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Abstract

The first part of this work was to synthesise partially fluorinated reactive
compounds and then to study their reactivity towards nucleophiles and electrophiles.
These reactive compounds were obtained in a two step process from both
cyclopentane and adamantane and in a three step process for cyclopentanol. The first
step was the free radical addition of the cycloalkanes, cycloalcohol to
hexafluoropropene via thermal and/or radiochemical alkylations :

A, or B,
» R-CF;-CFH-CF;

R-H + CFp=CF-CF;

A, yrays, RT, 10 days

B, DTBP, 140°C, 24 h
R : cyclopentane, adamantane and cyclopentanol

For the cyclic alkane derivatives, the second step was a stereospecific
dehydrofluorination of the fluorocarbon chain, whereas for the cyclic alcohol, a
dehydration and then dehydrofluorination were performed to give the conjugated

diene. Finally, the fluoroalkene reactivity was studied via nucleophilic and

electrophilic addition reactions.

Products
F. / .
! Nucleophiles
R-CF,-CFH-CF; + NaO'Bu —————— —
1.0 Z 3.0 ’
R CF3\Electrophiles
R : Cyclopentane, adamantane, cyclopentene \ Products

The second part of my work was to study the free radical addition of tertiary

amines to hexafluoropropene, an example is illustrated below.

CF,-CFH-CF; CF3-CFH-CF; CF,-CFH-CF;

A,
— "N~ +CF;=CF-CF; '—>/\N> + N>

2.8 : 1.0 .

0.08 : 1.0

+ .
A, y-rays, 3 weeks, rt Yield : 47%
"CF3-CFH-CF,; CF,-CFH-CF;3
‘ N

>_ CF,-CFH-CF;
0.2
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Chapter 1 : General Introduction

Fluorine is the most abundant halogen in the Earth's crust (0.065%) and ranks
thirteenth of all elements!: 2. Fluorine can be found combined with other elements in
minerals such as fluorspar (Caky), cryolite (Na3AlFg) and fluorapatite ([Ca3(PO4)y
Ca(F,Cl)2]). However, organofluorinated compounds are rare in Nature, Table 1
shows some naturally occurring organofluorinated compounds3. Some such as
fluoroacetic acid (1), fluoroacetone (2), w-fluorofatty acid (3) originate from plants

while others originate from microorganisms (nucleocidin (4) and 4-fluorothreonine

(3)).

Compounds

CH,FCOoH (1)

CH,FCOCH;3 (2)

OH OH
threo CHzF(CH2)7éH—éH(CH2)7COzH 3)

H,N gOCHz
O 4)

F ou H

H
CHZFSHClZHCOgH (5)
NH,

Table 1

The replacement of a fluorine by a hydrogen atom, in an organic system,
introduces only small steric and geometric perturbations relative to the hydrocarbon
moiety. Because of the non abundance of organofluorinated compounds in Nature and
the unique character of fluorine (i. e. no distortion of the system geometry by




substitution of a hydrogen by a fluorine), organofluorine chemistry has been an
important field of study for many years and the subject still constitutes a major branch

of organic chemistry4. Several factors make fluorine as an unusual substituent in

organic molecules.

1.1. Properties :

By comparison with the other halogens (Table 2), fluorine is the most
electronegative element which gives rise to a strong polarisation of the C-F bond and
the strongest single bond to carbon, with a bond dissociation energy of 110 kcal/mol.
This gives increased thermal and chemical stabilities to some highly fluorinated
compounds. With an atomic radius of 1.47A, which is not so much larger than that for

the hydrogen (1 20A), fluorine is the smallest of the halogens.

X Bond Dissociation | Electronegativity Van Der Waal's Bond Length
Energy CH3-X (Pauling Scale) radius (A) C-X(A)
(kcal mol-1)
F 110 4.0 1.47 1.39
Cl 85 3.0 1.80 1.78
Br 71 2.8 1.95 1.93
I 57 2.5 2.15 2.14
H 99 2.2 1.20 1.09
Table 2

The electronic effects of fluorine in a molecule can potentially change the
physical and biological as well as chemical reactivities of ‘hydrogenated analogues.
Fluorine also has unshared p electron pairsd available for conjugation with other p

orbitals from other atoms in the same row of the Periodic Table such as a carbon

atom.
1.2. Applications :
1.2.a. Low fluorinated compounds :
Organofluorine chemistry is a growing field with diverse applications of

fluorinated compounds used in a wide range of industrial areas such as the

pharmaceutical, medicinal, agrochemical and chemical industries. Some examples are

given below.



1.2.a.i. Medicinal and pharmaceutical :

Desflurane CF;CFHOCF>H, Isoflurane CF3CCIHOCF,H and Sevoflurane
(CF3),CHOCFH>, are volatile anaesthetics commonly used in operation theatres.

Table 3 illustrates the most famous chemicals used to fight diseases. Their
biological uses can be explained by various factors®. Firstly, as shown in Section 1,
introduction of a fluorine atom does not perturb the geometry of the molecule and
only provides a change in the chemical properties. Thus the fluorinated derivative and
the active analogues would not be sterically distinguishable to the active site of the
enzyme, therefore enabling the fluorinated derivative to act as an anti metabolite.
Secondly, the replacement of hydrogens with fluorines can increase the lipid
solubility, therefore the transport of the active molecule is facilitated and speeded up
across the lipid membranes. Laétly, because of the electron withdrawing effect of the

fluorine atoms, the reactivity as well as the stability of the neighbouring functional

groups can be altered.

Compounds Applications

Ciprofloxacin
O

F. CO,H
I Antibacterial
(\N N

LA

Fluoxetine
0O NHCH,
O/ Anti-depressant
F,C '
Diflunisal
F
. Analgesic, anti-inflammatory, anti-pyretic
OH
CO,H
S-Fiuorouracil (5-FU)
O . R
F
Hj\ l Anti-cancer agent
07 N |
H




Fluconazole
=\ Y
N ~ .

N’ N Anti-fungal

F

6-[18F]Fluoro-L-Dopa
OH
OH
Anti-Parkinsonian
ISF
CO,H
NH,
Dexamethasone
Glucocorticoids, anti-inflammatories
Fluprednisolone
O
H; OH
HO WOH Glucocorticoids, anti-inflammatories
CH
0 Y
F
Table 3

1.2.a.11. Agrochemical :
Chemical crop protection agents such as (6), (7) and (8) are used to protect

crops against pest and disease as well as loss via weed competition’ (Table 4).




Compounds

Applications

Butafenacil (6)

CF g,
e

o N’Lo | Herbicide
O
¢ﬁro><“o
a1 O 'm
~ Trifloxystrobin (7)
o~CHs
Fungicide

SIS O
N
07 " ™ "CF,
CH;,

Lufenuron (8)

Cl
- CF,CFHCF; . -
F o o0 Acaricide, insecticide
o |
Cl
F H H

Table 4

1.2.a.11i. Common uses : fire extinguishants, refrigerants

Hydrofluorocarbon (HFC) agents are used as refrigerants® e. g. HFC 134a
(CF3CH;F) and fire - extinguishants (Halon). Halon 1301 (CF3Br) and 1211

(CF2BrCl) are most commonly used because they do not produce corrosive or

abrasive residues and are non conducting (i. €. can be used safely).

1.2.b. Highly fluorinated compounds :

The presence of several fluorine atoms confers to these compounds high
thermal and chemical stabilities (linked to the strength of the C-F bond) as well as
low surface energy, leading to hydrophobic and anti-fouling properties. These highly

fluorinated compounds can be used in a wide range of areas. Some examples are

illustrated below?®.

1.2.b.1. Electrical insulators :




Polytetrafluoroethylene -(CF7),- is a good electrical insulator because of its

high thermal and chemical stability and anti-stick properties.

1.2.b.i1. Coating material :

Polyvinylfluoride -(CH,-CHF),- is a weather resistant material because of its

ability to resist to bacterial oxidation.

1.2.b.i1i. Surface treatment reagents :

Copolymers of perfluoroalkyl containing acrylates (9) or methacrylate esters
(10) as well as sulfonamides (11) can be used as grease-proofing agents for paper or

stain repellents for textiles (Scheme 1).

Rg-CH,-CH,-O-C(O)CH=CH, 9 Re : C.Fani
Rp-CH,-CH,-0O-C(0)C(CH;)=CH, (10)

Rg-SO,N(R)-CH,-CH,-O-C(O)CH=CH, (R : CH;, CH,-CH;) (11)
Scheme 1

1.3. Conclusion :

Fluorine containing compound applications are diverse and constantly
expanding as their uses are needed in every day life. Incorporation of one or more
fluorine atoms in a molecule, yields specific chemical properties without altering the
geometry of these compounds. This is quite important for biological applications as

the mimic effect can be optimised.
1.4. Free radical additions :

Some of the most interesting reactions in organic chemistry are the addition of
reagents across a double bond of olefins!0. This process can occur according to
various mechanisms where the intermediate can be electrophilic, nucleophilic or
radical. Radical reactions are influenced by oxygen and other inhibitors (eg.
hydroquinone) and proceed via Kharasch addition (anti-Markovnikov orientation).

The first pathway involving synthesis by free radical additions appeared in
1937 by Hey and Waters with the homolytic phenylation of aromatic substrates. This
was followed by Kharasch who reported the anti-Markovnikov addition of hydrogen

bromide to alkenes!!.




In general, the reaction involves a chain process* where A-B is added across a
double bond involving transient free radicals as intermediates. The generalised
process can be described as a succession of four important steps which are : initiation,

addition, propagation and termination (Scheme 2).

In ——le-E—A* In. Initiation

A-B- ___I_n_» A. + In-B

KR, e }

A+ CEC(— A—?-ﬁf Addition
VAN N

A-F-ﬁj + G — A-?-(Ij-lC-(lj ropagation
Ll . |1

A—?—?-CIZ—C| + A ——> A—?—?-C—#—A Termination

Scheme 2

This chain process is only possible, if the AB concentration is sufficiently

high and if the A-B bond is weak enough to be broken.

1.4.a. Generation of free radicals :

The first step in a free radical process involves formation of free radicals by
homolytic cleavage of a c-bond. This can be induced by heat or light (i. e.
thermolysis, photolysis, radiolysis and oxidation-reduction processes) depending on

the type of bond 12,

1.4.a.i. Thermolysis :

Free radicals are formed at high temperatures, which increases the vibrational
energy of a molecule. The internal energy gained by the molecule can then be lost by
homolytic fission. To obtain free radicals at temperatures below 150°C, weak bonds
with a bond dissociation energy about 30 to 40 kcal mol'! are required. For this
purpose, suitable peroxides (12) and azoalkanes (13), are used as chemical initiators
(Scheme 3). Then the free radicals formed can initiate an exothermic hydrogen chain
transfer reaction. Decomposition of peroxides yields slightly electrophilic radicals!3

(acyloxyl or oxyl) which lead to strong O-H bonds.




BuO-Ot-Bu —2  » 2 :Bu0"
(12)
t-BuO  + RRH—————» r~BuOH + R’

RN=N-R —2& 5 2R + N,
(13)

Scheme 3

1.4.a.ii. Photolysis :

This method is based on the ability of an organic molecule to absorb radiation
in the ultra-violet or visible range. The light absorbed has sufficient energy to excite
electrons in the molecule and cause the homolytic fission of a covalent bond. This
energy follows Planck's law, expressed in the equation below, where h is the Planck
constant, ¢ the speed of the light and A the wavelength of the light.

E=hc/A
For example, using light of wavelength 254 nm, methyl iodide can be

dissociated into "hot" methyl radicals (with an excess of energy) and iodine atoms!4.

CH,I ﬁ» [CstI]*

[CH]——— cm,*+ 1

o3k

CHy ————>» CH3.
Scheme 4

This process is used for homolytic rupture of bonds which requires high
temperatures if performed by thermolysis. An example of such a process is the
homolytic cleavage of the CI-Cl bond by exposure to the sunlight (if done by

thermolysis requires a temperature up to 200°C) (Scheme 5).

crLe—2 o

Scheme 5

1.4.a.1i1. Radiolysis :

Radicals can also be produced by direct action of high energy radiation (X-
rays or y-rays) to neutral organic molecules which posses a C-H bond with low bond

dissociation energy. Horowitz!3 showed that free radicals are obtained via complex




steps (Scheme 6). In the primary steps, the absorbed radiation generates cations and
electronically excited molecules. These excited molecules can then cleave to give free

radical or other products.

Y-rays

2RH—> 2R’ + H, + other products Overall reaction
RH Jﬂﬁ—» RH +¢” lonisation
RH — RH" Excitation
RH —— > R'+H’ )
2RH———> 2R + H, > Radical Formation
2 RH———— H, + olefin
Scheme 6

In the initiation process for radiolysis, a cluster of radicals is formed along the
trajectory of the y-radiation instead of a homogeneous distribution of excited states.

As for photolysis initiation, radiolysis can be performed at room temperature or at

higher temperature.

1.4.a.1iii. Oxidation-reduction processes :

These types of reactions involve one-electron transfer and fragmentation of

the radicall?, using metal ions or electrochemical reactions (Scheme 7).

Oxidation :

- ot .
RX_— ¢ o, RX)—m—m— »R + X

Reduction :
R-X—3* . RX)—— » R+ X
Scheme 7

1.4.b. Radical structure and stability :

1.4.b.i. Structure :

The geometry or configuration of radical centres have been investigated via

esr (electron spin resonance). An alkyl radical can be planar, if the unpaired electron



is accommodated in a p orbital, or pyramidal if the unpaired electron is
accommodated in an sp3 hybrid orbital!2 16 (Scheme 8). The esr spectrum of 13CHj,

showed that the methyl radical is planar.

R R R
Rll.l‘. R - \._/
R/ \\\'.‘- \ ~
R R R 6
Planar - Pyramidal
Scheme §

1.4.b.ii. Stability :

The relative stability of the alkyl radicals have been assessed according to the
values of bond dissociation energies!? (BDEs) (Table 5); the higher the BDE, the less

stable the radical.

C-H BDE:s (kcal mol-1)
(CH3)3C-H 93.0
(CH3),CH-H 94.5
CH3-CH»-H 98.0
CH3-H 105.0
Table 5

This give rises to the relative stability of the alkyl radicals which follows the

order :

R3C*>R,CH">RCH, ' >CH;"

1.4.b.iii. Influence of a w-donor substituent in an ¢ position to the radical centre :

Mesomerism is another factor responsible for stability of the radicall?.
Unsaturated systems as well as heteroatoms in the a position of a radical centre,

contribute to the stability of the radical because of the conjugation effect (Scheme 9).

o) o}

Scheme 9

10



Conjugation with the lone pair of the heteroatom (O, N, S, halogen) stabilises
the radical by increasing the electron density at the reaction centre (e. g. the carbon)

(Scheme 10).

+
:T T . -
. .- X : O, N, S, halogen
PP >

Scheme 10

The increased stability can be described in terms of frontier orbital theory!8
which involves the interaction beiween the SOMO (singly occupied molecular

orbital) of the radical and the heteroatom lone pair of the halogen (Scheme 11).

A
Energy . ..
“sa SOMO
Lone pair or _ﬂ./:' e
n-bond - el o
~ 1\| .’
X C
Scheme 11

1.4.c. Influence of fluorine on radical structure :

The replacement of one or more hydrogen atoms in a methyl radical by
fluorine atoms has a dramatic effect on the structure of the radical.- The radical
structure goes from planar for the methyl radical, to tetrahedral for the trifluoromethyl

radical. This was shown by the esr 13C spectrum!9 and is illustrated in Table 6.

Radicals

‘CHj *CH,F ‘CHF, ‘CF3

a (13C) 38.5 548 | 148.8 272.0
Table 6

Each replacement of one hydrogen by a fluorine atom affects the value of a
(13C) (the esr 13C hyperfine splitting constants) which give a useful indicator of the

geometry since the non planarity’ of the radical introduces an s character into the

11



orbital containing the unpaired electron. An increasing value of a (13C) indicates an
increasing non planarity of the radical. The strong effect of fluorine substituents on
the geometry of a radical (pyramidalisation of the radical) is due to the ¢ inductive
influence of the fluorine substituent. As the number of fluorine atoms increases, the s

character of the half-filled orbital increases too, across the series :

F3C*>F,CH'>FCH;">CHs3 "

Hybridisation is one of the reasons for pyramidalisation of the radical site, but
it has also been suggested* 20 that pyramidalisation is the result of diminishing

electronic repulsion (destabilising effect) due to the unshared lone pair of each

fluorine.
1.4.d. Stability of fluorinated radicals :

Dolbier!® has shown the factors which influence fluorinated radical stability
are the same which affect the radical structure. Table 7 shows the different BDEs

obtained by replacing 1, 2 or 3 hydrogen atoms by fluorine in methane and ethane.

