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ABSTRACT

Takayuki Nakamura

The work described in this thesis is concerned with three areas which are
synthesis, nucleophilic reactions, and cycloaddition reactions of novel fluorinated cyclic

dienes.

1 Sodium amalgam has been investigated as an electromimetic medium to
reduce various fluorinated alkenes. It has been found that this can act as a single
electron transfer reagent and defluorinate a series of cyclic alkenes to yield their
corresponding dienes in good yield and conversion. Tetrakis(dimethylamino)
ethylene (TDAE) has also been found to be a suitable reagent. The chemistry of

these dienes, in particular (A) and (B), is then discussed.

2 A number of reactions with nucleophiles has been studied employing
novel dienes (A) and (B). Basically vinylic fluorine has been replaced to yield a
range of mono- or di-substituted preducts.

Reactions of fluoride ion sources with (A) and (B) have been studied.
Addition of fluoride ion sources to these dienes in a solvent forms their
carbanionic intermediates. That of (A) is very unstable and reacts further with (A)
to give its oligomers. However it can lead to the observable carbanion by reaction

of the precursor of (A) with TDAE. On the other hand, the carbanionic
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intermediate of (B) is very stable, being observed by 19F.NMR. These
carbanions have been characterised by various methods.

Numerous cycloaddition reactions have been attempted. Dienes (A) and
(B) did not undergo Diels-Alder reaction as diene because of their extremely
electron-deficient double bonds and their specific conformations. Diene (A) has
reacted as a dienophile with hydrocarbon dienes to yield the corresponding
cycloadducts. Addition of an excess of diazomethane to dienes (A) and (B) has
given rise to 1,3-dipole cycloaddition reactions forming their corresponding

diadducts, which have been identified as A2-dihydropyrazole derivatives.
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CHAPTER ONE



1 INTRODUCTION
1.1  General Intreduction

The history of fluorine chemistry is considerably more recent than that of the other
halogens. In the 1930's, there was a significant breakthrough with the application of
fluorinated compounds as refrigerants. This discovery gave impetus to research into the
preparation of organic fluorine compoundsl. In the following years the notorious
"Manhattan Project" was set up and in the USA, another epochal discovery,
polytetrafluorcethylene (PTFE), was made. Fluorine chemistry is increasingly explored
and applied in such widely differing fields as polymers, medicine and agricultural
chemisiry.

Fluorine is the only element which can, in principle, replace any number of
hydrogen atoms in a molecule because the van-der Waals radius of fluorine is the closest
to that of a hydrogen, and the C-F bond is one of the most stable bonds including carbon-
carbon bond. The development of numerous fluorination techniques has enabled one to
synthesise a large variety of compounds2.

Perfluoro organic compounds often have widely different physical properties and
certainly a quite different chemistry from the corresponding hydrocarbon compounds.
Remarkably, fluorocarbons have very similar volatility to the corresponding
hydrocarbons in spite of the increased molecular weight. Their effects may be attributed
to lower interaction between molecules. Reactions of unsaturated fluorocarbons have
been widely investigated. The chemistry has been compared with that of hydrocarbons
and so called 'mirror image' relationship has been exploited3. However, there are not
many reports concerning the reaction of fluorinated dienes. Most of them deal with the
reactions of perfluorohexa-1,3-diene, perfluorocyclopentadiene, and perfluorocyclo-
heptadiene, and particularly cycloaddition reactions!4, In fact there have not been many
suitable methods to synthesise fluorinated dienes.

This thesis will be concemed with a study of the synthesis of novel perfluorinated
dienes, a variety of nucleophilic reactions , some attempted cycloaddition reactions and
will compare the results with other systems that have been reported. In the following

review, the synthesis, structure and reactions of fluorinated dienes will be discussed.



1.2 Synthesis of Fluorinated Dienes
1.2.1

1.2.1.1 Metal induced coupling of fluorinated alkenes
Intermolecular dehalogenation of perfluoroalkyl and alkenyl halides has

been reporied using zinc in various solvents by several workers. For example,
perfluoroallyliodide (1) was coupled in dioxane by zinc to give perfluorohexa-1,5-

diene(2)3.

CF,=CFCF,Cl —nal acelone oo crcr,l (1)
30°C
Zn dioxane

(1) = CF,=CFCF,CF,CF=CF,
reflux @

(scheme 1,1)

Later it was reported that copper or mercury under UV irradiation also couple (1), giving
diene (2) in better yieldS.

Camaggi and coworkers? reported that 1-chloro-1,2-difluoro icdoethylene (3)
underwent a reductive coupling reaction when heated with copper bronze to yield 1,4-

dichloro-tetrafluorobuta-1,3-diene(4).

Ci F
N .
ﬂ F cis, cis ; 19%
Cl. F F Ci
I Cl F
I F copper bronze
<)) pp14 " F, cis, frans ; 51%
Cl. F 5 -
) o
F | F. Cl
F F trans, trans ; 30%
Cl F

(scheme 1,2)
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They further reported8 that two perfluorinated cyclic alkenyl bromides
1-Bromononaflucrocyclohexene (5) and 1-bromoheptafluorocyclopentene (6) also reacted

with copper bronze to give the corresponding coupled dienes (7) and (8) respectively.

N Br copper bronze 7NN
4, kit — @ @ 53%
NG 230°C 2days \/ SN

5 U

: H ,
M 72 AN KOH 7\ Br
T o 7 =
4 uv - H0 —
Br ©

copper bronze
© ppe ®

230°C 2days

79%

(scheme 1,3)

These reactions are analogous to the facile Ullmann reactions of electron deficient aryl
bromides and icdides.

When 2-icdoperfluoro-3-methyl-2-butene (9) was heated with copper bronze, the
highly hindered diene (10) was formed in good yield? but the interconversion of (10) to

its cyclobutene cannot be completely avoided.

CF. FsC CF
F3 copper bronze (CF3).C=C SC:::(CF | A Fsé éFa
200°C iday FaC 32 ’ =
) (10) 77%

C
(CFa)2C=C < |

FsC CF;
(scheme 1,4)

The copper bronze induced coupling reactions of 1,2-diicdoperfluorccycloalkenes
(11) were demonstrated by Camaggil9, yielding not only linearly coupled cyclic dienes,

but intramolecularly cyclised trienes and tetraenes (Scheme 1,5).



(scheme 1,5)
40%

The yield in each case, however, was not good because intermolecular coupling
was more favoured. Soulen and coworkers!! claimed that cyclic trimer and tetraomer
were predominantly obtained in greater yield when a trace of N,N-dimethylformamide
(DMF) was added.

Recently, Burton and coworkers12-15 have successfully synthesised the stable

polyfluorinated vinyl zinc, cadmium, and copper reagents.

RICF=CFXM —2MF__  RICF=CFMX + (RICF=CF)M + MXy
ri-=-60°C 80-80%
X =Br, | -80%
M=Cd, Zn (scheme 1.6)
RICF<CFMX + (RICF=CFlM + MY, C_‘t‘> RICE=CFCu (12)
r.t.
68-99%

These vinyl copper and zinc reagents, (12) and (13), can react with polyfluorinated
alkeny! iodides to give a variety of poly- or per-fluorinated dienes(scheme 1,6)16-18,
More recently it has been claimed19 that polyfluorinated cyclo-pentenyl copper reagent

(14) reacts with icdopolyfluorinated cycloalkenes to yield cyclic dienes (15)(scheme 1,8).



F R Ry=Rp=CF3,R3=Ry=F
F a _¢' %  RoRy=CFs,Ri=Rg=F
>___< >=< —_— RZ
C R I — R4 R‘]*’—‘-Rﬂ CF3 RZ %=F
v 4 Ry F Ry =Rg=CoFs,Rp=Ry=F
(12) Ro=Rg=CoF5,R1=R3=F
=R4=CoF5,R2=R3=F
= R
=4 i
F‘F<F H ﬁ% Fﬁ[ﬁ Ry=F,Rp=CF3
F l ZnX trglyme 40-75°C F- F 2 Ry=CF3,Ra=F
(13)
(scheme 1,7)
¢ DMF
| _(CF)p — 52-92%
In=1 4 (scheme 1,8)

1.2.1.2

Fluorinated alkenes react readily with tertiary phosphine to form various
products, depending on the position of the double bond in the molecule. Internal olefins,
such as perfluorocyclobutene and 2-perfluorobutene allow phosphine to attack at the
double bond and form the stable ylides20. Terminal fluorinated alkenes (16) under the

same condition lead to the corresponding fluorinated vinyl phosphoranes (17)21 .

Et,O
R-CF=CF2 + BugP f2 [ RICF=CFBuUsP]'F
-78°C = ri.
(16)
é (scheme 1,9)
Ri-C=C-PBuj
! | (17)
FF

An increase in electrophilicity of the double bond in internal fluorinated alkenes is
proportional to the number of perfluoroalkyl groups at the double bond, and changes the
reactivity with tertiary phosphine. Stepanov and coworkers22.23 reported that alkenes
containing three perfluoroalkyl groups at the double bond undergo a unique reductive

coupling in the presence of tertiary phosphines.



R =Ph, N(CHa)2

(scheme 1,10) / (19)
3

Compound(18) reacts with phosphines to give (19) in good yield. Reactions of
thermodynamic dimers of hexafluoropropene (20) with phosphines lead to perfluoro-2,5-
dimethyl-3-ethyl-hexa-2,4-diene (21). Isomerisation of (20) to the corresponding

terminal alkene (22) cccurs in the presence of phosphine (base), which is then attacked by

ylide (23) to give (21).
Scheme 1,11
F.C F ?2F5 Cst CF
PR F F
Oym§ BB ergeerg T y=(® o (craordero "
FaC (20) CaFs l F'(22) CaF7 l CaF,
(23) PR, J FPR,

| o

Fu__ CFa FaC__ CoFs oF
F (22) C4F7 F30>i2< °
(scheme 1,11) F C,F,

60%  (21)

They24 subsequently studied the reactions of various perfluoroalkenyl-
phosphoranes. For example, perfluoro-2-methyl-1-cyclobutenyl triphenyl-fluoro-
phosphorane (24) reacts with perfluoroalkenes to yield conjugated dienes. Several

reactions are illustrated in Table 1,1.



Table 1,1. Reaciions of fluorophosphorane(24) with various

fluoroalkenes
CF3)2C=CF.
( Aa)zc 2 75%
CH1CN
(CFa)2ZC=CFC,F, \
(24) — 20 H—c=cicr,  60%
CHaCN 0
A
{P>—CsFs
(24) Y — 60%
CH3CN
(24) 80%

However, it should be noted that compounds containing P-F bond have great

toxicity, and therefore they must be treated very carefully.

Elimination of two halogen atoms from two adjacent carbon atoms results
in the formation of fluorinated alkenes!. Dehalogenation of polyhalogenated alkenes with
zinc has been used extensively in the preparation of fluorinated alkenes. Haszeldine25

reported the synthesis of perfluorobut-1,3-diene (25) by dechlorination with zinc.



CF=CFCl + IC!

2CF,CICFCII

CF,CICFCICFCICFCl

CHC
BRI ——
Ho
= CF,CICFCICFCICFCI

—~ZD . CF=CFCF=CF, (25)

(scheme 1,12)

In the same year, the synthesis of perfluoroyclohexa-1,3-diene by dechlorination with

zinc was also reported?6, Some syntheses of fluorinated dienes are illustrated in Table

1,2.

Table 1,2. Dehalogenation of various fluorocompounds by zinc

FF

=" )=t

o o

(CF3)2C=CFCFCICFCI

CF,BrCFCICFCICFoBr

CFCI,CFCICFCICFl

CF2BrCFCICFCICF,CFCICF2Br

1.2.2.2

Defluorination

References
Zn
dioxane 27)
44%
Zn 28)
—— CF>=CF-CF=CF,
diglyme (25) 40%
Zn
—_— (25) 80% 29)
EtOH
Zn
+~ CIFC=CF-CF=CF, 30)
ROH
Zn
CF2=CFCFCICFoCF=CF235% 31 )
EtOH CF2=CF-CF=CFCF=CF» 65%

a) Thermal defluorination - thermolytic reactions have formed many applications in

organic fluorine chemistry32.33, Passage of fluorinated cyclic alkenes (26-28) over iron

at high temperature leads to the corresponding dienes (29), (8) and (30) respectively.



—_— 20% 34)
570°C

References
‘ ‘ Fe ﬂ!mgs \ A
/ / ’\//

Fe FN_JF|  60% 35)
500°C WV O\
(8)
CFy
L — /@_ ¢/ T a0%  34)
640°C N
(30) CFz

(scheme 1,13)

Chambers and coworkers36 reported that a smooth fragmentation occurs when
perfluorinated alkenes (31) and (32) were passed through a platinum lined tube or fresh
iron fillings at 540-700°C, giving diene (33), (34) and (35).

2F5 Pt FaC{ /CF3 FaC__CFs

> —=—= CC ={ + CFe + CdFg
3
FsCo - Fs 670°C C@( )\CFZ
E, Z isomers
(31) 59% 14% 39% 10%
Fe filings FaC . CFa FoC_OFs
] S 3
31 ———e + + (31)
e 540°C N N\—CF, FaC L CF
CF, CF3r3 N
(34) kF J + C3F15
Y
50%
F3C C F3 Fe F3C /C F3 F3C CF3
>0-c< 675°C 7N, F
FaC @2) CoFs FC™  CF, F3C F
35 F F
CF3 (35)
43% 10% (scheme 1,14)

Coe and coworkers37 demonstrated that the pyrolysis of perfluoro-4-ethyl-3,4-
dimethylhexa-2-ene (pentamer of TFE) (36) over glass beads at 500°C gave perfluoro-
2,3-dimethyl penta-1,3-diene (35) and its cyclised product.
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FaC c <CF3 glass beads FaC. CF3
FoCas O —mwe = 0+ TFL
FaC CoFs (3g) “F F
80% 10%

(scheme 1,15)

They have recently claimed flash vacuum thermolysis of (36) at 500°C led to the
same products in a different ratio38.

Defluorination of fluorinated alkanes and alkenes over activated carbon at high
temperature has been claimed by Du Pont39:40, providing their corresponding dienes.
When perfluoro-2,3-dimethylbutane (37) and (31) were heated at 300-400°C with
activated carbon, an amorphous carbon having high absorptivity for gases, vapours and

colloidal solids, diene (33) and (34) were obtained as the main products.

activated
n F30 CF3 FaC CF3

caol
(FaC)2CFCF(CFa) =" = "+ " >

300-400°C  F,C CF, FoC CF,

(37) 20% 20% (33)
activated F CF
F5C2>C§c {CFa cabon FaC—\ 72  20%
FaC CoFs 400°C CF:;\ CF3
E, Z isomers F
(31) : (34)

(scheme 1,16)

b) Defluorination by zinc - as described before, dechlorination by zinc has been
largely studied. However, defluorination by zinc has been rarely demonstrated. Recently
the defluorination of hexafluorobicyclo [4,4,0] deca-1-ene (38) by activated zinc powder

has been carried out in various solvents by Chinese researchers?1.



(38)

11

Zn dioxane 799%
700°C 10h °
— > + F
100°C 11h N
84%
Zn DMF a BN
80°C 2h + LW F Ul F
\
7%
Zn MeOH
— 34%
rellux 94h = °

(scheme 1,17)

The fact that perfluorodecalin could not be defluorinated under the same condition may

imply that at least one preexisting double bond is necessary for the defluorination.

c)

Defluorination by organometallic compounds - it was reported2 that bis(n®-
arene) chromium (0) could oligomerise perfluoropropene catalytically at room temperature

to give two dimers, two trimers, and the corresponding two defluorinated trimers. When

one of the trimers obtained, perfluoro-3-ethyl-2,4-dimethylpent-2-ene(39), was treated

with "Cr-H" species which was derived from p-CH3CgH4CrClo(THF)3/NaH or

CgH5CrCly(THF)3, the corresponding defluorinated dienes (40) and (41) were formed*3.

F.C. CF(CF
3 y=( (CF3)2 .
FsC CF,CF,

(39)

"Cr-H*

CaFs

: 78°Cm-:>rt = Fi-GC-0CF;  (40)
12h CF3
CaFs

FoC=C-C=CFCFs  (41)
&Fs

combined yield 25-86%
(scheme 1,18)
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It was suggested that the hydrogenation of (39) ocurred as the first step, being
followed by spontaneous elimination of two molecular proportions of HF to give the
dienes. It was also demonstrated that the hydrogen source for reductive defluorination of

(39) was to be considered in the ligand of the catalyst through 116-11! rearrangement.

/'—\\
«> S Y y—Cr-H

1 (scheme 1,18)

0

o g [:811)

n

3

This "Cr-H" species was used for defluorination of perfluoro -A9(10) decalin

[hexafluorobicyclo[4,4,0]deca-1-ene (38)] into the corresponding dienes43.

(scheme 1,20)

More recently, the researchers in Du Pont44 have reported that divalent lanthanoid
complexes MCp2*L (M = Yb, Eu, Sm; L = Et0 or THF, Cp* = 13-
methylcyclopentadienyl, L = THF) rapidly defluorinate a variety of fluorinated alkenes.
Each of the lantharoid complexes MCp2*OEty (M = Yb, Sm, Eu) and YbCp, OEt;
reacted with a trimer of hexafluoropropene (39) on its isomer in toluene at 25°C, yielding

dienes (40), (41) and triene (42).

CF,
F.C___ CF(CF .
3C)=<§ (((.;‘, 32 Mcgsiztao - FgC=C!-CI=CFCF3 +(40) + (41)
F F,CF
3 (39) 7 2¥73 C=CF,
FsC (42) (scheme 1,21)

The driving forces for such reactions should be a negative reduction potential of

the metal ions, augmented by the formation of a very strong lanthanoid-fluorine bond.
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1.2.3 By fluoride ion induced isomerisation
Thermal equilibrium exists between perfluorocyclobutene (43) and
perfluorobute-1,3-diene (25), as it does with the hydrocarbon analogues but is

predominantly on the side of perfluorocyclobutene, which is opposite to the case of the

hydrocarbons45.46,
" F,C, ,CF
7] 2%y g2
F/ F F (scheme 1,22)
(43) (25)

When caesium or potassium fluoride are used at moderate temperature,
perfluorocyclobutene (43) is converted into perfluoro-3-butyne4’. Heating trimer of
hexafluorobutene48(44) with caesium or potassium fluoride at 300°C gives the

corresponding isomer (45) quantitatively49.

] quantitatively

CFj
(45)

(scheme 1,23)

More interestingly, passage of dimer (26) over potassium fluoride at 510°C gives

(46) in ca. 70% yield%.
:: C F CF, Fr < ,CF; @
: ?CFz : - <!\'>=CF2 ‘ N-CF,
(26) F F F‘) F

F
F 2C N CF3
F

(scheme 1,24)
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Perflucrohexa-1,5-diene(2) is readily isomerised by caesium fluoride at room

temperature to give perfluorohexa-2,4-diene quantitatively30,

CsF , .

CFFCFCFQConFGCFZ -=-=fl> CF3CFDCF-CFGCFCF3 C!S, cis ’ 2%
@ < 100% cis, trans ; 64%

° trans, trans ; 14%

(scheme 1,25)

1.24 By cycloaddition
The thermal cycloaddition of 1,1,4,4-tetrafluoro-buta-1,3-diene (47) with

tetrahaloethylene lead to the 1:1 adduct. Dehydrohalogenation was carried out with AgaO
in EtOH to give (48), which further reacted with chlorotrifiuoroethylene at 185°C,
yielding fluorinated bicyclobutenyl derivatives (49)31.

H
CH=CF, 200°C_ F2 CH-CF, Ag0 F CH=CF,
| + CFelXY =2 — T
CH=CF, Fr—X EIOH  F;
47) Y
X,Y:ClorBr 60-80% 55% (49)

CF=CFCI J] 185°C

{scheme 1,26)

1.2.5 By fluorination of hydrecarbons

Potassium tetrafluoro cobalt is milder than cobalt trifluoride for
fluorination of benzene and some aliphatic compounds32. Coe and coworkers33.54
reported a variety of methods for the fluorination of hydrocarbon aromatics by KCoFj,

which led to some unsaturated fluorocarbons, including dienes.



(scheme 1,27)

1.2.6 By decarboxylation

Haszeldine33 reported that pyrolysis of anhydrous disodium octafluoro

adipates (50) gave a perfluoro-but-1,3-diene (25).

NaO>CCF,CFoCF.CF2COoNa 4 CF,=CFCF=CF;
(50) (25)
(scheme 1,28)

This method has been applied to the synthesis of perfluorovinylethers and

divinylethers36, which are nowadays very important for fluoropolymer industries.

1.2.7 By chain-extension reaction

Chain-extension or hemolongation reactions are widely demonstrated in
organic synthesis. Burton and coworkers37.38 have claimed the first example of a
difluoromethylene (CF2) chain-extension reaction that retains the precursor functionality
to give fluorinated dienes.

When bromodifluoromethyl triphenyl phosphonium bromide (51), which is
formed by the reaction of dibromo-difluoromethane and triphenyl phosphine39, is treated
with 2-phenyl fluorobutene (52) in the presence of mercury, the chain-extended
phosphonium salt (53) is formed in good yield. Subsequent hydrolysis of (53) with HyO

gives mainly 3-phenyl-perfluoropenta-1,3-diene (54).
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Scheme 1,29
H
[PhaPCF2BrIBr &+ CF2=C(Ph)CF2CFa ﬁ [PhaPCF,CF=C(Ph)CF2CFa]Br
(51) (52) 3 (83)
H20

CF2=CFC(Ph)=CFCF3

(scheme 1,29) E:z; 8:1 69
combined yield 62%

Furthermore, they have applied this idea to another synthesis of flucrinated dienes

via an analogs of the Wittig Reaction®0. Fluorinated dienes (55) reacted with an excess of

triphenyl-phosphine and dibromo-difluoromethane to give the respective diene (56) and

enones (57).

1.3

RC(O)(CF2nC(O)R + XS PhgP + XS CFaBrp
(35)

70°C
F2C=C(R)(CF2)aC(R)=CF2
n=2, tetraglyme 56
R = CeHs, CoHs (56)
(scheme 1,30) + FoC=C(R)(CF2):.C(O)R

(87)

Structure of Fluorinated Dienes

Perfluorobuta-1,3-diene (25) is the simplest fluorcarbon having a conjugated

double bond and is a model of linear perfluoro conjugated oligomers and polymers.

Therefore the structure of this diene has been investigated for many years61-69, being

compared with that of buta-1,3-diene, which has two energy minima - a trans form and a

skew cis form with torsion angle 30-409, (s-cis is defined as 0° and s-trans as 1800)61.62,

The first report of vibrational studies63 concerning diene(25) implied that the trans

form does not exist, but was not able to observe the difference between the s-cis and

skew-cis form. Brundle and Robin64 suggested their photoelectron and UV spectra

supported a nonplanar structure and predicted a torsion angle of 420 + 15° (C=C-C=C

dihedral angle). An electron diffraction study by Bauer and coworkers®5 was also

consistent with a skew structure and the dihedral angle was calculated to be 47.49 £ 2.49,
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Recently, the vibrational spectrum of (25) has been assigned and is consistent with

gauche structure (skew cis structure)65,

5
ﬂ 7/ A\ \\
trans (Cyp) cis (Cyy) skew cis

The structure of (25) has also been examined by theoretical calculations67-69,

Most of their results are consistent with those by spectroscopic studies.

Reactions of nucleophiles with fluorinated alkenes are among the most important
reactions in organic fluorine chemistry and they have been extensively investigated!-3. In
contrast, those of fluorinated dienes have not been investigated thoroughly.

In this section, some illustrative examples of reactions of fluorinated 'cyclic' and

‘acyclic’ dienes will be described.

1.4.1

Nucleophilic addition of primary alcohols to perfluorobut-1,3-diene(25)
were reported for the first time by Knunyants and coworkers’0, who reported that, for
example, the addition of ethanol to (25) in the presence of catalytic amount of
triethylamine afforded 1-ethoxy-1,1,3,4,4,4-hexafluoro-but-2-ene (58) (1,2-addition)”!.
They assumed that triethyl-amine not only catalyses the addition of alcohol to (25) as

base, but causes isomerisation of the original product (59) into (58).

 ERN
CFp=CF-CF=CFy — 2" CF,=CF-CFHCF,0R
(25) addition (59)
| Ewn
L CF3CF=CHCF,OR
isomerisation (58)

(scheme 1,32)
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Recently, however, Dédek and coworkers’2 demonsirated that the addition of
ethanol to (25) was more complicated in the presence of sodium alkoxide as a catalyst.
According to their study, the nucleophilic addition of ethanol to (25) gave a mixture of
ethyl-4-ethoxy-3,4,4-trifluoro-2-butenoate (60);43%, diethyl-2-fluorofumarate (61);
18%, and diethyl-2-ethoxy-2-butenediocate (62);32%. Similar products were obtained by
the addition of methanol to (25), catalysed with scdium methoxide.

ROH
CFo=CF-CF=CFp —— = [ROCF,CHFCHFCF,0R]

(25)
RONa \ll HF

[ ROCF,CF=CHCF,OR

i H.0
ROH
ROCF»C(OR)=CHCOOR <——— ROCFCF=CHCOOR
J] Hgo . é H2O
ROOCC(OR)=CHCOOR ROOCCF=CHCCOR
(62) (61)
(scheme 1,33)

The reactions consist of the sequence addition, elimination and hydrolysis. They also
studied the nucleophilic reactions of non-conjugated fluorinated diene and triene with
various oxygen containing nucleophiles?3.

Perfluoro-2,3-dimethylbuta-1,3-diene (33) reacted with an excess of methanol to

give a 1,2-addition product (63);17%, and a substitution product (64);39%74.

FaC C F3 MeOH FgC CF3 F30 CF3

+ H
FoC°  CF; F2C"H CF,OMe F,C© “CFOMe
(33) (63) (64)

17%  (scheme 1,34) 39%

1.4.2

Perfluorobut-1,3-diene (25) is readily isomerised by fluoride ion to
hexafluorobutyne. Similarly, perfluorc-penta-1,4-diene(66) is converted into the

corresponding internal isomer’5.
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F
FoC=CF-CF=CF
2C (25) 2 no solvem
FoC=CF-CF2-FC=CF. F
2= 2-r=lra
(66) no solvem
F
FoC=CF-CFoCFoCF=CF —m——t>
(2)

F3C-C=C-CF3

(65)
FsC-C=C-CoFs
F3C-FC=C=CFCF3
F3C-FC=CF-CF=CF;

FaC-CF=CF-CF=CF2

(67)
(scheme 35)

Perfluoro-hexa-2,4-diene (67) can be obtained quantitatively by the fluoride ion induced

isomerisation of perfluorohexa-1,5-diene (2)7.
In the case of perfluoro-2,3-dimethylbuta-1,3-diene (33), however, dimerisation
occurs very readily in the presence of caesium fluoride, giving dimers (68) and (69)77.

The ratio of (68) and (69) is temperature dependent.

FsC. CFa FaC_ CFs FsC__ CFy
F,C7 gcﬁ=2 = £c” %, o0’ :CFa
(33)
/(3/3) (33) ‘l
FiC.  CF, F>:/§Ci?<ﬁ__
FC”>CF, F F7 ==
CFy —" FaC CF, CFsy
F.C=(_CF =
20=CEFs F:C~ CFy
J] cis, trans (68)
CFLF
FiC F CFy FC L IF
Fa Xy~CFs3 FaC— CF,
F.c” F CFa FaC
(69)

(scheme 1,36)
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1.4.3 timony pentafluoride

It was reported by Russian workers’8 that the double bond in higher
perfluoroalkenes is readily shifted from position 1 to 2 in the presence of antimbny
pentafluoride. In the same manner, perfluoroocta-1,7-diene (70) isomerises
quantitatively at lower temperature to perfluoroocta-2,6-diene (71), with the preferred
trans-trans structure’s,

When (71) is heated with three molar equivalents of antimony pentafluoride at 90-
100°C, (71) is internally cyclised to give (72).
F2C=CF-(CF3)4-CF=CF2 i@ FaCCF=CF-CFoCF2-CF=CFCF3

(=)
70 5-10°C o

3sm=sj] 100°C

Fs5Ca

(scheme 1,37)

They subsequently reported that a variety of perfluorcdienes underwent the same
isomerisation and intramolecular cyclisation on heating with SbFs80. They proposed the

reaction mechanism of these reactions as follows:

SbFs SbFs

(711) ——=== F5Cp-CF=CF-CFo-CF=CF-CF3 (73)

\st

(70)

F
FaoonF
R SbnFsn.1
FsCo” g g’ "CF3

(74)

(scheme 1,38)
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The first and second stages are clearly the isomerisation of (70) into (73). At the
next stage, the perfluoropentadienyl cation (74) is generated by an excess of SbFs,
followed by 1,5-cyclisation and another isomerisation giving (72)80.
When perfluoropenta-1,3-diene (75), which is obtained by the isomerisation of
perfluoropenta-1,4-diene (66) by SbFs, is heated with an excess of SbFs, it does not
afford intramolecular cyclisation but cycledimerises®0 to give (76).

F
FoC=CF-CFa-CF=CFs —> 8.  FyC-CFCF-CF<CF;
(€5) (75)
exces$\_90 -100°C
Sbfs
cF, 13
ES 2 g F
FT\
CFy I F
CF3

SbFsg i 80 -100°C

FaC_ CoFs

(scheme 1,39) =i
0=
CFy I-F

CF
76 O
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2 THE SYNTHESIS OF FLUORINATED DIENES
2.1 Introduction
2.1.1 Qligomerisation of ﬂg‘orinated alkenes

Fluoride ion induced reactions of fluorinated alkenes have been extensively
investigated! because:

(a) These reactions form an analogy with reactions between protons and

unsaturated hydrocarbons.

(b) A carbanion is generated during these reactions which was first
established by Miller and coworkers81, and was later shown as a very good
method to build up  carbon-carbon bonds.

For example, tetrafluoroethylene is readily oligomerised in the presence of
fluoride ion to give a range of oligomers82:83, The system is quite complex, as illustrated
in Scheme 2,1.

Hexafluoropropene is also oligomerised by fluoride ions to yield a variety of
oligomers34.85,

Chambers and coworkers86-88 have demonstrated a variety of reactions of
fluorinated cycloalkenes induced by fluoride ion, e.g. oligomerisation and co-
oligomerisation of fluorinated cycloalkenes, giving very interesting fluorinated alkenes.
Table 1 illustrates some of their studies.

Among them, dimers of perfluorocyclobutene(43) and its isomer (26) are
particularly interesting because of their angle strain and susceptibility to nucleophilic
attack. Dimer of perfluorocyclopentene (27) can be considered to have less angle strain
than (26). This part describes the synthesis of some fluorinated cyclic alkenes as the

precursor for diene synthesis.



Scheme 2,1

e
CFp=CF, === CFsCFy @

@) (b)

——=  CF3CF2CF.CFy’

23

—F o CFsCF,CF=CF,

-Fé] Sn2'
oC o =— >c-c< B crycrecrers
FsC~ “CF, CoFs -~ ()
FaC (b) F
© /[ -F
Fsc CF3 (c) Fac CF3
FiC—CF2 c=c o Fac/czz} = <CzF5
FoC” “Ig:F2 FoC” /ch
FoC FoC
F - @ -
CFaCF=CF, === (CFg))CF ——== (CF3):CFCF,CFCF3
(@) () \f
FaC F F' (CF3),CF. F
>CCFZCF2CF3 - >c..c< YN ee <
Fa Cst F CF3
F.‘"x @] F
FiC CF(CF3),
Focd Yec
CF,CF,CF, FoC C.Fs (39
(e)! F Fji
(CF4),CF CF,CF,CFy F CF(CF), T (CF3)2FC CF(CFy),

(scheme 2,1)
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Table 1. Oligomerisations Of Various Fluorinated Alkenes

Substrate Conditions Products Reference
CsF 1.t 34)
CsF, 125°C 86)
sulpholane

CsF, r.t.
+ DMF 34)
CsF, 150°C 34)

DMF
2.1.2 Redugctive defluorination

The double bond of the fluorinated alkenes is extremely electron poor,
therefore it would not be very difficult to accept an electron on the anti-bonding orbital of
the double bond. For example, an electron transfer may take place at the cathode on
electrochemical reduction or on contact with an electron donating reagent?3. Both of
these applications have been explored in the present work as a possible route to dienes by

defluorination.

2.1.2.1 hemi flyorinati
Pedler and coworkers3? reported that perfluorocyclohexa-1,3- and -1,4-
dienes can be defluorinated by electrolytic reduction at a mercury cathode to give

hexafluorobenzene in high yield.

@ ™ . " ) +2e” )
‘ ————
G . H g + 2F (scheme 2,2)
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They suggested the following mechanism for the reactions involving a

series of one-electron transfer steps.

D NN - - N

I/ N - \l - /\\

| Fll =2X2- F 2 [ F)
X X~ ° ° X

J]

(Scheme 2,3) - @
N e x>

Knunyants and coworkers23 claimed that cathodic reduction of perfluoro-2-
methyl-2-pentene (20) leads to 2-hydro-perfluoro-2-methyl-3-pentene (79) in a proton
donating medium or to the reductive coupling dimerisation to give two products (81) and
(82). The proposed reaction mechanism includes (i) a transfer of an electron to (20), (ii)
the simultaneous elimination of flucride ion giving the radical (77), and (iii) another
transfer of an electron, generating the allylic carbanion (78).

In order to stabilise (78), either a proton may be abstracted from the solvent to
give (79), or (78) may be attacked by the starting alkene in aprotic solvent accompanying
an internal nucleophilic substitution reaction to give (80). Compound (80) is further

isomerised by fluoride ion or defluorinated, yielding (81) and (82) respectively.
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Scheme 4
F T ) ﬁu= .
(FoClaC=CFCFs ‘=+§=‘> [(Fac)zcﬁ == CCF3 ] e [(Fac)zCﬁCﬁCCFs ]
20 (81) (82)
(F3C),C=C=CFCF3 (F3C)2CH-CF=CF-CF3 (FaC),C=CF-CF-CF
i (FaC)2C-CF-CoF:
(F3C)2C=CF-CF=CF, 3 2Fs
l-F-
(FaC)2CC=C-CF3 - (F3C)2C=C-CF-CF3
(85) | | -
(FaC)2C-CF-CoFs (F3C)2C-CF-CoFs
(84)
(F3C)2C=C-C-CF3 .
(86) o2 |
(FaC)2C-C-CyoFs -2F

No further defluorination of (78) occurred to give the corresponding diene or

allene.

