 0.67
46 2.44 83 1.33 118 0.01 175 0.01
47 1.65 86 0.01 119 0.04 177 0.02
49 7.58 87 0.03 120 0.00 181 0.06
51 39.59 88 0.03 121 0.01 190 0.02
52 0.70 89 0.02 122 0.27 211 0.02
53 0.49 30 0.12 123 3.43 223 0.11
54 0.04 91 1.10 124 0.16 228 0.02
55 0.54 92 0.49 125 0.02 243 0.08
S8 0.13 93 3.84 126 0.10 284 0.01
59 ~0.14 94 1.40 127 0.19 293 0.00
60 2.70 95 4.03 128 0.18 294 0.02
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No. 46.
AE373 369 (6.151)

100 55 684032
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83
%XFS
729 43 7€ 7689981 185 113 174
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M/z 29 40 68 180 120 140 160 188 200 | 22@
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------------------- B e e i R e R e il
Mass Rel Int | Mass Rel Int | Mass Rel Int | Mass Rel Int
------------------- T S Attt
20 0.21 69 17.96 116 1.30 162 3.26
24 0.03 70 1.86 117 2.10 163 2.96
25 0.16 71 2.66 118 2.54 164 0.53
26 4.19 72 1.09 119 6.74 165 0.83
27 44.91 73 2.40 120 2.73 166 5.28
28 22.31 74 0.83 121 4.87 167 16.17
29 41.32 75 7.11 122 1.54 168 4.38
30 1.02 76 2.07 123 4.23 169 1.16
31 6.62 77 8.87 124 0.62 170 0.91
32 0.68 78 1.55 125 1.22 171 1.11
33 0.94 79 8.42 126 18.56 172 0.31
34 0.07 80 3.71 127 5.80 173 0.85
36 0.02 81 33.08 128 1.29 174 38.32
37 0.52 82 17.07 129 6.44 175 6.21
38 2.06 83 53.29 130 0.53 176 0.93
39 34.13 84 5.35 131 5.88 177 0.74
40 6.55 85 5.28 132 1.07 178 0.06
41 86.83 86 2.62 133 2.92 179 0.17
42 17.66 88 3.41 134 2.03 180 0.08
43 27.54 89 3.52 135 1.67 181 2.26
44 2.03 90 2.30 136 1.94 182 11.83
45 1.47 91 5.43 137 2.23 183 1.24
46 0.36 93 5.91 138 0.33 184 0.39
47 1.88 94 1.65 139 12.13 185 0.07
48 0.25 95 9.09 140 21.41 186 0.15
49 0.74 96 2.28 141 12.28 187 8.76
50 2.01 97 7.86 142 1.87 188 1.05
51 8.98 98 2.47 143 6.40 189 0.50
52 1.72 99 7.37 144 0.65 190 1.14
s3 9.43 100 1.85 145 2.43 191 0.40
54 16.32 101 9.36 146 0.48 192 0.38
55 100.00 102 2.03 147 2.84 193 0.49
56 35.93 103 2.62 148 1.46 195 1.62
57 17.22 104 0.60 149 1.70 196 0.12
58 1.15 105 34.58 150 0.70 197 1.60
59 2.37 106 2.73 151 2.16 198 0.12
60 0.52 107 14.37 152 0.36 201 0.48
61 0.62 108 1.28 153 1.69 202 1.27
62 0.88 109 13.92 154 20.96 203 0.08
63 1.90 110 1.67 155 2.40 210 0.66
64 0.72 111 5.01 156 2.23 211 0.37
65 3.63 112 4.98 157 0.46 212 0.93
66 2.62 113 27.99 159 10.63 213 0.14
67 20.06 114 3.78 160 0.60 215 0.06
68 43.11 115 3.82 161 5.43 230 0.04
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Hass 7 Base Mass 7. Base
a0 94 17 Si 135. 81 0.37
41.94 18.70 137.79 1.60
42 94 33.80 138.79 8.98
43 91 37.05 F 152.77 19. 46
43 94 32.61 F 153.78 3.18
44 93 6.10 154.78 3.81
45 93 0.93 155. 80 1.19
46 92 177
49 92z 15 08
50 92 7 06
51 92 1.02
52 92 1.75
53.91 2.58
54 92 12.36
S5 92 4.65
56 92 0.93
57 92 1.84
58.93 119
59 91 1.64
60 91 1.02
6t.91 Q.61
62 94 1.78
63 91 2.97
64.92 0. 45
85 91 9 39
6G 920 2.60
67 90 12 23
66.89 100. 00
69.90 6.84
70 89 1.62
72.91 0.4}
73.89 1.78
74.89 2.21
76.89 .50
77.87 1.88
79.88 0.74
BO 86 0.63
81 §7 (I
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133 8y 6 87
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Appendix 4.