C-H BDEs (kcal mol-1)
CH3-H 104.8
CH,F-H 101.2
CHF;-H . 103.2
CF3-H 106.7
CH3-CH»-H 101.1
CH3-CF;-H 99.5
Table 7

According to these results, 1 or 2 fluorine substituents in the « position have a
slight stabilising effect on the radical being formed as the BDEs decrease, whereas 3
fluorines atoms have a destabilising effect. As the.s character of the radical orbital
increases (1. e. increase of non planarity which leads to pyramidalisation) by
introduction of fluorines, resonance stabilisation by the fluorine o to the radical

centre (Section 1.4.b.iii.) is diminished and therefore reduced interactions result in

destabilisation (Scheme 12).

12



Stabilising Destabilising (reduced interaction)
e

Scheme 12

Table 8 illustrates the BDE resulting from replacing hydrogen atoms by

fluorines.
C-H BDEs (kcal mol-1)
CH3-CHp-H 101.1
CF3-CH»-H 106.7
CF3-CFo-H 102.7
Table 8

Although experimental data for the ethanes is-incomplete, it appears as if 2
fluorines in the B position, have a stabilising effect, whereas a trifluoromethyl group

is destabilising. Further calculations on some missing members of the fluorinated
ethyl compounds (Table 9) indicate that the presence of one fluorine in B position is

sufficient to destabilise the ethyl radical.

C-H BDEs (kcal mol-1)
CH3-CH,-H 97.7
CH,F-CH,-H 99.6
CHF,-CH;-H 101.3
CF;-CHp-H 102.0
Table 9

The structure of the ethyl derived radical is planar resulting from the overlap
between the 2p orbital containing the unpaired electron and the ©* orbital of the alkyl

group adjacent to the radical centre. The overlap accounts for the stabilising effect by
delocalisation of the radical by hyperconjugation. With the introduction of a fluorine,
the planarity of the system diminished, hyperconjugation is not observed and thus

stabilisation of the radical is not obtained.

1.4.e. Reactivity of free radicals :

13



Energy factors such as BDEs, enthalpy of reaction and structural factors

which depend on polar, steric and conformational effects control the reactivity of free

radicals.

1.4.e.i. Hvdrogen abstraction step :

The reactivity of the radical can be measured by its ability to abstract a
hydrogen atom during the hydrogen transfer process. The overall enthalpy?! is the
difference in bond dissociation energy of the substrate (X-H) and the strength of the

new bond (R-H) being formed (Scheme 13).

R+ XH——> RH+ X'
AH=D(X-H)-D(R-H)
Scheme 13

One of the illustrations of this is the hydrogen abstraction by a phenyl
radical!2 where the rate constant for the hydrogen abstraction increases as the BDEs

decrease and therefore the exothermicity of the reaction increases (Table 10).

Ph'+ RH———> ph-H+ R~

R-H Primary Secondary Tertiary
BDEs (kcalmol 1) 101 99 95
AH (kcalmol-1) -10 -12 -16
k 105 (M-1s-1) 0.35 3.3 16.0
Table 10

1.4.e.ii. Polar effects :

Tedder?? showed that hydrogen abstraction by trifluoromethyl radicals is an
exothermic process while hydrogen abstraction by methyl radical is thermoneutral.
This was explained in terms of the polarity of the radicals. Trifluoromethyl radicals
are electrophilic and react readily with the more nucleophilic centres (i. e.
tert>sec>prim>CHy).

A radical can be electrophilic or nucleophilic which is due to its electron

affinity!2 (Scheme 14).
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+e * -g R +
‘electrophilic nucleophilic

Scheme 14

The radical is electrophilic when it has a high electron affinity and pulls
electron from the bond being broken. If the ionisation potential of the radical is low,

then the radical gives up an electron and is nucleophilic. The nucleophilicity of an X-

C- radical increases in the following sequence (Scheme 15) :

Me "<Et"<i-Pr‘<tBu’
nucleophilicity increases

Scheme 15

>

The radical is electrophilic when X is an electron withdrawing group : -NOp, -
CN, -COR, -CO3R, -CFs.

The frontier orbital interactions for an electrophilic and a nucleophilic radicals
are illustrated in Scheme 16. Radicals bearing electron attracting substituents will
have low energy SOMO. These radicals show electrophilic character and will react
strongly with an alkene bearing electron donating substituents on the double bond (e.
g. high HOMO and LUMO). Whereas radicals with high energy SOMO (bearing
electron donating subtituents), will react with an electron poor olefin (low LUMO).
Thus the nucleophilic character of the radical favours strong HOMO-LUMO

interactions.
A Energy LUMO LUMO
SOMO—L///ﬂzg;—
weak
k
SOMO 8
strong )
HOMO \._fl_ HOMO
f
"C ;Edi_ 'C ;rii

Electrophilic radical Nucleophilic radical
Scheme 16




Different subtituents on the radical or the olefin give different results. An
example of this, is the reaction cyclohexyl radical (nucleophilic) with different Z
subtituents at the Ca position of the double bond of the olefin (Table 11).

L] H k
cy-CeHyi + CH2=<Z — X > (y-C¢H,,-CH,-CH-Z

z ’ n-Bu Ph CO,Me CN CHO
K., l I 34 3000 6000 8500
Table 11

krei increases with the increasing of the electron attracting character of the Z
substituent (lowering the LUMO energy). This reflects the greater the reactivity with
the nucleophilic cyclohexyl radical since the SOMO-LUMO interactions are favoured

and strong.

The influence of different substituents on the radical lead to different

selectivities depending on the polarity of the obtained radical (Table 12).

H L ]
R"+ cH=C —X—» R-CH,CH-CN
CN

R Rovim Ryec R-CH-CN
(14) (15) (16)
Keel 1 73 £ 0.0015
Table 12

The reaction of an electron poor olefin, with a radical bearing electron donor
substituents (nucleophile such as (14) and (15)) is greater than the reaction with an

electrophile radical such as (16), bearing an electron attractor substituent.

1.4.e.111. Steric effects :
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Three different steric effects control radical attack?3 : steric hindrance from
substituents on the alkene inhibits the radical approaching a particular reaction centre
(Scheme 17), steric inhibition of resonance inhibits stabilisation by electron
delocalisation of the new radical being formed and finally, steric compression
(Scheme 18) which is partially released by formation of the new radical (released of

steric strain, torsional strain).

x Steric hindrance :

Y R . R
* \ . .
R+ /C=C<Z——" Y")C-CQ, + Y) """Z
Z
Scheme 17

The reaction is favoured at the less substituted carbon when the substituents
are bigger than hydrogen. The regioselectivity is dictated by the less steric crowded

side of the alkene.

* Steric_compression :

Scheme 18

Formation of the (1-chlorocyclobutyl) radical is accompanied by release of the

ring steric strain.
1.5. Free radical additions to fluoroalkenes :

After a literature review about general free radical addition reactions, this part -
of the Chapter will concern free radical additions to fluoroalkenes, as these reactions
were used in the first step of the synthesis of our reactive precursor. Various
fluoroalkenes have been used and studied for these reactions, but in our work we will

concentrate on only one : hexafluoropropene.
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Haszeldine and co-workers showed in their various patents that free radical
additions to hexafluoropropene are a useful way to introduce a fluoroalkyl group into

an organic compound?4 23,
1.5.a. Mechanism of the free radical addition to fluoroalkene:

The radical chain mechanism of the reaction is that shown in the Scheme 19,
where the fluorinated alkene is inserted into the C-H bond?26. Tﬁe free radical reaction
was thermally initiated. |
The mechanism is a 3 step process :

-first scission of the telogen,

-addition of the free radical to the double bond,

-and then a hydrogen is transferred from another molecule of substrate to the

intermediate radical.

C,F, + R-H —2> R'+ C,FH  Initiation

R+ “CEMCF-CF; ——» R-CF,-CF-CF; Addition

Chain

R-CFZ-EZF-CF3 + RRH——— » R+ R-CF,-CFH-CF;
transfer

Scheme 19

1.5.b. Hexafluoropropene :

Hexafluoropropene is industrially available. It forms only homopolymers
under extreme conditions?’ (because of the steric inhibition of the CF3 group), in

consequence no products from telomerisation are observed. The hexafluoropropene
unit can be inserted into a C-H bond, which does not make part of an aromatic ring, in

a highly controlled manner.
1.5.c. Orientation of free radical addition to hexafluoropropene :

Polar, steric and electronic effects are quite important in the orientation of free
radical-addition?8. As it was shown in Section 1.4.e.ii., alkyl radicals are nucleophilic
and react readily with electrophiles. Because of the inductive effects from both the
fluorine atom and the trifluoromethyl group, fluorinated alkenes are very

electrophilic, they will react with a nucleophilic system to give a radical intermediate

(Scheme 20).
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Path A e N\

Nu + CF,=CF-CF; ——T1—> l\j_xl\—\CFz-CF—CF3 a7
Ta’h CF,-CF(CF; )-Nu (18)
Scheme 20

Two pathways are possible for the free radical attack : pathway A, where the
attack occur at the CF5 position to give radical (17) and pathway B, where the attack
occur at the CF position to give (18). The more the nucleophilic radical is, this yields
to a radical attack according to path A. Firstly because the CF; site is the less
hindered of the fluoro olefin and secondly because a tertiary intermediate radical if
formed (via path A), versus a secondary radical (via path B). As it was shown in
Section 1.4.b.ii., the production of the radical (17) preferentially reflects the relative
stability of the intermediate radical and the new bond being formed. Moreover the
trifluoromethyl group and the fluorine atoms are electron withdrawing and stabilise
the radical. The radical adds preferentially to the terminal position because this also

leads to the strongest new bond being formed because of the lowest steric

interactions.
1.5.d. Polar effects :

Free radical additions of thiols to hexafluoropropene proceeded smoothly
under photochemical or thermal conditions?9. Reactions of trifluoromethanethiol,
trifluoroethanethiol and methanethiol gave, via a sulphur centred radical, the 1:1
adducts in good yield. Polar effects are important in this reaction as illustrated in the

thiol reaction (Scheme 21).V

Uv

RSH + CF;=CF-CF3 ————» - RSCF,-CHF-CFs + R-SCF(CF3)-CHF;
(19) (20)
R '+ CF,=CF-CF; —1—> R-CF,-CF-CF; (21)
L—» CF,-CF(CF; )-R (22)
Scheme 21
R (19) (%) (20) (%)
CF3S 45 55
CF3CH>S 70 30
CH3S 91 9
Table 13
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Table 13 shows that the increasing electrophilic character of the R group
(from R : CFj3 electrophilic group, to R : CH3 nucleophilic group) is quite clear. This
shows that a thiol containing a nucleophilic R group leads preferentially to the free
radical addition at the CF; position to give the radical (21) (leading to (19)). Whereas
a thiol containing an electrophilic R group leads preferentially to the fermation of
(20) via the radical (22). These results underline the fact that the polar character of the
R group is important in free radical addition to hexafluoropropene.

Formation of regioisomer (obtained via (22)), can be rationalised by the
inductive effect of the trifluoromethyl group and then relative electrophilicity of the
thiyl radical, leading to the transition state illustrated in the Scheme 22.

- F

, & o5t
F—f——CI’:C-Fg
1
1
F N IS
R
Scheme 22

1.6. Addition of oxygen containing compounds to hexafluoropropene :
1.6.a. Alcohols :
1.6.a.1. Mechanisrﬁ :

In the presence of an'initiating reagent radical, alcohols form free radicals by
losing a hydrogen atom from the carbon attached to the oxygen (Scheme 23), because
the radical centre is stabilised by the oxygen (Section 1.4.b.iii.). This interaction also
increases the nucleophilicity of the alkoxyl radical. The free radical adds to the double

bond of the hexafluoropropene to form a new alcohol in a normal chain process30.

-+
CH,;0H _h_D__, HQC—E)H P Hz(.i—(.)H nucleophile

H,C-OH + CECE-CF, »  CF,-CF-CF,-CH,-OH

electrophile

CF5-CF-CF,-CH,-OH + CH,OH

CF,-CHF-CF,-CH,0H + H,C-OH
Scheme 23
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In all the reactions, using a slight excess of hexafluoropropene, only the 1:1
adducts were obtained in high yield. The high selectivity of these reactions was
attributed to 2 factors where the oxygen atom is responsible. The first one was the
extreme electrophilicity of the radical being formed (23) which influenced the
abstraction of a hydrogen from an electron rich alcohol (Scheme 24). The second one
was, because of the oxygen electron withdrawing character, it deactivated the other
sites which favoured free radical addition at another carbon atom than the one bearing

the hydroxyl group.

g & H H H
~$—CF2—CF-CF3 + -H—m> -CF,-CFH-CF; + —$'

(23)
Scheme 24

1.6.a.ii. Acyclic alcohols :

The first free radical addition to hexafluoropropene was performed by Lazerte

with methanol using benzoyl peroxide as chemical initiator3! (Scheme 25).

(CeHsCO,),
CH;0H + CF,=CF-CF, _132(31_c_, CF;-CHF-CF,-CH,0H

5 : 1 90% .
Conversion : 70-75%

Scheme 25

Various reaction conditions were used in the aim to investigate their effects on
conversions and yields. Only. one product was obtained. The mole ratio of the
reactants is important in this reaction because if the ratio used is 1:1, the conversion is
only of 50% instead of 70-75% obtained for a ratio of 5:1 or 3:1.

Later Haszeldine3? studied the effects of the different initiating methods for
the free radical addition of methanol, ethanol, i-propanol, i-butanol and butanol.
Photochemical and peroxide initiated reactions gave high yields. The 1:1 adduct
products were obtained in all the reactions as major products. For the methanol and
the butanol, other 1:1 adducts were obtained by reaction of the intermediate radical to
the carbon on the centre of the hexafluoropropene unit.

Most recent work has been carried out by Cirkva et a/33. All the free radical
additions performéd yielded two products : the major product from free radical

addition at the CF; position and the minor obtained by free radical addition at the CF

position of the hexafluoropropene unit (Scheme 26).
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RR'CHOH + CF;=CF-CF,—¥ > CF,-CHF-CF,-C(OH)RR'

+
CF;(CHF,)CF-C(OH)RR'
Scheme 26

1.6.a.iii. Cyclic systems :

Work on cyclic alcohols has been done in this laboratory30 and the various

results obtained are summarised in Table 14.

Cyclic Conditions Products and Yields
Alcohols HFP:Substrate | Monoadduct (%) Diadduct (%)
. (Rp : CFQ-CFH-CF3)

OH Re

A, 1.15:1.0 OH Trace
- A, 78
OH Re
A, 1.14:1.0 O<OH Trace
B, 65
Rr
A, 1.18:1.0 OH Trace
B, 1.10:1.0 A.76
B, 65

Trace

O_OH A, 1.18:1.0 O<RF
OH
A, 68
OH RF
A, 1.15:1.0 O<OH A, 40
A, 18
bOH b/ﬂp .
OH

A, 1.18:1.0 A, 11
A, 54
A, v-rays, rt, 10 d; B, di-tert-butyl peroxide, 140°C, 24 h.
Table 14




1.6.b. Diols :

Cirkva et al carried out free radical addition of hexafluoropropene to 4
different diols33 using photochemical initiation. Using butane-1,3-diol, diethylene
glycol and propane-1,2-diol, no 1:1 adduct was obtained. For the butane-1,4-diol,
curiously using methanol as sensitiser, the major product of the reaction was

hexafluorobutanol (22%) while the 1:1 and 1:2 adducts were formed in smaller yields
(Scheme 27).

ICHz'(CHz)z‘(FHz + CFFCF_CETA;;OH_’ CF;-CHF-CF,-CH,OH  22%
OH OH

+

ICHz'(CHz)z-Cr'H-CFz-CFH-CH 10%
OH : OH
+
CF;-CFH-CF,-CH-(CHy),-GH-CF,-CFH-CF; 6%
OH OH
Scheme 27

The free radical addition occurred at the carbon bearing the hydroxyl group as
for the alcohol systems. The fact that hexafluorobutanol was the major product, was
rationalised by the authors by the photochemical initiation of methanol. This was the
predominant reaction which yielded a radical which by reaction with
hexafluoropropene formed hexafluorobutanol (Scheme 28).