Electrochemical reactions of fluorinated compounds have also been studied in this
laboratory?0-91, It should be noted that lustrous blue-black polymers were obtained by
the electrochemical reactions of perfluorocyclobutene(43) or pentene(86), and
mechanisms involving electrochemical defluorination have been suggested92. Also low
yields of diene (34) were obtained in the electrochemical reduction of the tetramer (31). It
is extremely difficult to control the reaction conditions accurately and perform preparative-
scale electrochemistry, therefore we have explored chemical methods for defluorination

that would ‘'mimic' electrochemistry involving electron transfer processes.
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[ 7 :
0 @ ( - z> ELN
(43) 3 n
= [N o]
Fl LaN*
(86) 3 = 3 n

(i) PtorHg cathods, divided cell, CH3CN or DMF. EtyNBF4

(i) -1.9V(saturated calomel electrods)
(scheme 2,5)

2.1.2.2 Defluorination by el n donatin n

Russian researchers23 have shown that scdium-naphthalene, defluorinates
and dimerises (20) in monoglyme to give the same product (81) and (82) (see Scheme
2,4). Recently Chinese researchers?! have claimed that activated zinc can defluorinate
some fluorinated cyclicalkenes to give the corresponding defluorinated products. These
reagents probably donate electrons to fluorinated substrates, causing defluorination. We
have explored the pyrolytic defluorination of cycloalkene derivatives (26) and (27)34.35
(see Chapter 1), but this approach can be limited on scale-up, more seriously
accompanied by fragmentation and isomerisation.

Following, however, is an effective electro-mimetic procedure to synthesise

fluorinated dienes using sodium amalgam91.93,
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2.2 Discussion
2.2.1 Preparation of the diene precursor
2.2.2.1 Oligomerisatiqn of perfluorocyclobutene

There are two reactions to provide the diene (26); either with caesium
fluoride or with pyridine from perfluoro cyclobutene(43)34.86.87, As reported previously,
pyridine-induced oligomerisation gave dimers (26) in better yield than fluoride ion. The
mechanism of pyridine and fluoride ion induced oligomerisation is shown in Scheme
2,634,86,88
The reason the pyridine induced oligomerisation gives the dimers (26) in better yield can
be explained as follows:

@) The reaction rate between the ylide (83) and the dimer (26) can be limited
by steric hindrance; therefore the reaction rate of generating timer (44) is fairly slow.

(ii) The carbanion (84) is readily generated by fluoride ion and is very stable.
This can be observed by 19F-NMR at room temperature?4. Therefore (84) readily reacts
with perfluorocyclobutene to give trimer (85). It should be pointed out that each system
gives a different trimer. It was reported that fluoride ion induced oligomerisation of (43)
leads to trimer (85) and a small amount of its isomer which had not been fully
characterised (87). In the present work this was separated by preparative gas
chromatography and characterised by 19F-NMR as trimer (44). It was probably
produced via the following pathway (scheme 2,7).

The ratio of trimer (44) and (85) by fluoride ion is dependent on the reaction

conditions.
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(scheme 2,6)

Scheme 2,7

2.2.1.2 Dimerisation of perfluorocyclopentene

According to the literature88, perfluorocyclopentene (86) is dimerised in

sulpholane at 125°C to give perfluoro-bicyclopentylidene (27) in high yield (~ 80%).
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Indeed, the reaction proceeded very well if it was done using a Carius tube and an oil bath

rotation system (yield ~ 75%).

CsF, 125°C
—
sulpholane

(scheme 2,8)

However, when the reaction was scaled up using an autcclave under the same conditions,
the yield was very poor (less than 30%) in spite of using dry caesium fluoride and dry
sulpholane.

The reason was probably inadequate agitation. In the rocking system good

agitation could not be achieved.

2.2.1.3 Co-oligomerisation of perfluorocyclobutene and perfluorocyclopentene

Perfluorocyclopentene (86) does not form oligomers with pyridine34.87
because the fluoride ion which is produced could either lead to ylide formation or may
also attack a carbon adjacent to nitrogen causing ring opening of the pyridine ring to
mainly give a black tar. However, a mixture of (86) and other perfluoroalkenes in DMF
using pyridine gives a range of oligomers34.87. As reported previously pyridine induced
reaction of (86) with perfluorocyclobutene (43) at room temperature to give (87) and
oligomers of (43). _

The isolation of (87) was attempted by distillation from the reaction mixture but it

has not been very successful (no more than 83% pure).
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(\7 pyridine
-/ —_— v =mi> formation of ylide
(86) | \ \
pyridine ring opening

— pyridine , r. 1.

excess (86)) + ‘i ——r Y— + oligomers of (43)
L DMF

[(26) +(44) ]

(43) (87)

overall yield 8% (scheme 2,9)

This product would be expected to be intermediate in reactivity compared with

compounds (26) and (27). It would, perhaps, be interesting to confirm this.

It was reported®! that potassium amalgam is able to reduce fluorinated
cycloalkenes such as (43) and (86) to give blue-black coloured polymer in the same
manner as those demonstrated electrochemically. We have recently developed a new
defluorination system using sodium amalgam91.94.95, This Chapter describes more
investigation of this system and some other attempted defluorinations of fluorinated

alkenes which have been described in 2.2.1.

a)
butvlidene (26) - reduction of (26) with sodium amalgam caused defluorination
to give perfluorobicyclobut-1,1"-enyl (29) in 83% yield, 98% conversion. The reaction

was extremely exothermic. The mechanism for this reaction is shown in Scheme 2,10.



(scheme 2,10)

" (29)

One electron transfer from sodium amalgam to (26) may produce the radical anion
(88) and, simultaneously, a fluoride ion is eliminated. Another electron donation causes
one more elimination of a fluoride ion to give (29). When the reaction was completed, a
fine black solid was produced on the top of the mercury layer. This would probably be a
mixture of sodium fluoride, mercury and the carbon black which was produced by further
defluorination of a small amount of (29). The same black solid was obtained by

defluorination of other alkenes.

- compound (27) was

defluorinated by sodium amalgam to give perfluorobicyclopent-1,1'-enyl (8) as the only

product.
_ Na/Hg conv. 97%
- L ' ] yield 84%
27) (8) (scheme 2,11)

The reaction may proceed in the same manner as that of (29).
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uction of perfluoro-1-cyclobutylidene-cyclopentene (87) - a mixture of 80%

(87) and 20% (26) underwent defluorination with scdium amalgam to yield a mixture of

perfluoro-1-cyclobutenyl-1-cyclopentene (89) and (29).

(87)

conv. 92%

(scheme 2,12)

d) Reaction conditions - in order to optimise the yield of dienes, a series of

experiments was carried out, altering the reaction conditions. The ratio of sodium to

mercury was kept at 0.49-0.60 w/w % which has been shown to be the optimum ratio?>.

When the ratio of sodium to fluorinated alkenes (26) or (27) was in the range of

2.5:1 - 2.8:1, both the yield and the conversion seemed to be maximised. In addition the

following should be taken into account.

®

(ii)

(iii)

@iv)

)

e)

There is a 1V difference of reduction potential between alkenes (26), (27)
and the corresponding diene (29), (8)91.

The dienes themselves will react further with sodium amalgam if an excess
is present.

The selectivity is remarkable because, in principle, we would not
anticipate isolating such high yields of the dienes.

The process is

alkene .
diene

ne/He diene decomposition products

(vigorous after the initial stage)
Therefore an excess of alkene present over diene is essential.
The points indicated above explain why it is necessary to add the alkene all
at once to the Na/Hg. This severely restricts the scale of the process for

safety reasons.

i f ienes - the dienes (29) and (8) have been purified by

preparative gas chromatography but this method is very inefficient and very time
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consuming. Interestingly, it was found that the dienes (29) and (8) have their melting
points at ca. 0°C and 5°C respectively. Their precursors have lower melting points (less
than -10°C). Therefore, (29) and (8) can be readily purified by cooling down in either a
refrigerator or a freezer. For example, the mixture of (27) and (8) (ratio 52:48) was
cooled down to -15°C and kept for ca. 2 hours. Compound (8) gradually crystalised and
was isolated by filtration at lower temperatures (5:95) . Compound (29) was also purified

by the same procedure.

f) Reduction of other fluorinated cycloalkenes - reduction of other fluorinated

alkenes such as (44) and (85) with sodium amalgam was attempted. In each case only
starting material was recovered. The reaction itself was exothermic and a black solid was
produced. A small amounts of the substrates would be defluorinated first and
subsequently further reduction must have occurred to finally give a carbon black. These
two alkenes have higher reduction potentials than (26) and (27)°1, and therefore it is more

difficult to do defluorination.

Na/Hg

—_— 60% recovery of (44)
Na/Hg
85% recovery of (85)
(scheme 2,13)
2.2.2.2 Zinc in defluorination

As described before, it has been reported*! that activated zinc can be used
to defluorinate perfluorobicyclo{4.4.0]dec-1(b)-ene (38) to give a variety of the
defluorinated products. Zinc plays a role as an electron donating reagent.

Zinc induced reduction of (26) and (31) was attempted using dioxane as solvent.
Zinc was activated by HCl/acetone before use. At room temperature and 80°C no reaction

occurred.
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activated Zn

no reaction 50% recovery
dioxane , r. t.— 80°C

FaC C.F i
® >C=C<i 2's activated Zn—°:> no reaction  67% recovery
FsCs dioxane , r. t-—280"C
E, Z isomers (31) (scheme 2,14)
2.2.2.3 The is(dimethylamino)ethylene(TT m

Tetrakis(dimethylamino)ethylene (TDAE) (90) and its analogs are known
as strong electron donating agents?7.98. Therefore, the chemistry of these compounds is
dominated by redox reactions. They give up some of their electrons to an oxidising

agent.

MegN NM92

MeoN NMe
2 (90) 2

Oxidising agents such as halogen96.99, silver!00, carbon tetrachloride??, and
tetracyanoethylene99 (TCNE) withdraw two electrons from TDAE (90). TDAE (90) is
then converted into the corresponding dication TDAE2+ (91), the octamethyl-
oxamidinium ion. For example, when TDAE (90) and TCNE (92) are mixed in

acetronitrile at 0°C, octamethyl-oxamidinium bis(tetracyancethylenide) is formed99-

(HiC)N___ N(CHy)2  TCNE (92) [ (HCloN,_ + N(CHy), NC CN]
——

(H3C)N N(CHy),

(HaC)oN N(CHg), NC CN
(90)

(81) \L

2+ -

H,C)oN N(CH
(scheme 2,15) ( (Hy )ZQH,( a2 ) <NC>=<CN)
2

(Hac)zKl N(CHa)z

TDAE?* (91)
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It was also reported 101 that TDAE (90) reacts with polyhalogenated compounds
either by replacing a singlcz‘halogen atom with a hydrogen atom or by removing two
vicinal halogens to form the corresponding alkene. Dechlorination of perchloroethane
takes place in the analogous manner to the sodium amalgam system; two sets of electron
transfer and subsequent elimination of chloride ion. The relative ease of halogen removal
appears to be in the order of I > Br > Cl > F and increases with the number of halogens
attached to a given carbon7.

This analogy prompted us to study if TDAE (90) can defluorinate

fluorinated alkenes or even fluorinaied alkanes.

2.2.2.4 Reduction by TDAE (90

(a) Reduction of perfluoro-3.4-dimethyl-hex-3-ene (31) - compound (31) can be
defluorinated by sodium amalgam to give the corresponding diene (34) in 70%
yield91.93.95. Remarkably, TDAE (90) defluorinated (31) in dichloromethane at 0°C to
give (34) in 64% yield. The addition of TDAE to (31) in CH2Cl; caused an immediate
colour change to dark red. When the solution was allowed to stand at room temperature
the colour gradually turned to orange. More interestingly (34) was separated as a bottom

layer and was readily collected.

"5 eac {CZFS TOARE0) [P conv. 95%
F502> CFs CHChL, 0°C ==r.t. FiC~/ N\ -CF, vield 64%
i F F
Z, E isomers

(31) (34) (scheme 2,16)

The mechanism for this reaction is outlined in Scheme 2,17.

The one electron transfer from TDAE (90) to (31) causes almost simultaneous
elimination of fluoride ion and, subsequently, another electron transfer and fluoride ion
elimination takes place to yield (34) and octamethyl-oxamidinium difluoride (92), which
will be discussed in detail later.



37

(381) + TDAE(90)

/) + [TDAE}*

L-F-
+ [DAE*F %8 K+ [TDAE] *F "
F
l-F_

CF;  CF,
FiCs? \\-CF, + [TDAE]®2F (scheme 2,17)
F F (34) (92)

(b) Reduction of (31) without solvent (with J Vaughan) - the diene (34) obtained is

not completely insoluble, therefore some loss of (34) cannot be avoided when a solvent is
used for TDAE reduction. _

The slow addition of TDAE (90) to (31) itself at 0°C resulted in the formation of a
dark orange solid. Remarkably, transferring volatiles from this system in vacuum gave
diene (34) in much better yield (83%) than the reduction in CH,Cls.

0°C

(31) +  TDAE(90) = (34) conv. 95%
no solvent yield 83%

(scheme 2,18)

- the reduction of

trimer (44) by sodium amalgam does not lead to the corresponding diene. Surprisingly,
however, TDAE (90) defluorinated some of the (44) in CHCl; at 0°C to give not only
the diene (93) but the tricne (94).
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(scheme 2,19)

Na/Hg TDAE (SO, BF3EL0
CH2Cla
0°C —=r 4. =

60% recovery
of (44)

low yield

As shown in Scheme 2,20 trimer (44) is defluorinated to give (95) which is
readily isomerised by fluoride ion to (93). Then these dienes are further reduced to triene
(94). BF30Et; was added to this solution after the completion of the reaction in order to
recover diene (93) and triene (94) since the carbanions of (93) and (94) were considered
to be readily preduced by fluoride ion in the solution. The yield of (93) and (94) was
quite low (less than 20%). They are only observed as a mixture by 19F-NMR. It has not
yet been possible to isolate them. Trimer (44) is more viscous than other- fluorinated
alkenes such as (26) and (27) . Therefore, it is more difficult to disperse it
homogeneously into sodium amalgam by shaking. As a result only part of (44) can
contact sodium amalgam to undergo defluorination, giving carbon black (completely
defluorinated) and the starting trimer (44).

On the other hand reduction with TDAE (90) is carried out in CH2Clj in spite of
trimer (44) being insoluble in CHCly Trimer(44) and TDAE (90) can contact each other
more readily. Furthermore, the defluorinated products may either react with TDAE2+2F-
(92) to give the corresponding stable carbanion, or react with TDAE (90) itself to
possibly yield a further product.

The neat reaction of (44) with TDAE (90) was attempted, however the volatile

recovered was found to be the starting material (44).



(scheme 2,20)

2.2.2.5 Reduction of other fluorinat I es
Defluorination of fluorinated alkenes (85) and (36) and alkanes (96)-(98)

was attempted under the same conditions. However, only the starting material was

CFj
. N
CF, F,C3~ ~0° "CiFy

(96) (97) (98)
(scheme 2,21)

observed by 19F-NMR in each case.

Each alkene has a double bond to hold an eleciron which is given by TDAE (90).
Compound (36) does not have any allyl fluorines to be eliminated. Trimer (85) does have
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them, therefore, it could have been defluorinated but the expecied structure of the

corresponding diene (99) would have great angle strain and be extremely unstabie.

F w0 F F- F
——l ——
Fl F Fl F F F
(85) ]
+e (scheme 2,22)
F
\

=
R

(g9a)

Fluorinated alkanes (96)-(98) do not have double bonds but tertial fluorines which
seem to be more readily eliminated than other C-F bonds. Despite heating the mixture of
each alkene and TDAE in a sealed tube up to 100°C, no reactions tcok place.

2.2.2.6 The preferable structure for defluorination

Let us consider the possible structures that would allow defluorination to
be effected by either sodium amalgam or TDAE. From the results above two kinds of
structures, (100) and (101), can be proposed as suitable compounds.

(100) and (101) can be defluorinated to give the corresponding dienes (102) and
(103) respectively. The simplest compounds with each structure would be perfluoro-2,3-
dimethyl-hex-1-ene (104) and perfluoro-3, 4-dimethyl-hex-3-ene (31).

The analogues of (100) are (26a) and (27) and the analogues of (101) can be
(26b).



Ri

Ris , Rig = CnFans1(n21)
{Rfs + Rfg = CpFan,1(n21)
Ris = F , Rfg = CnF2n.1(n21)
Riz , Rfg =CnFan.1(n21)
{H7 =F, Rig = CFon,1(n21)

Rtyo
— Rl
R fs
(102)
+|
R, Ri,
Rig—F Rt;
Ris
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RY,4 Rf,

Rig F F R

Ri, Ris
(109)

Rfs , Ris = CnFans1(n21)
Ria , Rfa = F or CpFan.s(n=1)
Ris = CnFan.1(n21)

{ Rig = ., Rfto = CnFans1(n2)

or
Rifg , Rfyo = CpFan+1(n21)

Rty R,
Rfa—T}HHfa
Ris (scheme 2,23)
|
R, R, . R, Rt,

me%ms mﬁnn

Rfs  Rig
(103)



42

(100) (101)
FiC__ ,CoFs Ft _ :CFa
Fsc{: ;CF;, F CF CF,CF,
E, Z isomer CF,
(32) (104)

2.2.2.7

The TDAE salts, octamethyl oximidinium salts [TDAE]?* X 7 are obtained

by oxidation of TDAE®, e g with halogen X, (X = Cl, Br, 1)99, CX4.(X = C}, Br,

1)99:101 Con(CO)8102 in organic solvents or by metathetic reaction from [TDAE]2+ X3
(X-=(l, Br, I). Surprisingly, the fluoride salt has not been previously characterised.

However, during the reduction of (31) with TDAE (90), octamethyl oxamidinium

difluoride must have been produced.

2+
FiC CoF CH.CI Me,N Nie.
V=g ?° « TDAE ———= Diene (34) + | 2y 2| 2F
FsC4 CFy C—=rt Me,N NMe,
E, Z isomers (©2)
(31) (scheme 2,25)

In fact, a solid was precipitated during the reaction . This solid was filtered and
washed with CH3Cl to give a white solid, which was soluble in D20O. 1H-NMR
spectrum of D70 solution of this solid showed two signals of equal intensity (5 = 3.30
ppm, 3.58 ppm). This is consistent with the literature data99 that also shows the same
spectrum (2.90 ppm, 3.18 ppm, acetonitrile) of TDAE?*, whereas TDAE (90) gives only
one sharp signal at § = 2.55 ppm!04, The dimethylamino groups can evidently rotate
about the C-N bond in TDAE (90) and this rotation is rapid on the NMR scale. However

this rotation can be interrupted in TDAE2+ due to the high C-N bond order97:%8,
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19F.NMR spectrum showed one sharp signal at -130.3ppm .Caesium fluoride
and tert-nBugN*F- in water have sharp signals at -116.9 ppm, -119.6 ppm respectively.
From these results probably cctamethyloxamidinium difluoride (92) could be produced
during the defluorination reaction. Elemental analysis of (92) was unsatisfactory because
(92) is very hygroscopic. This is the first example of the isolation of

cctamethyloximidinium diflucride (92).



2.3 Structures of dienes (29) and (8)

Table 2,3 shows C=C siretching vibrations in IR specira for various dienes.

Table 2,3. IR C=C stretching vibrationsfordienes

Compound Frequency(cm')  Reference

CHp=CH-CH=CH, 1600 106)

CHp-CH-CH=CHCHj, 1650 106)
1600

CF2=CF-CF=CF> (25) 1795 66)
1765

1750
1670

1720
1660

The olefinic bond stretching vibration in conjugated dienes without a centre of symmetry,
such as penta-1,3-diene, give two C=C stretching bands.105

As described in Chapter 1, perfluorobut-1,3-diene (25) has the skew cis structure
and the two C=C stretching bands account for the fact that (25) is an unsymmetrical
diene. Both spectra of (29) and (8) show the two C=C stretching bands, which may
indicate that they are unsymmetrical.

Table 2,4 displays UV absorption data for various conjugated dienes. It is known
that buta-1,3-diene has the s-trans-planar conformation with the minimum energy level.67
Therefore the n-orbitals are effectively overlapped. High molar absorptivity can account
for this fact. As expeéted (25) has a considerably lower molar absorptivity since the
overlap of the w-orbitals is partially destroyed due to its skew-cis structure. However
(29) and (8) are characterised by high molar absorptivities, 18,800 and 10,900
respectively. These results therefore suggest that (29) has nearly either the s-cis planar or
s-trans planar conformation. Theoretical calculation shows that (29) may have both

conformations without interaction between 2 vinylic fluorines and, more importantly,
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(29) may keep the eight carbon atom skeleton planar. In contrast it is assumed by
theoretical calculation that (8) may have the skew-cis conformation with a torsional angle
of 65°C, which is in fair agreement with the significantly lower molar absorptivity.
Therefore, from both IR and UV analysis, we conclude that (29) has a coplanar s-
trans conformation, whereas (8) has a slightly distorted skew-cis conformation shown

below.

Table 2,4. UV absorption data for various conjugated dienes

f o ® Transition
Compound ansitio Reference

Amax (NM) £ max

CHo=CH-CH=CH, 217 21,000 66)
256 8,000 66)
206 2,800 25
215 1,350 )
277 18,800
278 10,900
234 272

s trans skew cis
(29) (8)



2.4 Summary

We have shown that the sodium analgam system is a very useful method of
synthesising some cyclic and acyclic fluorinated dienes in moderate yield and conversion
from fluorinated alkenes. However, there is still some limitation by this method.

Tetrakis(dimethylamino)ethylene TDAE (20) has also been shown to be a useful
reagent for synthesising, in particular, diene (34) in good yield. The reaction procedure is
so simple and easy to manipulate that it can be readily scaled up. The factors affecting
efficient defluorinationto give dienes, has been explored, but further investigation is

necessary to establish the limit of the processes.



CHAPTER THREE
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3 REACTIONS OF FLUORINATED DIENES WITH VARIOUS
NUCLEOPHILES

3.1 Introduction

The reactions of a variety of nucleophiles with fluorinated alkenes have
been reported!-3.106, We have previously reported the synthesis of novel fluorinated
alkenes (see Chapter 2) and studied a range of nucleophilic reactions of them®.107 which
we intend to investigate. Before discussing nucleophilic reactions of fluorinated dienes, it
is important and useful to again summarise nucleophilic attack on fluorinated alkenes
because it would be anticipated that nucleophilic reactions of fluorinated dienes should

obey the same rules.

3.1.1 Nucleophilic attack on fluorinated alkenes
3.1.1.1 Reactivity and orientation1-3,108

There are two factors to be taken into account, one of which is how
fluorine or perfluorinated alkyl group (Rf) influences the double bonds of fluorinated
alkenes, the other is the effect on the carbanionic intermediates which can be generated by

attack of nucleophiles on fluorinated alkenes.

Rfy Ry
] Rf, Rf, 1
Nuc + >C=C( —_— Nuc~=(I)=(i‘,-
Rf Rf
2 4 Rf, Rf,

Despite the great electro-negativitiy of fluorine (inductive -Io effect), when
fluorine is directly attached to a carbanionic centre the electron-pair repulsion (+ Ix) can
affect inductive electron withdrawal (i.e. stabilisation ). In contrast, perfluoroalkyl groups
evidently show only the inductive stabilisation (- 15).

. ',,..0=-|9°° .
=C»F /8-=F‘ == C->»Rf

7]
o
(@]

-lo +H -lo
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When a carbanionic intermediate is generated by attack of a nucleophile, fluorine,
which is directly attached 1o the carbanionic centre can cause electron-pair repulsion and
offset electron withdrawal. The result may be slightly stabilising or destabilising,
depending upon the geometry of the carbanionic species. On the other hand, a

perfluoroalkyl group is strongly stabilising.

—0C —F —C—=Rt
Hw® o

These facts will account for the relative reactivity and the orientation of

nucleophilic attack towards various fluorinated alkenes.

Relative reactivity order toward nucleophiles

(CFq).CCF> > CFFCLR > CF=CR
Nu” Nu” Nu”

FoC, - Fo - Fy -
SCFru > CF>Nu >  DC-CFaNu
FoC Fac>c F

Stability order of carbanions

Fe F
C>C-CF2~NU ~ C}C—CFCFa-Nu

Fa Fa

(scheme 3,1) Nu Nu"

CF3CF=CF, > CFaFC=CFCF3

Relative reactivity order toward nucleophiles

This topic has been discussed from both experimental109:99 and theoretical 108,110
points of view.

However, there is insufficient justification to account for the greater reactivity of
hexafluoropropene than perfluorobut-2-ene because the corresponding intermediates

could have almost the same stability.
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An altemative approachl1! to understand these different reactivites is to consider
Frontier Orbitals. This approach implies that HOMO-LUMO interaction between
nucleophile and fluorinated alkene respectively would be very important and electro-
negative perfluoroalkyl groui)s would lower the LUMO energy (the effect of the fluorine
atom still remains ambiguous). Reducing LUMO energy, with increase of the number of
perfluoroalkyl groups, increases reactivity,
i e CFy =CF; < CFy = CFCF3 < CFy = C(CF3)3.

Nevertheless, reactivity towards nucleophiles is not simply dependent upon the
number of perfluoroalkyl groups present, because structures such as (105) are the least
reactive among the corresponding isomers, towards nucleophiles!12. Therefore, the

coefficients should be important!11,

Relative reactivity order toward nucleophiles

Rf Ri Ri Rf Rt
R1>C=CF2 > Rf>C=C<F > Rf>C=C<Hf
(105)
Introduction of a fluoroalkyl group increases the coefficient in the LUMO at the
opposite carbonlll. The effects of perfluoroalkyl groups on the same side of a double
bond enhance each other in the structure (106), but offset each other in the structure

(107). This may be attributed to the greater reactivity of (106) than (107).

Rt

O Rf RR RO QR RO 0
>C== & Fé—@<F ng_é& m>§=§<

(106) (107)
It is now possible to rationalise the reactivity and orientation of fluorinated alkenes

towards nucleophiles.



3.1.1.2 Possible products form
This carbanionic intermediate may further react in mainly three ways, such

\e=c& N —— =~% —C—
C F
SN F—C— F

(scheme 3,2) / / \
E F £

ﬂ
E=c% =(%=Nu \t>c §c<au c”>0 =Ci=Nu
F—C— F 7 N ] F

1 proton abstraction from the media, abstraction of a suitable electrophile, or

combination with it, giving the additional product,

2 elimination of fluoride ion, which has been attached to a vinyl site to yield

the substitution product,

3 elimination of fluoride ion accompanied by allylic rearrangement (SN2') to

give the other substitution preduct.

However, it should be noted that these systems are dependent on many factors,
such as the nature of the electrophile, solvent effects, steric hindrance, and, more
importantly, the stability of the carbanionic intermediate.

In the following discussion we shall consider whether various nucleophilic

reactions of the fluorinated dienes (29) or (8) obey the rules described above.
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3.2  Discussion
The results described in this Chapter are the chemistry of perfluorobicyclobut-
1,1'-enyl (29) and perfluorc-bicyclopent-1,1'-enyl (8) with various nucleophiles. Some

of them will be compared with those of perfluoro-3,4-dimethylhexa-2,4-diene (34).

3.2.1 Oxvgen nucleophiles
3.2.1.1 Reactions with alcohols
a). Diene (29) with methanol. - the addition of an excess of methanol to diene (29)

led to an exothermic reaction. In one hour a white crystalline solid was precipitated and
identified as dimethoxy derivatives (108).

OMe
ih .

+ XS MeOH _”—> 6_9 750/°

|
(29) (scheme 3,3) (108) OMe

b). Diepe (8) with methanol, - the reaction of diene (8) with an excess methanol and
a small amount of sodium methoxide afforded the dimethoxyderivative (109). However,

it took 5 days to complete the reaction.

OMe
+ XS MeOH MeONa 5days @ 7 @ 63%
rt. S .
(8) (scheme 3,4) OMe (109)

These two reactions are merely nucleophilic substitution of fluoride ion by
methoxide ion. No addition nor SN2' rearrangement substitution product was observed.
It has been reported?!+93 that perfluoro-3,4-dimethyl-hexa-2,4-diene (34) reacted with
methanol under basic conditions (an excess of sodium carbonate) to give a mixture of
mono- and di-substituted products. The reaction did not proceed with neutral methanol.

These results illustrate a large difference in the relative reactivity of dienes (29),

(8), and (34), as indicated below.
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Relative reactivity order toward nucleophiles

(20) 8) (34)

Electronically these systems are very similar; therefore these dramatic differences

provide a clear illustration of the effect of angle strain on nucleophilic attack at unsaturated
carbon93.

c). Diene (29) with ethanol - the addition of an excess of ethanol to diene (29) in

dry ether afforded a slightly exothermic reaction and yielded the diethoxy derivatives

(110).

+OXSEOH —— o

(29)

(scheme 3,5)

d). Attempted hydrolysis of (108)-(110) - 1,2-Diethoxy-3,3,4,4,tetrafluorocyclo-
butene (111) is hydrolised by 50% sulphuric acid to give diketo-cyclobutene-diol (112),

squaric acid, in high yield113. The chemistry of oxocarbon such as (112) has been

studied114
EtO OEt O\ OH
— 50% HS0;4 N
= = | 94%
FA—Fs 100°C 12h /
o’  “oH
(111) (112) (scheme 3,6)

Hydrolysis of (108)-(110) were attempted under the same conditions as that of

(111). In each case, however, only starting material was recovered.

3.2.1.2. Reactions with water.
a) Diepe (29) - diene (29) reacted exothermically with an excess of water in

acetonitrile to give a white solid.
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!7 Keto - enol
equiblium

(scheme 3,7) (0]

Mass spectrum data of the product gave a parent molecular ion M*: 262, for
CgH;F70;. 19F-NMR spectrum showed four resonances, one of which can be assigned
to a vinylic fluorine in comparison to that of diene (29). Other three resonances were
observed with the same intensity in typical region of CF; groups. Although 13C-NMR
showed a rather complicated spectrum, it showed the presence of seven different carbon
atoms which include one kind of carbonyl group,a vinylic cabon attached to a fluorine,
and a CF; group which does not have any other F-F couplings.

These results may suggest two possible structures, the enol(113) and its keto
isomer (114). It has been reported115,116 that 1,1,1,5,5,5-hexafluoro-acetylacetone is
overwhelmingly present as the enol form (115)(> 97% in DMSO, >99.5% in CDCl3),

whereas acetylacetone is 67% in the enol form(scheme 3,8).
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Keto - enol equiblium of Hexafluoro-acetylacetone
(HFA) and acetylacetone

i
F3CC=C- CCF3 ‘ —— F3CIC|CH2Cl:ICF3
@) L. wFa) I
> 97%
Nl
HiCCC-CCHy === HaCCCH,CCHs
' THT
OH acetylacetone o)
67%
Y =
191}L\/ﬁ\1? 1 /j‘\/ﬁ\o
' ' 201.9
100.3 52.8

{scheme 3,8)

13C-NMR chemical shifts of the enol keto isomer of acetylacetone(see scheme3,8)
may indicate that if the keto isomer(114) were present, one resonance due to OC-CH-CO
should be observed around 50 ppm105, The absenece of this resonance and predominant
presence of the enol (115), therefore, can suggest that the product is favoured to have the
enol form (113).

IR spectrum showed C=0 absorption at 1640 cm-1, which is more intense than
normal carbonyl one and three bands around 1720 ~ 1800 cm-1. Two of them may be
attributed to C=C-C=C. We are not able to explain what the other is responsible for.

1H-NMR did not show any resonances( due to C=C-OH). The product(113) is
very hygroscopic and probably hydrogen may be solvated by even a trace of water atoms
(this phenomenum often occurs to alcohol in organic solvent ,with a trace of water).

b) Diene (8) - addition of diene (8) to acetonitrile with water afforded the
analogous enolic derivative (116). Spectroscopic data were examined and consistent with

the structure.
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(scheme 3,9)

On the contrary, acyclic diene (34) does not react with neutral water, but reacts

under basic conditions to yield a furan derivative (117)91,93.95,

F
FaC CF
N = Pal
—_—
base
CF3\ CF3 Fac (o) CFG
39 © (scheme 3,10) (117)

- both (113) and (116) are completely soluble in
water and show strong acidity. pKa of both products are shown below and compared

with those of other acids.

FCH,COOH CH3CCOH

pKa 230 2.37 2.59 4.75

(scheme 3,11)

d) Salts of (113) and (116) - the enol derivatives (113) and (116) were neutralised
with aqueous sodium hydroxide to form yellowish and whitish solids respectively, after

evaporation of water.
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Hx0 A
.=.=.=‘> €
neutralisation NS

H0
==.>
neutralisation

(116) (scheme 3,12) (119)
19F.NMR spectra of each aqueous solution of the products showed that
elimination of fluorine did not occur during neutralisation. Perfluorocyclobutene (43) and
-pentene (86) are readily hydrolysed by potassium hydroxide in glyme at room

temperature to give the salts (120) and (121) respectivelyl17.

CFz)n> KOH /(CFz)Q
——————e T

£=C diglyme =C_- C =0 K

F F ~C

n=2:(43) '|: n=2;:(120)

n=3;(86) (scheme 3,13) n=3;(121)

19F_-NMR chemical shifts of the salts (120) and (121) are very similar to those of
the products obtained. In addition, IR absorption characteristics!18 of the delocalised
O-C-C-C-O system can be observed on both products, consistent with those of (120) and
(121). Therefore, we conclude that the products have the structures (118) and (119).

3.2.2. Nitrogen nucleophiles

Aniline is less basic than alkylamines because the nitrogen lone pair electrons are
“delocalised by orbital overlap with the aromatic ring n-electron system. Therefore, it
might be possible that extremely electron deficient dienes (29) and (8) attack not only the
nitrogen but also vinyl carbons to yield alternative products. Indeed other workers95 in
our laboratory have found that perfluoro-3,4-dimethylphexa-2,4-diene (34) reacted with
aniline to yield several products(scheme 3,14)
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F

FaC
FaC—\\ GFs aniling / KF
N CHCN — rC { 3
CF3 CF3 3
F
(34)

(scheme 3,14) 67%

minor product 4%

3.2.2.1 Reactions with aniline
a) Diene (29) - the addition of an excess of aniline to diene (29) in acetonitrile

caused an immediate exothermic reaction and afforded the corresponding diamine
derivative (122). The 19F-NMR spectrum of (122) showed two CF3 groups and the IR
spectrum showed a weak absorption at 3400 cm-1 due to N-H stretch, consistent with a

secondary aromatic amine. Other analytical data confirmed the structure of (122).

ih
e aac———
CHaCN r.1.
(scheme 3,15) NHPh

When an equivalent of aniline was added to diene (29), a viscous brown liquid was
obtained. The sublimation of this liquid gave a white needle-like crystal which has been

characterised as the mono amine derivative (123).

ida
(29) + equimolar —— oy o 5%
aniline CHACN r.1. 3
(scheme 3,16) NHPh (123)

b) Diene (8) - the reaction of (8) with an excess of aniline in acetonitrile at room
temperature gave the mono amine derivative (124). No diamino derivative was obtained,

because the lower reactivity of (8) than that of (29) and steric hindrance.
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1 day
—— e
CH3CN r. 1.
(scheme 3,17)

+ XS aniline

3.2.2.2

Pyrrole and its derivatives readily react with a wide range of electrophiles because
of their electron-rich character, giving the corresponding substituted compounds!19.
They do not normally undergo Diels-Alder reactions and only a few exceptions are
known120,

a) Diene (29) - pyrrole and N-methyl pyrrole reacted with diene (29) in acetonitrile
to form electrophilic di-substitution products (125) and (126) respectively in moderate
yield. In the reaction with pyrrole, a mono-substituted product was obtained as minor

preduct (127). The products were purified by vacuum sublimation.

pyrrole
+ > 4 4
CHaCN r.t
63% minor product
N-methyl
rrole
(29) + ——pl——-—b (126)
CH3CN r.#¢.
N -Me
(scheme 3,18) 7 57%

b) Diene (8) - no reaction occurred when the mixture of diene (8) and pyrrole was
refluxed in ether for one day. Refluxing in acetonitrile did give a dark green viscous
liquid, which showed many signals in 19F-NMR but no substitution products were

detected.
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3.2.3 [cdide ion as nucleophile
Perfluorinated alkyl or alkenyl iodide compounds are useful functional derivatives
as the precursors for coupliAng reactions using copper or zinc and, for generation of
organometallic ;eagentsul. In the following part, the synthesis of the iodo-substituted
compounds from (29) and (8) under mild conditions and the preliminary work using the

products obtained, i.e. the coupling reaction with copper, will be discussed.