Crystallographic Data.

No. Name

1 5-hydroxy-5-trifluoromethylisoxazolidin-3-one (90)
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Table 1.

Identification code
Empirical formula
Formula weight
Temperature
Wwavelength

Crystal system
Space group

Unit cell dimensions

Volume
Z
Density (calculated)

Absorption coefficient

F(000)

Crystal size

Theta range forﬂdata collection
Index ranges

Reflections collected
Independent reflections
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-£fit on F"2

Fiﬁal R indices [I>2sigma(Il)}]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

Crystal data and stro.ture refinement for 1.

96srv051

C4 H4 F3 N O3

171.08

150(2) K

0.71073 A

Monoclinic

p2(1)/n

5.431( A alpha = 90 deg.

1)
21.709(3) & beta = 110.81(1) de
1)

a
b
C 5.493( A gamma = 90 deg.

605.4(2) A"3

4

1.877 Mg/m"™3

0.211 mm™-1

344

0.30 x 0.20 x 0.06 mm

1.88 to 25.61 deg.

-3<=h<=6, -24<=k<=24, -6<=1<=6
282°¢
1037 [R(int) = 0.0388]

None
Full-matrix least-squares on F"2

1032 / 0 7 117

1.159

Rl = 0.0381, wR2 = 0.0852
RlL = 0.0542, wR2 = 0.0991
0.031(6)

0.240 and -0.217 e.A™-3
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1s defined
Uleq)

U(eq)

and equivalent isotropic

( x 1074)
for 1.

(A%2 x 107°3)

Atomic coordinates

as one third of the trace of the orthogonalized Uij tensor.

displacement parameters

Table 2.
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Appendix 5.
Requirements of the Board of Studies

The Board of Studies in Chemistry requires that each postgraduate research thesis

contains an appendix listing:-

(A)  all research colloquia, seminars and lectures arranged by the Department of
Chemistry during the period of the author's residence as a postgraduate student;

(B) lectures organised by Durham University Chemical Society;
(C)  details of postgraduate induction courses;

(D) all research conferences attended and papers presented by the author during the

period when research for the thesis was carried out.
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Colloquia, Lectures and Seminars From Invited

1994

October 5

October 19

November 2

November 3

November 9

November 10

November 16

November 23

December 7

1995

January 11

January 18

Speakers
1994-1997

Prof. N. L. Owen, Brigham Young University, Utah, USA*
Determining Molecular Structure - the INADEQUATE NMR way

Prof. N. Bartlett, University of California*
Some Aspects of Ag(1l) and Ag(1ll) Chemistry

Dr P. G. Edwards, University of Wales, Cardiff
The Manipulation of Electronic and Structural Diversity in Metal
Complexes - New Ligands

Prof. B. F. G. Johnson, Edinburgh University*

Arene-metal Clusters

Dr G. Hogarth, University College, London
New Vistas in Metal-imido Chemistry

Dr M. Block, Zeneca Pharmaceuticals, Macclesfield*
Large-scale Manufacture of ZD 1542, a Thromboxane Antagonist
Synthase Inhibitor

Prof. M. Page, University of Huddersfield*

Four-membered Rings and b-Lactamase

Dr J. M. J. Williams, University of Loughborough*

New Approaches to Asymmetric Catalysis

Prof. D. Briggs, ICI and University of Durham*
Surface Mass Spectrometry

Prof. P. Parsons, University of Reading*

Applications of Tandem Reactions in Organic Synthesis

Dr G. Rumbles, Imperial College, London
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Real or Imaginary Third Order Non-linear Optical Materials

January 25  Dr D. A. Roberts, Zeneca Pharmaceuticals*
The Design and Synthesis of Inhibitors of the Renin-angiotensin System

February 1  Dr T. Cosgrove, Bristol University*

Polymers do it at Interfaces

February 8  Dr D. O'Hare, Oxford University*
Synthesis and Solid-state Properties of Poly-, Oligo- and Multidecker

Metallocenes

February 22  Prof. E. Schaumann, University of Clausthal*
Silicon- and Sulphur-mediated Ring-opening Reactions of Epoxide

March 1 Dr M. Rosseinsky, Oxford University

Fullerene Intercalation Chemistry

March 22 Dr M. Taylor, University of Auckland, New Zealand
Structural Methods in Main-group Chemistry