* CH,;0H

3 . L] L]
CF,=CF-CF; — ™, T¢F,-CF-CF)] ~ CH,OH

‘CH,0H + CF,=CF-CF; ———» CF;-CF-CF,-CH,0H

CF3—éF—CF2—CHzOH + HO-CH,-CH,-CH,-CH,-OH—> CF;-CHF-CF,-CH,0H
+

HO-CH,-CH,-CH,-CH-OH

HO—CHg-CHg—CHg—éH—OH + CF,=CF-CF; —» HO—CHz—CHz—CHz—(IZH—OH
Re

Rg: CF3—CFH¥CF2
Scheme 28




In his studies on various diols, Dunn30 showed the 1:2 adduct is the major
product using a 2 fold excess of hexafluoropropene (Table 15). However
cyclohexane-1,3-diol gave both 1:1 and 1:2 adducts and cyclohexane-1,2-diol did not
give any product, as the reaction site was deactivated by the one adjacent hydroxyl
groups. The nucleophilicity of the radical decreased because of the electron
withdrawing character of the adjacent hydroxyl groups deactivating the site. Free
radical additions of diols are governed by the same factors as free radical additions of

alcohols.
Cyclic Conditions Products and Yields
Diols HFP:Substrate | Monoadduct (%) Diadduct (%)
RF : CFQCFHCF::,
HO OH HO OH
R R
\O/ 2.36:1.0 F@( )
: ' 63
L.
OH 2.25:1.0
OH HO Rg HO Rr
2.27:1.
@\ 7:1.0 OH
' OH OH Re
30 1 45
OH HO Rg
2.27:1.0
OH HO Rr
83

Table 15
1.6.c. Ethers :

Similar additions occur to ethers which readily lose a hydrogen o to the

oxygen.

1.6.c.i. Acyclic ethers :

Various investigations showed that different addition products can be obtained

depending on the reaction conditions34.
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Muratmasu33: 36 observed that the reaction of diethyl ether with 2 equivalents
.of hexafluoropropene led to the diadduct and suggested that its production occurred

via an intramolecular hydrogen abstraction (6 membered transition state) (Scheme
29).

« . <
/\o/\ + CFy=CF.CF, — 0", © >

1 : 2

)

CF;
- .
E H
CF5-CFH-CF, Fo-CFH-CFs  Ccpy=CF-CF; g
A@ |

‘Scheme 29

In more recent studies, Grievson and co-workers*# showed the influence of

substituents on the reactivity of the ethers. The results are summarised in Table 16.



Re

(RCH,),0 + CF,=CF-CF; R REHOCHQR + (R(IZH)ZO +‘R(13H-O-I—R
F Re Rr R

Rg : CF>-CFH-CF;

R Products (% composition)

H 100 - N

Me | 47 53 -

Et | | 30 70 :

pr" | 23 40 37

Table 16

The free radical reactions were performed using y-ray initiation. Dimethyl
ether gave exclusively the 1:1 adduct, whereas the 1:1 and the 1:2 adducts were
obtained for both diethyl and dipropyl ethers. For dibutyl ether mono-, di- and tri-
- adducts were obtained. These results underlined the effect of the oxygen atom on
formation of radicals from ethers and their stabilisation. During further investigation
Grievson and co-workers were unable to couple the 1:1 adduct from dimethyl ether,
via the intermediated radical obtained by radiolysis or thermolysis, by heating with

di-terz-butyl peroxide to give the 1:2 adduct (Scheme 30).

CiFe CF,-CFH-CF,
CH3-iH-'O-CH2—CH3 e CH3-§-O—CH2-CH3 —>~ CHy-C-O-CHy-CHy
F,-CFH-CF; F,-CFH-CF, CF,-CFH-CF;
0 C.Fe GF-CPH-CF;

120°C :
CH,-CH-O-CHy-CH; o CH3-i-O-CH2-CH3 ——~ CHy-C-0-CH CH,
F,-CFH-CF; ' F,-CFH-CF, CF,-CFH-CF;

Scheme 30

The low reactivity of the 1:1 adduct towards fluoroalkenes can be explained
by the fact that the introduction of a perfluoroalkyl group deactivated the sites
adjacent to the oxygen inhibiting further hydrogen abstraction. This confirmed the
fact that the 1:2 and 1:3 adducts were obtained via an intramolecular hydrogen

transfer. ' y
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1.6.c.ii. Acyclic polyethers :

The effect of one oxygen atom on formation of a radical from an ether is well
kndwn as shown above. Free radical addition reactions to polyethers showed the
influence of a second oxygen atom present in the system37. Two systems were studied
and for both of them 1:1, 1:2 and 1:3 adducts were obtained, their amount increased

with the increasing amount of hexafluoropropene (Scheme 31).

F F
. S AN S
N, o o+ CR=CECR — N/ N/ + g o’

1 i 3 54% 17%

N No”\ + CE=CF-CF, ‘i"/\o’ No N+ io/ o\

(25)
1 : 3 ' 12% 35%
KA K F
/7~ N\
+ 0 o/\ + 0 0
26%
XL 2=k
+7/ Yo N\ N 0
26% 26%

Ry : CF,-CFH-CF,
Scheme 31

The main difference between these 2 systems is the regioselectivity of the free
radical addition as in (24) where the aftacked site was the CHy group in -O-CH»,-
CH3-O-, whereas for (25) the attacked position preferred was the CH, group in CHs-
CH,-O-. This give rises to the following order of reactivity of sites in polyethers.

CH3-CH3-0->-0-CH3-CH,-0->CHj3-0O-

The site reactivity order in polyethers can be attributed to the presence of a
second oxygen atom which offsets the effect of the first one by withdrawing charge

away from the radical centre reducing the nucleophilicity of the radical (Scheme 32).



+ -
X-0-CH,-CH,-0- —teendictl & CH.CH,-0- <—» X-O-CH—» CH; — O-
Scheme 32

1.6.c.iii. Cyclic ethers:

A lot of work has been reported on cyclic ethers and conformation studies
have been an interesting topic about these reactions. Courtieu and co-workers38
studied the free radical additions of hexafluoropropene to several heterocycles.
Asymmetric centre formation yielded diastereoisomers, NMR studies allowed

determination of some diastereoisomer couples (Scheme 33).

PN H_ P
TC-CFZ—C J (26)
CF,-CF=CF, + . _Initiator, F ! 1% 50%

F, H
+
H
“,>C—CF2 —lc_ 27
CF B 50%
31! 4 0 0

Scheme 33

I9F NMR and 'H NMR spectra showed differences between the 2 structures
(26) and (27). Determination of the conformation for each diastereoisomer couple has
been done by NMR studies and calculations. For example (26) and (27) appeared to
be a racemic SS+RR where CF3 and F are in "cis" position to Hp and CoH (Scheme

34).

Scheme 34

1.6.c.iiii. Cyclic polyethers :
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As for acyclic systems, a lot of work has been carried out in this area. One of
the most recent example of these reactions has been performed by Cirkva and co-
workers3?. In their work, they reported the free radical additions of methylated 1,3-
dioxolanes to hexafluoropropene using photochemical or thermal initiating methods
(Scheme 35). The additions proceeded easily, rapidly and almost total conversion of

fluoroolefins was obtained.

DY | ¢

O O uv O O
(S CFZ:CF_CF3 or peroxide ©
CF,,-CFH-CF,
95% '

Scheme 35

1.6.d Esters :

Grievson and co-workers34 studied the free radical addition of systems with
general formula X-O-Me. For this experiment X chosen was an electron withdrawing
group such as MeCO, HCO. Scheme 36 illustrated the products obtained from the
reactions with methyl formate and methyl acetate, using di-terz-butyl peroxide as

chemical initiator at 120°C.
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C-OMe + CF,=CF-CF; — RFg-OMe 5%

HCO,Me ! (28)

HC-O-CH; + CF,=CF-CF; ——» HC-O-CH;Rs 11%

(29)
+ HO-CH,Rr 21%

» RpCH,C-OMe 109

~ CH,-C-OMe + CF,=CF-CF;

MeCOMe—]  (30)
» Me-C-O-CH; 4 CF,=CF-CF, ——» MeC-O-CH,Rx  39%

(31)
+ HO-CH,RF 2%

i:(Bu‘O),, 120°C

Rp: CF,-CFH-CF, + MeC-O-CHz—(FF-CFZH 3%

CF3
Scheme 36

For each reaction, two 1:1 adducts were obtained in low yields. This was due
to the competition reaction between the formation of the radical centre. For the
methyl formate, the hydrogén abstraction can occur either at the carbonyl group (28)
or at the methyl position (29). For the methyl acetate, the hydrogen abstraction can
occur either at the methyl in o to the carbonyl function (30) or in a to the oxygen

atom (31). These results showed the hydrogen abstraction occurred preferentially at
the a position of the oxygen atom rather than at the a position of the carbonyl group.

Alcohol formation also occurred during these reactions and can be explained by

peroxide initiated decarbonylation of the fluorinated esters.
1.6.e. Addition of nitrogen containing compounds :

1.6.e.1. Amines :

The same principles outlined for the ethers can be applied for the amine#C. The
only exception is that there is a possible competing nucleophilic attack due to the lone
pair on the nitrogen which can attack hexafluoropropene to give an alkylamonium salt

(32) and a volatile compound identified as hexafluoropropene under dimer form (33)

(Scheme 37).
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VR | - | +
- T: + CFQQF-CF3 » NTEFEF-CF:; - — N-CF:CF-CF3
Y oo

VR pu
» (CF;),CF (FFz‘g:—CF;

i

—_/\\ -
F + CF2=CF-CF3

CF, CFs (CF,C , F
- \/ I :/?_
(;F3 33) F | F CF;
Thermodynamic Kinetic
Product Product
~ Scheme 37

Nevertheless, the results showed that the free radical addition competes
successfully at room temperature, with the nucleophilic attack to give the monoadduct

in a good yield (Scheme 38).

y-rays
+ CF2=CF-CF3 —_—
N R

| |
CH3 CH3
81%

F

Scheme 38

Chambers and co-workers#! demonstrated that stereoelectronic effects may
influence the reactivity of the amines in this process (Scheme 39).
The free radical addition may occur following two pathways :

-Path A : the intermediate radical could react intermolecularly with another

amine to give a 1:1 adduct (34),
-Path B : there is an intramolecular hydrogen transfer from the hydrocarbon

chain to the fluorocarbon chain which leads to a 1:2 adduct (35).
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Y-rays Path A
éj + CF,=CF-CF; ———»2 _A—nn-r_le_’
N T CF,-CE-CE, N
CH,-CHj; CH,-CH;4

Path B |k,

%V
CF,-CFH-CF;

(L

I\II CF,-CFH-CF,
CH,-CH,

1:1

(34)

(L

N “CF,-CFH-CF,

“CH-CH, CH,-CH-CF,-CFH-CF,
1:2
(35)
Scheme 39

* Results :

> (0
b no o

1:1 75% 46% 19%
1:2 21% 52% 76%
Table 17

This table illustrates the percentage of products obtained via an intermolecular
hydrogen transfer which yield to (34) and via an intramolecular which yields (35).

k (rate constant for (34) formation) varies in this series, the order of reactivity
increases with the value of the dihedral angle 6 which is the angle between the lone

pair on the nitrogen and the C-H breaking bond during the abstraction process

(Scheme 40).



Scheme 40

If 6 is small, the more stable intermediate radical is preferred (which is
stabilised by the fluorine atoms). This leads preferentially to the 1:1 adduct formation

via intermolecular process.

1.6.e.ii. Amides :

Jones40 studied the reactivity of secondary amide towards hexafluoropropene
using y-ray initiation. For N-methylacetamide and 2-pyrrolidone the 1:1 adduct was

obtained in good yields. Free radical additions occurred in ¢ position to the amine

function rather than the carbonyl one (Scheme 41).

~-rays
CH,.C-NH-CH; + CsFs ——L» CH,-C-NH-CH,-CF,-CFH-CF, 98%

- y-rays , '
+ C3F6 BEEE—
O N F,-CFH-CF; 54%

N
H; H;
' : Scheme 41

1.6.f. Addition of sulphur containing compounds :

1.6.f.1. Thioethers :

1,4-thioxane reacted with hexafluoropropene to give a mixture of 1:1
adducts#2. These 1:1 adducts corresponded to the free radical addition at the carbon in
o position to the sulphur atom or to the free radical addition at the carbon in o

position to the oxygen atom (Scheme 42).
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© CF,=CE-CF, —BY0% 7 N
=CF- —_
[:j - 3 Td0C *
6 : 4

RF N CFz-CFH—CF3
Scheme 42

According to the ratio of the obtained products, the carbon atom « to the
sulphur is more reactive. Sulphur is less electronegative than oxygen and therefore

stabilised better the neighbouring radical.

1.6.f.11. Competition reactions between oxygen containing compounds and sulphur

containing compounds :

Competition reactions between tetrahydrothiophene and tetrahydrofuran were
also studied4?, by reaction under thermolysis initiation, of an equimolar mixture of

each with hexafluoropropene (Scheme 43).

- 58%

2

H
+ CF=CF-CF,—242
140°C

O
- O, =
S F '
Rg : CF,-CFH-CF;
Scheme 43

Similar reactivity was observed for each system. Lower yield was obtained for
the tetrahydrothiophene which can be attributed to its lower stability under thermal

conditions.
1.6.g. Additibn of alkanes to hexafluoropropene :

1.6.g.1. Acyclic alkanes:

Several short, straight-chained alkanes were added to hexafluoropropene using

thermal and UV initiating methods24 2. 43,
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In the laboratory, similar reactions have been carried out (Table 18) using -

rays and di-fert-butyl peroxide®4.

Cyclic Conditions Products and Yields
Alkanes HFP:Substrate (%)
Rp : CF,-CFH-CF;
CHy B, 1.0:1.0 _ _
A, 1.2:10
C3Hs B, 1.5:1.0 A, 19 A, 1
B, 75 B, 3
i-C4Hjg A, 12:1.0 >T : Rg
B, 1.3:1.0
A, 42 B 3
B, 80 ’
CH A, 2.0:1.0 7\ h
10 R. R} Rg
A, b A, 11
R RFR
CeH1a B,2.0:1.0 £
‘ B, 1 B, 8
A, y-rays, tt, 10 d; B, di-tert-butyl peroxide, 140°C, 24 h.
Table 18

Y-rays initiated reactions gave lower yield than di-tert-butoxide initiated ones
(with appearance of minor isomers). This showed again that addition occurred
preferentially at secondary or tertiary sites rather than primary. For the n-butane, the

major product was the diadduct obtained via a 6 membered ring hydrogen abstraction.

1.6.g.ii. Cyclic alkénes :

Cycloalkane additions to hexafluoropropene have also been performed using a

3 fold-excess of cycloalkanes?4 25, Only the monoadduct was obtained in each case

(Table 19).




Cyclic Cyclic Conditions Products and yields (%)
alkanes alkanes : HFP Rg : CF,-CFH-CF;

A 3:1 310°C D—RF 5
3:1 290°C O/RF |
‘ 3:1 UV, ~50°C 43
3:1 280°C 54
Rp
31 UV, ~50°C 38

Table 19

Spink#4 carried out similar reactions using y-rays and di-tert -butyl peroxide
p g y-ray ytp

(Table 20). The yields were higher than using thermal and UV initiations.

Cyclic | Conditions Products and Yields
alkanes Monoadduct (%) Diadduct (%)
' RF . CFz-CFH-CF3

9

O R,
A, 86
B, 57 23
O [
R
A, 90 4
B, 85 6
A, y-rays, rt, 10 d; B, di-tert-butyl peroxide, 140°C, 24 h.
Table 20

1.6.g.ii1. Polycyclic alkanes :

Free radical addition to adamantane have been firstly reported by
Podkhalyuzin and co-workers#3 46, In their work, they studied radiochemical
polyfluoroalkylation of adamantane. The reactions were carried out in a liquid phase,
in presence of solvent (without solvent, no reaction occurred). They showed that the
reaction product was the 1-polyfluoroalkyl adamantane (Scheme 44). In their further
studies, they investigated the thermal polyfluoroalkylation of adamantane in the
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absence of solvent. The selectivity and the yield for this reaction were lower than for -

the radiochemical initiated one.

) "y-rays
+ CF=CF-CF; ——>

15 74%
Scheme 44

CF,-CFH-CF;

Later, Zagorets et al47 studied radiochemical polyfluoroalkylation methods in
the liquid phase at 10-100°C. They showed that by using y-rays, the tetraadduct can

be obtained as final product.

Recently, Spink#4 showed that the tri- and tetra-adducts can be obtained by

using peroxide initiation (Scheme 45).

CF,-CFH-CF;
(Bu'O),

@ + CF=CFcp, —3C 5
. CF,-CFH-CF,

F5C-HFC-FoC (59

+
CF,-CFH-CF,

F,C-HFC-F,C CF,-CFH-CF;
FyC-HFC-FC (360,

Scheme 45

1.6.h. Other systems :

1.6.h.i. Borate :

Trimethyl borate has been reacted with hexafluoropropene under y-ray

initiation at room temperature 34, The borate system is a powerful conjugated system
due to the (MeQ)3B group which is an electron withdrawing group (Scheme 46).
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Y-rays
— B (OCH?_-CFz'CFH‘CF3)3

65%

(MeO);B + C3Fq

Scheme 46

1.6.h.ii. Siloxane :

Free radical additions of hexafluoropropene to sily! derivative have been
performed?!, they yielded the monoadduct in good yield. The free radical addition
occurred in o position to the oxygen atom because of the electron donor character of

the silicon atom (Scheme 47).