3.2.3.1 Reaction with sodium ( lithium ) icdide
a). Diene (29) - remarkably, diene(29) reacted with sodium or lithium iodide in

ether, tetraglyme, or acetonitrile at room temperature to give the corresponding diiodo-

substituted product (128) in good yield.

A large excess Ml
®~© sovert r.t
(29)  solvent; CHsCN , E1,0, tetraglyme  (128) |

M; U,Na (scheme 3,19)

b).  Diene (8) - the addition of diene (8) to sodium (lithium) iodide in acetonitrile or
ether also afforded the di-iodo derivative (129). This product is a liquid at room

temperature and was purified by preparative g.l.c..

large excess Ml
solvent r.t.

(scheme 3,20)

c). Diene (34) - the mixture of diene (34) and an excess of lithium iodide was

stirred in acetonitrile as room temperature for 3 days, but no reaction took place.

ives - to synthesise di-iodide derivative,

a large excess of iodide salt was employed because the reaction system is heterogeneous.
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heterogeneous. When a slight excess of icdide salt was used, a mixture of mono-iodo
derivatives (130) and (131) and di-icdide derivatives were obtained in low yield. 19F-
NMR spectra and mass spectra of the products proved the existance of mono-icdide

derivatives, though it has not yet been possible to isolate them.

slight excess Ml

2 128
(29) solvent r. t.ﬂ> (i28)  +
20%
slight excess Ml
8 - (12
@ solvent . 1. = @ ¢ 129+
(scheme 3,21) 50% 10%

3.2.3.2

As described in Chapter 1, copper has been used for coupling reactions to
synthesise fluorinated dienes. Interestingly, 1,2-diicdoperfluorocycloalkenes such as
(11) were coupled by copper at 135°C in the presence of a small amount of DMF to give

predominantly the corresponding cyclic trimer and tetramerl1.

|
—r Cu, trace DMF
Fl —TEC

(scheme 3,22)

It was reported10 that 2,2'-diicdoperfluorobicyclobut-1,1'-enyl (128) did not afford any
coupling products as volatiles using copper bronze. The copper-coupling reactions of
(128) and (129) using DMF at 135°C were attempted. Volatiles were recovered by

sublimation in vacuum.
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Cu , trace DMF

R . (128)
130°C - 200°C *

Cu , trace DMF

—_— 129
30°C 200°% ) ¢

(scheme 3,23)

In all cases, the volatiles sublimed were only the starting materials and no
coupling products were detected. (128) and (129) can be considered to have either
transconformation or fairly twisted conformation. Therefore, inter-coupling may be more

favoured than intra-coupling, shown in Scheme 3,23 to give rather a linear polymer.

3.2.3.3 Structures i-iod ivativ

IR and UV data of di-icdo derivatives (128) and (129) are tabulated in
Table 3,1. IR spectra of both products show that the positions of the C=C absorption
band are shifted to higher wavelength because of the effect of the iodine substituent.
Moreover, the intensity of the IC=C-C=CI absorption of both compounds is very weak .
UV absorption data of (128) displays molar absorptivities in the range of 13000-18200,
whereas (129) shows quite low molar absorptivity (€=8750). The most favoured
structures of (128) and (129) presumed from the resuits of experiments and theoretical
calculations would be trans planar and nonplanar with a twisted angle at almost 90°

respectively, which are similar with their precursor dienes (29) and (8)(see Chapte 2).
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Tebla 3,1. IR and UV data of (128) and (129)
(128) (129)
IRicm™) 1530(m) 1590(s)
1660(s)
uv? 271 (e = 12200) 224 (¢ = 8750)
Amax(nm) 280 (e = 14900) 252 (e = 8000)
€max 301 (e = 18200)
315 (e = 18000)

a) ; reference 10)

I9F_NMR spectra of (128) and (129) were very interesting. The spectrum of
(128) showed two multiplet signals due to CF2 groups, whereas that of (129) showed
two very broad signals at room temperature. Variable temperature measurement by 19F-
NMR spectroscopy of (129) was carried out in the range of -40 ~ 40°C. Some of them
are illustrated in Figure 3,1.

At -40 ~ -20°C, the spectra showed the typical AB type coupled signals because
the rotation between C;-C2 bond was restricted and the two geminal fluorines were non-
equivalent in each CF group. The couplings between vicinal fluorines were so small that
they could not be observed. Figure 3,2 illustrates the approximate relationship between
the relative energy level of (129) and the tortional angle of two double bonds. As the
temperature is elevated, the probability of transition between A and C becomes greater in
spite of passing a higher energy level B. At 10°C the transition rate is already greater than
the NMR time scale. Therefore the coupling can no longer be observed and signals begin
to be completely eclipsed. At 40°C only two broad signals can be observed. The signal
at -108 ppm should be split into two at higher temperature and eventually, three single

signals would be observed.
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3.2.4 Bi ional nucleonhil

The reactions of fluorinated alkenes with bifunctional nucleophiles such as
ethylene glycol122-125 and a range of aromatic bifunctional nuclephiles126 have been
studied. Possible mechanistic pathways for such reactions were proposed126, which are
illustrated in Scheme 3,24.

However, the reactions of fluorinated dienes with bifunctional nucleophiles have
not been fully investigated. Basically there are two possibilities of reaction behaviour
when fluroinated dienes react with bifunctional nucleophiles; intermolecular and
intramolecular reactions. Of course the reactions are affected by reaction conditions, the
structures of substrates, their reactivities, ec.

In this part the reactions of dienes (29) and (8) with ethylene glycol are discussed

as an introductory study.

3.2.4.1 Diene (29) with ethylene glycol

Diene (29) reacted with ethylene glycol in acetonitrile at room temperature
to give mainly two products. Mass spectra of both products showed a parent molecular

ion M+, 328, for CjoHs5F90,. They were then separated by preparative g.l.c..

; HOCH,CHpOH  — e ¢F)
> + HOCH,CH; CHaCN @

OCH,CH,0H O

(scheme 3,25) (132) (133)
W A

T
overall combined yield 13%

19F-NMR spectrum of one of them showed the presence of four different CF2 groups
and one vinylic fluorine. 1H-NMR spectrum indicated the presence of two -CH20-
groups and a broad OH signal. The IR spectrum still showed the existence of the
conjugation. On the other hand, 19F-NMR spectrum of the other was more complicated.
It showed the typical two AB type CF> groups signals, of which the coupling constants
are consistent with those of perfluorocyclobutyl-cyclobut-1-ene (26b). 1H-NMR
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spectrum showed two different -CH2O- groups and a broad multiplet signal at 4.5 ppm,
which probably derived from a tertiary hydrogen. We, therefore, consider that these
products have the structures _§uch as (132) and (133).
The possible mechansim of this spiro acetal derivative (133) is shown in Scheme

3,26.
Scheme 31

>c—c(/ + X/ base

PathA / \PathB
x""""‘/§>c-°<' s XX e
(o}

(scheme 3,24)

- . g
\zc C< >C-C</\ X )‘\7 C/ )}C-C C/
£ i N R S

‘LPathAq ‘l PathA, ‘; PathB, J]Patth

N4

- o/
2: (; < >c c( >c c< a
X j \ng’r J(JH Xeanr)

F.C CF References
FoC 2': 5 HOCH,CHoOH Necd
Fc 20 T r— FsC PathA, 124)
572 (31) Fs ' FaC
2
- nOH CF3
A O—XCF3

31 —_— CF PathA; 126)
e K2COs , CHyCN ‘@ Ve ‘

QL
(CFa)n £\ ~OH =
ng KoCOg , CH3CN O><;(:;}:2) PathBy 126)
n

n=1;(43),n=2;(86)

ey
(CF2) Me (CF) 4
> @ choa o ‘ I/ " PpathB, 126)

n=1;(43),n=2;(86)



(132) O\) intermolecular |

/ % cyclisation

(scheme 3,26)

3.24.2

The reaction of diene (8) with ethylene glycol in acetonitrile afforded only
one product (134). 19F-NMR spectrum showed clearly four CF; groups and one vinylic
fluroine. Mass spectrum displayed the parent molecular ion M+, 428 for C12H5F1303.
IR spectrum showed the evidence of the conjugated double bond. TH-NMR spectrum
showed the same signals as those of (132)(Scheme 3,27).

CH3CN

+  HOCH;CHOH 1

HOCH,CH,O  (134)
overall yield 8%

It has been reported®! that the stirring of the mixtrure of diene (8) and ethylene
glycol in dry ether for 14 days gave two products (135) and (136), while the reaction time
of the formation of (134) was 2 days. Probably compound (134) is a product which may

further react intramolecularly to form (135) and (136).

3.24.3 Diene (29) with hydroquinone

If the more rigid bifunctional oxygen nucleophile is employed, it might be
possible to undergo inter-molecular reaction rather than intra-molecular. The mixture of

diene (29) and hydroquinone in dry ether was stirred at room temperature for 2 days.
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However, no reaction tocok place. The lone pair electrons of oxygens are likely to be

delocalised over the benzene ring. Therefore, the reactivity towards diene (29) may

decreases.
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3.3  Summary

We have shown that dienes (29) and (8) are very susceptible to nucleophiles due
to their extremely electron-poor conjugated double bond and also (29) is more reactive
than (8) because of angle strain.

All reactions demonstrated here are initiated by attack of nucleophile at vinylic
carbon and proceed by replacing a fluroine; that is nucleophilic substitution reaction
(Sn2). In the reaction of (29) and (8) with water, the vinyl alcohol intermediates are still
reactive and further reactions readily take place to give enol derivatives. They showed
fairly strong acidity.

Bifunctional nucleophile such as ethylene glycol reacted with diene (29) and (8) to
give a substituted product and an unexpected spiro-acetal product for (29).



CHAPTER FOUR
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4. FLUQORIDE ION INDUCED REACTIONS
4.1
4.1.1

4.1.1.1

Fluorinated carbanions play a significant role in the chemistry of
fluorinated alkenes.3.126 Basically, they can be generated by the reactions of fluorinated
alkenes with fluoride ion, but one difficulty lies in the tendency of fluorinated alkenes to
undergo oligomerisation with fluoride ion (Scheme 1). When K is large, or the rate

constant for oligomerisation k is small, obviously there will be a long-lived and

K |
>C =C < + FF o5—= F—C—C- (:) = Oligomers
@ b)

observable carbanion intermediate (b).128

(
Indeed, observable carbanions have been generated by Chambers and coworkers

(scheme 4,1)

94,128,129, Russian researchers130-133, and researchers in Du Pont.134-137 It is notable
that they have employed caesium fluoride, N,N,N',N'-tetramethylform-amidnium
bifluoride (137)131 and tris(dimethylamino)sulfonium trimethyl difluorosiliconate (TAS-

F) (138)134,138 respectively, as a fluoride ion source.

MegN
+w)CH HF’ (MeaN)3S * (CHa)aSiF2”
MeoN
(137) (138)

HCFoNMe2 + MeoNH —_— (137)
3MesSiNMes 4+ SF4 —_— (138)

(scheme 4,2)

Various observable carbanions are tabulated in Table 4,1 108,135,137,
The typical examples of generating the carbanion(140) from perfluoroisobutene

(139), using three different fluoride ion sources, are illustrated in Scheme 4,3.
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Table 4,1. QChsarvable Fluorninated Carcanions

Alkene Precursor Counter lon Anion Reference
(CF3)2C=CF» A,B,C (CFasC™® 94) , 129) ,i31) ,135)
(CF3)2C=CFCF3 B CoFsC(CFa)2* 135)
CoFs(CFa)C=CF(CFa) A CaF5(CFa)CCoFs 129)
(CF2)sC=CFC,Fs A,B,C CgF/L(CFa) 129) , 131) , 135)
CoFs(CF3)C=C(CF3)CoFs B CoF5(CFa)CFC(CFa)CoFs®  135)
CaF7(CF3)C=CFC,Fs c CaF7(CF3)CCsFy 131)
(CF3)2C=C(C2Fs)2 B (CF3)2CCF(CoFs)z® 135)
(CF3)2C=C=C(CF3)2 A,B (CF3)oC-=C-=C(CFa)2° 130) , 136)

132)

132)

137)

132)

94) ,129) , 135)

135)

129)

94)

135)

A;Cs* B;(MeN)gsS*®  C;[(MeaN)2CH]*
The isolable anions are marked with *
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Compound (137) reacts with (139) by both addition of fluoride ion and hydrogen fluoride
to the double bond. The resulting mixture contains the corresponding carbanion(140) and
(CF3)3CH. TAS-F (138) reacts with (139) to give the carbanion(140) and (CH3)3SiF as
a byproduct.

FaC tetraglyme CF3
: >==CF, + CsF eoyme. PY Cs*
FiC b FaC™ " "CFy
(139) (140) (scheme 4,3)
DMF
2(139) + (187) —em—e (140 (MesM,CH  + (CFa)sCH
THF
(139) + (138) — = (140) (MeaN)sS*  + (CHg)sSiF

It should be noted that some of these carbanions have been isolated as their TAS-
salts135.136 and, more interestingly, their crystal structures have been determined by X-

ray diffraction.!35-137 The insolable carbanions are marked with an asterisk in Table 4.1.

4.1.1.2

13C-, 19F-NMR chemical shifts129.139 of the carbanion derived from

hexafluoropropene dimer (20) and its bromo derivative are shown below (Table 4,2).

Table 4,2. NMR specira data(chemical shiit , ppm) of an observable carbanion

0 ]

FaCo e cmra F e . ST m,  Ro_ SFCR

> < C-CF2 —— = HCCR

b FaC FaC \Br

"SF-NMR 1%F-NMR 13C-NMR 9F NMR 3CNMR
) -62.8 -42.4 128.4 -66.4 119.5
b -60.2 -42.4 128.4 -66.4 119.5
¢ - - 37.0 - 57.5
d -100.5 -81.14 118.0 -106.8 112.1
@ -119.6 -126.2 107.5 -123.7 108.3

f -86.4 -81.1 116.6 -82.3 116.7
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The remarkable phenomena%4.108,128,129,139 are that the 13C-NMR chemical shift
asscciated with the carbon (¢) bearing the negative charge is shift upfield as expected
from an appropriate model compound (the bromo derivative), but the carbon atoms (a,b,
and d) adjacent to the negative charge are associated with a downfield shift. This is also
reflected in the 19 F-NMR spectra for the sites adjacent to the charge. The analogous
changes of the chemical shifts are observed on other carbanion systems.

It has been demonstrated140 that the basic theory of substituted chemical shifts
does not necessarily apply to all the cases and increased electron density may be
associated with shifts to lowfield for positions removed from the eleciron withdrawing
substituent. Therefore, it is reasonable that chemical shifts of the carbons (a,b, and d)
(Table 4.2) adjacent to the negative charge could be shified downfield in spite of

increased electron density.

4.1.2 Reactions of fluorinated dienes with fluoride ion

Not many reactions have been reported concerning fluorinated dienes with
fluoride ion. Perfluorobuta-1,3-diene (25) leads to perfluorobut-2-yne (65).73
Perfluoro-2,3-dimethyl-buta-1,3-diene (33) gives the two corresponding dimers (68) and
(69) (Scheme 4,4, or see Chapter 1). The carbanions appear to be generated as

intermediates which are not stable enough to be observed spectroscopically.

CsF
CFp=CF-CF<=CF; ————=  CF4C =CCF3

FaC CFy CsF F§=<F FoQ VAW
e ————
cmz <CF2 tetraglyme” F = + F5C CFy

(33) FC O or =

>=.=<— FaC F
68 3 2]
(scheme 4,4) (68) FiC CF, (69)

In this Chapter, reactions of perfluoro-bicyclo-but-1,1'-enyl (29) and -pent-1,1'-

-enyl (8) with a variety of fluoride ion sources are discussed.
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4.2  Discussion
4.2.1 Perfluorobicyclopent-1.1'-¢
4.2.1.1 Generation of a carbanion

Remarkably, diene (8) reacted with some of the fluoride ion sources in
various solvents to form the corresponding carbanion (141). The spectroscopic evidence
and some trapping reactions of (141) will be discussed later.
a) With caesium fluoride - an equimolar amount of caesium fluoride, dissolved in a
mixture of (8) and tetraglyme, gave a violet homogeneous solution. The 19F-NMR
spectrum showed six fairly sharp signals, one of which appeared at -85 ppm (Fig. 4,1).
Signals derived from (8) were not observed. Addition of BF3OEt, gave a separated lower

layer, which was identified as diene (8).

BF30E!
CsF cst 9% g . ceBR
tetraglyme / \
(141) (schems 4,5)
b) ith other alkali m fluori - although potassium fluoride is a poorer

fluoride ion donor than caesium fluoride, it also gave the carbanion (141) with sharp
signals on 19F-NMR since diene (8) is very reactive. The reactions with sodium and
lithium fluoride did not lead to (141).

c) With TAS-F - TAS-F (138) gave the carbanion (141) in acetonitrile. The
comparison between caesium fluoride and the TAS-F system will be described later.

d) With TDAE2+2F- (92) - TDAEZ2+2F- (92) is obtained as a byproduct by the
defluorination of tetramer (31) (see Chapter 2). Generation of the carbanion (141) was

attempted using this new fluoride ion source in acetonitrile.

Mezh! NMez
8 + +,° 4+ 2F° ———=  carbanion(i41)
Me N NMe, :
(92) low conversion

(scheme 4,6)
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19F-NMR showed the broad signals based on (141) with low intensity, however, those
of diene (8) and several new signals were also observed. It can be concluded that

TDAE2+2F- (92) acts as a novel fluoride ion source, but no further study has been

ide - lithium or sodium icdide reacted with diene (8) to give
iodo substituted derivatives (see Chapter 3). Surprisingly, addition of potassium iodide
to diene(8) in tetraglyme gave mono icdo substituied diene (131) together with the
carbanion (141). Clearly, potassium iodide first reacts with (8) to form (131) and
potassium fluoride, which reacts with diene (8) to give the carbanion (141). 19F.NMR

showed a mixture of (131) and the carbanion(141) in a 1:1 ratio.

(scheme 4,7) (141)

CsF
e+e’
b C | f+f
d
a
e U@ . h §
1 1 | n L l; 1m 1 ! L
-80 -100 -120 -140 -160 (ppm)

19
Figure 4,1. “F-NMR spectrum of the carbanion(141) with CsF in tetraglyme
relative intesity ;@ :b:c:d:e+¢ :1+F=1:2:2:2:4:4
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4.2.1.2 NMR of the carbanion (141)
a) Chemical shifts - 19F-NMR spectum of the carbanion (141) is shown in Fig.
4,1. No F-F coupling is evident and the signals are remarkably sharp. Assignments are
made on the following basis:

@ assuming that the carbon & bears the negative charge, the signal
should be shifted considerably upficld from vinylic fluorine;

(ii) the carbon d is at an allylic node, therefore the signal can be less
affected;

(iii) the carbons c, f, and  will not be affected;

(iv) the carbons b, e, and €’ are adjacent to the negative charge and
should be shified downfield. However, one puzzling feature
remains that signals e and ¢’ are almost identical (see later
discussion).

Therefore it can be concluded that the carbanion (141) is conjugated. 13C-NMR
spectrum of the carbanion (141) also supported this.concllusion since two signals derived
from the carbons wifh the charge were shifted upfield (Fig. 4,2).

<b
(CD3)2CO —
_
< <TAS (Me)N)

140 120 100 80 60 40 Zb(ppm)

Figure 4,2, Bc-NMR spectra of diene(8) and its carbanion(141)
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b) Counter ion dependence - 19F-NMR spectra of the casbanions with K+, Cs*,
and TAS* cations were compared, under conditions of excess of fluoride ion sources.
Fig.4,3 shows the 19F-NMR spectra of the carbanion (141) with different counter ions.
All of the corresponding signals are almost identical in terms of their sharpness and their
chemical shifts can hardly be distinguished.

Counter ion . Solvent

K tetraglyme |

Cs tetraglyme

TAS acetonitrile

80 -100 -120 -140 -160(ppml

Figure 4,3. '°F-NMR spectra of the carbanion(141) with
various counter ions
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c) Solvent dependence - under the conditions of excess of the fluoride ion source,
there seems o be a close similarity between the 19F-NMR spectra of the carbanions (141)
in various solvents, such as tetraglyme, dimethylsulphoxide (DMSQO), and N,N-
dimethylformamide (DMF).

When acetonitrile was used as a solvent, however, the carbanions (141) with
K+and Cs* gave broader 19F-NMR signals in comparison with those in tetraglyme,
whereas TAS* cation showed sharp signals in acetonitrile. TAS* cation is an organic
molecule. K* and Cs* are more solvated in tetraglyme than in acetonitrile since the
former has the ability of binding metal cations.

d) Diene (8)/F- ratio dependence - it has been reported129 that TAS-F(138) takes
into solution more than one molar equivalent of a fluorinated alkene and leads to the
considerable line-broadening of 19F-NMR signals associated with fluorine atoms at
carbons that are adjacent to the negative charge. This fact indicates that if an excess of a
fluorinated alkene is present in solution, then rapid fluoride ion exchange occurs between
fluorinated alkenes and the corresponding carbanion.129 This is also the case with diene
(8) under the same conditions. An excess of diene (8) completely dissolved in acetonitrile
with TAS-F and the 19F-NMR spectrum showed very broad signals derived from the
carbanion (141) and diene (8). Evidently,the fluoride ion exchange occurs on the NMR
time-scale (Fig.4,4). Fluoride ion is able to interact, on_average, with more than one
equivalent of diene (8) and this interaction is sufficiently significant to take into account,
otherwise insoluble diene (8) would remain in the solution. The nature of this average
interaction may be described below; as if fluoride ion can do the negative equivalent of

hydrogen-bonding, which may be partial.

I9F-NMR measurements were attempted, altering the ratio of diene (8) to caesium
fluoride in acetonitrile. Fig. 4,5 shows some of the 19F-NMR spectra of each carbanion

solution. In the presence of an excess of diene (8), the signals are broader than those
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with an excess of caesium fluoride. However, no signals of diene (8) were observed and
some diene (8) remained in the bottom layer. This result may indicate that the interaction
between fluoride ion and diene (8) is not as sirong as in the case of TAS-F, in spite of

fluoride ion exchange.

(Di ene(B)Bo/E TAS-Flo

0.5

__JL JJL L J__

L/ _ JL.

940 -160(ppm)

80 100 120

Figure 4,4. '°F-NMR spectra of the carbanion(141) with TAS-F in CH3CN

i

HDiene(B)]o/[CsF']o

0.26
_J _J (L e
|
| 1.89
Jo oy
200 120 440 -160(ppm)

Figure 4,5. F-NMR specira of the carbanion(141) with CsF in tetraglyme
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€) Variable temperature behaviour - at room temperature, the carbanion (141) gave
sharp signals without couplings if appropriate solvent and fluoride ion source were
chosen. As described earl_igr, two 19F-NMR signals (e, e') for the sides, which are
adjacent to the carbon with the charge, are identical. It may be considered that the bond
between the carbon 1 and 2 is rotating freely at room temperature.

A solution of carbanion (141) has been studied by 19F-NMR spectroscopy at
various temperatures in the range of -40 ~ 80°C. Surprisingly, no dramatic changes were
observed either with Cs* or TAS* as a cation. The signals retain their sharpness and

signals e and e’ were still identical at -40°C(Fig. 4,6).

TemperaturelK)

233

293

i

53

S S |

-80 -100 -120 -140 -160(ppm)

Figure 4,6. 9F-NMR spectra of the carbanion(141) at various
temperature. Solvent : CD,CN



80
It has been reported!2? that increasing temperature of solutions of various
carbanion salts causes line-broadening of the signals due to fluoride ion exchange.
However, such a line-broadening was not observed even at 80°C in this case.
It can be concluded, therefore, that the carbanion (141) is remarkably stable and

has an extremely low rotation barrier on the C1-Cy bond.

4.2.1.3

Researchers in Du Pont!36,137 have isolated several flucrinated carbanion
TAS salts (see Table 4,1). The isolation of the caesium salts has also been attempted in
our laboratories129.139, However, only perfluoro-t-butyl caesium has been isolated!29.
Evaporating the solvent in vacuum normally gave caesium fluoride and starting
fluorinated alkenes!39.

The TAS salt of (141) can be isolated simply by removing the sovlent in vacuum
to give a brown solid, which was completely redissolved in acetonitrile. The 19F-NMR
spectrum showed only the presence of the carbanion (141). It has not been possible to
isolate the caesium salt.

Recrystallisation of (141) salts has been attempted using various solvents but

without success in attempts to obtain samples of crystallographic quality.

4.2.1.4 Reactions of the carbanion (141)

Fluorinated carbanions are obviously strong nucleophiles and are likely to
react with suitable electrophiles to form the corresponding adducts 94,129.135,139, Several
trapping reactions of the carbanion (141) have been attempted. Methyliodide and allyl
bromide did not react with (141).

Bromine was expected to form the corresponding bromo derivatives but, instead,
diene (8) and its precursor (27) were obtained. Bromo derivatives produced were readily
attacked by fluoride ion, which had probably been derived from the carbanion (141), to

yield the precursor alkene (27).
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Cs*
CHal /i~  GiHp=CHCH2Br
no reaction <J—— @ a 2" ¢ o reaction
~(141)

! Bro
[oromo derivatives] (scheme 4.8)

F[i}/ \{;-w'
@ ®:(@N=i:1

®)

4.2.2 Reactions of perfluorobicyclobui-1.1'-enyl (29) (Oligomerisation
4.2.2.1 i imolar or ex f fluoride ion

Diene (29) reacted with caesium, potassium, and scdium fluoride or TAS-
F in tetraglyme or acetonitrile at rcom temperature to give the corresponding dimer (142),
because the carbanionic intermediate (143) is very unstable and readily reacts with such a

reactive diene (29).

MF VY es-82%
—
solvent , r.t.

(142) SF )=

(29) M;Na,K,Cs
solvent ; tetraglyme , CH3CN
unstable carbanion (143)
(29)
(142)
(scheme 4,9)

Mass spectral data of (142) showed a parent molecular ion M*, 572, for CygF20 which
was also supported by elemental analysis. 19F-NMR gave three sharp signals and they
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can be attributed 1o -CFj groups. IR spectrum did not show a great absorption according
to the conjugated double bond. Probably (142) has a distoried non-planar structure and
this may partially destroy the conjugation.
Potassium and scdium fluoride are poorer fluoride ion sources than caesium

fluoride, but the great susceptibility of (29) aids in the dimerisation.

42.2.2 With a deficiency of fluoride ion

Dimer (142) and an insoluble solid (144) were obtained and elemental
analysis of the latter suggested the formula CgnF10n. Mass spectrum shows peaks such
as 858, 958, 1055, 1144, eic. IR spectrum of (144) is different from that of (142) and
showed a medium absorption at 1720 cm-! which was not observed on dimer (142).

These results suggest that (144) can be a mixture of oligomers (Cgp Fiop, n 2 3).

The probable reaction mechanism is shown in Scheme 4,10.

4.2.2.3 ith other halide ion

Surprisingly, chloride or icdide ions can react with diene (29) to yield
oligomers. For example, an equimolar amount of potassium icdide gave the dimer (142),
and an equimolar amount of potassium chloride gave a mixture of oligomers (Cgp F10n, n
= 2,3,4...)(144). Chloride or iodide ions attack diene (29), forming chloro or icdo
substituted compounds, and potassium fluoride induces the oligomerisation. Only a
small amount of potassium fluoride can induce oligomerisation and the substituted

products were not obtained.

KX
PO
tetraglyme

X;Cl,I

(29) + KX  — 6_@ + KF

Oligomers CgnF10n(n=2)

(29) + KF —_— Dimer(142) and/or
a mixture of oligomers(144)

(scheme 4,11)
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Scheme 4,10

adeficency  olyme i Oligomers(144)
% —_—r O]
of F~ion Dimar(i42) + CenF10n(N=3)

=

(scheme 4,10)
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4.2.2.4 With the carbanion (141)

Fluorinated carbanions can act as fluoride ion sources.!2? Diene (29) was
added to the carbanion (141) solution and the reaction was followed by !9F-NMR
spectrometry. Intensity of the signals for (141) decreased, however, only the original
carbanion signals were observed in solution, at the end of the reacton. During the
reaction, a solid was precipitated, which was characierised as dimer (142). The 19F-NMR
spectra are illustrated in Fig.4,7. This is a good example of how the carbanion (141)

solution can play a role as a catalytic fluoride ion source.

Time

a .
b M Smin
/\N/ ~ 1hr

2days

|

e

-80 400 420 140 -160(ppm)

(141)  + @——@ —  (141) + dimer(142)

Figure 4,7. Sr.NMR spectra for the reaction of the carbanion(141) with diene(29)



(27) with TDAE (90)
TDAE (90) can defluorinate perfluoro-3,4-dimethyl-hex-3-ene (31) to form the

diene (34) (see Chapter 2). Defluorination of (26) and (27) was attempted using TDAE
(90).
42.3.1 With (27)

As expected (27) was defluorinated in TDAE to give diene (8). However,
the byproduct TDAE2+2F- (92) is a potential fluoride ion source and, in fact, donated a
fluoride ion to the part of the diene (8) produced, generating the carbanion (141) (Scheme
4,12). When acetonitrile was used, which is more polar than dichloromethane, all diene
(8) was converted into the carbanion (141). Addition of BF3OEtj to the carbanion

solution formed diene (8).

+ TDAE®*2F (92)

22
® 2 ®:@=2:3
in CHCl
The mixture Efa__oaé (8) yield 59% (scheme 4,12)

42.3.2 With (26
Diene (29) was preduced by defluorination. However, this diene reacted
with TDAE2+2F- immediately to give dimer (142). BF30Et; cannot be used with TDAE

at the same time since BF3OEt reacts with TDAE%S,

CHxClp

—_ P + TDAE2'2F"(92)
0°C = r.t. @

31%

(scheme 4,13) (142)
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4.2.3.3 Reactions with (2 d (27) without solven

Direct addition of TDAE to (26) caused an exothermic reaction. The
colour changed to brown red and then further to dark brown, finally giving a brown
solid. This solid was partially soluble in acetonitrile . The 19F-NMR spectrum showed
mainly five resonances at -88.5, -107.0, -113.0, 121.7, and 142.2 ppm (Fig. 4.8).
These resonances were compared with those of the carbanion (141) and it is reasonable to
consider that the carbanion(143) was generated. Assignments were made in the manner
described earlier (see 4.2.1.2). Signals d and d° are identical and it suggested free
rotation between C; and Cj at room temperature. This carbanion is also considered to be
conjugated. Addition of BF30Et; to the solution gave the diene (29) as the main product.
This result suggests that the carbanion (143) can be generated by neat reaction with TDAE
and it may be isolated. This is the first example of the generation of the unstable

carbanion (143) which has been unsuccessful using TAS-F(138) or caesium fluoride.

TDAE(S0
* TOAERO) o avent or (143)

+ TDAE(¢0) ————=
no solvent

0°C—r.t. (

(scheme 4,14)

The carbanion salt (141) with TDAE2* can also be generated by the same
procedure using (27) and TDAE(90). As described above, in the course of these reactions
the acetonitrile-insoluble solid was obtained. This solid was soluble in DO and
characterised as TDAE2+2F-(92).

There could be two alternatives for the carbanion salts, which are illustrated in

Scheme 4,14.
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d+«d’

@D
Figure 4,8. '°F-NMR spectrum of the carbanion(143) in CD,CN
relative intensity ;2 :0:¢c:d+d :@=1:2:2:4:2
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4.2.4 Ylides

It was reported 4! that perfluorocyclobutene (43) reacted with triphenylphosphine
to give the 1:1 adduct. Burton and coworkers!42 have characterised this adduct as
2,2,3,3,4,4-hexafluoro(triphenylphosphoranylidene)cyclobutene (145). This ylide is a
rare example of an insolable fluorinated carbanion. The overlap of the phosphorus d-
orbitals with the ylide carbon p-orbitals and the strong inductive effect of the adjacent CFa
lead to remarkable stability.142

They subsequently claimed20 the formation of trialkylammonium ylides by the
reaction of (43) with trialkyl-amines. These ylides are stabilised only by inductive effects.

Various fluorinated ylides20.21,142,143 gre illustrated in Table 4,3.

Table 4,3. Fluorinated Ylides

Precursor Reactant Ylide Reference
(43) PPhg (145) 142)
"BPh,
(43) NR3 [F]. 20)
(R=Et,Bu) ! +
NRy
(43) AsBug ) 143)
N+
ASBU3
- +
CF3CF=CFCF; PBu3 CF3CF2?-PBU:3 21)
CF,

Reactions of perfluorobuta-1,3-diene (25) with a variety of trivalent phosphorus
compounds have been studied.!44 Unstable products are formed and they usually

decompose to difluorophosphoranes; R3PF2 and unidentified products.

-78°C —=r. 1. unidentified
- - —_—
CF2 C(I;-;F CF2 + PR3 ChaCha RePFz + products

(scheme 4,15)
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4,2.4.1 Attemnt to generate the coniugared vlides of diene (
a) Reactions with griphenyl phosphing - diene (29) reacted with wiphenylphosphine

in dry ether or acetonitrile at room temperature. Removal of the solvent in vacuum gave a

brown solid. Mass spectrometry gave a parent molecular ion, M*548, for CasHj5F10P

and elemental analysis supported this formula. The !9F-NMR spectrum is shown in

Figure 4,9.
/@%,_\/‘ + PPh % 72%
\V4 / 3 CHiCNorether \ (
(29) (146)
+PPh,
r.t. , 1day _
& —_——
PPhg ChaCN or othar no reaction
(acheme 4,16)

—j ___aJ J —)L_L oA o A _J |
-100 110 4120  (ppm)
Figure 4,9. 19F-NMR spectrum of the phosphonium ylide(146) of diene(29)

relative intensity; a:b:¢:d:e=1:1:1:1:1

There are five broad signals with equal intensity, which are significantly different
from those of the conjugated carbanion (143). The results from mass spectrum,
elemental analysis and !F-NMR suggest the presence of five CF2 groups in different
environments. Signal a is shifted downfield and this can be attributed to the site that is

adjacent to the carbon bearing the charge. Signals ¢ and e are also shifted downfield, but
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not as much as signal a. It can be considered that three CIF7 groups are affected by the
neighbouring negative charge.
There could be two possible structures: non-conjugated ylide (146) and the
conjugated one (147). If the negative chrge was delocalised, like the carbanion(143),
only four 19F-NMR signals should be observed.