April 26 Dr M. Schroder, University of Edinburgh
Redox-active Macrocyclic Complexes : Rings, Stacks and Liquid Crystals

May 4 Prof. A. J. Kresge, University of Toronto
The Ingold Lecture Reactive Intermediates : Carboxylic-acid Enols and

Other Unstable Species

October 11 Prof. P. Lugar, Frei Univ Berlin, FRG
Low Temperature Crystallography

October 13 Prof. R. Schmutzler, Univ Braunschweig, FRG.
Calixarene-Phosphorus Chemistry: A New Dimension in Phosphorus

Chemistry

October 18 Prof. A. Alexakis, Univ. Pierre et Marie Curie, Paris*

Synthetic and Analytical Uses of Chiral Diamines

October 25 Dr.D.Martin Davies, University of Northumbria

Chemical reactions in organised systems.
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November 1

November 3

November 8

November 15

November 17

November 22

November 29

December 8

1996

January 10

January 17

January 24

January 31

Prof. W. Motherwell, UCL London*

New Reactions for Organic Synthesis

Dr B. Langlois, University Claude Bernard-Lyon*

Radical Anionic and Psuedo Cationic Trifluoromethylation

Dr. D. Craig, Imperial College, London*
New Stategies for the Assembly of Heterocyclic Systems

Dr Andrea Sella, UCL, London
Chemistry of Lanthanides with Polypyrazoylborate Ligands

Prof. David Bergbreiter, Texas A&M, USA*
Design of Smart Catalysts, Substrates and Surfaces from Simple

Polymers

Prof. I Soutar, Lancaster University
A Water of Glass? Luminescence Studies of Water-Soluble Polymers.

Prof. Dennis Tuck, University of Windsor, Ontario, Canada

New Indium Coordination Chemistry

Professor M. T. Reetz, Max Planck Institut, Mulheim
Perkin Regional Meeting

Dr Bill Henderson, Waikato University, NZ

Electrospray Mass Spectrometry - a new sporting technique

Prof. J. W. Emsley , Southampton University*
Liquid Crystals: More than Meets the Eye

Dr Alan Armstrong, Nottingham Univesity*
Alkene Oxidation and Natural Product Synthesis

Dr J. Penfold, Rutherford Appleton Laboratory,
Soft Soap and Surfaces
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February 7

February 12

February 14

February 21

February 28

March 6

March 7

March 12

March 13

April 30

October 9

October 14

Dr R.B. Moody, Exeter University

Nitrosations, Nitrations and Oxidations with Nitrous Acid

Dr Paul Pringle, University of Bristol
Catalytic Self-Replication of Phosphines on Platinum(O)

Dr J. Rohr, Univ Gottingen, FRG
Goals and Aspects of Biosynthetic Studies on Low Molecular Weight
Natural Products

Dr C R Pulham , Univ. Edinburgh
Heavy Metal Hydrides - an exploration of the chemistry of stannanes and

plumbanes

Prof. E. W. Randall, Queen Mary & Westfield College
New Perspectives in NMR Imaging

Dr Richard Whitby, Univ of Southampton*
New approaches to chiral catalysts: Induction of planar and metal centred

asymmeltry

Dr D.S. Wright, University of Cambridge
Synthetic Applications of Me2N-p-Block Metal Reagents

RSC Endowed Lecture - Prof. V. Balzani, Univ of Bologna

Supramolecular Photochemistry

Prof. Dave Garner, Manchester University*

Mushrooming in Chemistry

Dr L.D.Pettit, Chairman, TUPAC Commission of Equilibrium Data

pH-metric studies using very small quantities of uncertain purity
Professor G. Bowmaker, University Aukland, NZ
Coordination and Materials Chemistry of the Group 11 and Group 12

Metals : Some Recent Vibrational and Solid State NMR Studies

Professor A. R. Katritzky, University of Gainesville,University of
Florida, USA*
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October 16

October 22

October 22

October 23

October 29

October 30

November 6

November 12

November 13

November 18

Recent Advances in Benzotriazole Mediated Synthetic Methodology

Professor Ojima, Guggenheim Fellow, State University of New York at
Stony Brook*

Silylformylation and Silylcarbocyclisations in Organic Synthesis

Professor Lutz Gade, Univ. Wurzburg, Germany*
Organic transformations with Early-Late Heterobimetallics: Synergism and

Selectivity

Professor B. J. Tighe, Department of Molecular Sciences and Chemistry,
University of Aston

Making Polymers for Biomedical Application - can we meet Nature's
Challenge?