) Y-rays
Me;SiOCH; + CiFg ——" » Me,SiOCH,-CF,-CFH-CF,
62%
-{'- -
—sr—>o—c——- -~ —sr—»o——é—

Scheme 47

1.7. Conclusion :

Free radical addition to hexafluoropropene is a powerful tool for the
introduction of fluorine atoms or fluorinated groups into an organic compound.

These reactions proceeded easily because of the nucleophilicity of the radical
being formed and the electrophilicity of the fluoroalkenes. These notions have been
rationalised via frontier orbital theories.

The high regioselectivity in these reactions is governed mainly by both
electronic and polar effects attributed to the fluorine atoms.

Free radical addition to hexafluoropropene had been studied for many years
and various systems had been used during these studies. Since these last few years, a
lot of work had been carried out in the area of oxygen containing compounds, such as
alcohols39, ethers34 37 and also in alkane systems24 25. 43, 44 Nevertheless, very little
work had been performed in the area of nitrogen containing compounds (1. €. amines),

therefore this field of study was a good subject to develop (Chépter 5).
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Chapter 2 : Free radical addition to hexafluoropropene
2.1. Introduction :

Chapter 2 will illustrate the first step of a multiple step process, allowing the
synthesis of the partially fluorinated reactive compounds (i. e. containing a double
bond). Several systems have been studied including cyclic alkanes such as
adamantane, cyclopentane and cyclic alcohols such as cyclopentanol. This first step
amounts to the functionalisation of a C-H bond of each compound by introduction of
the hexafluoropropene unit (Scheme 48). This has been achieved via the free radical
addition process described in Chapter 1 (Section' 1.5.a., Scheme 19). The following
chapter (Chapter 3), will illustrate the last steps for obtaining alkenes via
dehydrofluorination and finally in Chapter 4, the alkenes reactivity will be studied.

‘ ’ . CF,=CF-CF .
e 0T TS Lop, CroR,
R-H
-HF '
—C-CF=CF-CF, <—-— _(-CF,-CFH-CF,

Scheme 48

As 1illustrated in Sections 1.6.a. and 1.6.g., a lot of work has been performed in
the area of free radical addition of cyclopentanol (Section 1.6.a.iii.), cyclopentane
(Section 1.6.g.ii.) and adamantane (Section 1.6.g.iii.) to hexafluoropropene. The
polyfluoroalkylation of these systems can be carried out using y-ray or peroxide
initiating methods to give good yields of the mono- and/or di-adducts (depending on
the molar ratio of the reactants used). The procedures used to perform these reactions
were similar to the ones reported in the literature30. 44,

19F NMR spectroscopy along with !H NMR and !3C NMR, have been
frequently used as analytical tools, either for structural determination or monitoring
the reactions (see Chapters 3 and 4). Because of their importance in this work, the
first paragraph of this chapter will state a general review of these analysing methods
as well as some 'H,X and 19F X (where X can be !F, 'H or 13C) spin-spin couplings.
In this Chapter and the following ones, these values will sometimes be used as

reference for structural determination.

2.2. NMR spectroscopy techniques :
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I9F NMR is as old as |H NMR spectroscopy and similarities in the nuclei
properties make them little differentiable4® (Table 21). The three nuclei posses a spin
quantum number of I=1/2, which make spectra analysis identical. !9F nucleus is as
easy as !H nucleus to observe since their relative abundance (99.98% for the 'H and
100% for the 19F) and their receptivity (100 for the 1H and 83.3 for the 19F) are

nearly the same.

Relative Natural
Species Nuclear Spin Sensitivity Abundance
I (%)
'H 1/2 100.00 99.98
13C 1/2 1.59 1.11
19F 1/2 83.30 100.00
Table 21

For the 13C nucleus, the situation is different as with a relative abundance of
1.11% and a receptivity of 0.0159 (relative to !H=100), the sensitivity of 13C is
therefore much lower than for the !9F and !H nuclei. In the following Chapters,
determination of spin-spin couplings involving 'H,X (X : 'H or 19F) and 19F,X (X :
IH, 19F or 13C) were attributed according to general features established in the
literature48. 49, 50,51, A general survey of geminal, vicinal as well as long range 'H,X
(Table 22) and 9F X (Table 23) are illustrated in the following Tables.

Bonds Spin-Spin Range of Values
Couplings (Hz)
H-C-H Ngr 0-25
Gerhinal
H-C-C-H 3JuH 0-25
Vicinal
H-C=C-H 3THH 7-11
Cis
H-C=C-H 3JuH 12-18
Trans
H-C-C-C-H yy 0-3
H-C-C-C-C-H SJuH 0-2
Table 22
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The vicinal coupling 3Jgy is dependent of three factors3! : the dihedral angle

0, the bond length and the valence angles 6 and 6' (Scheme 49).

OH H H H 6 g _H

\T‘j’T/ X

* Scheme 49

The relationship between the dihedral angle and the vicinal coupling constant,
is given by the Karplus equation. The coupling constant is largest when the dihedral
angle is 180°C (i. e. when the hydrogens are antiperiplanar), slightly smaller when
¢=0°C and the lowest when ¢=90°C. This result implies therefore :

3]gauche<3Jcis<3Jtrans-

Bonds Spin-Spin Range of Values
Couplings (Hz)
H-C-F 2JEH 45-80
H-C-C-F 3JFH 0-50
H-C=C-F 3JpH 0-100
H-C-C-C-F 4y 0-5
H-C-C-C-C-F SJFH 0-1.5
F-C-F 2gE 120-320
F-C-C-F g 0-40
F-C=C-F . 3Jpp 18-40
Cis .
F-C=C-F 3Jprp 110-130
Trans
C-F IJer 160-370
C-C-F 2JcF 20-50
C-C-C-F 3JCF 0-25
C-C-C-C-F 4JcE 0-5
Table 23

2.3. Free radical additions of adamantane :

Functionalisation of polycyclic molecules using various groups is stimulating

because of the possibility of the practical applications of these new compounds.
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Adamantane is a good subject to study, as this system is characterised by its high
thermal and radiation stability. The selectivity of the free radical addition reaction of
adamantane to hexafluoropropene was studied firstly by monopolyfluoro- and

dipolyfluoro-alkylations.
2.3.a. Monoadduct (36) and diadduct (39) :

The monoadduct (36) and diadduct (39) were synthesised by thermal
polyfluoroalkylation of adamantane with hexafluoropropene using di-tert-butyl
peroxide as chemical initiator. The reaction was carried out over 16 hours. Almost

complete conversion (98.7%) of hexafluoropropene was achieved (Scheme 50).

DTBP CF,-CFH-CF, CF,-CFH-CF,
140°C
16 h 4
+ CF,=CF-CF; ————> +
CF,-CFH-CF;
' (36) (39)
1 1 1 40% 19%
Yield : 59%
Scheme 50

After sublimation of the starting material, the mono- and di-adducts were
separated by fractional distillation under reduced pressure.

The appearance of 1:1 and 1:2 (HFP) adducts in the ratio 1.0:0.8, showed that
the 1:1 ratio of adamantane:HFP did not allow formation of the monoadduct
preferentially. However the reaction proceeded in high selectivity as only the tertiary
C-H bond was cleaved, during the hydrogen abstraction step (Section 1.5.a.), to give
the products (36) and (39). Traces of other products were only observed by GC and
GC/MS . They were assumed to be products from reverse addition (Sections 1.5.c.

and 1.5.d.), as no characterisation by NMR spectroscopy was possible.

2.3.a.i. 1-adamantanyl-1,1.2.3.3.3-hexafluoropropane (36) :

The structure of the monofluoroalkylated product was determined by NMR

spectroscopy (Scheme 51).

42



f
- CF,-CFH-EF, CHF,-CF-CF;

a

(36) 37
) Reverse addition product

Scheme 51

* QOrientation of the addition to the fluoroalkene :

The fact that the major isomer obtained was the one with a Rg : CF,-CFH-CF3
(36) and not Rg : CF(CF3)CF2H (37), was shown up by DEPT spectrum. A doublet of
doublets of doublets of quartets was observed at 83.4 ppm for the C¢. The signal was
split into a doublet due to the coupling with the fluorine of the Cy, then a triplet due to
the coupling with the 2 fluorines of C (which were not equivalent) and then a quartet
due to the coupling with the 3 fluorines of the Cg. This confirmed the fact that the
observed carbon was a CFH group (as DEPT is a proton decoupling spectrum which
allows to observe only carbon containing hydrogen atom, not quaternary atom and
carbon-fluorine coupling) instead of a triplet signal if it was the CF2H group (Scheme

52).

I'J.'I!I! S
MN’\'*"'J,AW"U&,\.A.U;L}’L L._-J(,,\H_‘\,,
-

T T T T LSRN
87 B6 85 84 83 82 81 ppm

o e

g T T T T T
90 a0 70 60 50 40

Scheme 52

* Site of addition to adamantane :

According to adamantane structure, which contains 4 methyne and 6

methylene groups, the reaction may occur following two pathways :
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-Path A : cleavage of the tertiary C-H bond at one of the bridgehead positio.n
to give the monoadduct (36).

CF,-CFH-CF,

(36)
Scheme 53

-Path B : chain transfer with cleavage of the C-H bond in the methylene group

to give another monoadduct (38).

K

(38)
Scheme 54

CF,-CFH-CF,

The 'H NMR spectrum' gave only 3 signals corrésponding to 3 different kind
of protons : multiplet at 1.8 ppm with an integration of 12 protons for the 6 CH,
groups, a singlet at 2.1 ppm with an integration of 3 protons showed all the 3 CH
| groups were equivalent and at 4.9 ppm a doublet of doublets of quartets for the proton
of the CFH group with 2Jgy 44.0 Hz, 3Jgg 19.8 Hz and 3Jgy 6.0 Hz.

The fact that only 3 signals wereipresent for 16 protons, showed that the
product obtained was symmetric and so that the fluoroalkyl chain can only be on the
bridgehead position to give the symmetric molecule (36), even if it was harder to
generate a radical at the bridgehead position!®. The bridgehead radical is pyramidal

and can not invert.

* 19F NMR spectrum :

At -74.3 ppm a multiplet was obtained for the CF3. At -122.6 ppm and -130.0
ppm, an AB system is observed with a 2Jgg 273.9 Hz for the difluoromethylene
group, underlining the fact that the 2 fluorine atoms were magnetically inequivalent,
i. e. they are diastereotopic and couple to each other strongly. Finally, at -206.9 ppm a
doublet of quartets is obtained for the CF with 2Jgy 43.8 Hz and 3Jpr 7.9 Hz.
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* 13C NMR spectrum :

Two different carbons corresponding to the CHy groups were found at 27.7
ppm as a singlet for the Cq and at 34.8 ppm as a singlet for the one in B position to
the CFy group i. e. Cp. Only one signal was present at 36.6 ppm for the three carbons
corresponding to the CH groups. This results underlined again that the molecule is
symmetric. The quaternary carbon was observed at 40.2 ppm, as a triplet showing that
the carbon coupled equally with the 2 chemically non ‘e_quivalent fluorine atoms with
a 2Jcg 21.3 Hz. The carbon from the CFH gives a doublet of quartets of triplets at
83.8 ppm (1JcF 197.4 Hz, 2Jcp 33.6 Hz and 2]cp 8.0 Hz). This also showed that the
~carbon coupled equally with the 2 fluorines of the CF; as a triplet was observed.
Whereas at 119.2 ppm a doublet of doublets of doublets was observed for the carbon
of the CF, group showing this time that the carbon bearing the 2 non equivalent
" fluorines coupled differently with them with Jcp 260.2 Hz and lJcp 246.8 Hz.
Finally, at 121.4 ppm a quartet of doublets was observéd for the carbon
corresponding to the CF3 group (1Jcg 283.1 Hz and 2Jcp 25.9 Hz).

2.3.a.1i.1.1,2.3.3.3-hexafluoro-1[3(1,1.2.3.3.3-hexafluoropropvl)adamantanyl]propane
39):

Further distillation led to the diadduct (39). Similar pathways were observed

for the diadduct formation :

-Chain transfer with cleavage of the C-H bond at another bridgehead to give
the diadduct (39).

CF,-CFH-CF;

CF,-CFH-CF;
(39)
Scheme 55

-Chain transfer with cleavage of the C-H bond in the methylene group to give .
another diadduct (40).

45



CF,-CFH-CF;
CF,-CFH-CF,

(40)
Scheme 56

As for the monoadduct (36), the structure of the product was determined by
NMR spectroscopy. The results showed that the introduction of the second
fluoroalkyl chain did not destroy the symmetry of the molecule. The mechanism
proceeded via the same pathway as for the monoadduct (36) (Section 2.3.a.1.) and the
second hydrogen abstraction occurred at the bridgehead position of the adamantane to
give (39). | |

2.3.b. Triadduct (41) and tetraadduct (42) :

Synthesis of higher polyfluorinated compounds was carried out by reaction of
adamantane with a 6.2 fold excess of hexafluoropropene (Scheme 57).

The tri- (41) and tetra-adduct (42) were synthesised using a higher molar ratio
of hexafluoropropene in its reaction with adamantane. The separation of the 2
compounds was made by dissolving and recrystallising in hexane. The triadduct

passed into the hexane and the tetraadduct recrystallised.

. DTRBP CF,-CFH-CF;
140°C
) 16 h
@ + CF,=CF-CF; ——» (41)
: CF,-CFH-CF,
F,C-HFC-F,C
1.0 : 6.2 13%
+ ' Yield : 31%
CF,-CFH-CF,
_ (42)
F,C-HFC-F,C CF,-CFH-CF,
F;C-HFC-F,C
18%
Scheme 57
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The compounds were characterised by spectroscopy studies (as above). For
the triadduct (41), the 13C NMR and DEPT spectra, confirmed that only one CH
group remained after the trifluoroalkylation process as tertiary carbon has been
observed. For the tetraadduct (42), no signal from a proton corresponding to the
proton from a CH group was observed. This confirmed the fact that all the

fluoroalkylation occurred at the bridgehead position of the adamantane.

2.4. Free radical additions of cyclopentane :
Cyclopentane was studied as second cyclic alkane. Free radical addition of

cyclopentane to hexafluoropropene have been carried out using 2 different initiating
methods : using di-fert-butyl peroxide and y-rays.

RF RF
Rr : CF,-CFH-CF
Q + CF=CF-CF, -3 O ¥ Q,,R P ’
F

(43) (44b)
A, Y-rays, rt, 10 days 160 1.0 Yield : 86%
B, DTBP, 140°C, 24 h 4.0 : 1.0 Yield : 74%
Scheme 58

Different results were obtained using the 2 different method of initiation, these

results are summarised in the following Table.

Crude Isolated
Ratio Yields | Composition Yields
Conditions HEP:Subtrate Conversion|{ Crude Mono/Di- (%)
(%) Products (%) Mono/Di-
(%) (Ratio) (Ratio)
88/9 81/5
A, 1.6:1.0 56.1 96
9.8:1.0 16.2:1.0
. B, 1.0:1.0 73.0 94 43/38 59/15
1.1:1.0 3.9:1.0
Table 24
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One of the main differences in these 2 initiating methods results in the fact
that the y-ray initiation was more selective than peroxide and led mainly the
monoadduct. For the thermal initiation, the mono:di ratio was ca. 1.0:1.0.

The second difference was for the conversion of the 2 reactions. Using about a
same ratio of reagent : 1. €. a slight excess of hexafluoropropene, the conversion of the
2 reactions were totally different. For the thermal initiation, a nearly complete
conversion was obtained (73%) whereas for the y-rays a conversion of 56% was
obtained. Nevertheless, the crude reaction yield of both reactions was good (above
90%) and nearly the same. After distillation, the total isolated yield (including mono-
and di-adducts) was of 86% for the radiochemical initiation whereas for the thermal it

was 74%. :
It appeared as if firstly y-ray initiation is more selective yielding exclusively to

the monoadduct (43) and as if secondly the use of the hexafluoropropene is more

effective. The conversion can be increased with increasing the time for the y-ray

initiation.
2.4.a. 1-(1,1,2,3,3,3-hexafluoropropyl)cyclopentane (43) :

Distillation at atmospheric pressure gave one fraction identified as the
monoadduct (43). The product structure was confirmed by NMR spectroscopy data.

However, an interesting thing to point out is that in the 1H NMR spectrum, He
and Hq were equivalent. This was unexpected as, if we refer to the cyclopentane ring
which is in the envelope conformation, they are magnetically inequivalent because
they couple to each other (axial-axial, equatorial-equatorial, axial-equatorial) and to
the fluorine atoms differently (Scheme 59). Therefore different chemical shifts would
have been expected but that was not the case, presumably because of accidental

degeneracy.