(147)

(scheme 4,17)

19F.NMR data indicate the bond rotation between C; and C 2 may be restricted.
Moreover, IR specirum showed the absorption at 1720 cm-! which can be attributed to
C=C bond attached to Rf or F.

Therefore, we conclude that the product has structure (146). It is reasonable to
think that the negative charge has great interaction with the phosphonium and this
interaction disturbs the delocalisation. However, to confirm this non-conjugated
structure, it would be necessary to study its X-ray crystal structure.

Diene (8) and (34) did not form their phosphonium salts with PPh3.

- both diene (29) and (8) reacted with pyridine in

acetonitrile at room temperature to afford a yellow and a brown solid respectively.

r.i. 5days

fdine ———+  £N=¢F
v CHZCN >=F
‘ (148)
+N\
| yield 47%
&
L r.t. 5days
4+ pynding ———————r
CH3CN w
(149)
S
(scheme 4,18) | yield 69%
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The 19F-NMR spectrum of the former in acetonitrile showed five signals with equal
intensity, and seven signals for the latier. In both cases three signals are shifted
downfield. The IR spectrum of each solid gave absorptions at 1700 and 1720 cm-!
respectively, based on (Rf);C=C(Rf);. Mass spectroscopic data and elemental analysis
did not give the expected results, due to the unstable structure. However, in comparison
with the phosphonium ylide (146) these two solids may also be considered to have non-

conjugated ylide structures such as (148) and (149).

c) Reaction with tricthylamine - the reaction of diene (29) with triethylamine

without solvent afforded the corresponding ylide (150). Spectroscopic data were

compared with other ylides and consistent with the non-conjugated structure .

r.t.
>+ EtgN

no solvent

|
+NEt,  Yield 62%
(scheme 4,19)
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4.3  Summary

We have demonstrated the generation of the conjugated carbanion (141) by the
reactions of diene (8) with a variety of fluoride ion sources. The carbanionic intermediate
(143) is normally unstable and reacts further with diene (29) to give the corresponding
oligomers. However, TDAE (90) defluorinates fluorinated cyclic alkenes (26) to form
diene (29), which reacts with TDAE2+2F- (92) without solvent, providing the observable
carbanion (143).

Diene (29) and (30) react with electron donating reagents, such as
triphenylphosphine, pyridine, and triethylamine to yield the ylide derivatives. These
ylides have been assumed to be non-conjugated.

Nevertheless, in order to confirm the structures of these carbanionic species,

further investigations are necessary, i.e. X-ray crystal structure.



CHAPTER FIVE
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5 CYCLOADDITION REACTIONS OF FLUORINATED DIENES

5.1  Iniroduction
In this part, attempted Diels-Alder reactions and 1,3-dipole cycloaddition reactions

of fluorinated dienes are mainly described.

A large number of Diels-Alder reactions of unsaturated fluorinated compounds
have been reported.1.145 In general, fluorinated dienes are less reactive in the Diels-Alder
reaction than their hydrocarbon equivalent, due to eleciron-withdrawing property of
fluorine or fluorinated alkyl groups. Fluorinated dienophiles, on the contrary, are more
reactive than their hydrocarbon equivalent.

Perfluorocyclopenta-1,3-diene (151) and hexa-1,3-diene (152) have s-cis
conformation and may undergo the Diels-Alder reaction as a diene. Several examples are
shown in Table 5,1.

Perfluorobuta-1,3-diene (25) has a distorted skew-cis conformation (see Chapter
1) and was considered to exclude the possibility of the formation of its [2 + 4]
cycloadducts with dienophiles.147 Nevertheless, cyclisation131,152 and [2 + 2]
cycloaddition153 reactions of (25) have been reported.

Recently, Russian workers134-159 have claimed that (25) reacts with electron-rich
dienophiles such as para-substituted styrenes, c-substituted styrene, and phenylacetylene
to give both [2 + 2]- and [2 + 4]-cycloadducts. These systems (diene-acceptor,
dienophile-donor) are opposite to classic Diels-Alder reaction (diene-donor, dienophile-
acceptor). Some reactions of (25) are listed in Table 5,2.

In our laboratory the reactions of fluorinated diene (8) and (34) with various
dienophiles have been attempted33.91. However, only starting material was recovered in

each case.



Table 5,1.

(151)

(151)

(152)

94

Diels-Alder Reactions of (151) and (152)

CHp=CHa
—

100°C , 8days

butadiene
> =
100°C , 5days

maleic anhydride
=
100°C , 5days

butadiene
> =
100°C , 5days

F
@ 51%
F
F
;@ 64%
E’
o)
|
//Y\/ \
(R o
FC
Il
F O
F@S 98%
F N
F \

Reference

148) , 147)

I

+ @ ————— ) '_—’
80~150°C
| 47~94%
Y X=Y=CFs,Me,CHsCl, COsEL, CHg
X=H,Y=CF3; X=H,Y=CHs 148) , 149)
CH2=CHR
A 150)

R=COMe, OEt,CN, Ph
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Table 5,2. Diels-Alder Reactions of Parfluorobuta-1,3-diens(25) Reference
with Various Disnoghiles

160°C ,
CFp=CF-CF=CF, + CHy=CH 80°C. &n

‘I
154) , 155)
X
X =0Me
X = NiMe

140°C , 14h
—
dioxane

(25)  + CHpy=COMe

(25) + PhC=CH

no reaction
HC =CCF.
3'?6» no reaction
200°C, 15
CHo=CH,
200°C, 21h
CF no reaction
3
N CFa 100°C ,
F N + (E)aNC=N ——)e  no reaction
F
CF,
CFy (scheme 5,1)
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5.1.2 1.3-Dipole Cycloaddition Reactions of Fluorinated Dienes

There are only a few reports of reactions involving addition of diazomethane to
fluorinated alkenes.160-163 We have also reported164 additions of diazomethane to a
variety of perfluorinated alkénes and rationalised their reactivity and, furthermore, their
reactivity towards general nucleophilic attack, based on considering frontier orbitals
(F.0.)164 (see details in Chapter 3). Several reactions are illustrated in Table §,3.

It should be noted164 that during these reactions Al-dihydropyrazole derivatives
are presumably produced as an intermediate and are very susceptible towards traces of
acid or base to give A2-dihydropyrazole. Alkene (153) afforded the corresponding Al-
dihydropyrazole as an isolable solid, which isomerised quantitatively to its A2-

dihydropyrazol.

Table 5,3. Addition of diazomethane to various perfiuorinated alkenes

Rt Ri Ri Rf
Rf CF CH-N
Y= 2 o Fo—fcR = Fye——{-cF,
FaC Ri Et,O,r. 1. HZC.,Nt,N HC‘\N'NH
Rf = CoFs ( + Z isomer) (31) . 2 .
Rf = CFs A -dihydropyrazole A°-dihydropyrazole
FsCz CFs  CHuNp FsC2  OFs  7qays FsC; CFy
= o rL TP T Fsc—}=+=F
FaC F 20, r. 1. N, CH Lt HN, ,CH
(153) N N
95% quantitatively

. . (26a deficiency Ho-Ns
Q ’ (26a) of CHoN» N CH (262) (260)
A A —= : H : > 4+ +
Qﬁ (26b) Et,O, 1. 1.
v v lexcess of CHaN2

Et0O, r.t.
n=H
A8 . &

As far as fluorinated dienes are concerned, only one report165 has appeared in the course

of our literature search. Hexafluorobicyclo[2,2,0]hexa-2,5 diene (154), which is readily
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prepared by the photo chemical isomerisation of hexafluorobenzene, reacted with

diazomethane to form the corresponding adducts (Scheme 5,2).

Eét@" _'C%?i“D Mj\\h/ (?;l? 81% (scheme 5,2)

o ey
(154) (155)
excess

H N cHe
« b QQN No ° > N

(154) :CHaN2=2:3 12% 38% 30%
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5.2  Discussion

5.2.1 Diels-Alder Reactions of Diene (29) and (30)

5.2.1.1 With various acetylene derivatives (as diene

A series of reactions of diene (29) with acetylenes has been attempted.
However, only starting material was recovered. These reactions are summarised in Table
5,4. Relatively electron-rich acetylenes, such as diphenylbut-2-yne and
bis(paraphenoxyphenyl)but-2-yne did not undergo a [2 + 4] cycloaddition reaction.

Their bulky aromatic groups might have affected the overlap of & orbitals.

Table 5,4
Table 5,4. Attempted Diels-Alder Reactions of Diene(29) with Various
Acetylere Derivatives
100°C
2 days

+ EtO2CC=CCO,EL no reaction

O
(29) + F3CC =CCF3 ﬁq—b no reaction
5 days

150°C ,
(29) + PhC=CPh -=Tay==;> no reaction

(]
(29) + PhOPhC=CPhOPh %(;C—;> no reaction
y

5.2.1.2

It has been reported166 that cyclohexa-1,3-diene and propene reacted with
perfluorobicyclobutylidene (26a) to afford the products (156) and the 'ene’ product (157)
respectively. Propene and a-methylstyrene did not undergo the expected reactions with

diene (29) and (8).

+ ®=® 80°C
“iday M
(26a) (155) 90%
(scheme 5,3)

— =0 B OO

(262) (157) 40%
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Table 5,5. Attemptied 'ene’ and Diels-Alder Reactions

of Dienes (29) and (8)
HaC. 80°C
* \= 1 day
Me 0
(29) + -=80=£-(>
Ph i day

S

G , HC 80°C
\= 1 day

e

(8)

5.2.1.3 With various hvdrocarbon diene derivatives

no reaction

no reaction

no reaction

Various hydrocarbon dienes have been employed for the reactions of diene

(29). Diene (29) reacted with butadiene and cyclopentadiene as dienophile to give the [2 +

4] cycloadducts (158) and (159) respectively.

Table 5,6. Attempied Diels-Alder Reactions of Diene(29)
as Dienophile

: 80°C
‘_M__ @ Ho=CH-CH=CH —_—
_ * CHo=C CH 2 days

" (29)
r.t.

(29) * @ 7 days
0 80°C

(29) + <\ /7 7 days

S reflux

(29) + (\ /7 CHaCN

2 days

S
(159)

no reaction

no reaction

Mass spectrum data of (158) gave a parent molecular ion, M+ 340 for C12HgF10.

19F. and 'H-NMR spectra were consistent with the structure. IR spectrum showed -

FC=Cx< stretching vibration at 1720 cm-! and a very weak vibration due to -CH=CH-

stretching. The product (158) has two enantiomers.
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Mass spectrum data of (159) gave a parent molecular ion, M* 352, for C;3HgF10.
19F-NMR spectrum was also consistent with the structure given. The reaction was
carried out with an excess of _fiiene (29), but cyclopentadiene can readily dimerise at room
temperature and this dimer and the product (159) could not be separated. The 1H-NMR
spectrum comfirmed this mixture . The reaction of a cyclic diene with a dienophile yields
predominantly the endo product (Alder-Stein Rules) which has two enantiomers, as
described above.

Diene (29) did not afford [ 2 + 4] cycloadduct by reactions with cyclohexadiene
and heterocyclic dienes such as furan and thiophene.

A range of reactions of diene (8) has also been attempted but no cycloadducts
were obtained.

These results may suggest that the higher reactivity of diene (29) than diene (8)
towards hydrocarbon dienes can be attributed to the effect of angle strain in (29) since the
geometries of (29) and (8) are quite similar, in spite of a slightly distorted structure in (8).
The greater reactivity of (26a) than (29) can also be attributed to more angle strain in (26a)
than (29), which is not necessarily the case in nucleophilic reactions of these two

compounds.

5.2.2 Addition of Diazomethane to Diene (29) and (8)
5.2.2.1 Addition to diene (29)

Diene (29) reacted with an excess of diazomethane in ether at room

temperature to form a yellowish solid.

excess

of CHaN2
’ Ether r.t.
(29)
excess (scheme 5,4)
of CHaNj

———— e
Ether r. 1.
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Mass spectral data gave a parent molecular ion M* 370 for C;oH4F)9N4, which was
supported by elemental analysis. IR spectrum showed a broad absorption at 3380 cm-!
due to N-H stretch, a broaq absorption at 1550 cm-! due to >C=N-. However, 19F-
NMR spectrum gave a great number of signals, which have not yet been assigned. 1H-
NMR spectrum gave one signal for -CH=N- at 5.8 ppm (Jygr:17.5 Hz) but -NH- signal
was not observed. As described above (see Table 5.3), its Al-dihydropryazole derivative
must have been produced first, but isomerised to A2-dihydropyrazole. This can be
explained by the absence of 1H-NMR signal for -CHj-N=N-,

Therefore, it is reasonable to conclude that the product has the structure (160).
Nevertheless, the product should have several isomers and the complicated 19F-NMR
spectrum accounts for this fact.
5.2.2.2 Addition of diene (8)

A white solid was obtained by addition of diazomethane to diene (8).
Mass spectrum and elemental analysis gave a chemical formula, C1oH4F14N4. IR
spectrum showed N-H stretch absorption at 3260 cm-! and >C=N- stretch absorption at
1600 cm-!. 1H- and 19F-NMR spectra were too complicated to be assigned, but we

assume that the diadduct has the structure (161), and there are also several isomers.

5.2.3 Attempted UV irradiation of dienes

Surprisingly, diene (29) was irradiated with UV to form an insoluble solid.
Elemental analysis gave the formula Cg,F1g,. Mass spectrum showed several high
molecular ions at 572 (n = 2), 858 (n = 3), 1144 (n = 4), etc. IR spectrum showed very
broad absorption in all regions. There are two possibilities of explaining this result :

)] UV irradiation initiated the radical oligomerisation of diene (29);

(ii) [2 + 2] cycloaddition reaction occurred between several molecules to give

oligomers.

However we have not yet reached a conclusion. Dienes (8) and (34) did not react
when subjected to UV irradiation. Angle strain in (29) probably excites the electronic

state of the conjugated double bond and induces the reaction.
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===—=<>UV gr::;a;ﬂon Ofigomers CgnFion

(29) (scheme 5,5)
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5.3  Summary
Dienes (29) and (8) did not undergo the Diels-Alder reaction with dienophiles.
Diene (29) could have a s-cis conformation,. however, the spacial separation between
carbons A and B is wider than would be expected due to an additional angle strain of the
four membered ring. Diene (8) is not coplanar and it is difficult to hold s-cis

conformation . More importantly, these dienes are extremely electron poor.

Diene (29) led to monoadducts by reactions with butadiene and cyclopentadiene.
Diene (29) played a role as an electron-poor dienophile. Diene (8) did not react even as a
dienophile, probably because of its steric hindrance.

Addition of diazomethane to dienes (29) and (8) gave diadducts, which consisted
of several stereo isomers.

Diene (29) was oligomerised by UV irradiation and this remarkable phenomenon

may be attributed to the excited state due to angle strain.



CHAPTER SIX
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INSTRUMENTATION

Quantitative analysis was obtained using a Hewlett Packard 5890A gas liquid
chromatograph equipped with a 25 m cross-linked methyl silicone capillary column.

Preparative g.l.c. was performed on a Varian Aerograph Model 920 (catharometer
detector) gas liquid chromatograph with packed columns, which was mainly a 3 m 10%
SE 30.

Elemental Analysis
Carbon, hydrogen, and nitrogen elemental analyses were obtained using a Perkin-

Elmer 240 Elemental Analyser or Carlo Erba Strumentazione 1106 Elemental Analyser.

Analysis for halogens was performed as described in the literature!68

NMR spectra
'H-NMR spectra were recorded on an Hitachi Perkin-Elmer R-24B (60 MHz), a

Bruker AC 250 (250 MHz), and a Varian VXR400S (400 MHz) NMR spectrometer.
I9F.NMR specira were recorded on a Varian EM3601 (56 MHz), the Bruker AC
250 (235 MHz), and the Varian VXR400S (376 MHz) NMR spectrometer.
13C-NMR spectra were recorded on the Bruker AC 250 (63 MHz) and the Varian
VXR400S (101 MHz) NMR spectrometer.

Infrared Spectra

Infrared spectra were recorded on a Perkin-Elmer 457 or 577 Grating
spectrometer using KBr discs (for solid samples) or thin films between two KBr plates
(for liquid samples). Gaseous samples were condensed into a cylindrical cell fitted with

KBr plates.

S SpE
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Mass spectra of solid samples were recorded on a VG 7070E spectrometer.
G.l.c. mass spectra were recorded on the VG 7070E spectrometer linked to the Hewlett
Packard 5790A gas chromatograph fitted with a 25 m cross-linked methyl silicone
capillary column.

Ultraviolet spectra
Ultraviolet spectra were recorded on a Philips PU8720 UV/Vis scanning

spectrometer.

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 and are unconnected.

Reagents and Solvent
Unless otherwise stated, reagents were used as supplied. Solvents were dried by

standard methods and stored over a molecular sieve (type 4A).
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6 EXPERIMENTAL TO CHAPTER 2

6.1 QOligomerisation of Fluorinated Alkenes

Perfluorccylobutene (90) (73.5 g, 465 mmole) was wansferred in vacuo
to a Carius tube cooled in liquid air, which was precharged with pyridine (1.9 g, 24
mmole), and sealed. This tube was then rotated at room temperature for 5 days. Volatile
material (56.5 g) was transferred in vacuo to a cold trap, washed with water (50 ml x 2),
dried over P»0s, and further wransferred in vacuo to a cold trap. Distillation gave dimers
(26a) and (26b) (25 g, 34%), b.p. 75-82°C and the trimer (44) (30 g, 41%), b.p. 147-
148°C. Their mass spectra, IR spectra [number 1 for (26)], and 19F-NMR [number 7 for

(44)] were consistent with literature data80.

6.1.2

dimethylformamide (DIMIF)
A Carius tube was charged with dry caesium fluoride (9.1 g, 60 mmole)

and N,N'-dimethylformamide (30ml) and degassed under vacuum. Perfluorocyclobutene
(43) (45.7 g, 282 mmole) was transferred in vacuo to the tube, and cooled down in liquid
air. The tube was sealed and rotated in a rotating machine at rcom temperature for 65 h.
The solution changed in colour to yellow and then gradually to red-yellow. Volatile
material (38.4 g) was transferred in vacuo to a cold trap, washed with water (50 ml x 2),
dried over P20s, and once again transferred in vacuo to a cold trap. Distillation afforded
the dimers (26a) and (26b) (10 g, 22%) and the mixture of trimer (85) and its isomer (30
g, 66%), the ratio 9:1, b.p. 141-147°C. The latter was separated by preparative g.l.c. and

was identified as (44). The spectroscopic data were compared with literature data86.88,

6.1.3 Dimerisation of perfly clopenten
6.1.3.1 In a Carius tube

A Carius tube (quartz) was charged with dry caesium fluoride (16 g, 105
mmole) and sulpholane (30 ml) and degassed in vacuo. Perfluorocyclopentene (86)(36

g, 170 mmole) was transferred in vacuo to the tube cooled in liquid air. The tube was



107
then sealed and agitated at 120°C for 60 hr. After that the tube was opened and the two
layers of liquid were subsequently distilled to give perfluorobicyclobutylidene (27) (25 g,
71%), b.p. 124.5°C ; IR spectrum number 2. Other spectroscopic data were consistent

with those in literature 88,
6.1.3.2 In an auto clave

Typically, perfluorocyclopentene (86) (72.2 g, 341 mmole) was
transferred in vacuo to a 250 ml autoclave, cooled in liquid air and precharged with dry
caesium fluoride (25.1 g, 165 mmole) and sulpholane (130 ml). the mixture was then
heated at 125°C, with agitation, in a rocking furnace for 48 hr. Volatile material (68.1 g)
was transferred in vacuo 10 a cold trap and distillation afforded the starting material (86)
(42.7 g, 59%), b.p. 26.9°C and the corresponding dimer (27) (22.5 g, 31%).

This dimerisation was carried out many times under the same condition but in
most cases the yield of (27) was lower than that obtained by carrying out the reaction on

a smaller scale, in a Carius tube.

6.14

cyclopene (86) with pyridine
A Carius tube was charged with pyridine (1.5 g, 19 mmole), cooled in

liquid air, and degassed in vacuo . Perfluorocyclobutene (46) (12.4 g, 77 mmole) and
perfluorccyclopentene (86) (25.2 g, 119 mmole) were transferred in vacuo to the tube
and sealed. The tube was agitated in a rotating arm at room temperature for 6 days and
then opened with volatile materials being transferred in vacuo to a cold trap. The
resultant liquid (30.1 g) was washed with water (50 ml x 2), dried over P205 and
transferred in vacuo to a cold trap again. This liquid was distilled to yield the starting
material (86) (16 g), perfluorocycobutene dimers (26a) and (26b) (3 g, 24%), b.p. 75-

80°C, and co-dimer, perf ) [4 g, 80% purity as a

mixture with (26), the ratio 8:1]. Mass spectrum and 19F-NMR spectrum were compared

with literature data87.



6.2
6.2.1 General procedure

Basically, sodivm was allowed to stand in dry ether to remove paraffin

and then cut into small pieces. These pieces were added to a Schlenk tube, equipped with
a stop-cock, which was precharged with mercury. The Schlenk was gently shaken to
dissolve the sodium in the mercury, to produce an amalgam. This procedure was carried
out under dry nitrogen and was repeated until the concentration of the amalgam reached
c.a. 0.5 w/w %. Making the amalgam was so exothermic that the Schlenk had to be
constantly cooled with running water.

The reactant, which was c.a. 0.4 equimolar with respect to scdium, was carefully
added to the amalgam in the Schlenk under dry nitrogen. The top of the Schlenk was
sealed with a rubber 'Suba-seal' to release the developed pressure.

The Schlenk was then shaken vigorously whilst being cooled with running water.
During the reaction the appearance of the mixture drastically changed into a metallic
mercury coloured, very viscous solid. Completion of the reaction was implied by the
reformation of elemental mercury and the formation of a dark grey fine dust on the
mercury. The product was obtained by transferring in vacuo to a cold trap.

Caution: the reaction was carried out in a sealed system and was extremely

exothermic; therefore shaking was done behind a blast screen whilst wearing gloves.

6.2.2 Reduction of Perfluorolbicyclobutylidene (2 d its Jsomer (26b
Perfluorobicyclobutylidene (26a) and its isomer (26b) (9.5 g,
29.3.mmole) was added to a 0.55 w/w % sodium amalgam (Na:1.7 g, 74 mmole, Hg:
311.4 g). The Schlenk was sealed and then shaken, following the general procedure.
The volatile fraction (7.3 g) was obtained by transferring in vacuo to a cold trap. The
subsequent g.l.c. analysis showed one product (purity 95%), which was identified as
perfluorobicyclobut-1.1"-enyl (29) (6.9 g, 83%). (Found: C, 33.8; F, 66.1. CgFq
requires C, 33.6; F, 66.4%); m/z 286 (M+, 32%); 19F-NMR spectrum number 1; IR

spectrum number 3; mass spectrum number 1.
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Many such reductions were carried out and some of them are detailed below.

(26) Na Hg Yield (29) Conversion

g mmole | g mmole g % %
96 298 1.8 78.3 304.6 81 95
95 293 1.7 73.9 306.5 72 95
7.7 23.7 1.5 65.2 290.0 71 20
20 27.8 1.8 78.3 286.8 68 95
11.3 348 2.0 87.0 340.5 81 92
11.8 364 1.9 82.6 3394 66 88
120 37.0 1.8 78.3  342.6 75 93

6.2.3

Perfluorobicyclopentylidene (27) (12.0 g, 28.3 mmole) was added to a
0.54 w/w % sodium amalgam (Na: 1.7 g, 73.9 mmole; Hg: 312.2 g) as described in the
general procedure. On completion of the reaction the volatile fraction (9.4 g) was
recovered by transferring in vacuo to a cold trap. The g.l.c. analysis showed only one

product (purity 97%) which was identified as perfluorobicyclopent-1.1'-enyl (8

84%).: (Found: C, 31.3; F, 68.6. CjgF14 requires C, 31.1; F, 68.9); m/z 386 (M+,

61%); 19F-NMR spectrum number 2; IR spectrum number 4; mass spectrum number 2.
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Substirate Na Hg Recovery of
Substrate
g mmole g mmole g %
(46)
7.3 15.0 1.7 73.9 344.2 60
(89)
4.0 8.0 0.7 30.4 150.1 85
6.3 Zinc Induced Defluorination

6.3.1

(26b)
A mixture of perfluorobicyclobutylidene (26a) and its isomer (26b) (2.0 g,

6.9 mmole) was added dropwise to refluxing dioxane (10 ml) with zinc (4.6 g, 71
mmole), which had been activated by washing with hydrochloric acid-acetone solution
and then with dry acetone and finally dried under vacuum. The mixture was then allowed
to stand under reflux for 10 h. Zinc was then removed by filtration. The filtrate was
distilled to recover (26a) and (26b) (1.0 g)

15F-NMR spectrum of the dixane solution showed a number of peaks, but they have not
yet been assigned.

6.3.2. Attempted reduction of perfluoro-3.4-dimethyl-hex-3-ene (31

Perfluoro-3,4-dimethyl-hex-3-ene (31) (4.0 g, 10 mmole) was added
dropwise to dioxane (15 ml) with activated zinc (4.5 g, 68 mmole) under reflux and the
mixture was stirred for 2 h. Then the mixture was filtered to remove zinc dust. The
filtrate consisted of two layers, the bottom layer was identified as starting material (31)
(2.97 g ,66%). 19F-NMR spectrum of the upper dioxane solution showed several peaks
which were different from those of (31), but have not been identified.




6.4

6.4.1. General procedure
Typically fluorinated substrate and dichloro-methane were precharged into

a two-neck flask equipped with a pressure-equalising dropping funnel. TDAE-
dichloromethane solution was added dropwise with stirring, whilst cooling the vessel in
an ice-bath. On completion of the addition the mixture was stirred for half an hour.
During the reaction the colour of the solution changed and a white solid was precipitated.
The ice bath was then removed and the reaction mixture allowed to warm up to room
temperature. Stirring was continued for 1 h. The mixture was filtered if necessary to
separate the solid from the solution. Analysis was done by means of 19F-NMR, to

check the formation of diene.

6.4.2. Reduction of perfluoro-3,4-dimethyl-hex-3-ene (31)
Perfluoro-3,4-dimethyl-hex-3-ene (31) (12.1 g, 30.3 mmole) and

dichloromethane (30 ml) were charged into the flask and TDAE (6.1 g, 30.3 mmole) in
dichloromethane (15 m) was added slowly at 0°C. The solution turned dark red in colour
immediately and a whitish solid was gradually precipitated . As the temperature increased
to rcom temperature, the colour of the solution changed to orange and, surprisingly, a
transparent layer separated at the bottom again Although (31) was not soluble in
dichloromethane, the addition of TDAE made the mixture homogeneous. The bottom
layer (7.0 g) was collected by pipette. Subsequent analysis of 19F-NMR and g.l.c.
showed only one preduct, which was identified as perfluoro-3.4-dimethyl-hexa-2.4-
diuene (34) (7.0 g, 64%); m/z 362 (M+, 1%),(M-19, 26%); 19F-NMR spectrum number

6; IR spectrum number 5; mass spectrum number 4.
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A series of these reductions was carried out. The details are as below.

(32) TDAE (94) CH,Cl, Yield Conversion
g mmole g mmole ml % %
8.0 20.0 4.0 200 35 44 78
122 30.6 6.0 299 40 65 95
4.5 11.3 2.2 11.0 20 58 85

6.4.3

TDAE (5.03 g, 25.2 mmole) was added dropwise to stirred tetramer (31)
(11.15 g, 27.9 mmole) at 0°C, under nitrogen. A dark red solid was produced
immediately and increased in amount. The solid was then allowed to warm up to room
temperature. Heating it to 80°C under vacuum isolated a volatile in a cold trap. The

liquid was identified as (34) (8.3 g, 82%).

6.4.4

TDAE (1.5 g, 7.6 mmole) in dichloromethane (10 ml) was added to
perfluoro-1,2-dicyclobutyl-cyclobutene (44) (1.9 g, 3.9 mmole) in dichloromethane (10
ml) as described previously. During the reaction the solution turned from orange to
brown. The mixture was filtered under nitrogen to yield a brown solid and a brown
liquid. Borontrifluorideetherate BF30Ets (1.2 g, 5.5 mmole) was then added to this
liquid to give a further brown liquid and brown solid. A colourless liquid was obtained
by transferring this brown liquid in vacuo to a cold trap. Analysis by g.l.c. showed that
this dichloromethane solution contained two products: (i) (6%), and (ii) (6%). There
was not enough products to be separated, however, mass spectra and 19F-NMR spectra

of this mixture indicated the presence of the following compounds:
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@) rfluoro-2-cvclobutyl-bicyclobut-1.1'-enyl (9
mass spectrum number 5; 19F-NMR spectrum number 8
(i) rfluoro-2-cyclobutenyl-biucyclobut-1.1'-envl (94

mass spectrum number 6; 19F-NMR spectrum number 9

6.4.5

The table below summarises attempted reductions of various fluorinated

alkenes and alkanes. They did not lead to any defluorinated preducts.

Substrate TDAE CH2Cl, Recovery of
Substrate

g mmole g mmole ml %
(85)

5.0 10.2 2.0 10.0 20 60
(36)

5.2 10.4 2.1 10.5 25 65
(96)

4.6 10.0 2.1 10.5 25 *
97

4.0 10.0 2.0 10.2 25 65
(98)

0.2 0.4 0.1 0.5 - 90

* (96) is partially soluble in CH,Clp

6.4.6 Attempted synthesis of octamethyloximidinium difluoride (92)

As detailed in 6.4.2, a white solid (0.6 g) was obtained by filtration of the
reaction mixture followed by washing with dichloromethane (5 ml x 2). It was slightly
soluble in acetonitrile and soluble in water. Analysis by 1H, 19F-NMR spectra indicated
the presence of octamethyloxamidinium difluoride (92). 1H-, 19F-NMR spectra number
5; Elemental analysis did not afford the expected figures because this solid (92) was
proved to be very hygroscopic.



CHAPTER SEVEN



115
7 EXPERIMENTAL TO CHAPTER 3
7.1  Oxyeen Nucleophiles
7.1.1 Reactions with alcohols

7.1.1.1 Diene (29) with methanol
Diene (29) (1.27 g, 4.4 mmole) was added to an excess of methanol (0.64

g, 20 mmole) in ether (10 ml). An exothermic reaction took place and a white solid was
precipitated within an hour. The solution was then evaporated to give a white solid.
Vacuum sublimation yielded 2.2-dimethoxy-perfluorgbicvclobut-1.1'-enyl (108) (0.47 g,
75%); miz 310 (M+, 100%); (Found: C, 38.5; H, 1.9; F, 49.4. C;oHsO,Fg requires
C, 38.7; H, 1.94; F, 49.0%); m/z 310 (M+*» 100%); 1H-, 19F-NMR spectrum number

10; IR spectrum number 6; mass spectrum number 7.

7.1.1.2 Diene (8) with methanol
The addition of diene (30) (1.64 g, 4.2 mmole) to an excess of methanol

(1.12 g, 35 mmole) with a catalytic amount of sodium methoxide in ether (10 ml) caused
an exothermic reaction to take place. The mixture was stirred for 5 days at rcom
temperature. The solvent was then removed to yield a white solid. Purification by
vacuum sublimation gave 2,2-dimethoxy-perfluorobicyclopent-1.1'-envyl (109) (0.2 g,
63%); (Found: C, 35.1; H, 1.8; F, 55.2. C12HgF1207 requires C, 35.1; H, 1.6, F,
55.6%); miz 410 (M*, 100%); 1H-, 19F-NMR spectrum number 11; IR spectrum

number 7; mass spectrum number 8

7.1.1.3 Diene (29) wi ol

The mixture of diene (29) (1.33 g, 4.7 mmole) and ethanol (0.92 g, 20
mmole) was stirred in ether(10ml) for 2 days at room temperature. The removal of the
solvent afforded a viscous liquid. The liquid was purified by molecular distillation. This
has been identified as 2,2-diethoxy-perfluorobicyclobut-1,1'-enyl (110) (0.52 g, 45%);
(Found: C, 42,2; H, 2.7; F, 44.9. CyoH,00,Fg requires C, 42.6; H, 3.0; F, 45.0%);
miz 338 (M*, 42%); 1H-,19F-NMR spectrum number 12; IR spectrum number 8; mass

spectrum number 9.
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7.1.1.4 empied hvdrolysis of (108)-(11
Typically the alkoxy derivatives were added to 50% aqueous sulphuric
acid solution and then heated at 100°C for 12 hours. In each case a white solid was

filtered off and found to be starting material.

Substrate Recovery (%)
(108) 75
(109) 67
(110) 62
7.1.2 Reactions of water

7.1.2.1 With diene (29)
Diene (29) (1.15 g, 4 mmole) was added to acetonitrile (7 ml) containing

water (1.33 g, 74 mmole) and was stirred at room temperature for 1 day. Then
evaporation of the solution gave a brown solid as a residue. Vacuum sublimation of this
solid yielded a white hygroscopic solid, which has been identified as 1-(2',3'.3'.4',4'-

13) (0.8 g, 76%);
(Found: C, 36.2; H, 0.8; F, 53.2. CgHF70, requires C, 36.6; H, 0.4; F, 53.8%);

miz 262 (M*, 14%); 19F-NMR spectrum number 13; IR spectrum number 9; mass

spectrum number 10.

7.1.2.2 With diene (8)
The mixture diene (8) (0.7 g, 1.8 mmole), water (1.05 g, 58.3 mmole),

and acetonitrile (7 ml) was stirred at room temperature for 3 days. Evaporation of the

solvent gave a brown solid which was then sublimed in vacuum and identified as 1-

2'.3'.3'4'.4'.5". 5 -heptafluor:
cyclopent-S-enone(116) (0.5 g, 77%); (Found: C, 33.0; H, 0.3; F, 53.0.
Ci10H1F1107 requires C, 32.5; H, 0.3; F, 53.7%); m/z 362 (M+,14%);

19F-NMR spectrum number 14; IR spectrum number 10; mass spectrum number 11.



7.1.2.3

The aqueous solution of (113) (0.242 g, 0.92 mmole) was neutralised
with 0.1M NaOH solution. The molar concentration of (113) calculated by titration, was
fairly consistent with it's original value (0.92 : 1.02 mmole). Then water was evaporated
in vacuum to give an orange solid, which has been identified as the sodium salt (118)
(0.15 g, 58%); 19F-NMR spectrum number 15; IR spectrum number 11; mass
spectrum number 12.

In the same procedure, the neutralisation of (116) with NaOH solution gave the
corresponding salt, which has been identified as the scdium salt (119) (0.19 g, 70%);

19F-NMR spectrum number 16; IR spectrum number 12; mass spectrum number 13.