Joint lecture with the Institute of Materials

Professor H. Ringsdorf (Perkin Centenary Lecture), Johannes Gutenberg-
Universitat, Mainz, Germany

Function Based on Organisation

Professor D. M. Knight, Department of Philosophy, University of

Durham.
The Purpose of Experiment - A Look at Davy and Faraday

Dr Phillip Mountford, Nottingham University
Recent Developments in Group IV Imido Chemistry

Dr Melinda Duer, Chemistry Department, Cambridge
Solid-state NMR Studies of Organic Solid to Liquid-crystalline Phase

Transitions

Professor R. J. Young, Manchester Materials Centre, UMIST*
New Materials - Fact or Fantasy?
Joint Lecture with Zeneca & RSC

Dr G. Resnati, Milan*
Perfluorinated Oxaziridines: Mild Yet Powerful Oxidising Agents

Professor G. A. Olah, University of Southern California, USA*

Crossing Conventional Lines in my Chemistry of the Elements
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November 19 Professor R. E. Grigg, University of Leeds*
Assembly of Complex Molecules by Palladium-Catalysed Queueing

Processes

November 20 Professor J. Earnshaw, Deptartment of Physics, Belfast
Surface Light Scattering: Ripples and Relaxation

November 27 Dr Richard Templer, Imperial College, London
Molecular Tubes and Sponges

December 3  Professor D. Phillips, Imperial College, London
"A Little Light Relief”

December 4  Professor K. Muller-Dethlefs, York University
Chemical Applications of Very High Resolution ZEKE Photoelectron

Spectroscopy

December 11  Dr Chris Richards, Cardiff University*

Stereochemical Games with Metallocenes

1997

January 15  Dr V. K. Aggarwal, University of Sheffield*
Sulfur Mediated Asymmetric Synthesis

January 16  Dr Sally Brooker, University of Otago, NZ
Macrocycles: Exciting yet Controlled Thiolate Coordination Chemistry

January 21 Mr D. Rudge, Zeneca Pharmaceuticals*

High Speed Automation of Chemical Reactions

January 22 Dr Neil Cooley, BP Chemicals, Sunbury
Synthesis and Properties of Alternating Polyketones

January 29 Dr Julian Clarke, UMIST
What can we learn about polymers and biopolymers from computer-

generated nanosecond movie-clips?
February 4  Dr A. J. Banister, University of Durham
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February 5

February 12

February 18

February 19

February 25

February 26

March 4

March 5

March 11

March 19

From Runways to Non-metallic Metals - A New Chemistry Based on

Sulphur

Dr A. Haynes, University of Sheffield

Mechanism in Homogeneous Catalytic Carbonylation

Dr Geert-Jan Boons, University of Birmingham*
New Developments in Carbohydrate Chemistry

Professor Sir James Black, Foundation/King's College London*

My Dialogues with Medicinal Chemists

Professor Brian Hayden, University of Southampton
The Dynamics of Dissociation at Surfaces and Fuel Cell Catalysts

Professor A. G. Sykes, University of Newcastle
The Synthesis, Structures and Properties of Blue Copper Proteins

Dr Tony Ryan, UMIST*
Making Hairpins from Rings and Chains

Professor C. W. Rees, Imperial College*
Some Very Heterocyclic Chemistry

Dr J. Staunton FRS, Cambridge University*

Tinkering with biosynthesis: towards a new generation of antibiotics

Dr A. D. Taylor, ISIS Facility, Rutherford Appleton Laboratory
Expanding the Frontiers of Neutron Scattering

Dr Katharine Reid, University of Nottingham

Probing Dynamical Processes with Photoelectrons

* lectures attended
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First Year Induction Courses

This course consists of a series of one hour lectures on the services available in the

department.
Departmental Organisations - Dr. E. J. F. Ross
Safety Matters - Dr. G. M. Brooke
Electrical Appliances - Mr. B. T. Barker
Chromatography and Microanalysis - Mr. T. F. Holmes
Atomic Absorptiometry and Inorganic Analysis - Mr. R. Coult
Library Facilities - Mrs. M. Hird
Mass Spectroscopy - Dr. M. Jones
NMR Spectroscopy - Dr. A. Kenwright
Glass-blowing Techniques - Mr. R. Hart
Mr. G. Haswell
Research Conferences Attended
April 1995 North Eastern Graduate Symposium, University of Durham.
June 1997 11th Postgraduate Heterocyclic Symposium, University of Keele.
August 1997 15th International Symposium on Fluorine Chemistry, University

of British Columbia, Vancouver, CANADA.
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