Scheme 59
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2.4.b. trans-1,1,2,3,3-hexafluoro-1-[3-(1,1,2,3,3,3-hexafluoropropyl)cyclopentyl]
propane (44b) :

The diadduct (44b) was obtained by distillation under reduced pressure -
(15mmHg) of the crude mixture. From the cyclopentane ring, 2 isomers as well as
their cis-trans stereoisomers are possible (if the diastereoisomers are excluded) : the

cis-trans 1,3 and the cis-trans 1,2 (Scheme 60).

CF,-CFH-CF, CF,-CFH-CF,
o O,CFTCFH-CF3
CF,-CFH:CF,
Cis and Trans : Cis and Trans
(44) (45)
‘ Scheme 60

The NMR spectra showed that only one stereoisomer was exclusively formed.

The analysis allow us to tell which stereoisomer was obtained and whether it was the
1,3-(44) or thel,2-(45).

* Stereochemistry of the diadduct isomer obtained :

The 'H NMR spectrum showed only 5 signals, with each an integration of two
protons for the 10 protons present in the molecule. This information told us that the
molecule is symmetric. If firstly the cis stereoisomer of each isomer is considered,
both of them are equivalent and this is due to a plane of symmetry. For the cis 1,3-
isomer (44a) the plane cuts the CH,-CH» carbon bond and passes through the last
CH; group. For the cis 1,2-isomer (45a), the plane cuts the CH-CH carbon bond and
passes through the carbon of the CHy group which is in the middle of the 2 other CHp
groups. Whatever the cis-isomer is (44a) or (45a), 6 signals corresponding to 6

different types of proton would be expected (Scheme 61).
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1
CF,-CFH-CF;

1

Scheme 61

Whereas the trans-stereoisomer of each isomer are both symmetric according
to a Cp axis, whatever the isomer is. Only 5 proton signals corresponding to 5

different types of protons would be observed (Scheme 62).

1 1
CF,-CFH-CF,

Scheme 62

In the 'H NMR spectrum, the number of proton signals allowed definition of
the stereochemistry at the chiral centres. This showed that the trans isomer is
exclusively obtained. As three multiplets with each an integration of two protons are
obtained at 1.8 ppm, 1.9 ppm and 2.0 ppm. Then a singlet at 2.7 ppm for the two
protons at the carbon bearing the two perfluoroalkyl chains. Finally at 4.8 ppm a
doublet of multiplets is observed for the 2 CFH groups with a 3Jpy 31.2 Hz.

* [somer obtained :

The COSY showed clearly that the trans 1,3-diadduct (44b) was exclusively
obtained. The COSY or Correlated Spectroscopy, allows to identify nuclei which are
‘ coupled to each other, long range spin-spin coupling can also be observed. It showed
that the proton of the CH group of the cyclopentane ring showed 4 coupling with the
protons of the CHy groups (Scheme 63).
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~ Scheme 63

If it was (45b), the proton Ha will show only 2 couplings with the 2 cis and

trans protons of the e position (to give a 3Jyy). The same will be true for the

equivalent proton Hp.

CF,-CFH-CF;

" CF,-CFH-CF,
H

H (4sb) H
Scheme 64

Whereas if we have (44b), for the proton H,, 2 strong and 2 weak coupling
are observed for the cis and trans coupling to the 4 protons at the b and e positions.

This is what was observed in the COSY spectrum.
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Scheme 65

The free radical addition of cyclopentane to hexafluoropropene yielded to the
trans 1,3- (44b) as the major diadduct. This result could has been predicted by two
factors : steric and also electronic effects. The fact that steric hindrance in the trans
1,2-isomer is stronger than in the trans 1,3-isomer acts in favour of the trans 1,3-
isomer formation. But also the introduction of a first fluoroalkyl chain deactivated the
carbon at the b position. The nucleophilicity of the potentially formed radical (at the b
position) decreased because of the electron withdrawing character of the fluoroalkyl
group, this deactivated the site. Whereas this electronic effect did not affect the
carbon at the ¢ position, where the second fluoroalkyl chain was introduced, yielding
to trans 1,3- (44b). '

2.5. Free radical additions of cyclopentanol :

OH R. OH OH Re OH
, + CF,=CF-CF; —2» + Q\ +
RF RF
(46) @7 48)
1.0 .12 5.2 S .10
A, DTBP, 140°C, 24 h Yield : 55%

Rp : CF,-CFH-CF;
Scheme 66

Free radical addition of cyclopentanol to hexafluoropropene was carried out
using di-tert-butyl peroxide as initiating reagent. The moderate yield obtained (55%)
for this reaction is due to the fact that only (46) has been isolated and the yield has
been calculated only with the isolated product. The reaction was less selective than
- using the cyclopentane as starting material in the way that the radical derived from
the alcohol is more nucleophilic (Section 1.6.a.i.), it should enhance the reactivity
towards hexafluoropropene but above all, favoured the production of only one

product for the monoadduct. In reality 3 different products (containing 2 different




" monoadducts in a ratio of 5.2:0.1) were observed in the crude mixture by GC and
GC/MS. The major one was isolated by distillation at atmospheric pressure and
corresponded to the monoadduct (46) obtained by free radical addition at the tertiary
carbon of the cyclbpentanol. '

The 2 other products could not be separated after distillation under reduced
pressure or even by column chromatography. They were observed only by GC/MS
and not isolated. One of them corresponds to a mono-polyfluoroalkylated product
(47), obtained by free radical addition at one of the two secondary carbons of the
cyclopentane ring and the other one (48) corresponded to the di-polyfluoroalkylated
product, an isomeric and diastereoisomeric mixture. Structural determination of (46)
was achieved as above. The presence of the hydroxyl group was proved by IH NMR
spectroscopy. The fact that the free radical addition occurred at the o position of the

hydroxyl goup was proved from the 13C NMR and HETCOR spectra.

* {H NMR spectrum :

The position of the resonance for the OH proton is unpredictable because of
the hydrogen bonding process and the concentration dependent factor. The signal was
observed as a singlet at 1.9 ppm in the same area than the CHj signals of the
cyclopentanol i. e. between 1.6-2.1 ppm. A D70 shake experiment was performed, as
with D2O a rapid exchange between the deuteron and proton occur, therefore
confirming the fact that this was the real signal. With DO, an DHO peak was
obtained at 4.8 ppm as a singlet and the OH peak moved towards higher frequency :
2.0 ppm. The intensity of the OH signal decreased after DO treatment (Scheme 67).
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Scheme 67
* 13C NMR spectrum :

1t showed that the free radical addition occurred at the tertiary carbon bearing
the OH group as a quaternary carbon was observed,at 83.6 ppm as a multiplet rather

than a tertiary one, confirming previous results from the literature30.

2.6. Conclusion :

Free radical addition reactions to hexafluoropropene were the first step in the

precursor synthesis.

* Adamantane :

As it has been described in various examples from the literature4-47, the
mono-, di-, tri- and tetra-polyfluoroalkylations of adamantane occurred at the
bridgehead position. However even though generation of a radical at a bridgehead
position is harder than at a alkyl site!6, the process succeeded and this maybe
explained by the fact that this is an unstrained position44. The mono- (36) and di-
adducts (39) were obtained in moderated yields (respectively 40% and 19%) whereas
the tri- (41) and tetra-adducts (42) were obtained in low yields (respectively 13% and

18%).

* Cyclopentane :

The free radical additions were performed using Y-rays and peroxide
initiations. The selectivity in the monoadduct formation rather than the diadduct was
higher for the y-rays as it yielded exclusively the monoadduct. The isolation of the

diadduct, obtained from the reaction initiation with di-tert-butoxide, allowed us to
show that the introduction of the second fluoroalkyl chain in the system proceeded
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via high regioselectivity and stereoselectivity as the major product was the trans 1,3-
(44b).

* Cyclopentanol :

For the cyclopentanol, the great regioselectivity expected3?, due to the
presence of the hydroxyl group, has not been observed as 3 product formations were
observed. However no structural data for the other monoadduct (47) and the diadduct
(48) were obtained. The major monoadduct derived from the free radical addition of

hexafluoropropene at the carbon bearing the hydroxyl group.
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Chapter 3 : Dehydration and dehydrofluorination reactions
3.1. Introduction :

In this Chapter, we will see the last steps of the precursor synthesis (i. e.
preparation of reactive alkenes and diene). For 1:1 cyclopentane and adamantane
hexafluoropropene adducts, they will be obtained via dehydrofluorination of the
polyfluoroalky! bond (Scheme 68).

Et,0
R-CF,-CFH-CF; + NaO'Bu ‘ziohc > R-CF=CF-CF,
Scheme 68

However, for the 1:1 cyclopentanol hexafluoropropene adduct, the first step is

a dehydration and then a dehydrofluorination to give the reactive diene (Scheme 69).
Rg OH CF,-CFH-CF; CF=CF-CF;

é + socl, X, KOH_

Rg - CF,-CFH-CF; '
Scheme 69

A literature review about the dehydration and dehydrofluorination reactions

will be done before interpreting the results obtained for these compounds.
3.2. Dehydration :
3.2.a. Introduction :
Formation of a C=C double bond by a dehydration reaction can be achieved

using several reagents32. Usually protonation of the hydroxy!l group using an acid
(H,S0Oy4, H3POy) is sufficient to induce the loss of water33 (Scheme 70).
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(l)H *OH,
CH;-CH,-C(CH;), + H,SO, = CH3—CH2—&(CH3)2 + HSO,

- YoH, H
ERE
CH;-CH,-C(CH;); —— CH;-CHIC(CH;), + H,O

|

CH;-CH=C(CH;),
Scheme 70

In some cases, the hydroxyl group is converted into a better leaving group by
using reagents such as thionyl chloride and phosphorus halides. Few dehydrations30.
54-57 have been reported using thionyl chloride -as a reagent. The reactions were
carried by refluxing with thionyl chloride or stirring a mixture of an amine (generally
pyridine) and thionyl chloride at room temperature. The reaction is thought to
proceed via a nucleophilic displacement of the chloride ion, which can then promote

the elimination by acting as a_base.

e H o
Ry OH R X0—S7
cl
Cl N fl H\
+ =\9 reriux -
: C C

-Cl7 1™ (pyridine)

CF,-CFH-CF;
+ HCl
Scheme 71

3.2.b. Dehydration of 1-(1,1,2,3,3,3-hexafluoropropyl)cyclopentanol (46) :

After obtaining the 1:1 adduct of cyclopentanol (Section 2.5.), the first step
towards the diene formation was dehydration of the 1:1 adduct (46). The reaction was
performed using the recent literature procedure3? involving refluxing thionyl chloride

as described above (Scheme 72).
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CF,-CFH-CF,

R. OH
reflux
é + S0CI ’é Yield : 56%

(46) (49)
Rp : CFz-CFH-CF3 :

Scheme 72

Characterisation of the product (49) was done according to the literature30. A

 few NMR points will be illustrated as they were found to be interesting.

* 19F NMR spectrum :

For the CF3 and the CFH groups, the chemical shifts remained essentially
unchanged from the starting material. However, for the AB system (from the CF»
group) the influence of the new double bond being introduced in the cyclopentane
ring was notable as the signal moved to higher frequency. The A signal shifted from -
121.4 ppm to -104.5 ppm and the B from -127.2 ppm to -109.7 ppm. The signal
shapes were also modified. In both cases a doublet of unresolved multiplets was
observed (2Jgg 272.9 ppm and 2Jgg 272.9 ppm).

In the !H NMR and 13C NMR spectra, the alkene presence is readily
detectable, as hydrogen atoms bound to sp? hybridised carbons resonate at higher
frequency and are more strongly deshielded than the corresponding alkanes.

The presence of the ethylenic proton at 6.2 ppm (m), corresponding to the CH
group of the alkene double bond in the cyclopentane ring, confirmed the fact that the
dehydration occurred and gave a proton deshielding of at least 4.1 ppm.

A shift to higher frequency was also observed for the ethylenic carbon as Ca

was bbserved at 135.0 ppm and Ce at 135.8 ppm.

f h
F,-CFH-CF,

b e
c d

Scheme 73

3.3. Dehydrofluorination reactions :

The second and last step of the precursor synthesis was the
dehydrofluorination of the polyfluoroalkyl chain. This step was common for the three

58



1:1 hexafluoropropene adducts. A wide range of methods have been reported in the
literature and several of them are illustrated below according to the fluorine positions

in every compound.
3.3.a. Vicinal difluoroalkanes :

The dehydrofluorination of vicinal dihaloalkanes was studied by Matsuda et
al’3. They compared the reactivity of vicinal dihaloalkanes towards alkoxides :

sodium methoxide, potassium ethoxide or sodium butoxide.

Me,COK, THF
75°C, 16 h
Scheme 74

CsH,,-CHF-CFH-CsH, » CsH,,-CH=CF-CsH,, + HF

The presence of potassium tertiary butoxide in tertiary butyl alcohol, benzene

or toluene increases the reaction rates.

3.3.b. Geminal difluorides :

D. Strobach et al3? provided an easy way to form 1-fluorocycloalkenes. A
reaction using a stoichiometric amount of alumina (neutral and anhydrous y-alumina
or Woelm alumina) lead to dehydrofluorination of the geminal difluorocycloalkane

under mild conditions to give various 1-fluorocycloalkenes (Scheme 75).

F__F F
AlLO;
—_—— P
Woelm
n n
n=2 70°C, 15h 66%
n=3 70°C, 15h 63%
n=4 hexane, reflux 20%
n=9-trans hexane, rt, 46%
overnight
‘Scheme 75

All the dehydrofluorination reactions showed a ketone as side product which

was obtained by hydrolysis of the difluoro compound on the alumina surface.
3.3.c. Dehydrofluorination from a polyfluoroalkyl chain :

3.3.c.i. Polycyclic systems :
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Dehydrofluorination of compounds in which a single hydrogen neighboured a
fluorinated group was achieved by refluxing, during 6 hours, the fluorosubstituted
alkyladamantane in an alcohol solution of alkali hydroxide®0.

A mixture of stereoisomers (Z and E) of the alkene was obtained with 75%
yield but no separation was possible. The dehydrofluorination showed that the
hydrogen fluoride elimination occurred only between the CF; and the CFH in the
fluoroalkyl chain. This result is explained by the fact that the energy of the C-F bond
in the CF group is lower than that in the CF3 group making the fluorine abstraction
of the CF, group easier than for the CFj.

[ /

’ C
C / \F 3
CF,-CFH-CF;

NaOH/EtOH
82-85°C

69% 6%
Scheme 76

3.3.c. ii. Heterocyclic and linear systems :

Hydrogen fluoride eliminations have been carried out on heterocyclic systems.
2H-1-(2-tetrahydrofuryl)-hexafluoropropane® ! = was dehydrofluorinated using
powdered KOH at 110-120 °C for 8 hours or using sodium tert-butoxide in terz-butyl
alcohol at 25 °C for 7 hours. No matter what base was used, the Z-isomer was

stereoselectively obtained in good yield (75% and 71% respectively).

<i7/c1:2-CFH-CF3 O CF=CF-CF,
. U

ﬁ’ AE/Z 19
’ B, E/Z 1.15

A, KOH, 110-120°C, 8 h
B, NaO‘Bu,25°C,7h
Scheme 77
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The fact that the E-isomer was preferentially formed under thermodynamic
conditions was explained by the conformational stability of the carbanion

intermediates involved (Section 3.3.1.).

Dehydrofluorination of hexafluoropropene ether monoadducts was achieved

in this laboratory%2, using potassium hydroxide in diglyme at 120°C (Scheme 78).

O_ (F,CFH-CF, KOH ~_O___CF=CF-CF,
powder 7 75%

diglyme 36%
CH, KOH CH,

I powder [
CH;-CH,-O-CH-CF,-CHF-CF; » (CH;-CH,-O-CH-CF=CF-CF;
: : 47%

KOH
powder
CH;-0-CH,-CF,-CHF-CF; » CH,;-O-CH,-CF=CF-CF;
24%
Scheme 78

With diglyme, the reaction gave low yield and the purification procéss was not
easy. The reactions were repeated using powdered KOH, moderate yields were

obtained and decreased with decreasing of the adduct boiling point.

Swales63 performed the dehydrofluorination of an acyclic ether by heating the
diethyl ether/hexafluoropropene monoadduct with potassium hydroxide pellets in a
sealed system and improved the yield from 47% to 78%. When triethylamine and tri-

n-butylamine were used as bases, no reaction occurred.