7.2 Nitrogen Nucleophiles
7.2.1 Reactions of aniline
7.2.1.1 Diene (29) wi ilin

Aniline (0.89 g, 9.6 mmole) was added slowly to diene (29) (1.12 g, 3.92
mmole) in acetonitrile (10 ml) at room temperature. An exothermic reaction tcok place
immediately and the solution turned yellow. The stirring continued for 1 hour. The
solvent and the unreacted aniline were removed in high vacuum to give a yellow solid,
which was washed with pentane (10 ml x 2) and has been identified as 2,2'-
bis(phenylamino) perfluorobicyclobut-1,1"-enyl (122) (0.89 g, 53%); (Found: C, 55.5;
H, 2.6; N, 6.2; F, 34.8. CyoH10N2Fg requires C, 55.8; H, 2.3; N, 6.5; F, 35.4%),
m/z 432 (M*, 6%); 1H-, 19F-NMR spectra number 17;

IR spectrum number 13; mass spectrum number 14.

7.2.1.2 Diene (29) with an equimolar amount of analine
The mixture of aniline (0.58 g, 6.3 mmole) and diene (29) (1.79 g, 6.3

mmole) was stirred in acetonitrile (7 ml) at rcom temperature for 1 day. The solvent was
then evaporated in vacuum to give a brown viscous liquid. The sublimation of this liquid

in vacuum gave white needle-like crystals which have been identified as 2-(phenylamino)-
perfluorobicyclobut-1.1'-envl (123) (0.35 g, 15%); (Found: C, 47.0; H, 1.7; N, 3.8;
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F, 47.2. Ci4HgNFg requires C, 46.8; H, 1.4; N, 3.9; F, 47.6%); m/z 359 (M*,
100%); 1H-, 19F-NMR spectra number 18; IR spectrum number 14; mass spectrum

number 15.

7.2.1.3 With diene (8)
The addition of aniline (0.21 g, 2.26 mmole) to diene (8) (1.05 g, 2.72

mmole) in acetonitrile caused an exothermic reaction and a colour change to green. The
mixture was stirred for 1 day. Then the liquid was evaporated to give a yellow solid.
This solid was recrystallised from acetonitrile in a freezer (at -15°C) and has been
identified as 2-(phenylamino)-pe ) (0.38 g, 31%);
(Found: C, 41.5; H, 1.2; N, 3.6; F, 54.7. CygHgN1F13 requires C, 41.8; H, 1.3; N,
3.1; F, 54.7%); m/z 459 (M*, 16%); 1H-, 19F-NMR spectra number 19; IR spectrum

number 19; mass spectrum number 16.

7.2.2 Reaction of pyrroles

7.2.2.1 Diene (29) with pyrrole
Pyrrole (0.28 g, 4.2 mmole) in acetonitrile (5 ml) was added to diene (29)

(0.68 g, 2.5 mmole) in acetonitrile (5 ml) and the mixture was then stirred at room
temperature. An exothermic reaction took place immediately. After 1 day, 19F-NMR
spectrum of the mixture no longer showed the presence of diene (29). The removal of the
solvent gave a brown-red solid (0.75 g) and sublimation of this solid afforded a yellow-
red solid as the first fraction (0.13 g) and a yellow solid as the second one. The second
one has been identified as 2,2'-bis(pyrrol-2-yl)-perfluorobicyclo-but-1,1'-enyl (125)
(0.55 g, 63%); (Found: C, 50.1; H, 2.1; N, 7.4; F, 40.4. C,¢HgN7Fg requires C,
50.5; H, 2.1; N, 7.4; F, 40.0%); m/z 380 (M+ 3%); !H-, 19F-NMR spectra number
20; IR spectrum number 16; mass spectrum number 17.

The first one has been identified as a mixture of (125) as the main component and

2-(pvrrol-2-yD)-perfluoro-bicyclobut-1,1'-enyl (127) by 19F-NMR (number 21).
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7.2.2.2 Diene (29) with N-methylpyrrole
The mixture of N-methylpyrrole (0.52 g, 6.4 mmole) and diene (29) (0.62
g, 2.2 mmole) was refluxed in acetonitrile (10 ml) for 3 days. The removal of the

solution gave a brown yellow solid. This solid was purified by vacuum sublimation to

give a yellow solid, which has been identified as 2,2:-bis(}
perfluorobicyclobut-1.1-enyl (126) (0.51 g, 57%); (Found: C, 52.6; H, 2.9; N, 6.8;
F, 37.1. CigH19N3Fg requires C, 52.4; H, 2.9; N, 6.9; F, 37.3%); m/z 408 (M+,
21%); 1H-, 19F-NMR spectra number 22; IR spectrum number 17; mass spectrum
number 18.

7.2.2.3 Diene (8) with pyrrole
The mixture of diene(8) (0.62 g, 1.6 mmole) and pyrrole (0.42 g, 6.3

mmole) was refluxed in ether for 2 days, but no reaction occurred.

7.3 Jodide ion as nucl
7.3.1 Synthesis of the di-iodo substituted product of (29)

Diene (29) (1.24 g, 4.33 mmole) was simply added to an excess of
lithium icdide (2.48 g, 18.5 mmole) in tetralygme (10 ml) and the mixture was stirred at
room temperature for 2 days. The solution became homogeneous, because lithium icdide
is soluble in tetraglyme. Then the addition of water (50 ml) precipitated a yellow solid,
which was then dried in vacuum and purified by vacuum sublimation. This has been
identified as 2.2'-diiodo-perfluorobicyclobut-1.1'-enyl (128) (1.34 g, 68%);

(Found C, 19.0; I, 50.2. CglpFg requires C, 19.1; 1, 50.6%); m/z 502 (M*, 56%);
19F-NMR spectrum number 23; IR spectrum number 18); mass spectrum number 19.
Sodium iodide can be used as iodide source and solvents such as ether and

acetonitrile can also be useful for the synthesis.

7.3.2 Synthesis of the di-iodo substituted product from (8)
Diene (8) (2.22 g, 5.8 mmole) was added to an excess of sodium iodide

(4.13 g, 27.5 mmole) in acetonitrile (30 ml) and was then stirred at room temperature for
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1 day. The solvent was removed in vacuum and subsequently purified by molecular
distillation in high vacuum to yield an orange viscous liquid. This has been identified as

129) (1.57 g, 45%); (Found: C, 20.2; I,

41.7. CyolpFy3 requires C, 19.9; I, 42.2%); m/z 602 (M*, 100%); 19F-NMR
spectrum (at -40°C) number 25; IR spectrum number 19; mass spectrum number 20.

7.3.3 Attempted synthesis of the mono-icdo substituted products

7.3.3.1 With diene (29)
The mixture of diene (29) (2.45 g, 8.6 mmole), sodium icdide (1.59 g,

10.6 mmole), and acetonitrile (10 ml) was stirred at rcom temperature for 7 days. Then
ether (20 ml) was added to the mixture, which was filtered to remove Nal and NaF
precipitated. The ether filtrate was evaporated to give a small amount of solid (< 0.15 g).
This solid has been identified as a mixture of (128) (9%) and 1-iodo-perfluoro-

bicyclobut-1,1'-enyl (130) (90%); 19F-NMR spectrum number 24.

7.3.3.2 ith dien

The mixture of diene (8) (1.90 g, 4.9 mmole) scdium icdide (0.81 g, 5.4
mmole), and acetonitrile (7 ml) was stirred at rcom temperature for 3 weeks. Then ether
(20 ml) was added and filtered to remove the salts. Evaporation of the filtrate gave a very
viscous liquid (0.25 g). GC analysis showed that this liquid consisted of three
components, which have been identified as the starting diene (8) (50%), di-iodo
-iodo perfluorobicyclopent-1.1'-enyl (131) (40%); m/z

derivatives (129) (10%), and 3
494 (M*, 100%); 19F-NMR spectrum number 26; mass spectrum number 21

7.3.4 Attempted coupling reactions of the di-iedo derivatives (128) and (12

The preducts (128) or (129), copper powder, and a trace of DMF were
charged in a small Carius tube, which was then sealed and heated at 130-200°C. The
colour of the mixture changed to black immediately in each case. The tube was opened
and the mixture was sublimed in vacuum. In all cases, only a small amount of (128) or

(129) was recovered.
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A series of reactions was carried out, altering the conditions. Some are tabulated

below.
Substrate Cu Temp Time
g mmole g mmole T hrs
(128) 0.50 1 1.0 15.7 150 17
(activated)
(128) 0.50 1 0.93 14.6 135 20
(non-activated)
(128) 0.3 0.6 0.07 1.1 135 5
(non-activated)
(129) 0.2 0.3 1.0 15.7 135 7

(non-activated)

7.3.5 Variable temperature NMR study of (129) in acetonitrile

A homogeneous acetonitrile solution of di-iocdo substituted compound (129) was
examined by a Brucker AC250 (19F, 235 Hz) NMR spectrometer and the temperature

was decreased to -40°C. The measurement was carried out at 10°C intervals up to 40°C.

7.4 Bifunctional Nucleophiles
7.4.1 Diene (29) with lene glycol

Diene (29) (2.09 g, 7.31 mmole) was placed in a round bottomed flask
with dry ether (10 ml) and ethylene glycol (0.65 g, 10.5 mmole). Acetonitrile (8 ml) was
added slowly. The mixture was then stirred at room temperature for 7 hours.
Evaporation of the solution gave a viscous liquid (1.96 g). G C analysis showed that this
liquid consisted of two components, which were separated by preparative g.l.c. and have
been identified as:

@) 2-(2-hydroxyethoxy)perfluorobicyclobut-1.1'-enyl (132) (0.13 g, 5 %);
(Found: C, 36.3; H, 1.6; F, 51.8. C,gHsF9O3 requires C, 36.6; H, 1.5; F, 52.1%);
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miz 328 (M*, 17%); 1H-, 19F-NMR spectra number 28; IR specirum number 21; mass
spectrum number 23.
(ii)  6-(pentaf cyclobut-1 -en jetre
octane (133) (0.15 g, 6%); (Found: C, 36.4; H, 1.9; F, 51.7. CoHs02F¢ requires C,
36.6; H, 1.5; F, 52.1%); miz 328 (M-20, 42%); 1H-, 19F-NMR spectra number 27;

IR spectrum number 20; mass spectrum number 22.

7.4.2 Diene ith ethvlene glycol

Ethylene glycol (0.37 g, 5.97 mmole) in acetonitrile (5 ml) was added
dropwise to diene (8) (1.50 g, 3.89 mmole) in acetonitrile (5 ml). The mixture was
stirred at room temperature for 2 days. The solvent was evaporated to give a viscous
liquid (0.92 g). G C analysis of the acetonitrile solution of this solution showed only two
products.One of them was found to be diene (8) The other was separated by preparative
g.l.c. and has been identified as 2-(
(134) (0.13 g, 7.8%); (Found: C, 33.5; H, 1.3; F, 57.2. Cy2HsF1307 requires C,
33.6; H, 1.2; F, 57.7%); miz 428 (M*, 2%); 1H-, 19F-NMR spectra number 29; IR

spectrum number 22; mass spectrum number 24.

7.4.3 Diene (29) with h uinone
The mixture of diene (29)(1.09 g, 3.8 mmole) and hydroquinone (0.30 g,
2.7 mmole) in ether (15 ml) was stirred at room temperature for 2 days. 19F-NMR

spectrum of this solution showed only starting diene (29).
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8. EXPERIMENTAL TO CHAPTER 4

A 1| 'rotaflo’ flask was evacuated and SFs (5.4 g, 50 mmole) was transferred to
this flask, taking care to exclude moisture. Ether (100 ml), which had been distilled over
CaH, and stored over Na wire, was added to the A side of a Schlenk under N9 (see
below). Then the Schlenk was cooled down in liquid air and evacuated (through E). SFs
was transferred to the Schlenk through C. Liquid air was replaced by acetone-dry ice
bath and allowed to warm up to -78°C. N,N-dimethylirimethylsilylamine (20.5 g, 17.5
mmole) was added dropwise to ether SF4 solution, using a dropping funnel with a
pressure equalising arm, the temperature was maintained at -78°C (for 30 mins) under
Ns. The acetone dryice bath was then removed and the mixture was allowed to warm up
to room temperature and stirred for 3 days. After several hours a white solid began to
precipitate. 2 days later the Schlenk was full with a white solid and stirring was difficult.
More dry ether (20 ml) was added to the Schlenk. After a total of 3 days the reaction
mixture was filtered from A to B in vacuum (through E). A white solid in the side A was
washed with dry ether (25 ml x 2) and the mixture was filtered in vacuum again. The
white solid was dried in vacuum for a while and then stored under dry N2 (yield 11 g,
81%). This was found to be the desired product (138), by a comparison of 19F-NMR

spectrum (number 30) in the literature.14




8.2.1 General Procedure

Simply, various fluoride ion sources were added to the required solvent and the
mixture was stirred vigorously for a while. The diene (8) was added to this mixture
under dry Nj. The system was continuously stirred normally for 1 day. Before
examination by NMR, the mixture was allowed to stand for ten minutes and the upper

layer(if there were two layers) was collected carefully under N» as an NMR sample.

8.2.2 With caesium fluoride
Diene (8) (1.2 g, 3.1 mmole) was added to caesium fluoride (0.5 g, 3.3 mmole)

in tetraglyme (5 ml). The solution turned to violet in colour immediately. After 2 hours,
a homogeneous solution was obtained. 19F-NMR spectrum (number 31) confirmed that
the carbanion (141) had been generated. A slight excess of BF30Et; (0.47 g, 3.3
mmole) was added to the mixture to form two layers. The bottom layer was found to be

diene (8) (1.0 g, 83%).

8.2.3 With other alkali metal fluorides

Diene (8) + MF

tetraglyme
Diene (8) Fluoride ion Solvent Time the carbanion
source (141)
g mmole g mmole ml days
03 077 KF 05 8.6 4 1 formerd
04 1.0 NaF 0.7 16.7 4 14  not formed

03 077 LiF 1.2 463 5 14  not formed




8.2.4 With TAS-F (138)
Diene (8) (0.7 g, 1.8 mmole) and TAS-F(138) (0.56 g, 2.0 mmole) with

acetonifrile (S ml) gave the carbanion (141) solution.

8.2.5 With TDAEZ2+2F- (92)
Diene (8) (0.2 g, 0.5 mmole) and the salt (92) (0.2 g, 0.8 mmole) with

acetonitrile (4 ml) gave a mixture of the carbanion (141) and starting diene (8).

8.2.6 With potassium iodide

Diene (8) (1.2 g, 3.1 mmole) was added to potassium iodide (1.0 g, 6.0 mmole)
in tetraglyme (5 ml) and a colour change to dark red occurred. 19F-NMR spectrum
showed the presence of carbanion (141) and 1-iodo-perfluorobicyclopent,1,1'-enyl (131)

by a comparison of the results in Chapter 3.

8.3 Generation of the carbanion (141) in various solvents

Diene (8) F- Source Solvent

g mmole g mmole ml

0.6 1.6 CsF 04 26 CH3CN 5

0.7 1.8 KF 02 35 CH3CN 5

0.6 1.6 CF 05 3.3 DMSO 7
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8.4 Diene (8) / F: ratio dependence

Diene (8) Fluoride ion source Solvent Ratio
8) /()
g mmole g mmole ml
1.0 27 | TAS-F 0.2 0.7 CH3CN 3 3.9
1.0 26 |TAS-F 1.5 5.5 CH3CN 3 0.5
0.18 047 §| CsF 0.28 1.8 | tetraglyme 4 0.26
1.34 350 | CsF  0.28 1.8 | tetraglyme 4 1.9
8.5

A homogeneous carbanion solution was examined by Brucker AC250 (235 Hz)

NMR spectrometer and the temperature was decreased to -40°C. The measurement was

carried out at 10°C intervals up to 80°C.

The carbanion (141) solution obtained from diene (8)(0.5 g, 1.3 mmole) and
caesium fluoride (0.19, 1.25 mmole) in acetonitrile (3 ml) was cooled down to -15°C but
no solid was precipitated. The solution was evaporated in vacuum to give a yellowish
solid. This solid was not soluble in acetonitrile. The condensed volatile material formed

two layers and the lower one was found to be diene (8).

8.6.2 TAS sali
The carbanion (141) solution generated by diene (0.7 g, 1.8 mmole) and TAS-F
(0.46 g, 1.7 mmole) in acetonitrile (4 ml) was cooled to -15°C but no recrystallisation
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occurred. Evaporation of the solvent produced a brown solid (0.73 g, 72%). This solid
was redissolved completely in acetonitrile. 19F-NMR still showed only the signals
corresponding to the carbanion (141).

8.7 Reactions of the carbanion(141
The carbanion solution obtained by diene (8) (1.1 g, 2.8 mmole) and caesium

fluoride (0.6 g, 3.9 mmole) in tetraglyme (5 ml) was used for the following reactions.

8.7.1 With methyl icdide
Methy! iodide (0.3 g, 2.1 mmole) was added to the carbanion (141) solution (1
ml) and the mixture was stirred at rcom temperature for 1 week. Only carbanion (4) was

detected by 19F-NMR.

8.7.2 With allylbromide
Allylbromide (0.25 g, 2.1 mmole) was added to the carbanion (141) solution and
the mixture was stirred at room temperature for 1 day. 19F-NMR spectrum still showed

the signals for the carbanion (141).

8.7.3 With bromine

Bromine (0.35 g, 3.2 mmole) was added to the carbanion (141) solution (2 ml)
and the mixture was stirred at room temperature for 1 week to give two layers. The lower
layer was found to be a mixture of diene (8) (44%) and perfluorobicyclopentylidene (27)
(56%) by 19F-NMR.

8.8  Reactions of diene (29) (Oligomerisation
8.8.1 General procedure

Basically, diene (29) was added to the solution with fluoride ion sources or metal
halide. The mixture was stirred for a certain pericd. Addition of water precipitated a

yellowish or brownish solid. Vacuum sublimation afforded a white solid.



TAS-F
Diene (29) MF_or ~  Dimer (142)
tetraglyme or CH,;CN
f. t
Diene (29) Solvent F-source Time Yield
(142)
g mmole g mmole day %

1.6 56  teraglyme CsF 084 S5 1 76
23 80 temaglyme KF 058 100 1 65
13 45 temaglyme NaF 0.85 200 7 68
3.2 112 acetonirile CsF  1.10 72 2 82

2.1 7.3  acetonitrile TAS-F  2.20 8.0 1 65

A white solid was identified as perfluoro-2.4'-di-(1-cyclo-butyliden
bicyclobutylidene (142); m.p. 127-129°C; (Found: C, 33.4; F, 66.9. CjoF2¢ requires
C, 33.6; F, 66.4%); m/z 572 (M*, 7%); 19F-NMR spectrum number 32; IR spectrum

number 23; mass spectrum number 25.
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8.8.3 With Aa deficiency of fluoride ion

MF
Diene (29) - Diene (142) + Oligomers
tetraglyme , 1. t. ( 2 trimer)
(144)
Diene (29) F-source Time Yield
(142) (144)
g mmole g mmole day % %

0.9 3.2 CsF 0.02 0.13 6 43 39

0.8 2.8 CsF 005 031 5 34 24

1.3 4.5 KF 0.11 190 5 26 45

2.2 7.7 NaF 0.11 1.90 S 26 47

An insoluble solid was identified as oligomer (CgnFjop. n 2 3) (144);
m.p. 74-78°C; (Found: C, 33.7; F, 66.6. CgnFion requires C, 33.6; F, 66.4%); IR

spectrum number 24; mass spectrum number 26.

8.8.4 With other halide ions

KX
Diene (29) = Diene (142) and/or Oligomers
tetraglyme , 1. t. (2 trimer)
(144)
Diene (29) Halide ion Time Yield
source (142) (144)
g mmole X g mmole day % %
1.5 5.2 I 0.91 5.5 14 68 -

1.9 6.6 Cl 0.50 6.7 2 12 36
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8.8.5 With the carbanion (141)

Diene (29) (0.5 g, 1.7 mmole) was added to the carbanion (4) solution that was
generated by diene (80) (1.1 g, 2.8 mmole) and caesium fluoride (0.45 g, 2.96 mmole) in
acetonitrile (10 ml). The reaction was monitored by 19F-NMR spectrometer. The
mixture was stirred at room temperature for 2 days then filtered under N2 to give a
whitish solid and a violet solution. 19F-NMR spectrum of this solution showed signals

for the carbanion(141) and the solid was found to be dimer (142) (0.28 g, 56%).

8.9.1 Alkene (27) in CHyCly
TDAE (90)(1.41 g, 7.1 mmole) in CH,Cl (20 ml) was added dropwise to alkene

(27) (3.1 g, 7.3 mmole) in CH»Cl, (20 ml), cooling down at 0°C. The solution turned to
orange. The mixture was then allowed to warm up to room temperature. The solution
turned from orange to cream yellow. A white solid was precipitated during the reaction.
The mixture was filtered.under N> to afford a white solid and an orange solution. The
19F-NMR spectrum of this solution showed the presence of diene (8) and the carbanion
(141) in the ratio of 3:2. No alkene (27) was detected. Addition of BF30Et; (1.05 g,
7.4 mmole) gave two layers. This was found to be diene (8), (1.66 g, 59%).

8.9.2 Alkene (27) in CH3CN
TDAE (90)(0.97 g, 4.9 mmole) in CH3CN (3 ml) was added to alkene (27) (2.02

g, 4.8 mmole) in CH3CN (3 ml) at room temperature. The solution turned to yellow and
a white solid was precipitated. The mixture was filtered under N3 to give a white solid
and a yellow solution. The 19F-NMR of this solution showed only carbanion (141).
Addition of BF30Et3 (0.7 g, 5.0 mmole) gave two layers and the bottom one was found
to be diene (8). (1.5 g, 81%).
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8.9.3 Alkene (26) in CHoCly
TDAE (90)(2.0 g, 120 mmole) in CHCl5 (5 ml) was added to alkene (26) (3.5 g,
10.8 mmole) in CH,yClp (5 ml) at 0°C. A yellowish solid was precipitated immediately.
The mixture was filtered under N» to give a yellowish solid and an orange solution. This
solid was washed with water (10 ml) and sublimed in vacuoum to give a white solid (1.1

g, 31%), which was identified as dimer (142).

8.10 Reactions of (26) and (27) with TDAE (90) without solvent

8.10.1 Alkene (26)
TDAE (90)(1.9 g, 9.5 mmole) was added dropwise to alkene (26) (4.06

g, 12.6 mmole) at 0°C. An orange solid was produced immediately. The liquid was
transferred in vacuum from the solid and this was found to be alkene (26) by 19F-NMR
The orange solid was dissolved in CH3CN and filtered under N3 to give a white solid and
a brown solution, which has been found to contain the carbanion (143); 19F-NMR
spectrum number 33. BF30Et; (2.0 g, 14 mmole) was added to this carbanion solution
and filered under N3 to give a brown solid and a brown solution. 199F-NMR of this

solution showed the presence of diene (29) as the main product.

8.10.2 Alkene (27)
TDAE (90) (1.33 g, 6.7 mmole) was added to alkene (27) (3.07 g, 7.2

mmole) slowly at 0°C. A brown solid was preduced immediately. Unreacted alkene (27)
was removed from the system and CH3CN (10 ml) was added. The solution was then
filtered under N3 to give a white solid and a brown solution, which was found to contain
the carbanion (141) by 19F-NMR. BF30Et; (1.1 g, 7.8 mmole) was added to this

solution to give diene (8) (1.9 g, 62%) as a separate layer.
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8.11 Ylides

8.11.1 Reaction with riphenylphosphine
8.11.1.1 Diene (29)

Triphenylphosphine (1.17 g, 4.5 mmole) in CH3CN (15 ml) was added
dropwise to diene (29) (1.50 g, 5.2 mmole) in CH3CN (20 ml) at room temperature and
left stirring for 1 day. The mixture turned orange in colour. The evaporation of the
solvent gave a brown solid. This was washed with dry ether and has been identified as
perfluorobicvclobutvlidene-2-iriphenviphosphonium (146); (2.05 g, 72%); (Found: C,
57.2; H, 2.8; F, 35.0; P, 5.5. CygHsF19P requires C, 56.9; H, 2.7; F, 34.7; P,
5.7%) miz 548 (M*, 6%); 19F-NMR spectrum number 34; IR spectrum number 25;

mass spectrum number 27.

8.11.1.2 Diene (8)
The mixture of diene (8) (1.8 g, 4.7 mmole) and triphenylphosphine (1.00
g, 3.8 mmole) was stirred in dry ether (100 ml) for 1 day. !9F-NMR showed that diene

(8) had not reacted at all.
8.11.2 Reactions with pyridine

8.11.2.1 Diene (29)
Pyridine (0.67 g, 8.5 mmole) in CH3CN (5 ml) was added dropwise to

diene (29) (1.96 g, 6.9 mmole) in CH3CN (5 ml) at room temperature. The mixture was
stirred for 5 days. The evaporation of the solvent gave a yellow solid and this solid was
washed with dry ether (10ml). This has been identified as perfluorobicyclobutylidene-2-
pyridinium (148) (1.19 g, 47%); 19F-NMR spectrum number 35; IR spectrum number
26.
8.11.2.2 Diene (8)

Pyridine (0.45 g, 5.7 mmole) in CH3CN (5 ml) was added to diene (1.34
g, 3.5 mmole) and the mixture was stirred at room temperature for 5 days. Removal of

the solvent gave a brown solid, which was washed with dry ether(10ml). This solid has



) (1.12 g, 69%); 19F-

8.11.3

A Carius tube was charged with triethylamine (0.4 g, 4 mmole) and
cooled down in liquid air. Then the diene (29) (1.7 g, 6 mmole) was transferred to the
tube in vacuum. The tube was sealed and was rotated at room temperature. An
exothermic reaction cccurred and a brown solid was produced. After 1 day, the tube was
opened under N and the solid was collected, washed with dry ether (10ml), and dried in
vacuum. This has been identified as perfluorobicyclobutylidene-2-triethylammonium
(150) (1.43 g, 62%); (Found: C, 43.1; H, 3.7; N, 3.4. Cy4H;5F 19N requires C,
43.4; H,3.9; N, 3.6%); 19F-NMR spectrum number 37; IR spectrum number 28.
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9. EXPERIMENTAL TQ CHAPTER §
9.1 Diels-Alder Reactions of Diene (29) and (8)
9.1.1 General procedure

Basically, preweighed dienes were transferred in vacuum to a small Carius tube,
which had been precharged with the reactants, and then sealed. The tube was allowed to
stand at the reaction temperature. The products obtained were purified by molecular

distillation or preparative g.l.c. if necessary.

9.1.2 Reactions with various acetylenes

Reactant Diene (29) Temperature Time
g mmole g mmole C days
Et0,CC=CCO2Et 100 2
0.2 1.1 0.4 1.4
F3CC=CCF3 225 5
0.2 1.2 0.4 1.4
Ph3CC=CCPh3 150 1
0.2 1.1 0.5 1.7
PhOPhC=CPhOPh 150 1
0.2 0.5 0.5 1.7

No reaction ocurred in each case.
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9.1.3 Reactions with various olefins

Reactant Diene Temp Time Recovery
(29) of diene
g mmole g mmole SC  days %
Propene 29
1.2 28.6 2.0 6.9 80 1 83

a-methyl styrene  (29)

1.1 5.3 1.8 6.3 80 1 79
Propene (30)
1.2 28.6 1.9 4.8 80 1 82

No reaction took place in each case.

9.1.4

9.14.1 Diene (29) with butadiene
Diene (29) (2.2 g, 7.5 mmole) and butadiene (3.4 g, 62.9 mmole) were

heated at 80°C for 5 days. The product mixture was separated by preparative g.l.c. to
give the adduct 1-(1-perfluorocyclobutenyl)-6.7.7.8.8-pentafluorobicyclo[4,2.0loct-3-
ene (158) as a colourless liquid (1.6g, 67%); (Found: C, 41.9; H, 2.1; F, 55.5.
C12HgF 10 requires C, 42.4; H, 1.8; F, 55.9%) m/z 340 (M*, 8%); 1H-, 19F-NMR

spectra number 38; IR spectrum number 29; mass spectrum number 28.

9.14.2 Diene (29) with cyclopentadien

A mixture of diene (29) (2.47 g, 8.6 mmole) and cyclopentadiene (0.4 g,
6.1 mmole) was left at room temperature for 7 days. Volatile material was transferred
under vacuum to yield a translucent liquid, which contained the mono adduct (159) and
the dimer of cyclopentadiene. An attempt to separate the adduct was unsuccessful; m/z

352 (M*, 1%); 19F-NMR spectrum number 39; mass spectrum number 29.
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Other unsuccessful reactions are tabulated below.

Reactant Diene Temperature Time
g mmole g mmole T days
Furan (29)
0.33 3.8 0.53 1.9 80 1
Thiophene (29)
0.38 4.5 0.50 1.7 Reflux 2%
Cyclohexa-1,3- 29)
diene
0.29 3.6 0.42 1.1 80 2
Butadiene 8)
0.2 0.5 0.5 1.7 80 2
Cyclopentadiene (8)
0.10 1.5 0.16 0.4 80 1
cyclohexa-1,3- 8)
diene
0.12 1.5 0.2 0.5 80 1
*CH3CN was used as solvent

No reaction took place in each reaction.

Glass apparatus used must have so-called 'clearfit' joints, otherwise diazomethane
might explode because of the rough surface of ground joints. Potassium hydroxide (6 g)
in 10 ml of water, diethlyene glycol monoethyl ether (35 ml), and ether (10 ml) were
charged to a round bottomed flask. p-Tolylsulphonylmethyl nitrosamide (21.5 g) was
dissolved in ether (125 ml) and added dropwise to the mixture, which was heated at 70-
75°C. During the addition of the ether solution, the flask was shaken occasionally and
more ether (30 ml) was added. The mixture was distilled until the distillate was

colourless. In order to avoid contacting diazomethane with air (moisture), the distillate
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was poured into dry ether at 0°C. The ether contained 3.5g of diazomethane, according to
the literature167 (ether 130 ml, diazomethane 3.5 g).
9.2.2 Addition to diene (29)
An excess of diazomethane ethereal solution was added dropwise to diene (29)
(2.2 g, 7.7 mmole) with stirring until the yellow colour of diazomethane persisted. The
mixture was stirred for 1 hour at room temperature. Evaporation of the solvent gave a
brown solid, which was purified to yield the di-adduct (160) (1.3 g, 46%). (Found: C,
32.4; H, 1.1; F, 50.9; N, 14.6. CjoH4F10N4 requires C, 32.4; H, 1.1; F, 51.4; N,
15.1%); m/z 370 (M*, 1%); IR spectrum number 30; mass spectrum number 30.

9.2.3 Addition to diene (8)
An excess of diazomethane and diene (8) (1.45 g, 3.8 mmole) yielded a white

solid, which was purified by vacuum sublimation to yield the di-adduct (161), (1.47 g,
82%). (Found: C,30.3; H, 0.8; F, 56.2; N, 11.5. Ci2H4F;4Ny4 requires C, 30.6; H,
0.9; F, 56.6; N, 11.9%); m/z 470 (M+, 1%); IR spectrum number 31; mass spectrum

number 31.

9.3  Auempted UV Irradiation of Dienes
9.3.1 Diene (29)

Diene (29) (0.6 g, 2.1 mmole) was charged to a quartz tube, which was then
sealed and irradiated using a medium pressure mercury discharge tube, for 7 days. A
brown solid was produced during the irradiation and most of the diene (29) was
consumed. This insoluble brown solid was found to be oligomers of (29). (Found: C,
33.2; F, 66.9. CgnF10n requires C, 33.6; F, 66.4%); IR spectrum number 32; mass
spectrum number 32.
9.3.2 Diene(8)

Diene (30) (0.7 g, 1.8 mmole) was sealed in a quartz tube and irradiated with UV
for 7 days, but only unchanged diene (8) was recovered.
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Appendix One

NMR data

No.1
No.2
No.3
No.4
No.5
No.6
No.7
No.8
No.9
No.10
No.11
No.12
No.13

No.14

No.15
No.16
No.17
No.18
No.19
No.20
No.21
No.22
No.23
No.24
No.25

perfluorobicyclobut-1,1’-enyl (26)
perfluorobicyclopent-1,1’-enyl (8)
perfluoro-1-cyclobutenyl-1-cyclopentene (89)
tetrakis(dimethylamino)ethylene (S0)

cctaoxamidinium difluoride (92)
perfluoro-3,4-dimethy-hexa-2,4-diene (34)
perfluoro-1,2-biscyclobutyl-cyclobutene (44)
perfluorc-2-cyclobutyl-bicyclobut-1,1’-enyl (93)
perfluoro2-cyclobutenyl-bicyclobut-1,1’-enyl (94)
2,2’-dimethyl-perfluorobicyclobut-1,1’-enyl (108)
2,2’-dimethyl-perfluorobicyclopent-1,1’-enyl (109)
2,2’-diethyl-perfluorobicyclobut-1,1’-enyl (110)
1-perfluorocyclobut-1’-enyl-2-hydroxy-3,3-difluoro-cyclobut-3-none
(113)
1-perfluorocyclopent-1’-enyl-2-hydroxy-3,3,4,4-tetrafluoro-
cyclopente-5-none (116)

the sodium salt of (113)

the sodium salt of (116)
2,2’-bis(phenylamino)-perfluorobicyclobut-1,1’-enyl (123)
2-phenylamino-perfluorobicyclobut-1,1’-enyl (124)
2-phenylamino-perfluorobicyclopent-1,1’-enyl (124)
2,2’-bis(pyrrol-2-yl)-perfluorobicyclobut-1,1’-enyl (125)
2-(pyrrol-2-yl)-perfluorobicyclobut-1,1’-enyl (127)
2,2’-bis(N-methylpyrrol-2-yl)-perfluorobicyclobut-1,1’-enyl (126)
2,2’-diicdo-perfluorobicyclobut-1,1’-enyl (128)
2-icdo-perfluorobicyclobut-1,1’-enyl (130)
2,2’-diicdo-perfluorobicyclopent-1,1’-enyl (129)
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No.26 2-icdo-perfluorobicyclopent-1,1’-enyl (131)

No.27 6-perfluorocyclobui-1’-enyl-7,7,8,8-tetrafluoro- 1,4-dioxa-spirp-
(5,4)-octane (133)

No.28 2-(2’’-hydroxyethoxy)-perfluorobicyclobut-1,1’-enyl (132)

No.29 2-(2°’-hydroxyethoxy)-perfluorobicyclopent-1,1°-enyl (134)

No.30 ris(dimethyamino)sulphonium trimethyldifiuoro siliconate (138)

No.31 the carbanion from (8) (141)

No.32 perfluoro-2,4°-bis(1-cyclobutylidene)-bicyclobutylidene (142)

No.33 the carbanion from (29) (143)

No.34 perfluorobicyclobutylidene -2- triphenylphosphine (146)

No.35 perfluobicyclobutylidene-2-pyridinium (148)

No.36 perfluobicyclopentylidene-2-pyridinium (149)

No.37 perfluobicyclobutylidene-2-triethylammonium (150)

No.38 the mono-adduct by the reaction of diene (29) with butadiene (158)

No.39 the mono-adduct by the reaction of diene (29) with cyclopentadiene
(159)

NMR spectra were recorded in d3.acetonitrile unless stated. Spectra 5, 15, and 16 and
were recorded in D20. Spectra 31 was recorded in tetraglyme. Spectra 1, 2, and 3

were recorded in d-chroloform.
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No. 1

Chemical Shift
(ppm)

-95.7
-115.7
-117.2

pertiuorodicycioout-1,1-enyi(<3) No.2

&0

c

Mutiplicity Relative Assignment
Coupling Constants(Hz) intensity Chemical Shif
m 1 a (ppm)
m 2 c -107.2
m 2 b -109.1
-119.3
- -129.9

Pemniuorobicyciopeny-1,1 -enyi(d)

Mutiplicity
Coupling Constants(Hz)

m
m
d,Jag=19

m

Relative Assignment
Intensity

1

T a »

2
2
2

)4




NG. v FUIRIIUUIVT T TLYLIUUULTGLIY T § "Ly LIV GTILTIIC LY NO. & I e[ra(almetnyamlno)elnylene(s‘"

a g Me,N NMe,
t
b @ >=—<
‘ .e Me,N NiMie,
c d
. . L ] . Chemical Shift Mutiplicity Relative Assignment
Chemical Shift  Mutiplicity Relative  Assignment (ppm) Coupling Constanis(Hz) Intensity
(ppm) Coupling Constants(Hz) intensity
. 1H

-94.2 m 1 a 25 broad
-109.9 m 2 d
-115.1 d,Jag=19 1 g
-115.7 2 corb
-118.3 m 2 borc
-120.1 m 2 f
-130.8 m 2 e
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No.5

Chemical Shift
(ppm)

19F
-130.3

1H
33
36

Octaoxamidinium-difluoride(92)

MezN NMQZ
+3 i+
Me,N N-—Me
Me in Dzo
Mutiplicity Relative
Coupling Constants(Hz) Intensity
9
s , broad 1

s , broad 1

Assignment

No.6  Perfluoro-3,4-dimethyl-hexa-2,4-diene(34)

Chemical Shift
(ppm)

-60.5
-72.0
-109.9

[
CF3 CF,
a
F — =z E
CFy CF,
b
Mutiplicity Relative
Coupling Constanis(Hz) Intsnsity
d.J=195 3
s 3
s, broad 1

Assignment

(44!