CH, KOH CH,
1 pellets [
CH;-CH,-O-CH-CF,-CHF-CF; . » (CH;-CH,-O-CH-CF=CF-CF;
85°C,7h :
78%
Scheme 79

Similar reactions were carried out with 2-(2H-hexafluoropropyl)pyrrolidine$2
and 2-(2H-hexafluoropropyl)-N-methyl pyrrolidine®3, as starting materials (Scheme
80). ‘
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R "R

@,CFZ-CFH-CE (_N]/CF=CF—CF3
A,

B, A, 40%

B, 66%
A, R : H, KOH powder, 150 °C,7.5h
B, R : CH;, KOH pellets, 80 °C

Scheme 80

y

The alkene was produced exclusively in comparable yield with the ether. The

reactions showed that the presence of the amine function did not influence the

reaction.
3.3.d. Polyfluoro compounds :

J. Tatlow et al®4 studied the dehydrofluorination of highly fluorinated

compounds using aqueous alkali solution.

H  xon, 1,0 _
reflux 30 min 82%

Scheme 81

Perfluorocyclohexene was obtained by reaction of the
undecafluorocyclohexane with a concentrated aqueous alkali solution. Similar

dehydrofluorination reactions occurred with polyfluorinated heterocycles.

3.3.e. Vinylic fluorides :

The dimethyl ester (50) was reacted®5 with EtzN.BF3 to give both the allene
(51) and pyran (52) by following 2 directions : elimination of the vinyl fluorine atom

and of the fluorine atom of the trifluoromethyl group leading to the diene compound.
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(CF;),CHCF=C(CO,CHj),

E;N.BF;, Et,0

(50) -20°C, 5 days
F  o. 0CH,
F |
F,C” " C0o,CH; =
F (52
5% (52)
Scheme 82

3.3.f. Mechanism :

(CF,;),C=C=C(CO,CH,), (51)
38%

+

CF,=C(CF;)-CF=C(CO,CHj3),

For compounds in which the hydrogen is "acidified" enough by B-fluorine

atoms and contains a poor nucleofuge group, it is likely that the reaction occurs via an

ElcB mechanism®® (elimination unimolecular from the conjugate base). Anti-

elimination via transition states resembling a (Scheme 83) is favoured at -80°C
yielding preferentially to the Z-isomer. It was suggested that the preference for the a
transition state is due to low energy interactions that occurs between the CF3 and R

groups such as hydrogen bonding#4.

( "OR R F-
H) , Fast
B ST

- F5C F

Scheme 83
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The dehydrofluorination mechanism is a 2 step process: The proton is firstly
removed to give a carbanion as an intermediate species. This step is reversible, fast
and involves a proton exchange with the base. Then in the slower second step, the
fluorine atom which is antiperiplanar with the lone pair on the carbon atom will be
lost to give the alkene. The conjugated base of the substrate gives up the leaving
group. This mechanism is likely to be observed with substrates containing X,CH-CF3
(X : halogen) due to the following conditions :

-The electronegativity of the halogen X on the (-carbon makes the B-
hydrogen more acidic,

-A carbanion intermediate is stabilised by the electron withdrawal by the

halogen,
-The leaving group is not very labile because fluorine is a poor leaving gfoup.

After reviewing the methods used to dehydrofluorinate various fluorinated
compound, we now move towards our results obtained. Firstly we will see the
dehydrofluorination of 1:1 adamantane adduct, followed by 1:1 and 1:2 cyclopentane

adducts.
3.4. Dehydrofluorination of hexafluoropropene adducts :
3.4.a. Adamantane monoadduct (36) :

l1-adamantanyl-1,2,3,3,3-pentafluoroprop-1-ene (53) was synthesised by
dehydrofluorination of (36) using potassium tert-butoxide. The reaction was carried
out at -80°C according to previous work44. Complete conversion of starting material
was achieved and the alkene (53) was recovered by fractional distillation under

reduced pressure (20 mmHg) to give 2 isomeric forms.

CF,-CFH-CF; CF=CF-CF,
(iPr),0 :
! —_— Yield : 74%
+ KO'Bu S0C 0
1.0 2.1
(36) (83)
EZ
1.0:7.3
Scheme 84
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Earlier work showed that the E-isomer was preferentially formed when the
reaction was carried out at room temperature (Section 3.3.f.). This result was
explained by the fact this is the more thermodynamically stable product.

Here, the reaction was carried out at -80°C and therefore kinetic control
dominated and gave the Z-isomer as the major product. The assignment for the major
isomer was done following previous work#* as cis vicinal F, F spin-spin coupling
could not be observed in the !9F NMR and quantitative interpretation of the line
sh-ape was not possible.

I9F NMR of the mixture showed the disappearance of both signals
representing the AB system of the 2 fluorines of the CF; group at -122.6 ppm and -
130.0 ppm and of the fluorine signal for the CFH group at -206.9 ppm. '

For the minor isomer, at -67.6 ppm a doublet of doublets is observed and
gives 4Jgp 22.6 Hz and 3Jpg 10.2 Hz. At -149.3 ppm a doublet of quartets is observed.
The first doublet represents the F,F coupling with a 3Jgg 132.1 Hz and the quartets,
the coupling between the fluorine and the 3 other fluorines of the CF3. At -175.6
ppm, a doublet of quartets with a 3Jgg 122.7 Hz and a 3Jgg 10.5 Hz is observed. The
values for 3Jgg obtained for the signal at -149.3 ppm and -175.6 ppm are in
reasonable agreement with the observed value from the literature49: 50, 51 and are
consistent with the 3Jggyans values. Therefore, it is likely to be the E-isomer (53a)
which is the minor isomer and the Z-isomer (53b) the major, obtained by

dehydrofluorination reaction at -80°C.
3.4.b. Cyclopentane adducts (43) and (44b) :

3.4.b.i. Monoadduct (43) :

CFz-'CFH-CF:; F=CF-CF3
Et,0
+ NaO'Bu —%-» Yield : 80%
(43) (54)
E:Z
1.0 L 25 1.0: 8.3
Scheme 85

Likewise of the adamantane monoadduct (36), the dehydrofluorination of (43)
was performed at -80°C using sodium tert-butoxide and monitored by 19F NMR
(conv. 99%). The product was obtained, after distillation at atmospheric pressure, as a

mixture of Z, E-isomers in a ratio of 8.3:1.0. The compounds were characterised as

above.



In this case, the fact that the Z-isomer (54b) was the major isomer was proved
" by 19F NMR by calculating the coupling constants 3Jgg between the 2 fluorine atoms’

present on, the double bond for both isomers and the data are summarised in Scheme
86..

1494 epe. 5.5 Hz
ddq F‘ .67.7 FFcis -
Fy 44
- A -159.3
dq
F<_1£175'4 CF,
E 5] Z 656
JFFtranS 1309 HZ ) dd

Scheme 86
3.4.b.ii. Diadduct (44b) :

Dehydrofluorination of the diadduct (44b) was performed using a 4 fold

excess of base (Scheme 87).

CF,-CFH-CF; CF=CF-CF; CF=CF-CF,
+ NaO'Bu —80cC +
"/CF,-CFH-CF; Et,O """CF=CF-CF; CF=CF-CF;
(44b) - (55) (56)
1.0 : 4.0 1.0 : 1.0
Yield : 83%
Scheme 87

While the yield was good, the selectivity was zero. The 2 products obtained
had similar molecular ions (m/z 330) and nearly the same fragmentation pattern.

It was thought that the structural difference between the 2 compounds could
be caused by a difference in the stereochemistry of one of the 2 double bonds. The
products can be a mixture of (E,Z) and (Z,E) or (E,E) and (Z,Z). 19F NMR would be
an useful tool in this case as the calculation of the 3Jgg will distinguish the
stereochemistry of the 2 double bonds of each compound. Only three 19F resonarces
were present in the spectrum, indicating that in both structures the 2 fluoroalkyl
chains were equivalent. This eliminated compounds having one of the fluoroalkyl
chain bearing Ff and Fg in the E-configuration and the other one in the Z-
configuration. Therefore the 2 compounds could be either (Z,Z) or (E,E).

Measurement of the coupling constants at -134.7 ppm showed a doublet of quartets
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with 3Jgg 4.5 Hz and 4JpF 8.7 Hz and at -157.8 ppm a quartet of doublets with 3Jgp
11.7 Hz and 3Jgg 4.5 Hz. The 4.5 Hz is likely to be cis, therefore, only the (Z,Z) form
is present.

- It was also thought that the relative chirality of one of the chiral centres was
different and the reaction had given epimers. The NMR spectral data confirmed this
result. Both of these compounds are symmetric according either to a plane or a
rotational axis bisecting the Cd-Ce bond and passing through Cb and therefore, for
each compound, Ha will be equivalent to He and Hd to He as well as Ca will be

equivalent to Cc and Cd to Ce (Scheme 88).

f h f h
CF=CF-CF, CE=CF-CF,

‘- b’—
€ e

C ' C
d " “CF=CF-CF; ¢ - YCF=CF-CF,
Scheme 88

In the!H NMR spectrum, because of the symmetry, it was expected only 5
resonances in the spectrum. Two different signals, one for each compound, for He,y
and eq and Hdax and eq, they were observed at 1.8-1.9 ppm and 2.0-2.1 ppm. Then 2
different signal for Hb, but because of the complexity of the signals and the
overlapping, only one resonance has been observed at 1.9-2.0 ppm. And finally, 2
resonances for Ha and He which were observed at 3.2 ppm and 3.3 ppm. In the 13C

NMR spectrum, .12 signals were expected and were observed.

Epimerisation of the chiral carbon occurred during the dehydrofluorination
reaction. It appears that the epimerisation process was favoured or catalysed by the
base, as no other species was present in the reaction mixture and the 2 compounds
were already observed in the crude mixture (i. e. they did not result from the work
up). To better understand how epimerisation occurred and whether one of the two
epimers (55) and (56) could be exclusively obtained, the pure mixture was added to a
4 fold excess of sodium tert-butoxide at -80°C (i. e. the same conditions used to
perform the dehydrofluorination). After a similar work up, distillation yielded the
same ratio mixture of epimers. The epimerisation process is similar to the
racemisation process encountered for enantiomers, when one enantiomer equilibrates
with its mirror image. The mechanism is likely to involve a planar achiral carbanion
_as intermediate, where the proton attack in the second step can occur equally from

either side of the intermediate (Scheme 89).
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CF=CF-CF; CF=CF-CF;

o H+
. -80°C
MCF=CF-CFy T 00U TEO CF=CF-CF;
(44b) H+j
CF=CF-CF, CF=CF-CF,
+ ,
“!CF=CF-CF, . F=CF-CF;
(55) (56)
1.0 : 1.0
Scheme 89

Several attempts to prove the mechanism using NMR spectroscopy were
made. In a first attempt, the pure epimer mixture was dissolved in deuterated
chloroform and a drop of deuterated butanol was incorporated. The aim of this was to
replace the hydrogen atom by the deuterium one (a secondary isotope effects), where
these effects are correlated with the carbanionic character. The evolution was
followed for one week by 'H NMR by integrating the signals at 3.2 ppm and 3.3 ppm
(C-H tertiary signal). After 7 days, the initial ratio and the final ratio were identical.
In the second attempt, some sodium tert-butoxide was added to this mixture and the
evolution was again monitored by !H NMR. After 7 days, the ratio remained
unchanged. The last attempt was carried out by considering the temperature
dependent reaction factor since the dehydrofluorination reaction was carried out at -

80°C. IH NMR spectra were taken as the temperature of the mixture was varied from
-50°C (above the freezing point of the CDCl3) to +50°C. Still the same integration

ratios were obtained after these experiments. In all 3 cases a 17F NMR was taken, to
make sure that no nucleophilic additions took place rather than the replacement of the
hydrogen by the deuterium. The mechanism of the reaction could not be proved via

deuterium exchange as the 2 forms seem to be in equilibrium.
3.4.c. Cyclopentene monoadduct (49) :°

Dehydrofluorination of the 1:1 cyclopentene adduct (49) was performed using
KOH flakes (dried overnight) instead of sodium tert-butoxide. The advantages of this

method are : it avoids the use of a solvent as the reaction was carried out using

vacuum line transfer techniques, the product is obtained without the need for further
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purification and it is a temperature independent reaction. The dehydrofluorination
reaction allows the introduction of a second double bond in the fluoroalkyl chain,

leading to a conjugated diene (Scheme 90).

CF,-CFH-CF,
- CF=CF-CF,
+ KOH 2?t h_ @/ Yield : 83%
49) (57b)
10 49 EZ

1:19
Scheme 90

Only traces of the minor isomer (E) appear in the NMR spectra. By
integrating the two CFs signals for both isomers in the 19F NMR, a ratio of 19:1 was

observed. Only the NMR data for the major isomer could be recorded.

The stereochemistry of the double bond, for the major isomer, was determined
using 19F NMR and this confirmed the fact that the 2 fluorine atoms were in cis
position in the double bond and that the Z-isomer was exclusively formed. .

Dehydrofluorination using KOH favoured, as dehydrofluorination using
sodium fert-butoxide at -80°C, favoured exclusive production of the kinetically stable
isomer : Z-isomer (§7b). The reaction is highly stereoselective as a ratio major:minor

of 19:1 was observed.

3.5. Conclusion :

* Cyclopentene monoadduct (49) :

Dehydratiori and dehydrofluorination reactions yielded a fluorinated
conjugated diene (57b). The reactions proceeded smoothly in good yields (56% and
83% respectively). Dehydrofluorination using potassium hydroxide under anhydrous
conditions and in vacuo, appears to be a good dehydrofluorination method to obtain

the Z-isomer as high stereoselectivity was observed with a Z:E ratio of 19:1.

* Adamantane (36) and cyclopentane (43) monoadducts :

The stereoselective synthesis of the Z-pentafluoro olefin with general formula
R-CF=CF-CF5 (R : cyclopentane and adamantane) was achieved in high yields (80%

and 74% respectively) using sodium or potassium tert-butoxide as reagent at -80°C.
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The reactions proceeded by a E1cB mechanism with stereochemical eliminination

being the controlling factor.

* Cyclopentane diadduct (44b) :

Dehydrofluorinating the trans 1,3-(44b) led to epimerisation of the product. A
ratio of 1:1 of the epimers was obtained. Various experiments has been performed to

try to prove the carbanionic mechanism of the epimerisation process without success.
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Chapter 4 : Z-Alkene chemistry studies

4.1. Introduction :

This Chapter will concentrate on the study of the precursor (i. e. the Z-alkene)

reactivity towards nucleophiles and electrophiles (Scheme 91).

E

. F .
Products Nucleophiles = )—_ Electrophﬂes' Products

R R,
z |

R : Cyclic alkanes and cyclic alkene
Scheme 91

The few first paragraphs of this Chapter will constitute a literature review of
'nucleophilic and electrophilic addition reactions to fluoroalkenes as some general
features such as the regioselectivity of the addition and the mechanism of the various
reactions need to be established. As it was shown ih Section 1.5.c., fluoroalkenes are
very electrophilic, making their chemistry dominated by nucleophilic substitution

reactions®’.

4.2. Nucleophilic addition reactions :

4.2.a. Regioselectivity :

In the first step of the nucleophilic addition reactions, a vinyl carbanionic
intermediate is formed (58), implying that the reactivity and orientation of the

nucleophilic attack depends on the stability of the intermediate7 (Scheme 92).

H
’ uc uc -
ue F F B I 1 |+

A Fo F Fp Fo F Fg
Nuc
(58) Path B .
— Fy
-Fp g/

Path C Nu°>=%<
= F
-F A F B

Scheme 92
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Three pathways, leading to different products, are possible after addition of

the nucleophile :

-Path A : an addition product is obtained by protonation of the carbanionic

species,
-Path B and/or C : an elimination product is obtained via fluoride ion

elimination.

4.2.b. Factors influencing the reactivity of the orientation attack :
4.2.b.i. Polar effects :
~ Due to the fluorine having the highest electronegativity of all the halogens, a

greater reactivity is observed for alkenes bearing a fluorine atom rather than a

chlorine (Section 1.1.).

4.2 b.1i. Electronic effects :

One fluorine atom in the o pbsition to a carbanion have a stabilising effect.
However calculation and experimental work disagree on the effect of a B-fluorine to a
carbanionic stability, it has always been considered®’. 68 that fluorine in the B position

has a stabilising'effect due to its electron withdrawing character (-I6) (Scheme 93).

F<€—C-C e el OF
-Io (stabilising) -lo " (stabilising)
B o
Scheme 93

4.2 b.iii. Orientation of the attack :

1
Y ‘ _ Nuc
CF;-CF=—=CF, > CF3-CF-'3:F2
Scheme 94

Scheme 94 shows that the CF, position is exclusively attacked by

nucleophiles and this regioselectivity can' be rationalised by 2 factors. The first factor
is that the CF3 group attached directly to the carbanion causes a stabilisation effect.

72



This decreases the nucleophilicity of the ion and therefore stabilises the adjacent
negative charge. The second factor is caused by the fluorine inductive effect; the
difluoromethylene group is more susceptible to nucleophilic attack than the CF group.
Examples of this are illustrated in the reactions where methanol and ethanol were

added to fluoropropenes in presence of base (Scheme 95).

. KOH/60°C
CH3OH + CF2=CF'CF3 ) ol CH30‘CF2"CHF'CF3 83%
13 h autoclave +

CH;0-CF=CF-CF;

B
C,HsOH + CF,-CCI=CF, ——» C,H;0-CF,-CHCI-CF,

+
CHCI(CO,C,Hs), + CF;-CHCI-CO,C,H;

C,H;OH + CF;-CCl=CCIF —23€ ¢, H,0-CF=CCI-CF,
34%
Scheme 95

4.2.c. Mechanism :

The nucleophilic substitution at a vinylic carbon involves an addition
elimination process®?, where the cabanionic intermediate contains both X leaving and
Y entering groups. This is possible only if the negative charge is antiperiplanar to the
C-X or the C-Y bond (Scheme 96).

o 7\ | | A N -
> —_— N — — X
, CX+ Y (_5‘| X /C—C\;
Y
Scheme 96

Rappoport and co-workers have shown in their various stereochemistry
- studies®-72 that in most cases of dehalogenation reactions, retention of configuration

is observed. However, stereoconvergence (the same product mixture from an E- or Z-

substrate) has also been observed when the carbanionic carbon bears 2 electron
withdrawing groups.

4.3. Examples of nucleophilic addition reactions :

4.3.a. Reactions involving oxygen centred nucleophiles :
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4 .3.a.1. Saturated alcohols :

The first reactions on fluoroalkenes of this type, were carried out by Hanford
and Rigby73: 74 in 1946. They performed the addition of alcohols to
tetrafluoroethylene and fluoroalkenes of the general formula XFC=CF, (X : H or hal)

in presence of a base as a catalyst (Scheme 97).

Na

CszOH + CF2"—'CF2 — C2H50-CF2‘CF2H
Base ,
CH;OH + CF,=CCIF —gr™  CH;0-CF,-CCIFH
Scheme 97

In each reaction, the difluoromethylene group in the chlorotriﬂﬁoroethylene
was preferentially attacked rather than the monofluoromethylene. They only obtained

products resulting in addition across the double bond.

Miller and co-workers’> showed that the regiospecificity of the attack was due
to the resonance effect of fluorine. They studied the addition of ethoxide to
trifluorochloroethylene using base as a catalyst. The reaction was exothermic and

fast, resulting in an unsaturated ether produced by the addition elimination process
(Scheme 98).

C,HsONa + CF,=CCIF »  C,H;0-CF=CCIF
Scheme 98 -

Work has been carried out at Durham76: 77, Dmowski®! performed one of the

first reactions, reacting the compound (59) with various sodium alkoxides (Scheme
99).

(v pomeR (A [
o F=CF-CF, - 0~ “C(OR)=CF-CF; F(OR)-CFH-CF,

59 (60) (61)

R: C2H5-, n-C3H7',‘ l.SO'Cj,H’}', C)’CIO-Cng-,
CF;-CHy-,(C,Hy),NCH,-CH,-
Scheme 99

All the reactions studied showed that a product (60) was obtained from

addition elimination across the double bond. Nucleophilic attack occurred each time
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exclusively at the carbon bearing the tetrahydrofuryl group. Addition elimination was
rationalised by the high electron density of the Ca of the carbanionic species (Scheme
100), which makes the fluoride ion elimination faster than the hydrogen abstraction

from another molecule of alcohol.

F
/\- _/\\ -CaF-CF,

0]
OR
Scheme 100

4.3.a.11. Unsaturated alc¢ohols :

By performing a nucleophilic addition of allylic or vinylic alkoxide derivative
to the Z-alkene, a fluoroalkyl ether will be formed and maybe rearranged to give the

corresponding ketone via the Claisen rearrangement.

F . o)
_—
RH + NaO-CH,-CH=CH, R)#
' CF, | l CF,
R : Cyclic alkanes, cyclic alkenes

0O

R)l?i\//
F,

Asymmetric synthesis of a molecule containing fluorine or trifluoromethyl
group is a difficult task to achieve. However, their preparation is industrially
important (Section 1.2.). The Claisen rearrangement has been a useful tool for

stereocontrolled C-C formation, since its discovery in 191278, The asymmetric

Scheme 101

Claisen rearrangement provides a good way to induce chirality transfer’9-81 for
creation of at least one chiral center and stereoselective formation of a double bond.

* Mechanism :
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The mechanism of Claisen rearrangement, involves a pericyclic [3,3'
sigmatropic reaction with the migration of a ¢ bond within the conjugated nt-systems82.
83

”
ll
3 o ~N
OFX  150-200°C 0
(N2 Yz
2

Scheme 102

This reaction implies a suprafacial pathway8!. 84 with a chair like transition
state because of the favourable LUMO C3 and HOMO Cs' interactions (Scheme 103).

. 2
0

Chairlike
Transition State

Scheme 103

Whereas unfavourable interactions between the LUMO Cj and HOMO Cy' in

the boat like transition state are observed (Scheme 104).

\ LUMO
J Boatlike
3 Transition State
* HOMO
Scheme 104
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* Stereocontrol :

The stereochemical outcome of the reaction, i. e. stereochemistfy of the chiral
centre obtained as well as the geometry of the new double bond being formed,
depends on 2 factors : '

-The geometry of the double bond of the parent substrate (Scheme 105). The
stereochemistry of the 2 adjacent chiral centres, obtained in the ketone, can be anti or

syn.

Scheme 105

-The chirality of the parent substrate, if the substrate is chiral at the 1-position,
a different product can be obtained according to the configuration of the carbon
(Scheme 106).

R, R,

-
-~
~

Scheme 106

Therefore, the conformation of the transition state is controlled by both steric

and electronic effects.

4.3.a.iii. Claisen rearrangement involving fluorine containing molecules :
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One of the earliest Claisen rearrangements of fluorine containing molecules
was discovered in 1967 by Krespan85. He reacted allyl alcohol with
octafluoroisobutene and obtained 4-pentenyl ester with the intermediate rearranging
at a temperature below 50°C. It was observed that the presence of fluorine in the
vinylic moiety accelerated the Claisen rearrangement. This result was correlated by
Andreev and co-workers8¢ who observed formation of a side product (63) in a 15%
yield, by reaction of octafluoroisobutylene with allyl alcohol in the presence of a base
(KF). Product formation was rationalised by the Claisen rearrangement of (62), where
the carbanionic species rearranged via fluoride elimination. Andreev et al 86 showed

that in proton acceptor solven;s such as DMF, DMSO and KF, the ketone (63) was
obtained in 60% yield, even at -30°C (Scheme 107).

CF
*C=CF-0-CH,-CH=CH,

P~ ) F cry”

o ( C(CFy), -CE .

+ ——— CX-KC /0 -

\ -
CH,=CH-CH,0H NCH. CFa
_ H _
2 C-C(O)F
— (63)
(62) 3 CH,CH=CH,
Scheme 107

Similar reaction were performed using propargyl alcohol. This reaction was
exothermic in presence of KF and solvent even at 0°C and -15°C and gave an allene

as rearranged product (64) (Scheme 108).

CF
*>C=CF-0-CH,-C=CH

CF3\C=CF2 F‘ C -CF'G -CF3/
CF 3/ (CF3), 5 -F
——
_ ) cnEcs N
CH=C-CH,0H H, : CF3\C—C(O)F (64)

CFs" CH=Cc=CH,
Scheme 1‘08

Both carbanionic species gave a sigmatropic rearrangement The introduction

of fluorine atoms in a vinylic system results in lower temperature being used to

accomplish the Claisen rearrangement.
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4.3.a.iv. Effects of a CF3 group at C1 position :

Little effect on the rearrangement rate has been observed when the allyl vinyl
ether is substituted at the C-1 position. Burger and co-workers87-8% showed in
reactions between (65) with allyl alcohol, the nucleophilic substitution occurred at the
5-position. Surprisingly they could not isolate the allyl vinyl intermediate (66) which
undergoes Claisen rearrangement at room temperature to give (67) (Scheme 109).

F,C

Xe
N AN N
2/ N CH,=CHCH;0H — O —» I .j/ PR
F \o” “Ph o 0" N7 >Ph

(65) (66)

Scheme 109

However, in their studies on benzyl type alcohols, they showed that the allyl

vinyl intermediate could be isolated (Scheme 110).
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OH

F;C
N - __KOH )\
/ »\ S " Dioxan Ph
|

R,
(68) A
b,R,;:H,R,: OMe Y
X:CorN : 1/
¢, R, R, : OMe R—x/ N N
X:CorN —_— \>/Ph
F
1 03 O
(70)

Scheme 110

The rearrangement of (69) into the ketone was performed depending on the
substituent nature on the benzyl ring. For example, the rearrangement of the
dimethoxy-derivative (69c) into the dopa-derivative (70c), took place at room

temperature in less than 24 hours, whereas the 4-methoxy derivative (69b) rearranged

in 5-6 weeks.

Because of the accelerating effect that fluorine atoms can have on the rate of
the Claisen rearrangement, a lot of systems containing fluorine have been studied
these last few years. The various examples in the literature?0-98 showed that the

subject is still a field of interest.
4.3.b. Reactions involving nitrogen centred nucleophile :

Little work has been reported?9: 100 using nitrogen systems as nucleophiles.
The most common reagent involved in these reactions was ammonia.

Tetrafluoroethylene, for example, has been reacted by Rigby and co-workers??, to
yield difluoroacetonitrile (71), which readily trimerised to give (72) (Scheme 111).
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— NH,-CF,-CHF, (71)

CF,=CF, + NH; (ACS)ZCU

NH,-CF,-CHF, — NC-CHF, + 2HF
CHF,
3NC-CHF, —
N N (72)

§S
C%%N CHF,

82%
Scheme 111

Primary and secondary amines have also been reported to react with
fluorinated alkenes!00 (Scheme 112).

CHs),0
—(—z—rts—)z—-> CF;-CFH-CF,-N(C,Hy),

+
CF;-CF=CF-N(C;Hs),

CF;-CF=CF, + (C,Hs),NH

Scheme 112

A mixture -of saturated and unsaturated (resulting from the
dehydrofluorination of the fluoroalkyl chain) products were obtained by reaction of

hexafluoropropene with diethylamine.
4.3.c. Reactions involving carbon centred nucleophile :

Organolithium and organomagnesium derivatives add to fluoroalkenes to give

the addition elimination product.

4.3 .c.i. Organolithium compounds :

Addition of fluoroolefin to organolithium derivatives has been a subject of
interest since 1955. Mc Grath and Levinel0! reacted a 2 fold excess of phenyllithium
with tetrafluoroethylene, in refluxing ether which led to the diaddition product

(Scheme 113).

ether

CF,=CF, + 2 CHsLi —39MN o { CF=CF-CH; + 2LiF
reflux

Scheme 113
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The mechanism involves for these syn addition and elimination processes is

the following one :

F
Y. F . Y. R
Nrk—p & y—E—R NS
Li g+ X—C—Li
x{ Nx, )|(b x{ Nx,

Scheme 114

Dixon!02 reported that the reaction proceeded better when Y : F, Xa and Xb
are electronegative. R is reacting with the positive carbon atom of the double bond, to
form an unstable intermediate which will, by lithium fluoride elimination yield the
alkene. More recently, other perfluoroalkenes have been reacted with organolithium

derivatives103,

4.3 c.ii. Organomagnesium compounds :

Grignard reagents have been proved to react successfully with
fluoroolefins!03. 104 a5 jllustrated in the reaction between the perfluoroalkene (73)
with phenylmagnesium bromide (Scheme 115). The presence in high yield of
biphenyl indicated that this time a free radical process via a one-electron transfer is

involved in the first step.

C,F - JCF

25 /CF3 5 /CF3 .
=C\ + PhMgBr —> /C=C\ + Ph

F3C (73) C2F5 F3C C2F5

' (CsFis5) + F~ + Phy

(CeFis) +e » (CgFis5)~ '

(CgFls) - -—-E—'» C3F14

CgF4 + PhMgBr ——» (CF,-CF=C(CF;)C(CF;)=CFPh
Scheme 115

4.3 .c.iii. Sodium malonate derivatives :
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Finally sodium malonate derivatives have been reported to react with
fluoroalkenes. Rozov and co-workers!05 proved that sodium malonate derivatives
reacted successfully with hexafluoropropene in dimethyiformamide to give the ester
(74) in a good yield (Scheme 116).

' DMF
CF;-CF=CF, + NaCH(CO,CHjs), 35-400C CF3-CFH-E=C(C02CH3)2 (74)
2h H(CO,CHjy),
93%
Scheme 116

4.4. Electrophilic addition reactions :

After studying nucleophile reactions of fluoroalkenes, it seems natural to show
an interest towards reaction of fluoroalkenes with electrophilic reagents. Because of
the electron withdrawing influence of fluorine, fluoroalkenes are electrophiles
(Section 1.5.c.). Therefore, they should react poorly with electrophiles and sometimes

require drastic conditions!06.
4.4.a. Orientation of electrophilic attack :

The addition proceeds according to the double bond polarisation, which
depends on the ¢ inductive effect of the fluoroalkyl group and the electronic effect of
the fluorine atoms on the double bond!97. As shown in Section 1.1., fluorine
possesses an unshared p electron pair which stabilises the carbocation whereas a
trifluoromethyl group directly attached have a destabilising effect (Scheme 117).

.. +
FQ* C—»CF;

Stabilising ~ Destabilising
Scheme 117

4.4.b. Halogenation :

In most cases, additions of electrophiles to a fluorinated double bond proceed
via a radical mechanism induced either thermally or photochemically. However some
bromination reactions appear to occur via a ionic mechanism, such as addition to
perfluorovinyl ethers and perfluorovinyl amines (Scheme 118), under mild condition

83



at 0°C. The polarisation of the double bond is mainly due to the unshared electron

pair of both heteroatoms.

CF,-CRACFO-CH; + Br, —XS» CF,-CFBr-CFBr-O-CH,
CF, CRCEN(CHy), + Br, —2Com CF,-CEBr-CFBr-N(C,Hs),
Scheme 118

Douglas!08, studied in more detail the ionic process involved in this reaction.
For acyclic alkenes, an anti addition of the bromine to the double bond is observed

involving a bromonium ion as intermediate (Scheme 119).

' Br
CF; _O-CH cry () jo-CH
\ Ve 3 3 3
/C:C\ + Br, =
F F F¥ N/ F

CF, lBr 0-CH,
Anti addition
N
F
Be F
- Scheme 119

4.4.c. Interhalogenation :

In this process, involving species such as (IBr, BrF, CIF), ionic processes are

observed because of the polarity of these mixed halogens.

I>Cl==1 + CI
Scheme 120

4.5. Epoxidation reactions :
Epoxidation reactions can be either carried out using oxygen centred

nucleophiles or oxygen centred electrophiles. Therefore, this reaction seemed suitable

to compare the double bond reactivity and to finish off the fluoroalkene reactivity

studies.
4.5.a. Oxygen centred as nucleophile :

4.5.a.i. Sodium hypochlorite :
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These reactions are usually carried out using aqueous sodium hypochlorite, in
alkaline solution and acetonitrile!0%-111, They usually occur at room temperature to

give the epoxide in good yield (Scheme 121).

CF-),CF F CF-),CF F
(CFR —c” 4 Naoq . MeCN (CF3)e N’
i S al - ' —_
/¥ OH 7\ F
rt
T2%
Scheme 121

4.5.a.11i. Peroxide :

An aqueous solution of H;O7 in presence of a base, at room temperature, has

been used to obtained the hexafluoropropylene epoxide!1? (Scheme 122).

CF; JF H,0, CF; F
F/‘C—C\F NaOH »F/‘c\—-/c\F
0
Scheme 122

4.5.b. Oxygen centred as electrophile :

The most common reagents to perform these reactions is meta-

chloroperbenzoic acid.

4.5.b.i. meta-chloroperbenzoic acid :

These reactions proceed smoothly at room’7 temperature to give the resulting
epoxide. For example Fujita and co-workers!13, studied the epoxidation reaction of

allylic fluorides. They obtained 2 products with different stereochemistry.

RY\/R m-CPBA R\‘/\O,/R+ R\‘/<?/R

F F F

R : n-Hex, i-Pr, tert-Bu
Scheme 123
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After the literature -review about the various reactivity studies effected on
different fluoroalkenes, the following part of the Chapter will concentrate on the work

carried out in the laboratory.
4.6. Nucleophilic additions involving oxygen as nucleophile :

4.6.a. Using alkoxide derivatives :

The reactions were performed using 3 classes of reagents : saturated alcohols
(ethanol, methanol), unsaturated alcohols (allyl, propargyl, but-1-en-3-ol, crotyl,
benzyl, geraniol and 4,4,4-trifluoro-but-2-en-1-ol) and at last, diols such as propane-
1,3-diol. For each reactions, the Z-alkene was reacted with the powerful nucleophilic
ion RO-, prepared by removal of a proton from the alcohol, using sodium metal
(Scheme 124).