No.7 Perfluoro-1 .2-bicyclobutyl-cyclobutene(M)

Chemical Shift
{ppm)

-110.8

-128.2
-130.7

-128.2
-132.0

-178.5

Mutiplicity
Coupling Constants(Hz)
s

AB
Jrr=234

AB
Jrr=230

Relative Assignment
Intensity

2 a
4 c
2 d
1 b

No.8 Perfluoro-2-cyclobutyl-bicyclobut-1,1'-enyi(93)

Chemical Shift
{ppm)

-88.2
-108.7
-114.4
-115.8
-118.1

-125.9
-130.2

-128.2
11322

-184.5

Mutiplicity
Coupling Constanis(Hz)

m
d?

s , broad
d?
m

AB
Jee = 231

AB
Jrp =226

s, broad

Relative
Intensity

1
2
2
2
2

4

Assignment

1341




No.9 Perfluoro-2-cyclobutenyl-bicyclobui-1,1*-enyl(S4)

Chemical Shitt
(ppm)

-89.1
-113.1
-114.8
-117.7

Mutiplicity
Coupling Constants(Hz)

s, broad
s
s , broad

s , broad

Relative
Intensity

1

2
2
2

Assignment

No. 10 2,2'-dimethoxyl-pen‘luorobicyclobut-1 ,1-enyl(1 08)

Chemical Shift
(ppm)

19F
-111.7

-114.4

1H
4.1

Mutiplicity
Coupling Constants(Hz)

Ralative
Intensity

Assignment

144!




No. 11 2,2'-dimethoxyl-perfluorobicyclopent-1,1'-enyl(109)

OMe
a
O]
c
OMe
d
Chemical Shitt Mutiplicity Relative  Assignment
(ppm) Coupling Constants(Hz) Intensity
19F
-106.0 ] 1 c
-116.4 s 1 a
-131.3 S 1 b
1H
4.1 S d

No.12  2,2'-diethoxyl-perfluorobicyclobut-1,1'-enyl(110)

Chemical Shift Mutiplicity Relative Assignment
(ppm) Coupling Constants(Hz) Intensity
19F
-110.6 m 1 a
-113.4 m i b
1H
1.4 t 3 d
4.4 q 2 c

94|



No.13 1-perflucrocyclobut-1'-enyl-2-hydroxy-3,3-difluoro-
-1-bute-3-none(113)

Chemical Shift
{(ppm)

19F
-102.8

-113.4
-115.4
-117.5

13C
125.7

152.3
179.14

H

o]
a e
b Fod
c a
OH
Mutiplicity Relative
Coupling Constants(Hz) Intensity
t 1
s .broad 2
m 2
m 2
t.Jcr =201
t,m,Jcr=352.1
td,JcFr=233
Jor=1.9

Assignment

The corresponding resonance was not observed due to proton

exchange with

water.

No. 14 1-perfluorocyclobut-1'-enyl-2-hydroxy-3,3,4,4-

Chemical Shift

(ppm)

19F
-107.9

-1156.1
-120.4
-125.2
-131.9
13C
109.9
155.8
176.5
1H

tetrafluoro-cyclo-1-pent-3-nene(116)

Mutiplicity Relative
Coupling Constanis(Hz) intensity

d,Jrr=10.8 2

-

m
d ) JFF: 14.4

S

[\S JE N\ ]

s, broad
t,t, JrF=2636
JoF =221
d,m,Jcr=307.1
t ,broad , Jcr = 25.5

Assignment

o1

The corresponding resonance was not observed due to proton

exchange with

water.




No. 15

Chemical Shift
{(ppm)
-109.4
-114.4
-115.2
-118.4

The sodium salt of (11 3) ‘ No. 16 The sodium salt of (116)
(118) (119)

Mutiplicity Relative  Assignment Chemical Shift Mutiplicity Relative  Assignment
Coupling Constanis(Hz) Intensity (ppm) Coupling Constants(Hz) Intensity
t 1 a -107.9 d,Jrr=96 2 d
m 2 c -118.7 d,Jrr=13.7 2 b
s , broad 2 d -120.8 m 1 a
s, broad 2 b -127.3 s, broad 4 e
-131.0 s , broad 2 c

Lyl




No. 17 2,2'-bis(pheﬁylamino)-;()1eglzl.;orobicydobut-1,1 -enyl

NHPh
| a
O—r
NH 1
c
d
e
Chemical Shit Mutiplicity Relative Assignment
(ppm) Coupling Constants(Hz) Intensity
19F
-106.3 s , broad 1 b
-114.8 s , broad 1 a
1H
6.7 d, broad 2 d
71 t 1 e
7.2 t 2 c
9.0 broad ?

No. i8
Chemical Shift Mutiplicity
(ppm)
19F
-107.3 m
-109.5 s, broad
-114.4 s, broad
-115.0 m
-116.6 m
H
7.2 d
7.3 t
7.4 t
8.5 broad

2-phenylamino-perf?;ggobicyclobu&-*i 1*-enyl

<>

Coupling Constants(Hz)

Relative
Intensity

Assignment

8wl




No. 19 '2-phenylamino—perﬂaozrg?icy‘clomnt-1J'-enyl - No. 20 2,2--rois(pyrrou-z-yl)-p?rﬂzuc;robacyclobua—u,n--enyu
125

IOSG!

g}

k

o6v1

Chemical Shift Mutiplicity Relative Assignment
(ppm) Coupling Constants(Hz) Intensity Chemical Shift Mutiplicity Relative Assignment
19F (ppm) Coupling Constants(Hz) Intensity
-100.3 broad 2 g 19F
-107.4 broad 1 a -106.5 m 1 b
-115.1 broad 4 d+e -1136 m 1 a
1H
-1183 broad 2 b 6.4~7.3 unassigned
-129.0 broad 2 forc
-130.2 broad 2 corf
1H

7.2~7.4 unassigned




No. 21 2-(pyrrol-2-yl)-perﬂuoro?icyclobut-‘I ,1’-enyl
(127

Chemical Shift

19F

(ppm)

-101.4
-111.0
-112.3
-114.1
-116.5

Mutiplicity
Coupling Constants(Hz)
t
AB, Jrr =155
m
m

m

Relative
Intensity

N NN

Assignment

No.22 2,2'-bis(N-methylpyrrol-2-yl)-perfluorobicyclopent-

Chemical Shift
(ppm)

15F
-108.4

-109.0

H
3.7

6.1
6.3
6.8

1,1-enyl (1286)

Mutiplicity Relative
Coupling Constanis(Hz) Intensity
m 1
1
s 3
d 1
AB, Jyu=22 1
s , broad 1

Assignment

b

a

f
.

8 W
=

d

c




No.23 2.2 -diiodo-perfld?rggi)cyclobut-'1 1*-enyl
1

Chemical Shift Mutiplicity Relative Assignment
(ppm) Coupling Constants(Hz) Intensity

19F
- 108.3 m 1 a
-112.0 m 1 b

No. 24 2-iodo-perfluorobicyclobut-1,1'-enyl

(130)
a 8
b «
¢ I
|
Chemical Shift Mutiplicity Relative Assignment
(ppm) Coupling Constants(Hz) intensity
19F

-92.1 t 1 a
-111.4 m 2 d
-112.0 2 8
-112.4 2 c
-116.2 2 b
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No.25  2,2-diiodo-perfluorobicyclopent-1,1'-enyl No. 26 2-iodo-perfluorobicyclopent-1,1'-enyl
(129) (131)
|

6%a (o8]

c
|

. . N . ) Chemical Shiit Mutiplicity Relative Assignment
Chemical Shift Mutiplicity Relative Assignment (ppm) Coupling Constants(Hz) Intensity
(ppm) Coupiing Constants(Hz) Intensity’
19F
19F measured at low temparature({-233K) -105.9 t 2 e
-106.5 AB 1 cor
-110.1 Jrr = 260.8 -106.7 s , broad 2 dorg
-106.3 AB 1 aorc -108.2 s, broad 2 gord
-112.3 Jrr=259.8
-109.7 s, broad 1 a
-129.1 AB 1 b
-131.8 JrF=2377 -118.2 d,Jrr=15.1 2 b
-128.9 s , broad 2 corf
-129.7 s , broad 2 fore

(49!




No. 27

Chemical Shift
(ppm)

19F
-103.0

-114.9
-124.6

-115.6
-119.4

-127.9
-133.5

H
3.7

3.9
4.5

6-pentafluorocyclobut- 1 -enyl-7,7,8,8-tetrafluoro
-1,4-dioxa-spiro-(5,4)-octane (133)

a boa
b o
¢ o o
J/
t 9
Mutiplicity Relative  Assignment
Coupling Constants(Hz) Iintensity
m 1 a
AB,m 2 d
Jrr=215.4
m 2 c
m 2 b
AB,m 2 e
Jr=2175
t 2 forg
t 2 gort
broad 1 h

No. 28 2-(2"-hyroxyethoxyz-pgzr;ﬂuorobicyclobuﬁ-1 J-enyl
13

Chemical Shift
(ppm)

19F
-104.5

-1123
-115.5
-115.9
-117.5

H
3.8

45

a d
b o
’ OCH,CH,OH

i e

Mutiplicity Relative Assignment
Coupling Constanis(Hz) Intensity

t 1 a

m 2 d

m 2 e

m 2 c

m 2 b

t 1 f —
w

t 1 g



No. 29 2-(2"-hyroxyethoxy)-pe(quj‘%robicyclopent-1 ,1'-enyl

Chemical Shift
(ppm)

19F
-105.2

-107.3
-113.1
-113.9
-119.3
-130.0
-130.5

H
38

4.5

D~

OCH,CH,OH
i h

Mutiplicity

Coupling Constants(Hz)
s , broad
s , broad
s, broad

p
d,Jrr=16.2
s, broad

s, broad

Relative
Intensity -

N NN

N NN

Assignment

corf

forc

No. 30
Tris-(dimethyamino)suIpht()n:iauar;rdifluom-trimethylsiliconate
]
# -
(Me,N);SMesSiF,
Chemical Shift Mutiplicity Relative Assignment
(ppm) Coupling Constants(Hz) Intansity
19F
-59.0 s

121!




No. 31

Chemical Shift
(ppm)
-84.6

-107.7
-110.5
-129.2
-129.9
-157.1

The carbanion of diene(b)
(141)

.: et

Mutiplicity
Coupling Constants(Hz)
s , broad
s , broad
s , broad
s, broad
s , broad

s , broad

Relative
Intensity

4
2
2
2
4

1

Assignment

No. 32
Perftuoro-2,4'-di(1 -cyclo%ugt%l)idene)~bicyclobutylidlene

Chemical Shift Mutiplicity Relative Assignment
{ppm) Coupling Constants{Hz) Intensity
-110.1 S 2 c
-117.9 s 2 b
-130.6 [ 1 a

99




No. 33

Chemical Shift
(Ppm)
-88.5
-107.0
-113.0
1217
-142.2

The carbanion of diene(ég)

(143)

d a
o b] TDAE?*
c /2

Mutiplicity
Coupling Constants(Hz)
s , broad
s , broad
d,Jrr=19.8
s , broad

s, broad

Relative
Intensity

N NN

Assignment

No. 34
Perﬂuorobicyclobutylid?nzé%-triphenylphosphonium
i

d...

+PPhy
f
Chemical Shift Mutiplicity Relative Assignment

(ppm) Coupling Constants(Hz) Intansity

-98.0 broad 1 a
-100.3 ' broad 1 core
-102.2 broad 1 eorc
-113.3 d,Je=153 1 b
-128.6 broad 1 d

19




No. 35

Chemical Shift
(ppm)

19F
-81.0

-96.2
-107.0
-114.6
-125.8

H
8.1

8.4
8.6

Perﬂuorobicyclobutylg)jene-z-pyridinium
(14

Mutiplicity
Coupling Constants(Hz)

broad

broad

broad
t?

broad

Assignment

core

aorc

No. 36 Perﬂuorobicyclop??%i)dene-a-pyridinium

I0SG
@

XN

Chemical Shift Mutiplicity Relative
(ppm) Coupling Constants(Hz) intensity
19F

-89.0 broad 1
-90.9 broad ]
-102.6 broad 1
-109.2 t? 1
-129.7 broad 1
-131.6 broad 1
-131.9 broad 1

Assignment

a
dorg
gord

c

b,eorf
b,eort

b.eorf

(o=
w
~I




No. 37 Perfluorobicyclobutylidene-2-triethylammonium " No. 38
(150) The monoadduct by the rﬁa%i)on of diene(29) with

8S1

butadiene
)
c b
d — a
+N(CH,CHg)g i H
f 9
Chemical Shift Mutiplicity Relative Assignment
(ppm) Coupling Constants(Hz) intensity
19F
-92.1 broad 1 a Chemical Shift Mutiplicity Relative  Assignment
85.1 broad 1 core (ppm}) Coupling Constants{Hz) Intensity
19F
-99.5 broad 1 eorc -101.1 p 1 a
-115.0 t? 1 b -113.7 broad 2 c
-126.0 m 1 d -119.1 s , broad 2 b
1H -118.1 AB , Jgr = 210.6 2 -]
1.3 t 3 9 -122.7 Jur=19.5
36 q 2 f -127.0 AB, 2 d
-128.0 Jrr=214.8
-163.4 s , broad 1 e
H
29 s , broad 2 h
26~3.0 m, AB 2 9

6.0 s, broad 1 i



No. 32

The monoadduct by the reaction of diene(8) with

Chemical Shift
(ppm)

19F
-102.8

-114.9

-114.3
-127.1

-118.8

-126.7
-128.6

-181.9

cyclopentadiene (159)

f
2 F o

g
H
jiH
m d
H
c a
b
Mutiplicity Relative
Coupling Constants(Hz) Intensity
p 1
broad 2
AB 2
Jre = 218.0
t 2
AB 2
Jrr=221.2

d,duwr=334 1

Assignment

651
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Appendix Two

Infra Red Spectra

No.1 perfluorobicyclobutylidene and its isomer (26)

No.2 perfluorobicyclopentylidene (27)

No.3 perfluorobicyclobut-1,1’-enyl (26)

No.4 perflucrobicyclopent-1,1’-enyl (8)

No.5 perfluoro-3,4-dimethy-hexa-2,4-diene (34)

No.6 2,2’-dimethyl-perfluorobicyclobut-1,1’-enyl (108)

No.7 2,2’-dimethyl-perfluorobicyclopent-1,1’-enyl (109)

No.8 2,2’-diethyl-perfluorobicyclobut-1,1’-enyl (110)

No.9 1-perfluorocyclobut-1°-enyl-2-hydroxy-3,3-difluoro-cyclobut-3-none
(113)

No.10 1-perfluorocyclopent-1’-enyl-2-hydroxy-3,3,4,4-tetrafluoro-
cyclopente-5-none (116)

No.11 the scdium salt of (113)

No.12 the sodivm salt of (116)

No.13 2,2’-bis(phenylamino)-perfluorobicyclobut-1,1’-enyl (123)

No.14 2-phenylamino-perfluorobicyclobut-1,1’-enyl (124)

No.15 2-phenylamino-perfluorobicyclopent-1,1’-enyl (124)

No.16 2,2’-bis(pyrrol-2-yl)-perfluorobicyclobut-1,1’-enyl (125)

No.17 2,2’-bis(N-methylpyrrol-2-yl)-perfluorobicyclobut-1,1’-enyl (126)

No.18 2,2’-diiodo-perfluorobicyclobut-1,1’-enyl (128)

No.19 2,2’-diiodo-perfluorobicyclopent-1,1’-enyl (129)

No.20 6-perfluorocyclobut-1’-enyl-7,7,8,8-tetrafluoro- 1,4-dioxa-spirp-
(5,4)-octane (133)

No.21 2-(2’’-hydroxyethoxy)-perfluorobicyclobut-1,1’-enyl (132)

No.22 2-(2’’-hydroxyethoxy)-perfluorobicyclopent-1,1’-enyl (134)

No.23 perfluoro-2,4’-bis(1-cyclobutylidene)-bicyclobutylidene (142)

No.24 the oligomers of diene (29)

No.25 perfluorobicyclobutylidene -2- triphenylphosphine (146)

No.26 perfluobicyclobutylidene-2-pyridinium (148)

No.27 perfluobicyclopentylidene-2-pyridinium (149)

No.28 perfluobicyclobutylidene-2-triethylammonium (150)

No.29 the mono-adduct by the reaction of diene (29) with butadiene (158)

No.30 the di-adduct by the reaction of diene (29) with diazomethane (160)

No.31 the di-adduct by the reaction of diene (8) with diazomathane (161)

No.32 the oligomers of (29) by UV irradiation (162)

160
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Appendix Three

Mass spectra

No.1 perfluorobicyclobut-1,1’-enyl (26)

No.2 perfluorobicyclopent-1,1’-enyl (8)

No.3 perfluoro-1-cyclobutenyl-1-cyclopentene (89)

No.4 perfluoro-3,4-dimethy-hexa-2,4-diene (34)

No.5 perfluoro-2-cyclobutyl-bicyclobut-1,1’-enyl (93)

No.6 perfluoro2-cyclobutenyl-bicyclobut-1,1’-enyl (94)

No.7 2,2’-dimethyl-perfluorobicyclobut-1,1’-enyl (108)

No.§ 2,2’-dimethyl-perfluorobicyclopent-1,1’-enyl (109)

No.9 2,2’-diethyl-perfluorobicyclobut-1,1’-enyl (110)

No.10 1-perfluorocyclobut-1°-enyl-2-hydroxy-3,3-difluoro-cyclobut-3-none
(113)

No.11 1-perfluorocyclopent-1’-enyl-2-hydroxy-3,3,4,4-tetrafluoro-
cyclopente-5-none (116)

No.12 the sodium salt of (113)

No.13 the sodium salt of (116)

No.14 2,2’-bis(phenylamino)-perfluorobicyclobut-1,1’-enyl (123)

No.15 2-phenylamino-perfluorobicyclobut-1,1’-enyl (124)

No.16 2-phenylamino-perfluorobicyclopent-1,1’-enyl (124)

No.17 2,2’-bis(pyrrol-2-yl)-perfluorobicyclobut-1,1’-enyl (125)

No.18 2,2’-bis(N-methylpyrrol-2-yl)-perfluorobicyclobut-1,1’-enyl (126)

No.19 2,2’-diicdo-perfiuorobicyclobut-1,1’-enyl (128)

No.20 2,2’-diiodo-perfluorobicyclopent-1,1’-enyl (129)

No.21 2-iodo-perfluorobicyclopent-1,1’-enyl (131)

No.22 6-perfluorocyclobut-1’-enyl-7,7,8,8-tetrafluoro- 1,4-dioxa-spirp-
(5,4)-octane (133)

No.23 2-(2’’-hydroxyethoxy)-perfluorobicyclobut-1,1’-enyl (132)

No.24 2-(2’’-hydroxyethoxy)-perfluorobicyclopent-1,1’-enyl (134)

No.25 perfluoro-2,4’-bis(1-cyclobutylidene)-bicyclobutylidene (142)

No.26 the oligomers of diene (29) (144) |

No.27 perfluorobicyclobutylidene -2- triphenylphosphine (146)

No.28 the mono-adduct by the reaction of diene (29) with butadiene (158)

No.29 the mono-adduct by the reaction of diene (29) with cyclopentadiene
(159)

No.30 the di-adduct by the reaction of diene (29) with diazomethane (160)

No.31 the di-adduct by the reaction of diene (8) with diazomethane (161)

No.32 the oligomers of diene (29) by UV irradiation (162)

168
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Spectrum No.1 (El+ data) M.W. 286

THFL01 240 xl  Bgd=152 24-FEB-92 18:12+8:02:89 78E £l
Bphi=0 [=7.1v  Hn=288 TIC-182611068 flent: Sys: HRKAAURA HAR: 46592888
FA3 8.1RSEC 6C= 48°  Cal:PFKFERI FASS: ei?
188, 217
69 J
68 |
48
] 286
267
. 23
186 l
] N . Y L l I ” . i —
58 188 158 bl ] 258 360 358
Hass 7 Base
69.03 1.10
93. 05 1.10
100. 04 0.89
116.02 0.64
117.08 2.52
118.03 0.38
124. 05 1.1
131.05 1.39
136. 05 1.21
143. 05 0.65
148. 05 0.62
185. 058 3.30
167.05 8.39
168. 06 0.85
174. 05 0.85
186. 04 10.07
187. 05 0.62
217.04 100.00 F
218.05 8.08 F
236. 04 15. 38
237.05 1.17
267.04 20. 43
268. 05 1.88
286. 02 32.42 F

287.03 2.90 F
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Spectrum No.2 (El+ data)

THF282960

xl  Bgd=262 24-FEB-92 11:448:83:48 7BE

M.W. 386

£l

BpA=8  1=4.9v Ha=387 TIC=116566860 fent: Sys:NAKANURA WRR: 32256680
TA3 8.1ASEC GC= 46° Cal:PFKFERI RASS: EAV)
108,
8a | %7
68 386
48 -
. £[7)
2 33
]
9 . , . [ Lo " l lf . . .
59 188 158 268 258 388 359 480 458
Mass Base
§9.01 9.91
100.01 0.69
131.01¢ 1.88
186.01 Q.79
205. 01 0.49
217.01 9.82
218. 02 0.79
229. 00 0.79
236. 00 3.17
248. 00 2.38
261.00 0.79
266. 98 79.37 F
267.99 6.38 F
278.99 1.73
286. 00 6.38
286. 99 0.47
298. 00 4.05
299. 02 0.33
316. 99 100.00 F
317.98 8.29 F
318.99 0.33
335. 87 20.63 F
336. 99 1.78 F
348. 00 0.32
366. 96 25.60 F
367. 98 2.81 F
38%.97 6l.16 F
386. 98 6.38 F



Spectrum No.3 (Cl- data)
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M.W. 336

THI21H0 M4t e x!  Bgd=113 9-AAR-98 15 89-8:01°53 JBE Ct-
BpR= 116y He=634 TIC=111975088 Rent : Sys HAKANIRA HHR: 65
FA3 8.1 ASEC GC= 48"  Cal PFKIG MM ARSS:
Ox .
188, 336
95
938 |
85
68 |
75
78 ]
65
68 3
55
58]
49
48
394
3. 298
25
28 |
15
18]
54
84 . 1 1 1 l A1 .
58 108 158 268 58 -~ 308 358 d
Mass 7. Base
235.80 0.16
241.78 0.21
254.73 0.22
289.74 1.90
260.76 0.19
266.74 0.36
273.76 0.10
274.75 0.23
275.74 0.11
278.72 0.36
279.73 1.34
280.74 0.16
285.71 0.24
292.71 1.52
293. 71 0.30
294.71 0.11
297.69 28. 47
298.69 2.92
299. 72 0.25
311.68 0.70
312.69 0.94
313.68 0.73
316.67 3.70
317.69 1.35
323.67 0.11
330.67 0.18
332. 21 0.56 F
335.67 100.00 FO
336. 63 20.47 F
337.61 1.11



Specirum
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No.4 (El data)

JU1B1520 1l Bgd=158  4-0CT-91 11 51-B 81-54 J6E 118
Bpii=0 1=18v  Ho=362 TIC-268425088 fcnt: Sys : YRUGHAN HAR: £5534688
FA3 B.IASEC 6C= 47°  Cal:Pry4ocT fiRSS 59
he S 1
168, 63
95 J
98 |
65 |
88
- 75
78 |
65. e ]
68 |
55 |
59 | . 243
45 |
49
39 ]
30
25 M3
28 135 oS .
9 2
5 | 1 1
10 |
5 | " .
R ll_hLll.[ll. Ll.x..[lL_Lfl sl A N . | ,
9 168 159 68 258 308 358 400
;;;s 7. Base
4998 2 46 161.98 0.490
54 .99 1.17 186. 97 9. 78
€1.99 0 22 173. 97 312
66. 99 ¢ 29 174 98 o 17
€9.00 160 00 0 180.97 2.93
€9.9¢2 i. €5 181. 98 0 1%
73.99 273 185 @7 z 36
. 78.98 0. 98 186 97 [ 9]
80.98 c.25 192 e~ s e
85.98 2 93 193,98 3.22
86. 98 ¢ 18 201 6: 5.20
92.98 16 02 204 9% 20.09
93.98 ¢ 55 205 95 1.58
97.98 2.07 216. 98 ¢. 38
98 98 6. 14 223 9¢ 117
99 98 1. 56 235 9s 0.18
104. 98 4 83 242 97 43.56
10S. 98 ¢ 22 243. 9¢ 3.15
111.96 4 03 254 95 € BZ
112- 49 o 18 2e5 o7 o 49
116.98 16 08 273 oS 2.87
117. %8 ¢ 78 28z ¢o% 63.9¢€ F
118 98 1 95 223 ¢os = 08 F
123.96 g &2 294 98 ¢ o13
a .39
}29 33 3 i 342. 92 25.82 F
130.95 -~ az 343.95 2.34 F
131 98 o, 22 361.94 117
135.98 213
136.98 9.85
142.98 3.8]
143. 99 0.32
147. 98 0 35



Specirum No.5 (El+ data)
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MW, 448

THB76A0G1S0  wl  Bgd=532 7-OCT-9! 15-39+:87:39 76F £l
BpA=8  I=t.lv  Ha=4d8  TIC=35487899 fient Sys: HAKARURA HiR: 7166889
FA3 8. 1ASEC 60= 55°  Cal :PFR40CT . HRSS: EIk]
102, 29 :
L
8o ]
60
48]
1 " 229 348
2. 180 1 e | o 7 4
J [ 218 l JNe 3 e
3 I il l'uLlll.LUu .LL.lL J l.;l[l l I l J [
5g 168 158 288 258 380 358 489 458 588
Hass % Base Hass % Basc
49. 99 1.02 242. 02 1.03
55. 00 0.28 248. 01 18.29
68. 99 21.43 249. 02 1.42
73.99 1.30 255. 03 0.28
79. 00 2.40 260.01 14. 44
81. 00 0.29 261.02 1.33
85. 99 Q.68 287.02 1.62
92.99 7.62 272.01 1.82
94. 00 0.27 273.08 0.21
97.99 3.17 278. 43 0.17
992.00 0.53 279.02 100. 00
99.99 14. 29 280. 02 9.53
101.00 0.29 281. 04 0.28
102. 99 0.22 291.01 7.14
105. 00 2.69 292.03 0.63
110. 00 1.61 2986. 02 14. 29
112.00 0.33 299. 03 1.27
117.00 8.09 310.03 10.71
118.0!¢ 0.42 311.04 1.03
119. 00 0.73 317.04 0.28
122. 00 1.00 322. 06 0.28
124.00 3.57 329.03 35.78
129. 00 4.87 330. 04 3.587
130.01 Q.46 341.04 - 2.6
131.00 3.99 342.08 0.25
136. 00 1.93 347. 38 0.18
139.51 0.88 348. 03 29. 91
141.01 7.14 349. 04 3.57
142,02 0. 40 360.03 4.81
143.01 1.40 361.04 0.42
148. 01 7.87 379. 04 14.29
. 149.02 0. 60 380. 07 - 1.30
153. 02 0.28 391.03 0.33
185. 00 7.14 398. 06 0.74
186. 01 0.24 410. 06 0.31
160. 00 3.97 429. 06 14. 75
167. 00 3.57 430. 07 1.99
168. 00 0.29 448. 08 7.14
172.01 0.93 449. 11 0.63
174.01 0.22
179.00 15. 05
180. 0! 1.08
186. 00 1.98
19:. 00 2.96
192. 99 0.27
197.99 7.14
199. 00 0.43
203. 00 0.38
204. 98 1.66
209.99 10.76 .
211.00 0.89
217.01 2.82
218.03 0.21
222.01 0.40
223. 60 0.22
224.66 - 0.18
229.01 29. 00



Spectrum No.6 (El+ data)
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M.W. 410

THO76R07580  wl  Bgd=737 7-OCT-91 15:38-0:89:19 78E tl-
Bpii=0 =627 Hn=411  TIC=38977888 Rent: Sys: HAKARURA HiR: 4110208
FA3 0.1RSEC BC= 72°  Cal :PFR4OCT HASS: 341
188, 291 k[
86 .
&R
S” .
) )
48 |
EL]|
28 . 117 il 418
B 9 155 B e 268 g | 30
|
' llll\lll. LLILLL ll_All L l
58 [:]] 158 ] 258 382 350 468 458 568
Massg 7. Base MHags 7% Base
49.99 1.12 217.90 0.34
54. 99 0.71 218.00 - 0.49
68.99 13.80 221.99 8. 25
73.99 1.58 223.01 0.61
79.00 3.63 229. 00 4.04
79.99 0.51 229. 99 0.46
86. 00 1.38 234.03 0.51
91.00 0. 61 236.02 0.61
92.99 12. 46 241.01 45. 06
95. 50 0.51 242.03 4.62
98. 00 4.33 248.00 2.60
99. 99 4.91 24893 0.49
103. 00 2.65 253. 02 2.51
104. 99 5.38 254, 99 0.34
105. a8 0.46 260. 01 12. 46
110. 00 6.23 261.02 1.12
111.00 0. 49 267.03 1.87
117.00 18.78 272.02 72.90
118. 0t 1.08 273.02 7.18
120. 50 3.04 274.02 0.41
122. 00 5.82 279.03 1.90
123.02 0.32 284.04 0.49
124. 00 2.99 291.02 96. 40
129. 00 4.65 292.03 12. 46
130. 01 1.27 298. 06 0.861
131.00 3.07 303.03 3.87
134. 01 0.97 304. 08 0.54
136. 01 6.23 310.02 16.50
136. 51 0.73 311.02 1.53
141. 01 24.91 322. 04 14.23
142. 02 1.29 323.04 1.29
143. 00 2.12 340. 42 0.39
145. 52 1.09 341.03 100. 00
146.02 0.46 342.03 12. 46
148. 01 6. 42 343.08 0.56
148. 01 0.41 360.04 15.30
183. 04 2.60 361.04 1.61
1S5. 00 12. 46 391.05 33.09
156. 01 0.63 392. 07 a.11
160. 00 7.96 393.09 0.39
161.00 1.27 410.04 21.31
165. 00 1.14 411.05 2.55
167. 04 6.23
172.00 7.37
173.00 0.61
179. 00 7.66
180. 01 0.44
184.01 0.66
186.02 1.29
191.00 16.30
192. 04 1.34
193. 00 0.66
198. 01 2. 48
199. 04 0.41
203.01 5.16
204.02 0.54
208. 01 1.82
209. 99 13.09
211.01 0.66
216 an s 23
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Spectrum No.7 (El+ data) M.W. 310

THBD1 10 xl  Bgd=)  22-JAN-9B 12-38+8 @1 A4 7L £l
BpH=8  1=18v  Ha=33B  11C=667982976 Acnt- Sys:ACE HAR:
TAKR PT= 8°  Cal:PFKEOEC AASS:
180, m
1 8
88 | 235
60 |
48
8 J P 245
g | bbb bt A - | L‘ "
250 398

x
-]
"
wn
(o]
o
w
L

20 33 . 28 36.i9 3.19 146. 2 0.48 207.37 0.37 268.47 0.87
24 2° 9 id 87 .7 1.83 147 .28 0.47 208. 37 0. 11 269. 49 0.27
28. 29 I B 28 i3 1 93 148. 26 3.84 209.37 0.81 273. 48 0.13

26. 28 3. €8 39 19 4.59 149.27 2.83 210.38 1.99 275. 48 0.62

27 28 2.97 20.17 1.03 150. 28 3.93 211.37 5.83 276. 48 5.36
28 24 8 2 21 17 1.35 151.29 4.80 212.38 0.83 277.49 0.90

29. 23 S.87 92.18 J.28% 152.27 1.83 213.39 0.78 278. 49 0.11
20 23 1,22 g3 17 5.08 153. 28 0.42 214.37 1.26 279. 49 1.47 F
31.20 19.33 94.18 9.38 155. 26 33.49 215. 37 3.77 280. 48 5.77 F
32. 22 J.79 95.18 3.90 156.27 2.58 216.38 1.11 281. 49 1.01 F
33 :9 2.12 96. 19 0.27 157.29 0.52 217.37 24. 36 283. 47 0.32
34 18 Q9 12 97. 20 Q.38 158. 30 0.13 218. 38 4.32 288.52 1.19
38 14 9 27 98.19 3.24 159. 28 0.66 219.39 2.24 289.52 0.24
37 13 V.78 99.19 6.30 160. 29 0. .33 220. 40 0 7! 291.48 §1.39 F
38. 13 9 T4 100. 3 3. 46 161.28 1.37 221.41 0.35 292.53 5.8 F
39.13 3.7¢ 101.21 4 07 162. 29 0.52 223.39 0.17 295. 46 80.44 F
40. 11 0. 17 102. 1 11.03 163.30 2.48 224. 38 4.08 296.51 7.84 F
41.12 0 81 103.19 0.62 164 28 0.98 225. 39 1.27 297.52 0.76
42 09 Q.74 104. 20 0.16 185. 29 1.36 226. 40 0.90 298.52 0.92
43 09 407  108.20 18.05  166.29 0.46  227.39 1.02 299.53 0.13
44 C7 1.23 106. 20 1.99 167 29 12.07 228. 40 . 0.37 303.57 0.20
45 69 2.39 107. 22 0.58 168. 29 7.86 229.41 7.39 310.64 100.00 FO
46. 09 0.21 108. 22 0.15 169 30 7.69 230. 40 3.60 311.56 15.87 F
47 C8 138 109. 19 5. 48 170 30 1.50 231. 41 1.56 312.97 1.32
48 07 o 2L 110. 22 o S8i 171.30 0.35 232.42 0.51-

49 97 J 32 111.2 Q.36 172.30 0.11 233.38 14.38

50.07 3.59 112.21 0.89 172,31 0.11 234. 39 1.24

51 27 S5.09 113. 21 2.28 174 29 9.18 235.41 0.13

52.¢7 2.81 114 20 4 .53 175. 30 2.09 236. 40 1.10

53.¢8 9 61 115. 21 1.2 176. 31 0.27 237. 40 5. 46

S5 08 2.40 1186. 22 0.17 177.31 0.44 238. 41 0.60

56 .0 2. 88 117 2 21.93 178. 31 0.49 239. 43 0.86

57.:2 086 118.20 2.587 179. 32 1.66 240. 43 0.23

59 11 0 76 119. 21 5.86 180. 32 1.07 241.45 1.32

'80. 12 3 41 120. 22 1.64 181.32 4.32 242.43 0.33

61 1: 0.54 121,21 0. 84 182. 33 0.94 243.41 0.58

62. 11 0.5% 122. 2 0.16 183. 31 12. 90 244 42 0.54

83.12 2 89 123.22 0.25 184. 32 1.30 245. 42 16. 44

64 11 Q.72 124 20 18. 22 185. 33 0.24 246. 43 1.92

65.13 1.84 125. 21 1.92 186. 31 4.07 247.43 1.63

686. 12 J 47 126. 22 0 as 187.32 13. 34 248. 43 2.24

87 13 3 02 127.23 0.53 188. 33 1.74 249. 43 0.98

88 13 1 08 128. 23 0.10 189. 34 2.45 250. 43 0.25

39.12 10.81 129. 22 1.60 190. 33 0.29 251.45 0.16

70.13 0 83 130. 22 0.97 191 33 0.72 252. 42 4.07

71.13 2.23 131.2 1.08 192. 32 0. 22 253. 43 0.39

72.:8 91 132. 2 2.40 193. 32 0.72 254. 46 0.11

73 18 2 21 133. 22 10.22 194. 35 0.34 288. 42 0 73

74 13 S.00 134. 2 Q. 64 195. 34 3.10 256. 43 0.19

bR s g7 135.2 0.2 19634 0.73 257 45 1.02

78.15 9 43 136.2 8. 41 197 35 2.39 258. 45 0.17

TT 8 2 39 137 24 12.S8 198. 35 4.87 259. 46 0.92

~g. i3 087 138.25 1,21  199.34 6.43 260. 47 0.a9

79.15 . 44 139. 2 4 85 200 .35 2.69 261.43 5 14

80.15 3.381 140. 27 0.33 201 36 1.47 262. 45 0.70

81.16 83 77 141. 2 0.50 202. 34 1.99 263. 48 0 14

82.18 2.11 142. 26 0. 18 203. 36 0. 40 264. 44 0.81

93.:7 2 84 143. 2 L az 204 17 0.13 265. 49 3.02

3422 R 144 28 02 205. 34 19.03 266. 45 0.48

89 24 0 19 149. 27 4.17 2086. 35 1.85 267. 46 9.98



Spectrum No.8 (El+ data)

176

M.W. 410

TH180040 ul  Bod=11  27-SEP-89 14:4-9:681:26 78L C1-
Bph=0 1=29%av Ho=419  TIC=2398889 Rent Sys-ACE HAR: 19
T HEXRRURD Pi= 6%  Cal:PFI268 FRSS:
395
8 . v y PO SR . .
169 b)) 389 43 588 €08
TH18017¢ xl  Bgd=t 27-SEP-89 14:4-9:01:37 8L tl-
BpR=8 I=1.Bv  Hn=448 TIC=71645899 Rent: Sys:ACE HHR: 118
T.HRARURA PT=8°  Cal:PFKe6Y fiRSS:
18 a1
392
368
j‘_ 155 s % 3?’ l |
[ 1 ) "..' lLLLM‘\L«)\M’:—l—L o L'L.L NI 'l . -
169 268 369 488 568 §00
Hass 7 Base
29.04 2.66 13%.20 1.16 253 34 12.22
30.04 0.26 141.19 0.94 256.35 0.98
31.04 1.23 143. 20 1.47 289.138 3.25
33.06 1.08 148.20 2.82 260.38 1.00
39. 07 0.94 149.21 0.83 261.38 3.12
43. 07 1.06 1806.22 1.82 262.37 0. 49
48. 08 4.61 181.22 1.86 263. 38 0.23
80. 06 0.29 195.20 10.27 291.43 0.4}
51.07 1.01 186. 21 0.60 293 41 10. 15
99. 08 0.70 189.22 0.27 296.41 0.97
63.10 1.00 160.23 0.21 297.42 0.73
65. 10 0.99 161.22 0.74 298.42 0.58
69. 07 4.08 182.24 0.20 299.42 0.93
71.08 0.49 163.24 1.1§ 301.43 0.62
74.08 0.26 164.22 0.34 302.42 0.22
75. 10 1.13  167.22 5.10 305.41 10.90
76.13 0.44 168.23 3.37 306.4t 0.9
77.12 0.58 1868.24 1.89 329.47 2.21
81.12 16.73 170.25 0.47 330.47 0.33
82.13 0.28 174.24 0.44 333.48 17. 04
88. 13 0.22 178.28 0.48 334.45 1.54
89.14 0.88 179.24 1.86 335.46 0.22
91.12 0.26 180.28 0.93 337.45 0.68
93.13 1.7t 181.26 2.39 338.47 0.23
23.13 0.96 182.27 0.74 357.50 4.73
98.13 0.60 183.24 0.7! 3%0.50 0.64
«89. 14 1.62 186.28 3.31 399.81 0.46
100.13 2.14 187.26 2.17 360.852 0.87
101.16 1.23 169.28 0.75 361.49 1.83
102.13 1.62 193.27 0.47 362.82 0.20
108. 14 1.09 198.27 0.7¢ 385.50 0.29
107.17 0.32 197.28 2.70 367.31 28.50
109. 14 6.66 198.28 1.34 368.52 3.22
110.18 0.23 199.28 3.10 369.33 2.80
112,16 0.64 200.28 0.23 370.53 1.54
113. 15 1.23 201.30 0.86 371.84 0. 47
114.18 0.49 203.28 0.63 390.57 0.39
117.18 8.90 208.27 6.95 391.87 66. 42
118. 18 0.80 206.28 0.41 392.87 8.64
119.16 1.40 209.29 0.23 393.58 0.74
120.17 0.47 210.30 0.24 398.58 5.01
124.16 3.19 211.29 0.73 398.56 0.51
128.17 0.35 212.31 0.36 399.58 0.32
129.17 0.90 213.3! 0.46 403.61 18. 89
130.17 0.30 214.29 0.29 404.61 2.28
131.17 3.02 219.29 0.34 407.60 2.14
132.19 0.74 217.29 7.11  408.61 0.2t
133.17 1.38 218.30 1.35  409.60 1.59
136. 18 2.99 219.31 1.80 410.60 100. 00
137. 19 3.72 224.30 0.36 411.81 13.00
138. 21 0.61 228.32 0.28 412.681 1.08
227.31 0.25



Spoectrum No.9 (El+ data)

x|  Bgd=185¢ 26-FED-82 09:37-0:13:11 7BE

177

M.W. 338

14457018680 Elo
Bpis0 =15 Ha=348  TIC=42147088 ficnt Sys - LALARUER WR: 1886
FA3 B. 1RSEC 6C= 168° Cal -PFKASFEB ARSS:
168, 282
g0 |
g8
4] i 2
2. 18 286 T
] . § W - \ S e . .
) 188 158 268 58 1% % 420 458
Kogg Z Base
116.97 0.3%
123. 87 0.30
132. 86 0. 66
136. 96 6.82
137.96 0. 44
143.99 56.87
144. 98 2.76
184. 93 1.17
188. 93 4.06
164. 95 Y 2.08
167.98 0. 47
181.67 0.56
183. 92 8.12
184. 92 0.56
188. 91 20.78
186. 91 2.28
192.92 0.97
194. 92 1.28
198.98 0. 44
204. 92 1.17
208. 93 24.78
206. 98 2.03
210.93 0.68
211.94 0.40
213.92 3.58
214. 92 1.08
233. 91 44. 66
234. 91 4. 06
235. 89 0.31 .
241. 90 23.06
243,01 10. 48
286. 45 0.78
260. 90 0.39
261. 892 6. 37
262. 91 0.83
268. 93 1.01
270.93 2.71
271.92 0.31
274. 8% 0. 482
281. 87 100.00 ¥
282. 89 8.03 F
«284. 21 1.00
289.94 1.06
290. 93 2.03
309. 90 24.77
310.92 4. 06
3198.98 1.09
337.91 41. 77 F
338. 23 6.09 F
339. 98 0.43



178

Spectrum No.10 (Cl- data) M.W.262

TH1470170 ul  Bgd=S 15-HRY-98 14-52-9:81 28 7BE C1-
Bph=9 [=18s  Hn<522 TIC-263862888 fAcnt Sys-fiCE HAR:
TRKA  15-HAY-GG PI= 8°  Cal:PFKIBHAY FRSS:
*H10
186. 242
g5 | 261
98
85
60 ]
by
28 |
65 |
68
55 ]
58 |
45 i
48 |
15
30
i -
i
19
18
5
fl —— R N AwL._J.‘L iy S . .
198 K1 368 - 400 508
nass 7 Base
182. 81 0.40
183. 82 1.74
195. 81 0.44
202. 82 0.87
203. 81 0.37
209. 81 0.67
213.78 1.1l
215. 81 1.28
218.80 0.36
220.78 10. 62
221.78 0.85
222.79 1.08
223.78 2.93
233.78 0.85
238.78 Q.49
240.78 28.92
241 .78 100. 00
242. 77 9. 62
243.77 1.37
299. 78 2.28
260. 72 87.93
261.7 13.87
282. 7S 1.t9
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Spectrum No.11 (Cl- data)

M.W.362

TH1480180 ut  Bgd=6 15-AAY-99 15:13-8:81:32 JOE cl-
BpR=8 1=6.2v  Hn=553 TIC=184515888 Rent: Sys:ACE HRR:
TREA  15-RAY-GO P1= 8"  CaL:PFKIGRAY ARSS:
MY
lﬂﬁ 342
]
98]
85
8.
%
28
65
68
55
58
45
@ ]
i
30 386
43
28 ]
15 ]
18
5 ]
8 e - L J.l | - . .
188 488 568 668
6172 2 ez 403 70 8 84
262 73 073 2047 2.2z
283.20 9.7T  305.72 30.%:
15473 083 306 72 a T
285. 73 0.96 1307 T4 3.z7
266.78 1 S 308.73 0.44
287 75 5.35  313.70 2.2
268. 78 1 04 315.73 0.23
259 77 457 316.72 0.9
76 7T 08 317.71 0. 47
i71 78 0.83 318.72 0.52
275.78 2,15 31971 0.38
176 7a 083 320.7 0.86
arT ot 0.83 321.72 0.32
278,73 0.90 322.69 2.72
279 79 0.52 323.69 20. 12
280 77 0.7z 324 70 6.69
281.78 0 33 325.7t 9.37
282.76 0 60 326.72 0.28
283. 78 0.5s2 338.72 1.51
284.75 1.5 336.72 0.98
288, 74 8.6 337.70 0.41
286. 7 1.77  338.70 0.8
297 75 16.23 239 71 0. 34
288.76 1.73 340 &8 1.90
289.7 0.7 341.67 100. 00
191,73 0.42  342.68 18. 66
294 72 0.94  343.€8 2.88
ze8. 73 0.97  344.70 0.33
286 72 0.49  360.66 38.35
297 T3 0.52  361.67 14. 44
298. 71 0.45  362.67 1.78
z89.73 0.37  363.69 0.33
300.7 0.92
301.72 0 a2
302. 74 0.83



Specirum No.12 (FB- daia)

180

M.W.284

TH4331070 xl  Bgd=6  7-HDV-91 12 68-B 9114 2AC FB- ,
Bp=d  1=2.v  Hn=BAS  TIC-36264060 flent Sys FAB HrR -
TRR PI= 8°  Cal PFKI40CT RASS:
188, 269
19 |
69 )
1
48 |
)
41
a Aot AL' A, _.Llﬁ l l... o ey i, AL ’ . -
168 208 189 480 508 688 788 888
Macs 7. Base
58.75 1.74
70.76 - 1.01
88.78 1.589
80.76 6.43
116.66 1.82
154 59 1.16
163.88 1.11
166.57 2.88%
182.56 9.10
185.54 1.13
241 43 10. 9%
242. 43 3.37
260 4) 100. 00
2681. 4t 11.02
262. 41 1.69
272. 39 1.43
296. 36 1.42
302.35 1.47
332. 34 1.02°
374.31 1.01
522 .16 0.65
$23. 16 0.29
525. 16 o 77
526.18 0. 34
544 14 3.99
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Specirum No.13 (FB- data) M.W.384

144332080 xt  Bgd=6  7-HOY-91 1269B A1 88 J6C f8-

BpA=8  1=4.3v Ha=226  TIC=49893889 ficnt: Sys:FAB HAR: 283

TRKA PT= 8°  Cal:PFKI40CT FRSS:
108. 3650
68
69
48

l
28
8 - SO TOWENTG DU & .l . . . - L ’

189 200 380 480 588 668 788 8e8 988

TH43320120 ¥l Bgd=2  2-NOV-91 12-89+8:01:51 J6E Fp+

BpAzB  [=9.7v  Ha=876  T1C=273531860 fient: Sys-FAB HR: B3t

TAXA PT= 8°  Cal:PFK140CT FRSS:
188, 115
8a |

1
68 | &
48 |

485
3
28 ] 13; 215
) AE NURTEY SN Y W VO S O L N O S | i : ‘. .
189 208 388 490 588 588 780 988 969

Moss 7 Base

204 39 2.13

228.33 2.50

232 30 1.28

247 31 1.07

294 19 2.77

322.:3 2.82

341 09 11. 47

342 11 3.61

360 Oe 100.00 F

361 97 11.27 F

362. 05 1.19

643 53 013

705. 32 0.28

720 40 0.1a

723 44 1.2

740. 38 9.95 F

741 39 2.41 F

771 02 0.19

776. 01 Q.87
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Spectrum No.14 (Cl- data) M.W.432

TH2e55R0150 wl  Bgd=14  28-HOV-98 89:59-8:01:21 JGE C1-
Bph=d 1=2.9v Ho=483 TIC-=168448880 fent: Sus:ALE HRR: 1076%
1?5”0 PT= 8°  Cal:PFiRGNOV fIASS:
198, 333
95
98 4
85
88
75
78
654
68
55 319
58 4
3 .
48 ' 417
3
38 397
25
37 429
28
15 ] 127
18]
5
58 188 158 cee 259 388 358 469 458 588
Hog ¢ “ Base
90.97 3.05
91.98 1.41
92. 97 0.79
117.98 0.70
126.82 16.13
298. 94 4. 47
300. 95 12.36
316.96 9.06
317.92 3.36
318.93 §5. 82
319.94 11.53
20.95 10.37
321.96 3.10
322. 97 6.10
323.98 1.81
337.32 0.38
337.87 10.92 F
338. 94 100.00 F
33%. 95 19. 63
340. 95 9.88
427. 89 1.852
428. 02 2.21
428. 15 1.93
428 28 1.83
428. 42 2.18
428. 66 22.23
432.68 5.30



183

Spectrum No.15 (El+ data)

M.W.359

TH45250130 ul  Bgd=l  21-FEB-02 18:22+8:81:59 JEE (e
BpA=@ =16  HosSS1  TIC=351198816 Rent: Sys:ACE HiR: 655
TAXA Pi= 8"  Cal:PFRIIFEB HRSS:
168,
88 ) 1
634
48 ]
28 ” 127 b2/
l 8o 30
ﬂ - AmAe. - N Y A N L
189 269 388 438 538 £83
THAS250240 ul  Bgd=e2  21-FEB-92 10:22+8:02:25 76E Cte
gs?;a I=2.lv  M=378  TIC=91428880 ﬂcnt Sys:ALE HR3: 19
a° L2 :PFRIIFED :
168, ARSS
80 |
68
49 )
2
g Av
189 268 583 682
TN4S250280  wl  Bgd=13  21-FEB-92 18:22-:02:46 7as c1-
BpH=B  1=98¢cy Ho=358  TIC=14545688 flent: Sys:ACE HRA: &4
TAKA PT=8°  Cal:PFXIIFED ARSS:
168, EEL|
8 J 358
68 |
48 )
28
8 - - L
163 268 388 488 sea 689
MHagg % Baseo
51.04 0.39 208.10 2.33 288.11 2.34
77.06 19.585 209.10 0.78 259. 12 3.82
78. 06 2.12 212.08 6.28 260.12 0. 4%
92.07 Q.49 213.07 1.17 262.09 0. 47
83.08 1.17 218.10 0.78 263.11 0.39
96. 06 0. 42 216.10 0.39 267.07 1.30
103.07 0.78 217.08 2.73 269.04 478 F
104. 08 0.78 218. 06 0.38 270.11 20.53 F
108. 07 0.78 219. 09 0.35 271.12 3.2 F
126.07 0.78 220. 10 2.83 272. 13 0.39
127.07 19.21 221.11¢ 1.17 281.12 0.39
128. 08 17.71 224,08 0.39 286. 09 8.67 F
129.08 1.30 228. 118 0.39 289.1t 12. 41 F
135. 09 0.38 231.10 Q.48 290.13 8.87 F
142. 08 0.78 232.07 3.91 291.14 0.78
146. 08 0.47 233. 08 0.39 293.12 0.3%
183. 08 0.78 236. 06 1.17 299.98 - 2.73 F
184. 10 2.34 238.10 1.57 301.89 0.78 F
188.07 0.47 239.11 3.68 308.08 8.88 F
189. 09 0.39 240. 11 2.34 309.14 3.46 F
182. 04 0.78 241.12 0.39 310.14 0.49
169. 09 0.3% 243. 09 0.78 318.11 0.78 F
166.09 3.13 244. 10 0.38 319.11 4.08 F
187.08 0. 42 246. 11 0.39 320.12 13.67 F
182.07 1.23 250. 10 0.88 321.26 2.73 F
184. 0% 0.78 291. 11 0.78 338.08 20.71 F
186. 08 0.8° 282.12 0.3% 339.13 78.01 F
189, 02 0.78 340. 14 §7.9% F
190.10 0. 94 341.16 8.24 ¥
1983. 07 0.3% 342.19 0.78 F
196. 09 0.78 358. 06 14.84 F
197. 10 0.78 3g9.17 100.00 FO
208. 03 0.39 360.19 19.63 F

-~

~e
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Spectrum No.16 (Cl- data)

M.W.459

TH2265R050 xl  Bgd=! 28-H0V-90 10:14+8:00:41 78 Ci-
BpR=8 1=9.9v Ho=4B4  TIC=192964689 fAent: Sys:ACE HiR: 54674
IEE% pr=8%  Cal:PFKeENOY HASS:
lggT 439
95 4
9
85
@8 |
75
70 ]
65
68
95
584
45 | .
49|
35 ]
39 J
254
28 ] 459
15 | 19
19 ]
5.
) . : , : — L | , .
58 108 158 268 258 388 350 489 458 508
Rass % Base
59.82 0.43
280. 64 0.79
342.60 2.67
343.60 0.32
361.56 80.17 F
362. 59 8.96 F
363.59 0. 47
373.62 1. 11
398.58 3.83 F
389.59 1.89 F
‘ 416. 61 1.20
417.58 1.19
419.59 14.72 F
419.58 9.50 F
420.59 1.63 F
438. 59 i.98
437.32 2.99 F
438.39 100.00 F
439.59% 21.44 F
440. 60 2.14 F
487.99 19.00 F
438. 61 19.83 F
439. 61 2. 41



185

Spectrum No.17 (El+ data) M.W.380

TH26338080 ul  Bgd=?  21-AAR-S1 14:28-0:01:06 76L Q-

Bpi0 =10y Io=379  TIC=13623L2) Ront: Sys+GE W3 gsseE
T Pr= @ CoA:ORISRY S: 3
8
€.
)
8. ;f T
8 , . _ ] _ P . '

9 168 159 20 =0 = % )
THe80380140  ml  Bgesil  21-RAR-SI 14:23-8:01:39 76T e .
B0 16w Hee3Bl  TIC-37352863 ficat: Sys+ACE -
Theh Pra @ CoL:AISHR RE3S: N

9l
80 |
48 J ®
e 116
233 i
BB . e N T ISR sY o j —

58 163 158 oan 258 k|+44] 359 469
THeE3380180 ul  Bgd=S 21-fiAR-91 14:28+8:61:49 786E Ele
B0 128 =380 TIC=323T63R Aent Siy5+ALE R 51045080
TRKR Pl= 6%  Cal:PFRISRAR RSS! M

IBE} EEE]
89

68

40 »

28 116 4 264 4 318

- e ITT.1Y
ﬂ s WM}-— v W‘i_J- y . . JL . N —
58 180 . 159 230 258 380 39 408
Hagss % Bose
236. 69 2.32 313.62 23. 48

132332 8:23 237. 69 0.31 314.62 3.18

189. 77 0.48 241.69 1.00 320. 62 0.70

190. 72 1.01 242. 69 3.99 331.87 3.48 F

191.73 0.39 243.70 28.71 332.60 100.00 F

192.78 0.70 244.70 6.47 233.60 19.88

183. 76 6.88 245.70 0.39 334.60 1.060

194. 77 3.19 246. 67 0.38 338.61 1.18
-188. 76 0.32 248.67 0.31 339. 61 1.12

197.74 0.70 283.66 0.47 340.61 0.38

198.73 1.19 290. 68 0.38 340.83 0.81

200. 79 0.32 261.67 2.30 379.58 3.22

201.78 0.74 262.67 18.185 380.87 0.680

203.73 0.31 283. 68 18.90 F

204.73 2.62 283. 83 1.84 ¢

208. 73 0.98 2684. 67 2.13

211.73 2.32 288. 686 0.31

212.74 3.77 268. 88 1.63

213.74 8.34 267. 89 0.93

214.74 0.64 273. 68 3.68

2319, 71 0.42 av4. 66 1.67

218.71 1.81 274,66 0.74

217.72 2.46 ;~ 281,64 7.29

218.73 0.62/ 282.69 8.24

218.72 0.84 263. 65 1.00

220. 72 0.4  204.62 0.44

222.70 0.38 268. 62 1.33

223.71 1.9  288.839 3.43

a24.72 2.48 289.68 06.74

228.73 1.19 291.614 2.22

231. 78 2.81 2s2. 84 g.21

232.72 21.G60 293. 62 22.88 F

233. 71 2.44 294.64 3.93 F

234 &a 0 42 304.61 0.49



Spectrum No.18 (El+ data)

186

M.W.408

2830170 ul  Bgd=l  18-AAR-91 15:43+0:01:42 JGE £l
Bae0  Is5.0v W45 TEC=377113538 Rent : Sys:RLE K
TR PT= 0% Cal:FRIIEER hRss:
468
;7 r— Y L Y Y
5 160 150 289 259 % 39 489 ) §%3
Thess0eso nl  Bgt=d  18-ARR-81 15:03.0:62:20 76T Cle
Bpi=0  Is3%cw WosdB3  TIC=16371620 fieat: Sys:BIE il
(¢ Pi= 6 Col:FNIERT Fass:
lag] 116
]
g ¥ .
48 ] 2
20 ] L 3] I JJ 469
3} lT 4 sl | L . - - s il - II — -
59 168 158 289 &0 7 35 4 459 [
263638 ¥l Bgd=11  18-FAR-S1 15:43+0:82:44 70E c1- '
B0 [=3.3v Ho=all  TIC-26547883 Rent: Sys:RCE R
RIS PT=0°  Cat:PFRIER? F353:
182, 428
89
65
40 4
2.
[ 180 158 280 50 38 L 488 450 L)
faog % Baso
a4, 00 40. 41 108. 00 a.79
44. 9% 16. 08 109. 00 2.99
48. 02 10.99 110.00 3.86
49. 03 8.29 111.08 2.24
82. 08 684.78 118.00 100. 00
86. 0% 4,39 117.01 7.04
/Bﬁ. 03 19.38 122. 02 3.91
7'89. 03 8.88 123. 00 2.73
60.01 20. 14 123. 99 43. 7}
51.00 20.76 128. 00 4.66
89. 00 2.91% 133.01 20.84
70. 02 3.74 133.9% 3N
72.03 4,22 139.01 9.23
74. 01 40. 80 179.00 2.86
77.02 16. 87 350. 91 3.87
79.02 19. 30 368. 90 3.748
80. 00 3.78 370. 91 g.72
8. 00 3.96 3849. 92 18.92
82. 01 18.70 380. 50 3.87
.83. 00 4.80 388. S0 74. 88
84.01 3.78 389. 80 168. 14
88. 0} 2.68 300. 92 3.69
£8. 02 12.43 408. 87 21.580
21.02 8.09 409. 89 g.08
92. 99 4. 44
924. 00 4.88
83. 00 4.13
96. 00 8.33
97.01 4.18
90. 01 g.08
99. 02 4.88
100.03 1.388
102.02 1.72



Spectrum No.19 (El+ data)

187

M.W.502

THe530190 xf  Bgd=¢ 21-FEB-91 11:29-8:81:52 78E k-
Bpfi=B I=4.lv  Ha=583 TIC=237893888 Rent: Sys:ACE HAR:
TRHA PT=8°  Cal:PRIRIFER RAsS:
88, 248
39
N 148
il 198 5
10
] 129 375
3 | 79w 18
B L IJ[ Jl N iy . A |l P SN I 1 A
189 289 38 ) 580 689
THEE3E23e nf  Bgd=t4  21-FEB-91 11:23+8:62:40 78t c1- '
BpM=8  1=363sv Ha=SE2 TIC-7687868 fent : Sys:ACE HHR:
TRXA PT=8°  Cal:PFXRIFER HRSS:
88, %
\—
!ad
94
9 * 127
8. 249
| 418
3 , , : : |
180 <88 388 460 560 668
Hags 7 Basgse .
140. 88 5.96  205.88 1.67
140. 96 0.92  212.79 0.96
141.89 0.96  214.09 0.88
142. €8 0.96  215.89 1.97
143. 00 0.96 217.81 0.88
148.79 0.95  221.01 0.88
146. 88 0.96  222.99 0.96
147. 68 1.06 F 224.79 21.02
147.88 64.75 F 225.79 1.72
148. @9 4.78  228.86 5.73
149. 90 0.96  229.89 0.96
152.83 0.34 231.79 0.96
184. 88 1.67  232.83 1.82
187.78 1.67  234.84 0.96
187.84 0.82  235.88 0.55
158. 23 0.88  238.79 0.96
188. 98 0.92  238.79 1.81
158. 88 2.87  242.11 0.86
159. 98 0.91  244.87 0.96
160. 89 0.96  246.84 0.91
162.34 2.81  246.92 0.86
162. 82 1.67  247.86 100. 00
163.588 0.89  248.30 0.88
163.83 0.96  248.49 0.88
164,12 0.87  248.87 7.88
164. 82 0.96  249.88 0.96
165.88 0.91  2%0.78 0.96
166. 89 0.96  253.69 1.91
168. 88 0.37  285.79 1.10
169. 11 0.88  2%6.61 0.87
169.79 1.29  262.78 1.67
171.02 0.96  263.88 0.94
173.88 0.96  266.87 1.72
174.79 1.5 274.77 3.88
176.79 3.82  274.84 1.67
177.88 0.96 324.78 8.60
178.57 0.87 325,79 0.96
178.88 31.70  32g.81 0.88
179.89 2.87  3s8.77 6.90
180.89 0.96  3s6.78 0.96
181.80 0.98  374.77 33.51
1682. 86 0.97  375.77 3.82
183. 07 1.89  378.81 1.86
193.79 0.96
483.73 0.96
196.68 0.96 551,71 56.38
197.87 51.49  goz 22 0.36
198. 87 8.17 F go2 73 4. 78
8.9 1.67 F
%23 aE A ae 503.73 0.96
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Spectrum No.20 (El+ data) M.W.602

2440982  x1  Bgd=978 11-DEC-38 18:59-0:135) 76K £l
Bpisd  1=3.3v  Ws§@3  TIC-152278088 fent Siys: MRKARURR HiR:
FR3 8.1 ASEC GC= 168° Cal:PRCIDEC HASS
160, 882
% |
% |
475
8 |
8 ]
7 |
7]
65 ) -
8 |
55 |
58 |
?
4] en
w] -
3 |
1 | 248 238
2 |
3] | 1
28]
229
15 131 198 - 583
19
1 ” | | |
sl Ll lhud b bl abud | L I'I | ,
198 260 ) 498 560 588
—
Mass 7. Base . .
55. 00 0.68 177 %96 0.79 260. 03 6.56
69.00 22.41 179.01 22.59 261.04 0.39
74. 00 2.38 180.01 1.98 279.02 46. 21
79 00 5.95 186.01 0.77 280.02 3.85
80.01 0.31 19}1.02 2.39 298.01 30.92
86. 00 0.60 198.01 13.50 299.03 2.99
93.00 3.57 199.02 0.89 324. 93 2.78
98.01 . 5.25 200.83 1.82 325. 96 0.35
99 01 J.44 208.01 1.26 329.01 g.51
100 02 1.69 210.02 4.786 330.02 1.19
103.01 0.58 211.05 0.33 336.93 0.32
1:05.01 2.38 217.02 Q.80 348. 02 63.14
110.01 2.39 224.02 Q.64 349.02 8.76
112.01 90.74 224.93 1.99 385. 9% 1.31
117.01 9.08 227.96 0.83 374.34 11.89
118.02 0.38 229.01 17.02 386. 96 5.15
122.02 1.80 230.02 1.29 387.95 0.30
124.01 .76 236.01 2.62 405. 95 4.01
126. 93 6.41 238.92 2.62 424. 96 2.74
129.01 10.01 241.01 2.38 458, 97 6.50
130. 02 0.49 247.99 29.88 456. 99 0.63
131.01 13.08 249.01 2.42 474. 91 86.98 F
136.01 38.33 2S53.85 0.78 478. 94 8.38 F
139.91 0.64 295 .29 0.63 476. 92 0.50
141.02 10.86 582. 88 14.11
142.01 Q.79 583. 89 1.77
143. 02 Q.31 601.89 100.00 F
148. 0t 21.40 602.93 9.79 F
149 01 1.41% 603.95 Q.39
155 01 3.92
160. 01 483
162. 46 Q.32
167 0Ot 1.44
172.01 0.87
174. 01 Q. 41
176.92 5.67

[T
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Spectrum No.21 (El+ data) M.W.493
TH24405880 xl  Bgd=571 11-DEC-39 18:59+8:09:88 78t El-
BpH-8 [:4.2v  Ha=496  TIC=1517530808 flcnt : Sys - HAKRRURA HAR: 385
523‘ Bn.l RSEC GC= 118" Cal :PFR70EC fASS:
108, 4%
95 |
98 |
85 4
88
25
7a 4
65 4
68
55 ]
58 J )
5] 63
48 | =
67
% | ¢
30 J
25 )
] 298 475
15 | i 3V 248 27
18
5 - Il J ‘
(] N |llll l L 'l |'1l , ! ‘ 1 ; ! ]
5 188 158 288 258 360 338 488 458 589 5¢
Mass . Base
55. 01 0.33  217.03 14.63
69.01 44 40 218.03 1.25
70.01 0.50 221.99 0.38
74.01 1.09 224.83 0.60
79.01 1.86  229.03 6.93
86. 01 0.52 230.03 0.51
93. 01 4 72 238.95 0.39
98.02 3.37 241.04 0.56
100.01 4.97  243.03 0.52
105. 03 .31 24803 14.85
108. 52 0.49 24903 0.91
110. 02 1.49 295.02 0.89
112.02 0.37 260.02 0.89
117.02 13.23 26701 36.31
118. 04 0.45 268.02 3.23
122. 01 0.34 273.71 0.32
124.02 4.93 279.04 14.93
126. 94 s.18° 280.04 1.10
129.02 4.20 298.03 18.28
131.02 9.77 299.03 1.68
136. 02 1,32 317.02 48. 08
141.03 3.71  318.03 4 54
143.02 1.17  329.05 0.54
148. 02 9.70 348.08 9.66
149. 01 1.47 349 04 2.92
189. 02 3.72 387.04 8.18
160. 02 1.81 368.06 0.84
167.02 7.27 374.96 1.42
174 03 0.84  406.01 0.31
176. 93 2.99  424.99 1.39
179.03 9.21 443.97 3.97
180. 02 0.84  445.01 0.35
181.03 0.33 474 96 18. 98
186. 03 0.84 475.98 1.68
191.03 0.83 493.94 100.00 F
196. 99 Q.37 494.97 10.95 F
198.03 5.88  496.01 0.84
1.41

205S.




Spectrum No.22 (El+ data)

190

TH45608120 %l Bgd=?75 25-FEB-92 16:32+0:10:86 78E 103
BpH=0 [=195av Ha=327  TIC=12848883 flent: Sys: HRXARLRR
A3 9.1ASEC GC= 129° Cal:PFYS3FED
168, 186 2
69
68.
48 217
9 204
20 79 L e
'} EOWNE W T DR B PRV RS S (O A | N
58 188 158 288
HOS S 7% Base
57.02 1.33  198.8¢9 7.11
58. 02 1.09 199.88 7.81
58.03 1.41 200.89 8.20
§9.04 1.28 201.87 2.66
60.52 4.61 204.87 3.99
62.98 2.34 208.88 5.08
64.97 1.40 208.87 1.33
68. 95 2.30 208.8% 1.48
71.02 - 1.72 210.86 2.27
72.98 1.33  212.89 1.17
73.02 1.33 213.85 8.75
76. 96 2.03 214.88 3.28
77.92 1.48 216.87 40. 00
77.94 1.17 217.88 20.00
77.98 1.17 218.88 1.09
78. 95 13.36 223.87 22.97
80. 94 7.11  224.83 2.03
84. 90 1.64 227.90 10.86
90.95 20.47 228.89 2.73
94. 94 1.09 229.86 4.06
100. 95 1.41 230.88 4.53
104. 98 2.19 232.91 1.56
109. 94 2.11 233.87 12. 42
111.96 1.64 235.85 88.13
112.90 1.09 236.86 20.00
112,98 1.6 238.86 3.67
118. 92 8.73 241.84 1.17
121.95 9.30 244.88 11.33
123.93 2.42 245.88 1.88
130.93 1.41 247.86 6.95
131.92 1.88 248.83 6.02
132,91 4.30 249.87 2.34
134. 91 2.19 291.88 6. 41
135.91 g.89 254.88 2.03
136.91 8.28 257.84 3.28
147.89 1.41 260.81 1.98
148.94 2.850 261.8S 10.86
180. 90 2.03 2G2.79 1.95
151.88 1.17  263.84 63.67
184. 68 9.30 264.84 13.59
188. 88 7.34 266.84 40.00
162. 93 2.98 267.83 3.83
163.92 1.88 268.86 1.88
166. 90 11.17  277.82 5.78
167.90 8.98 279.82 6.93
169. 91 2.27 203.83 1.64
173.90 7.73 2@8.88 2.73
174. 90 1.88 2088.88 7.03
178. 91 3.13  297.90 1.33
179.98 2.03 308.80 1.80
180. %0 40.00 307.84 a1.9s
181.89 3.67 308.85 9.61
182. 03 0.94 327.82 1.64
182.88 1.28
183.88 11.48
188. 87 100. 00
186. 97 23.32
187. 89 1.64
194.86 7.97
197.88 8.20

M.W.328

HAR:
fRSS:

245
I.l.l ol - .l

1%

258 380

35
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Spectrum No.23 (El+ data) M.W.328

TH45609380 ¥l Bgd=91 25-FEB-92 16:32+8:11:3¢ 76C £l
BpR=0  1=¢’Bav Hn=328  TIC-21G68323 fcnt: Sys:HRYAAIAA HAR: A
FA3 8. 1ASEC 6C= 149° Cal:PFU2SFER RRSS:
108, 186 2%
89 ]
£9
4
48 | %
» 217
] IELZ 167 228 | 245 328
8 S S B i ot whot Lots s ll...l...J el a1l [
58 188 158 288 %8 i) 356
Hass * 8ase L aa_.
49, 9@ Q.98 195. 90 0.73 296. 84 0.57
49. 98 0.38 197.88 2.33 306. 65 1.34
64. 98 0.89 198.89 3.09 307.83 68. 33
68. 96 1.83 189.8° 4. 88 308. 86 8.33
70.99 0.73 200.89 0.87 309. 89 0.49
76. 97 1.08 201.84 1.96 327.87 17.10
77.85 0.99 204.87 3.54 328. 88 2.11
78.95 1.98 203.89 1.89
80.98 1.08 207.93 0.70
84.91- ° 0.45 208.9%0 0. 96
90. 96 3.14 210.62 Q.48
92. 99 0.93 210.9%20 2.39
94. 94 0.97 211.91 1.21
94. 98 0.54 212.91 1.08
10S. 94 0.80 213.88 8.17
106. 02 0.3 214.88 3. 41
108. 96 0.81 216.89 27.91
113.93 0.96 217.89 2.42
116.94 8.17 223.88 16.33
121.95 16.33 224.9%81 1.21
122.96 0.64 229.68 0.77
123. 84 1.98 226.24 0. 64
130. 89 0.81 226.33 0. 41
130. %86 0.73 226.60 0.51
131.93 0.41 226.87 0.70
132. 92 1.47 227.91 16. 87
134.95 3.67 228.981 1.82
138. 92 8.17 229.88 2.87
136. 93 2.52 230.89 2.62
143. 89 0.64 232.89 2.26
143. 93 0.48 233.87 1.34
144 98 1.15 238.87 100. 00
147.91 0.64 235.88 9.19
149. 92 1.37 238.90 4.88
132.00 0.38 239.921 1.08
184. 90 5.20 242.87 §.88
198. 91 2.90 243.89 1.18
198. 88 0.91 244.67 16.33
188. 96 0.64 245.88 1.66
160. 96 0.57 247.83 0.73
162.92 2.26 249.807 2.87
163. 91 2.01 249. 089 1.08
166. 92 10.62 251.88 4.66
167.92 2.30 297.68 3.92
171.81 1.37 298.91 0.73
173. 92 4.99 260.86 1.69
174. 91 0.80 261.83 0.77
176. 86 0.4 263.88 49.03
178.93 1.63 264.086 10. 21}
179. 91 1.18 266.86 2. 42
180. 92 16.33 267.087 0.54
181.93 1.44 268. 68 2.58
182.91 0.96 276.89 0.51
183. 90 3.16 277.86 1.59
18S. 80 87.92 279.898 2.14
186. 90 9.09 283.63 1.63
187.88 0.81 288. 89 0.486
190. 94 0.70 288.87 8.71
192. 92 0.94 289. 88 0.99
194. 87 8.90 296.7S5 0.87
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Spectrum No.24 (El+ data)

M.W.428

THO6001235  ut  Bgd=1856 26-FEB-92 18:248:15:20 78E £l
BB I=1750v Ho=428  TIC=6874883 fient: Sys :KAKAAURA HRR: 1152
FA3 B.1GSEC GC= 182° Cal :PFK2SFER RRSS:

108, 184
] 22 28 36

89 ]

63

40

156 268

2 l

] Ly N 1Ll l J Lol ﬁ'_mghh‘.nl Y, 1 1
] 160 158 289 258 350 469 459

Hags 7. Base
68.98 . 14.76
73.02 1.96

109. 97 1.39

106. 00 1.30

115.00 1.74

132. 96 2.69

133. 96 4.08

136. 97 39N

143. 95 6.86

182. 96 1.13

193. 95 3.04

184. 94 6. 86
1995. 94 23.00
196. 98 2.00
161.93 2.26
167.94 1.86
169. 03 1.82
171.96 2.99

180.94 2.34

181.93 5.30

182.89 2.08

183.01 2.08

183.93 100. 00
184. 95 7.20
168. 90 2.26
189. 89 1.96
191.92 2.17
198. 93 1.74

196. 99 2.08

200. 00 2.17

202. 923 6.34

203.91 1.82

208. 93 2.69

210.92 12.389%

211.92 88. 89

212.93 7.98

214. 90 1.48

219. 00 1.13

218.923 1.86

216. 922 1.82

219.91 4.08

230.91 1.68

231.88 1.3%

232.02 1.39

237.00 1.30

‘238. 92 1.68

2396. 91 88. 89

240. 92 13.28

288. 8% 2.43

289. 94 4.17

287.92 24. 48

268. 93 4,43

287.90 2.88

319. 93 88.8%

316. 89 12. 24

340. 87 1.91

428. 81 1.91
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Spectrum No.25 (El+ data) M.W.572
TAXDIRERDSo xl  Bgd=l 2-APR-92 17:10+8:89:47 78 388
Bphi-8 [z2.7v  Ho=523 TIC=331783988 Rent: Sus:RCE HAR: 585
TREA PT= 8°  Cal:PFU3IAAR HASS:
lﬂﬁT 72
99}
69 53 403
| 453
@ L
1 322 472 583
28
] 253 272 TT
] A R PPU TR VT I | ‘.L..l,.,.l. ll lAL l ;I\Jll‘tl A l WL ) l
168 208 388 468 580 680
TAKDIAEREIGe  x1  Bgd=b 2-APR-92 17:18+8:01:13 78E Cl+
BpR=A . * [=18v  Ho=543 TIC=148339908 Rent: Sys-ACE HRR: 25
TRKR PT= 8°  Cal:PFKIAAR FASS:
188, 279
08 175
saf] 8
) 79
40 | 98
] e e
2 222 £k 33 @ ‘58 468
322
-1 = .
8 - b, | ll Il th 14 .ﬂl 1 A TS| .
168 389 488 588 608
Mags % Base
68. 98 1.48 207 94 0.09 283. 94 8. 59 246. 94 0
. . . .82 464. 97 2.03
32'32 g-g? 523»33 ?-gé 284. 95 1.53 352. 93 60.37 469. 98 0.51
32.98 051 2148 1.0 285 9 0.20  353.94 8.39  471.97 23.68
104. 00 0.18 221,88 2.53 533'33 o 24 367,50 o 08 :;g'gg o5
116.97 2.03 22301 0.81 295 94 a g7  388.74 0.20 483,898 3.07
121.97 0.81  226.95 0.88  296.95 1.01  359.95 0.15  4B4. 98 0.80
123. 97 0.85 228.93 0.70 29794 0.23  364.94 7.9 502,98 24,98
:g:.gg 0.87 233 83 4.32 302 93 40,87  369.98 1.39  503.e8 a.23
139 26 g<g; 234.93 0.62 303.94 5.42 371.91 00.00 F S04.89 0.81
140 96 ! a4 g:g.:g 3';? gg;.gg 0.51 372.94 12.52 F S21.99 0.51
145. 97 0.19 24594 1.01 308 40 o 09 g;g'gg o 91 333'83 xg.?g
147. 96 1.85 24696 0.91 308 62 0.08 383. 95 12.44  B85.02 0.17
148.99 4.20 247.93 0.81  309.02 0.17  384.98 2.06 572.01 7.00
149. 99 0.51 25294 10.63 309 g 0.27 ' ' 573.01 1.28
181. 4§ 1.30 293.95 1.82 314 94 9 94 389. 99 0.22 - ' '
151. 96 0.13 287.98 0.91 35 ag 1 g2  J50.98 0.18
192. 96 1.13  296.94 0.14 316 94 o 13 Jes.e5 1.01
194. 96 0.91 288.93 0.51 32193 24 78 336.96 0.91
139. 00 0.09 264.84 9.3d 322 94 104  Jo2.54 99.73
159. 26 1.40 265.95 1.52 323 8g o 18 403. 32 0.07
160. 96 1.01 266.95 0.23 1326 94 | g2  903.93 9.12
164. 9¢ 1.84 271.93 10.17 327,94 o 81 404. 96 °.88
166. 96 1.80 272.94 1.13 328 94 0. 23 414.99 4.77
171.96 2.01 593 gg T o0.11 333.94 11.66 419.96 1.01
178. 96 1.18 ' : 334. 94 ' 3 :
183. 96 sz 3704 o o7 338 96 51y 4386 7.17
190. 96 1.01 277 g8 : 340. 94 0.51 434.87 1.21
190.9 . 0.08 . . 445. 04 0.16
37 50 0.61 278 00 0.51 341.97 0.14 433 86 47.28
;oa'sg g-;g 278.83 0.51 342.89 0.11 433, 97 6 89
203. 96 ogs 21924 0.08 344.32 0.16  434.90 0.81




Specirum No.26 (Cl- data)
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THId5A0230 ul  Bgd=17  8-AUG-39 11:45-9:60:58 76 c1-
8ph=0 I=1.0v Ho=1319 TIC=35387880 Acnt: Sys:RCESERD HHR: 86
TRKA PT= 8%  Cal:ULTBRUG hASS:
188, 1285
6 .
J 1165
68 |
48 |
J 1885
il
] 857
B " al |'|| llJn'L_nL l h‘rll.n I hL nk A
;1] 688 768 089 383 1688 1163 1269 13
HO9 o % Baso
§99. 30 0.70 1118. 04 2.00
603.19 1.97 1191.02 1.85
612.83 e 0.94 1193. 01 1.81
620. 24 1.24 1203. 87 0.70
629. 48 1.66 1208. 02 00.00 F
638.67 3.87 1206. 21 27.14 F
639. 44 0.61 1208. 07 0.88
694. 18 0.69 1209. 02 8.85
691.97 1.91 1210. 04 2.30
701.76 0.36 1211.03 3.35
710.18 2.90 1212. 07 3.86
720. 30 3.72 1212.99 0.54
729.81 0.81 1213.17 0.72
730.40 0.70 1293. 06 1.33
7689. 41 5. 47
766. 24 1.03
771.22 2.49
786. 43 1.66
799.73 1.36
796. 67 1.88
797. 680 0.94
806. 89 g.17
807.01 0.87
808. 78 0.79
810.97 1.23
817.08 0.91
818.04 1.21
821.63 0.34
821.73 0.91
848a. 80 10. 98
857. 62 3.24
890..09 2.47
892.12 0.96
902. 22 2.83
904. 26 8.08
908. 24 1.34
908. 27 0.88
914, 37 1.37
9681.13 0.79
991.07 3.74
992. 19 0. 46
983. 07 1.97
1003. 05 1.17
1009. 04 29. 90
1006. 03 7.19
1007. 06 0.97
1009. 28 3.23
1010. 00 1.17
1011.03 1.18
1018, 04 1.87
1091. 01 3.14
1092, 04 0.78
1083. 00 2.00
1104. 98 69.96 F
1108. 97 17.00 F
1106. 99 2,60
1108. 93 7.92
1109. 94 1.96
1330.98 2.76
1122.02 0. 60
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Spectrum No.27 (El+ data) M.W.548

3681060 xl Bgd=6 19-JUL-91 15:12+9:88:51 J8E Cl+
BpA=0 [=18v  Ho=288 T1C=142668688 Rent: Sys:ACE HRR: 25
TRIR Pi= 8  Cal:PFitISJIL HASS:
168, 278
88 4
68 263
49
52
& 7
ﬂ ) 2 | P \ . . . -
188 ] 380 489 563 669
TH36E10150 ut  Bgd=tl 18-JUL-91 15:12-8:81:38 76C c1-
BpA= [=312av Hn=547 TIC=98138688 Rent: Sys:fCt HiR: 2e
TRXA PT= 8%  Cal:PFKIBJIL RRSS:
LY
168, 34
88 . '
69 | 448
48 |
28 :
B i l - A — l i Zh \ il A T W T o T— .
108 288 388 420 5688 688
TH36110280 al  Bgd=t 18-JUL-9t 15-12-8:82:83 78t Ll
BpA=9 1=179v Ha=540 TIC=16726080 Rent: Sys:RCE HRR: 11
TR#A PT= 8°  Cal:PFRIGJIL RASS:
108 284
ELL)
339
| [ L]; | ST | 1 . .
L] ) 568 669
Hass % Base
41.02 6.68 115.03 6.20 206. 00 9.18 348.02 3.91
43.01 8.92 116.97 5.78 207.00 6.97 339. 08 4.33
43.98 9.26 124. 99 2.38 216.96 8.67 373.08 2.63
45. 01 30.04 126.99 41.12 219.00 2.89 393.99 6.20
46.96 4.50 . 128.02 S.95 220.02 2.72 399.02 12.06
48.99 5.44 130.97 2.80  221.04 10.03  412.99 8.30
49. 99 16. 14 132.99 4.16 223.01 33.22 421.04 4.33
51.00 83. 90 139.02 3.40 22400 10.968 429.07 2.97
52.01 4.42 141.03 3.06 225. 01 13.93 e@? 18 . -“7.82
58. 03 8.10 144. 00 4.76 226.03 2.97 447. 10 7 920
56. 98 3.68 145. 98 4.29 229.00 3.31 475. 08 3.57
57.08 g.82 147.03 8.07 244. 00 7.22 525, 08 3. 23
63.01 6.63 151.01 13.51 251.02 3.14 826. 10 4 08
68.02 3.14 152.02 18.78 284. 99 16.63 847. 10 9. 26
68.97 7.73  153.03 9.18  2396.00 4.84 548 10 3 €9
69. 09 3.82 154. 04 24.89 260. 04 2.80
71.07 3.23 1885. 02 4.08 261.08 8.92
73.02 20. 90 186. 99 4.84 262.06 85.14
74.00 6. 80 164. 98 32. 46 263. 06 10.96
74.99 9.01 166.01 2.72 286. 96 3.91
76.01 7.08  166.97 .68  274.00 5.35
77.01 70.33 170.00 3.65  273.00 11.81
78.02 10.485 175.01 __1.86  276.03 2.97
0. 97 4. 42 182. 00 3.74 277.08 43. 71
84. 99 3.40 183 00 73 49 278.03 19.63
87.00 3.48 g4 01 15.55 279.06 7.73
92. 97 4.76 281.04 10. 62
189. 02 17.67
96.01 7.96 186. 00 4. 42 282. 04 3.65
97.99 2.38 192.99 3.48 293. 00 3.91
90.98 3.7 194. 00 4.16 294.01 3.82
99. 97 2.97 295. 06 2.38
1929. 00 10.7
100. 99 2.80 200. 00 3. 08 299.08 6.88
102. 02 2.89 201.01 12. 49 301.04 3.14
104. 9% 3.14 202.02 g.237 304. 99 8.16
106. 97 20. 99 203.01 28.63 323.98 8.07
107.98 26.00 204. 02 100. 00 323.00 8.67
108. 99 3.63 203 A2 va 1a  344.00 23.02
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Specirum No.28 (El+ data) M.W.342

TH341207880 nl  Bgd=789 23-AAY-81 12:31-0:09:46 78€ 384
Bph=0 1=813av Ho=341  TIC=58136880 Aent: Sys: NAXARURA HifR: 5
FA3 0. 1ASEC GC= 128° Cal:PFHARY2I RRSS:
ont °0
160 240
S
il
6
8]
7
i3
65
0,
5
58]
454
4] )
35
38 18
25454 G
284 121
15) %
75 1ol 183
18
QIR ITmINIE N OIN
L.;.LI lhuMA AN} MML“ [1h i SRl 2 1 d 3 .LJ...ﬁ.LAA -,
3 168 158 289 258 R 350 ]
9099 % Basc
49. 04 0.32 144.10 1.62 237.56 0.32 270.17 0.80
0. 04 4.46 145.11 9.54 238.18 0.98 271.18 4.99
g1.04 12.99 146.12 1.97 238.50 0.30 272.19 0.80
g2. 07 1.4 147.13 1.22 239.15 20.13 274.18 0.33
83. 07 3.1 148, 09 1.12 240.16 100.00 275.18 1.07
g93. 92 0.32 149.10 1.70 241.17 10.89 276.17 0.59
84.00 23.37 150.09 3.91 242.19 0.62 281.17 1.08
118. 11 3.68 151.12 22.97 243.14 2.04 282.19 0.38
116.09 0.84 192.13 3.89 244.17 0.98 289.18 2.37
117.07 4.13 165.13 0.32 R48.15 2.159 290.19 0.80
118.08 1.82 167 09 1,77 249.16 t.44 293.18 0.37
119.09 6.73 168.12 1.72 222.16 0.92 294.14 0.92
120.11 3.17  189.12 28.01 223.12 0.63 296.23 0.32
121. 1t 19.33 139 13 7.80 224.14 0.47 301.18 1.77
132.11 1.4  171.14 12.89 225.13 12.81 302.20 0.89
123. 08 1.89 172 14 |.49 226.14 2.86 307.19 0.60
124. 08 1.88 173 12 0.3g 230.18 0.47 312.18 0.77
128.10 3.69 174.11 1.40 231.18 2.64 320.19 0.89
126. 10 1.82 175 12 3,54 232.18 2.18  321.20 1.72
127.12 6.18 176 13 7 12 233.19 0.43 325.19 0.48
128.12 1.69 177 .13 1.27 236.13 0.82 340.20 8.20
129. 09 0.80 379 12 0.52 237.14 2.02 341.21 0.92
130.09 1.24 180 12 1.05 290.16 0.60
131.09 1.92 tg1.10 4.74 281.17 2.41
132,10 3.67 1g82.13 4.24 282.18 Q.80
133.12 2.79 183.14 1.24 294.14 0.35
134.12 2.18 186.10 0.79 288.18 0.87
138. 10 0.48 187 12 5.4] 286.17 0.857
136.08 1.07  ig8. 14 2.77 ‘87.16 2.20
137.09 2.99 jge 14 12.21 298.19 0.77
138. 11 3.96 217.12 1.59  261.17 0.40
139.12 2.32  218.13 1.84 282.19 0. 49
140.13 3.27  218.13 21.30 263.19 0.42
14111 0.68 219.65 0.30 267.13 0.58
142.09 0.58 220.15 5.60 260.17 0.33
143. 09 9.61 221.16 7.43 269.17 1.87



Spectrum No.29 (El+ data)
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Spectrum No.30 (El+ data) M.W.370
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43.99 2.07 89.00 1.58 149. 88 19. 69 194. 29 47.02 F  246.00 1.8
45. 00 7.84 90. 00 1.03 180. 99 2.6} 196. 00 4.384 249. 97 2.98
46. 00 1.03 91,99 1.17 184. 97 7.04 198. 97 11.48 249. 98 2.88
49.99 10.86 92. 98 19.73 185.99 7.51 199. 90 9.82 253. 97 2.07
50. 99 11.37 23.99 4.92 156. 98 7.48 200. 98 1.18 294. 98 3.62
52. 00 1.03 94. 99 100. 00 197. 99 1.03 202. 9% 1.03 299. 99 1.03
54.99 1.59 8g. 99 4.16 160.97 4.18 203. 98 1.11 260. 98 1.08
36. 00 2.67 27.98 1.58 161.98 2.88 204. 98 12. 49 261.99 1.03
57. 00 11.37 99.98 16. 68 162. 99 28. 44 20S. 88 4.08 262. 99 4.14
58. 00 1.83 99. 98 14.62 163.99 7.37 208. 97 1.88 264.00 g.26
39. 02 2.28 100. 99 3.62 164.99 1.03 210.97 2.17 272.99 1.11
61.00 2.07  102.00 1.03 166.97 1.55 211.98 3.79 273. 98 1.70
62.00 2.60 104. 98 4.68 167.97 4.02 212,99 19.37 278. 00 2.07
63.01 5.23  1035.98 4.14 168. 98 9.09 213.99 7.24 280. 98 2.989
64.00 4.15 106. 99 4.2t F 169.99 1.82 214.99 1.03 291.00 1.01
€8.01 1.21 108. 00 2.00 F 171.99 1.03 216.96 1.89 292.99 1.08
67.99 2.63 109. 00 1.03 172.99 1.03 217.97 2.07 293. 99 1.27
68. 989 70.36 110.99 3.82 173.98 4.83 218.98 3.01 283. 00 1.95
70.00 3.10 111.98 4.09 174.99 11.89 222. 00 1.03 298. 99 1.03
73.00 1.03  112.98 10.86 178.99 12. 86 222. 99 2.07 314.00 1.13
73.99 5.17  114.00 9.82 177.00 1.99 42398 3.10 323.01 1.03
74.99 23.8%2 118.00 1.03 179.97 2.14 224.99 16.34 343. 02 1.98
76. 00 3.73 116.97 7.24 180. 98 35.22 225. 99 3.62 371.04 1.03
77.00 2.07 117.98 2.07 181.98 6.21 229. 97 2.15
78.00 1.98 118.99 28. 85 182.99 1.08 230. 98 14.12
78.98 1.99 140. 98 1.03 184.97 1.03 231.98 3.62
79.99 2.65 142 98 6 72 188.97 1.60 234. 99 1.03
80.99 13.85 143.98 - 4.14 F 198.99 3.12 238. 97 1.03
81.99 3.10 143 00 g4. 29 F 187.98 1.03 242. 00 1.82
83.01 1.24 146 00 4. 36 191.99 1.20 242.98 3.92
85. 98 1.39



Spectrum No.31 (El+ data)
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Spectrum No.32 (Cl- data)
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Appendix Four

The Board of Studies in Chemistry requires that each postgraduate research thesis

contains an appendix listing:-

(1) all research colloguia, seminars and lectures arranged by the Department of Chemistry

during the period of the author's residence as a postgraduate student;

(2) lectures organised by Durham University Chemical Scciety;

(3) all research conferences attended and papers presented by the author during the pericd

when research for the thesis was carried out;

(4) details of the postgraduate induction course.

(Those attended are marked *)

20.4.89 Dr. M. Casey (Salford University)

Sulphoxides in Stereoselective Synthesis
27.4.89 Dr. D. Crich (University College, London)

Some Novel Uses of Free Radicals in Organic Synthesis
3.5.89 Dr. P. C. B. Page.(University of Liverpool)

Stereocontrol of OrganicReactions Using 1,3-dithiane-1-oxides
10.5.89 Prof. P. B. Well (Hull University)

Catalyst Characterisation and Activity



11.5.89

16.5.89

17.5.89

23.5.89

15.6.89

10.11.89

%

17.10.89

]

25.10.89

1.11.89

9.11.89

10.11.89

%

13.11.89

%
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Dr. J. Frey (Southampton University)

Spectroscopy of the Reaction Path: Photodissociation Raman Spectra of
NOCI

Dr. r. Stibr (Czechoslovak Academy of Science)

Recent Developments in the Chemistry of Intermediate-Sited Carboranes
Dr. C. J. Moody (Imperial College)

Reactive Intermediates in Heterocyclic Synthesis

Prof. P. Paetzold (Aachen)

Iminoboranes XB=NR : Inorganic Acetylenes ?

Prof. J. Pola (Czechoslovak Academy of Science)

Carbon Dioxide Laser Induced Chemical Reactions-New Pathways in
Gas-Phase Chemistry

Prof. J.I.G. Cadogan (B.P.)

From Pure Science to Profit

Dr. F. Palmer (Nottingham University)

Thunder and Lightning

Prof. C. Floriani (LLausanne University, Switzerland)

Molecular Aggregates - A Bridge Between Homogeneous and
Heterogeneous Systems

Dr. J.P.S. Badyal (Durham University)

Breakthroughs in Heterogeneous Catalysis

Prof. N.N. Greenwood (Leeds University)

Novel Cluster Geometries in Metalloborane Chemistry

Prof. J.E. Bercaw (California Institute of Technology)

Synthetic and Mechanistic Approaches to Ziegler-Natta
Polymerisation of Olefins.

Dr. J. Becher (Odense University)

Synthesis of New Macrocyclic Systems using Heterocyclic Building
Blocks



16.11.89

29.11.89

%

30.11.89

4.12.89

6.12.89

7.12.89

*

13.12.89

15.12.89

24.1.90

31.1.90

1.2.90

7.2.90

8.2.90

12.2.90

203

Dr. D. Parker (Durham University)

Macrocycles, Drugs and Rock ‘n’ Roll

Prof. D.J. Cole-Hamilton (St. Andrews University)
New Polymers from Homogeneous Catalysis

Dr. M.N. Hughes (King's College, London)

A Bug's Eye View of the Periodic Table

Dr. D. Graham (B.P. Research Centre)

How Proteins Absorb on Interfaces

Dr. R.L. Powell (ICI)

The Development of CFC Replacements

Dr. A. Butler (St. Andrews University)

The Discovery of Penicillin: Facts and Fancies

Dr. J. Klinowski (Cambridge University)

Solid State NMR Studies of Zeolite Cages

Prof. R. Huisgen (Universitat Munchen)

Recent Mechanistic Studies of [2+2] Additions

Dr. R.N. Perutz (York University)

Plotting the Course of C-H Activations with Organometallics
Dr. U. Dyer (Glaxo)

Synthesis and Conformation of C-Glycosides

Prof. J.H. Holloway (Leicester University)

Noble Gas Chemistry

Dr. D.P. Thompson (Newcastle University)

The role of Nitrogen in Extending Silicate Crystal Chemistry
Rev. R. Lancaster (Kimbolton Fireworks)

Fireworks - Principles and Practice

Prof. L. Lunazzi (University of Bologna)

Application of Dynamic NMR to the Study of Conformational Isomerism
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15.2.90

21.2.90

22.2.90
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21.3.90
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11.10.90
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Prof. D. Sutton (Simon Fraser University, Vancouver B.C.)
Synthesis and Applications of Dinitrogen and Diazo Compounds of
Rheniwm and Iridium

Prof. L. Crombie (Nottingham University)

The Chermistry of Cannabis and Khat

Dr. C. Bleasdale (Newcastle University)

The Mode of Action of some Anti-tumour Agents

Prof. D.T. Clark (ICI Wilton)

Spatially Resolved Chemistry using Nature's Paradigm in the Advanced
Materials Area

Dr. R.K. Thomas (Oxford University)

Neutron Reflectometry from Surfaces

Dr. J.F. Stoddart (Sheffield University)

Molecular Lego

Dr. A.K. Cheetham (Oxford University)

Chemistry of Zeolite Cages

Dr. 1. Powis (Nottingham University)

Spinning off in a huff: Photodissociation of Methyl lodide

Prof. J.M. Bowman (Emory University)

Fitting Experiment with Theory in Ar-OH

Prof. L.S. German (USSR Academy of Sciences - Moscow)
New Syntheses in Fluoroaliphatic Chemistry: Recent Advances in the
Chemistry of Fluorinated Oxiranes

Prof. V.E. Platonov (USSR Academy of Sciences - Novosibirsk)
Polyfluoroindanes: Synthesis and Transformation

Prof. I.N. Rozhkov (USSR Academy of Sciences - Moscow)
Reactivity of Perfluoroalkyl Bromides

Dr. W.A. MacDonald (ICI Wilton)

Materials for the Space Age
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24.10.90 Dr. M. Bochmann (U.E.A.)
Synthesis, Reactions and Catalytic Activity of Cationic Titanivm Alkyls
26.10.90 Prof. R. Soulen (South Western University, Texas)
Chemistry of some Fluorinated Cyclobutenes
31.10.90 Dr. R. Jackson (Newcastle University)
* New Synthetic Methods: a-aminoacids and Small Rings
1.11.90 Dr. N, Logan (Nottingham University)
* Rocket Propellants
6.11.90 Dr. P. Kecovsky (Uppsala University)
* Stereo-controlled Reactions Mediated by Transition and Non-Transition
Merals
7.11.90 Dr. D. Gerrard (B.P.)
Raman Spectroscopy for Industrial Analysis

7.11.90 Dr. W. Dolbier (Gainsville, Florida)

% Rearrangements of bis CF3 Vinyl Aromatics: a Route to 1,3,5-
Hexatrienes
8.11.91 Dr. S.K. Scott (Leeds University)

Clocks, Oscillations and Chaos
14.11.90 Prof. T. Bell (SUNY, Stony Brook , U.S.A)
* Functional Molecular Architecture and Molecular Recognition
21.11.90 Prof. J. Pritchard (Queen Mary and Westfield College, London)
Copper Surfaces and Catalysts
28.11.90 Dr. B.J. Whitaker (Leeds University)
Two-dimensional Velocity Imaging of State-selected Reaction Products
29.11.90 Prof. D. Crout (Warwick University)
* Enzymes in Organic Synthesis
5.12.90 Dr. P.G. Pringle (Bristol University)
Metal Complexes with Functionalised Phosphines
13.12.90 Prof. A.H. Cowley (University of Texas)

* New Organometallic Routes to Electronic Materials
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Comet Chemistry
23.1.91 Prof. J.S. Higgins (Imperial College, London)
* " Rheology and Molecular Structure of Ionomer Solutions
24.1.91 Dr. P.J. Sadler (Birkbeck College, London)

Design of Inorganic Drugs: Precious Metals, Hypersension and HIV
30.1.91 Prof. E. Sinn (Hull University)

Coupling of Little Electrons in Big Molecules. Implications for the active

Sitee of Macromolecules
31.1.91 Dr. D. Lacey (Hull University)
* Liquid Crystals
6.2.91 Dr. R. Bushby (Leeds University)
Biradicals and Organic Magnets
14.2.91 Dr. M.C. Petty (Durham University)
Molecular Electronics
20.2.91 Prof. B.L. Shaw (Leeds University)
* Synthesis with Coordinated, Unsaturated Phosphine Ligands
28.2.91 Dr. J. Brown (Oxford University)

* Can Chemistry Provide Catalysts Superior to Enzymes?
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Dr. C.M. Dobson (Oxford University)

NMR Studies of Dynamics in Molecular Crystals

Dr. J. Markam (ICI Pharmaceuticals)

DNA Fingerprinting

Prof. R.R. Schrock (MIT)

Mezral-ligand Multiple Bonds and Metathesis Initiators

Prof. T. Hudlicky (Virginia Polytechnic Institute)
Biocatalysis and Symmetry Based Approaches to the Efficient Synthesis
of Complex Natural Products |

Prof. ML.S. Brookhart (University of North Carolina)
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Electrophilic Late Transition Metal Catalysts

Dr. M.A. Brimble (Massey University, New Zealand)
Synthetic Studies Towards the Antibiotic Griseusin-A

Dr. R. Keeley (Metropolitan Police)

Modern Forensic Scinece

Dr. J. A. Salthouse (Manchester University)

Son et Lumiere

Prof. B. F. G. Johnson (Edinburgh University)
Cluster-Surface Analogies

Dr. A. R. Butler (St. Andrews University)

Traditional Chinese Herbal Drugs

Prof. D. Gani (St. Andrews University)

The Chemistry of PLP Dependant Enzymes

Dr. R. More O'Ferrall (Dublin)

Some Acid-Catalysed Rearrangements in Organic Chemistry
Prof. I. M. Word (Leeds University)

The Science & Technology of Orientated Polymers

Prof. R. Grigg (Leeds University)

Palladium Catalysed Cyclisation and Ion Capture Processes
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Prof. A. L. Smith (ex Unilever)

Soap Detergents and Black Puddings

Dr. W. A. Cooper (Shell Research)

Colloid Science, Theory, and Practice

Dr. N. J. Long (Exeter University)
Metallocenophanes-Chemical sugar-tongs

Dr. K. D. M. Harris (St. Andrews University)
Understanding the Prperties of Solid Inclusion Compounds

Dr. A. Holmes (Cambridge University)

Cycloaddition Reactions in the Service of the Synthesis of Piperidine and
ndolizidine Natural Products

Dr. D. E. Fenton (Sheffield University)

Polynuclear Complexes of Molucular Clefts as Models for Copper
Biosites

Prof. E. J. Thomas (Manchester University)

Application of Organo-Stannanes to Organic Synthesis

Prof. J. F. Nixom (University of Sussex)

Phosphoalkylenes, New Building Blocks in Inorganic and Organometallic
Chemistry

Prof. M. L. Hitchman (Stratheclyde University)

Chemical Vapour Deposition

Dr. S. E. Thomas (Imperial College)

Recent Advances in Organoiron Chemistry

Dr. H. Maskill (Newcastle University)

Mechanistic Studies of Organic Group Transfer Reactions
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5.7.89

Aug. 89

13.12.89

15.12.89

7.3.90

2.4.90

22.10.90

Sept 91

Royal Society of Chemistry Heterocyclic Group, Postgraduate
Heterocyclic Symposium, Sheffield University.

European Symposium on Fluorine Chemistry, Leicester University.

Modern Aspects of Stereochemistry, One Day Meeting, Sheffield

University

Royal Society of Chemistry Perkin Division, One Day Meeting, Durham

University.

SCI Graduate Symposium, York University.

North East Graduate Symposium, Newcastle University.

Fluorine Chemistry Symposium, Japan

13th International Symposium on Fluorine Chemistry, Ruhr

Universitit, Bochum, Germany.
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FIRST_YEAR JNRUCTION COURSIE

This course consists of a series of one hour lectures on the services available in the

department.

Departmental Organisation - Dr. E.J.F. Ross

Safety Matters - Dr. M.R. Crampton

Electrical Appliances - Mr. B.T. Barker

Chromatography and Microanalysis - Mr. T.F. Holmes

Atomic Absorptiometry and Inorganic Analysis - Mr. R. Coult
Library Facilities - Mr. R.B. Woodward

Mass Spectroscopy - Dr. M. Jones

Nuclear Magnetic Resonance Spectroscopy - Dr. R.S. Matthews
Glass-blowing Techniques - Mr. R. Hart and Mr. G. Haswell
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