_AorB _ Nat-OR

ROH + Na
| S|
A, alcohol as solvent, rt, 24 h

B, THF,50°C, 24 h

Scheme 124

The fact that the alcohol was deprotonated in the first step, avoided the
formation of the addition product. This product could be obtained by addition of the
alcohol across the alkene double bond to form a saturated ether as a side product

(Scheme 125).

F , F OR

H
= F
CF,

CF;
Scheme 125

All the reactions were heated at reflux and monitored by 19F NMR, observing
the disappearance of the Ff signal of each system studied with a general formula :
R-CFf=CFg-CF3.

4.6.b. Saturated alcohols :
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4.6.b.1. 1-(Z-pentafluoroprop-2-enyl)cvclopentane (54b) and sodium ethoxide :

, O-CH,-CH, 0-CH,-CH,
CF=CF-CF; .
O EtOH CFs
+ EtO"Na —=eflux +
4 days F
(54b) : (75b) CF; (75a)
1.0 © 20 1.0 ; 0.3
Yield : 33%

Scheme 126

A mixture of 4 products was obtained for this reaction. The E- and Z-isomers
(75a) and (75b) in a ratio 1.0:0.3 and product from the addition reaction across the
double bond (76) (as a diastereoisomeric mixture) were obtained. Theoretically,
because of the introduction of 2 chiral centres, 4 diastereoisomers of the addition
product (76) should be obtained and therefore in the NMR spectra, only 2 set of
signals should be observed as RR=SS and RS=SR and this is the case. The presence
of the addition product maybe due to the fact that as ethanol was used as solvent, thus
present in excess in the reaction mixture, leading to its addition across the double
bond. The addition product formation can also be due to the fact that the intermediate
carbanion picked up a proton from the solvent.
' As expected, the replacement of a fluorine by an ethoxy group did not have a
significant influence in the NMR spectra, maybe because of their similar electron
withdrawing character and electronegativity, leading to similar chemical shifts and

coupling constants.

x Z-isomer (75b) :

A long range coupling constant was observed for Cb and Ce with a 4Jpg 2.3

Hz, which was not observed in the fluoroallgene (54b) (Scheme 127).
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i
O-CHZ-CH3
b F
c T~

d CF
€ h3

Scheme 127

* E-isomer (75a) :

Not all the carbons could be assigned due to the low yield of this isomer. For
Ha a well resolved signal was obtained with a doublet of doublets of quartets at 2.9

ppm. As for the Z-isomer, a long range C,F spin-spin coupling was observed at 30.0
_ppm for Cb and Ce (4JcF 3.0 Hz) (Scheme 128).

i
0-CH,-CH,
b CF
h 3

d e F
Scheme 128

Curiously, examination of the 'H, 13C and !9F NMR spectra recorded after
few days, showed that the ketone (77) was the only product in the mixture (Scheme
129).

O-CH,-CHj O-CH,-CH;

F CF;
0]
+
H
CFy g rt, days
(75b) (75a) —_— CF,
CH;-CH,- F .
Fy, (77)
. _
CF,
(76)
Scheme 129

The infrared spectrum confirmed this result with the appearance of a strong
C=0 vibration band at 1734 cm-1. The fact that the ketone (77) was obtained can be
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explained by the mechanism illustrated in Scheme 130. Where firstly, some traces of
NaF salt could have been sufficient to induce the transformation of the 2
diastereoisomers (76) into the Z- and E-isomers (75b) and (75a) generating HF.

O-CH,- CH3 O-CH,-CHj
F
| + Na F fhdays + HF
(76) F3 CF3
- (75b) and (75a)
+ H*
' 2o O- cH2 CH3 O.'CH?-'CH3
- CF;
Y 0-CH,-CH,

W

CFs

Sc-heme 130

The vinylic ethers were readily hydrolysed by the acid present in the mixture
according to the previous mechanism. The first protonation did not occur at the
oxygen but on the 3 carbon.

4.6.b.ii. 1-(Z-pentafluoroprop-2-enylicyclopentane (54b) and sodium methoxide :
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CF=CF-CF, - CH;-O_ F .

O ————-—MeOH )

. Reflux

+ MeO*Na- »

(54b) 8 days (78) s

1.0 > 20 - Yield : 35%
Scheme 131

The Z-alkene (54b) was refluxed.in methanol with sodium methoxide, in the
same way as the previous reaction. No nucleophilic substitution reaction was
observed as the only product was the addition product (78). This created 2 chiral
centres inducing the presence of 4 diastereoisomers which will yield 2 sets of signals
in the NMR spectra. Only one set was observed by NMR spectroscopies, therefore
implying that at most 2 diastereoisomers (RR and SS, SR and RS) were present in the
final product. The mass spectrum failed to show any molecular ion, however the

NMR data were consistent with the product structure.
4.6.c. Unsaturated alcohols :
Various unsaturated alcohols were studied in order to compare their reactivity.

4.6.c.i. 1-(Z-pentafluoroprop-2-enyl)cyclopentane (54b) and allyl alcohol :

F O ‘
F | THF _
—— 80 OC
+ NaO-CH,-CH=CH, S days Fs F
CF, .
(54b) (79)
1.0 3.0 ' ,
Yield : 67%

Conversion : 95%
Scheme 132

1-cyclopentyl-2-fluoro-2-trifluoromethyl-4-penten-1-one (79) was obtained

via a Claisen rearrangement of the allyl alkyl ether (Section 4.3.a.i1.). The mechanism

of the reaction is illustrated in the following Scheme 133.
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F THF g,(\

F 80°C
| + NaO-CH,-CH=CH, 9days ~

CF; CF;
(54b) (80)
_ F ~
F
0] - @)
Z Fi—
éFé and/or
| i
(81) (82)
0 . 0 '
CF; F and/or (‘j‘F3 F
'(83) ’ (84)

Scheme 133

The fact that the Claisen rearrangement took place and that the ketone (79)
was obtained rather than the ether (80), was shown firstly by the appearance of a C=0
vibration band at 1731 cm-! in the infrared spectrum. The presence of the carbonyl
group was confirmed by the 13C NMR spectrum where the carbonyl carbon resonated
at. 206.9 ppm as a doublet (2Jcp 27.5 Hz). This signal at high frequency is
characteristic of a ketone, as they are usually observed between 200.0 ppm and 210.0
ppm.

The Claisen rearrangement was observed by I9F NMR with the disappearance
of the signal of the vinyl fluorine NMR signal at -133.6 ppm (which is similar to that
observed for ﬁhe starting material (54b) and émphasised, as in Section 4.6.b.1i., that the
replacement of a fluorine by an oxygen does not affect the chemical shift of the

neighbouring fluorine) and appearance of a signal at -180.0 ppm (Scheme 134).
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O -133.6 ppm ‘ 0
== ' —
CF, | CF; F .1800ppm
(80) (79)
| ‘Scheme 134

The loss of the double bond as well as the presence in the  position of the
carbonyl function dramatically affected the fluorine chemical shift by about 50 ppm.
A similar thing was observed for the 3 fluorine atoms of the trifluoromethyl group as
a-difference of 10 ppm was observed. The 19F NMR proved that the rearrangement’
did not occur immediately. In fact the allyl ethers (80) and its E-isomer were visible,
since 2 doublets corresponding to the CF3 groups were present at -63.1 ppm and -64.5
ppm. Therefore the Claisen rearrangement was not immediate and the reaction was
completed after 9 days. '

By rearranging into the ketone (79), the achiral starting material yielded a
racemate, as an stereogenic centre C* has been created a to the carbonyl group

(Scheme 135). -

0]
% —
CF; F
Scheme 135

As shown in the mechanism, the 2 transition states (81) and (82) led to 2
enantiomers (83) and (84). The presence of one chiral centre would lead to 2
enantiomers R and S, but by NMR spectroscopy they would not be distinguishable.

* I H NMR :

The 2 protons of the methylene CHjy group are non-equivalent and

diastereotopic and the methylene carbon is a prochiral centre (Scheme 136).
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F CF,

Hy | Hy
R

R : cyclopentane
Scheme 136

Stjch protons Hy' and Hp'* coupled to each other at a different chemical shift.
A doublet of doublets of doublets was observed at 2.6 ppm for one of them (3Jgy 13.2
Hz, 2Jyy 14.4 Hz and 3Jgy 6.8 Hz) and for the other one, at 2.8 ppm a doublet of
doublets of doublets (3Jgy 34.6 Hz, 2Jgy 14.4 Hz and 3Jyy 7.6 Hz)-

* 3C NMR :

If the 1H NMR spectrum placed all the protons of the CH» groups in the
cyclopentane ring to be equivalent between 1.6-1.9 ppm, the 13C NMR spectrum
allowed distinction of 2 kind of carbons in the cyclopentane ring. Cc and Cd
resonated at 22.9 ppm and Cb and Ce resonated at 26.1 ppm with a long range F,C
spin-spin coupling 4Jcg 5.0 Hz. Ca coupled also with the fluorine atoms to give a
doublet of quartets at 36.0 ppm (3Jcr 20.2 Hz and 4Jcr 1.2 Hz). Curiously a F,C spin-
spin coupling was observed at 127.7 ppm for Ci with a doublet (3JcF 2.7 Hz) whereas

no F,C spin-spin coupling was observed for the nearer Ch (Scheme 137).

CF,

Scheme 137

4.6.c.ii. 1—(Z—Dentaﬂuoroorop-2-envl)cvclopentane (54b) and propargyl alcohol :

F 0] h

THF h i
—= 80°C f .\-ul H
O/\(F + NaO-CH,C=CH ~Sdays E OF ~
3 H
CF, )
(54b) (85)
1.0 : 30 . Yield : 54%

Scheme 138
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The reaction of the Z-alkene (54b) with the propargyl alkoxide gave
exclusively the allene (85) in moderate yield (54%). The infrared spectrum confirmed
this result with the two characteristic C=C=C band at 1983 cm"! and 1955 cm! and
the C=0 vibration at 1732 cm-!. In contrast to the allyl alcohol, the reaction was
completed faster (5 days instead of 9 days) and the reaction i'ntermediate,
corresponding to the ether before the Claisen rearrangement, was not visible by 19F
NMR. As for the previous alcohols, the stereochemical outcome of the reaction could
not be elucidated. The structural determination of the allene (85), has been done as
above.

However it is interesting to point out that the carbons belonging to the
carbonyl and the allene were assigned using the 13C NMR spectra. Two doublets
were present at 209.3 ppm and 204.1 ppm. One corresponding to the carbon of the
carbonyl group and the other one corresponding to the centered allene carbon. The
differentiation of the chemical shift for both of them was done by calculating the
coupling constant with the fluorine atom. C¢ was coupling with the fluorine atom via
2 bonds, C; was coupling with the fluorine atom via 3 bonds. The fact that 2Jcp
26.4>*JcE 8.4 Hz allowed attribution of the chemical shift of both of them and gave

8c=0 204.1 ppm and dc=c=c 209.3 ppm.

4.6.c.iii. 1-(Z-pentafluoroprop-2-enyl)cyclopentane (54b) and crotyl alcohol :

F
F THF Q
== 80°C
+ NaO‘CHz‘CHz(:H‘CHj; 8 dayS » CF F
CF; 3
(54b) (86)
1.0 : 3.0 Yield : 69%

Conversion : 89%

Scheme 139

After 5 days, the conversion was 89% but the 19F NMR showed the product
was exclusively the ether form (i. e. no Claisen rearrangement had occurred). This
was already observed for the allyl alcohol as the conversion was 90% the third day
and the reorganisation needed at least 4 days to give the ketone product (79). The
reaction was stopped after 8 days, as no change in the !°F NMR was detected.
Curiously after the work up and distillation at reduced pressure, a light yellow oil was
identified as the ketone (86). The infrared spectrum confirmed the presence of the
carbonyl function with a band observed at 1729 cm-!. This result underlined the fact
that at low temperature, (80°C) in this case, no Claisen rearrangement occurred, but

higher temperatures are required (used during the purification step). This can be
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explained by interpreting the various work and calculations done by Carpenter!!4.
The rate of the Claisen rearrangement is affected by electron donor or electron
acceptor groups at various sites of the 6 atom backbone. These substituents can have
rate retarding or rate accelerating effects. Here the system posesses 4 substituents at
the Cl, Cz and Cg poéitions (Scheme 140).

CF,
Scheme 140

According to Carpenter's analysis, electron withdrawing groups (such as CF3
at the Cy position) and electron donating groups (such as CHj3) at the Cg position,
have a rate retarding effect, whereas the electron donating gréup at the C position
has a rate accelerating effect. Both retarding effects from the C; and the Cg
substituents seemed stronger than the rate accelerating one due to the substituent at
C,, leading to the Claisen rearrangement only at high temperature.

This time the Claisen rearrangement allowed the creation of 2 chiral centres.
Because RR=SS and SR=RS, 2 set of signals corresponding to the pairs of

diastereoisomer could be observed. They were observed in a ratio 4.6:1.0.

4.6.c.1v. 1—(Z—Deritaﬂuoroprop-2-enyl)cvclooentane {(54b) and but-l—en-3fol :

. | .
F . THF
i ONa 80°C _
| >
Cp. + CH=CH-CH 10 days CF; F .
(54b) 3 u (87) Only observed
o - - 3 by '9F NMR
' ' ' Purification
Step

O
(88) :

Scheme 141
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The reaction was completed in 10 days, as after 5 days the conversion was still
moderate (62%). But in contrast to the allyl and crotyl alcohols, the major species in
the reaction mixture was the ketone (87) (oﬁly observed by 19F NMR) (Scheme 141).
The Claisen reafrangement occurred faster in this reaction than the nucleophilic
substitution reaction. This observation was in agreement with the fact that, as
underlined by Carpenter, the rate of the Claisen rearrangement was dictated by the 2
accelerating effects from the donor substituents at C and C4 positions rather than the

rate retarding effect from the CF3 at the Cq position (Scheme 142).

CF;
Scheme 142

The fact that the conversion after 5 days was lower than for the allyl and
crotyl alcohol showed that the steric hindrance from the CHj3 group acted in the
disfavour of the nucleophilic substitution, slowing it.

Curiously, after a silica column chromatography, using n-hexane:ethyl acetate
as eluants, the only product recovered was the cyclopentane carboxylic acid (88) in
low yield (44%). Apparently, this compound is the result of the ketone (87)
decomposition through the column chromatography. A mechanism has been assumed

for the carboxylic acid (88) production via an acid catalysed process (Scheme 143).
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—_—
CF, F 1CF3 F

H H
e
e o//
X R
f H,0
D — C
) H H . ’ CH3
O 0
A H T TN
OH + F CH;
CF; F
(88) : (89)
Scheme 143 |

Structure of the acid (88) was proved by lH NMR and 13C NMR spectra.

4.6.c.v. 1-(Z-pentafluoroprop-2-enyl)cyclopentane (54b) and 4.4 .4-trifluorobut-2-en-

1-ol :

CF;
F 0]
F , THF (90)
—= : 80°C —
+ NaO‘CHz-CH-:CH‘CF} 14 days »
CF, CF,
(54b) l
1.0 : 3.1
0 CF,
/
CF; F
(91)
Only observed by
I9F NMR
Scheme 144
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The previous alcohol used (but-1-en-3-ol), illustrated the effect of an electron
donating group (CHj3) at the C3 position of the alcohol, leading to a secondary
alcohol. A reaction was carried out using a primary alcohol where the terminal
unsaturation contained a CF3 group, thus aiming to compare the Claisen rate of
reaction for different allyl and crotyl alcohols. After 6 days, as for the allyl and crotyl
alcohols, the conversion was moderate (57%) and in contrast to the but-1-en-3-ol,
only the ether (90) was present in the crude mixture. It took 8 days for the Claisen
rearrangemenf to occur, this was due to the presence of the two CF5 subtituents which
have a rate retarding effect on the Claisen rearrangement. However, contrary to the
crotyl alcohol, no higher temperature was needed for the [3,3]-sigmatropic reaction to
happen. Purification by either distillation or column chromatography, was not
successful, but 19F NMR of the crude mixture allow us to say that firstly the
" nucleophilic substitution reaction occurred and secondly that the ether (90)

intermediate rearranged to give the ketone (91).

4.6.c.vi. 1-(Z-pentafluoroprop-2-enyl)cyclopentane (54b) and geraniol :

a .
W ‘
Cr, t NaO-CH,-CH=C(CH;)-CH,-CH,-CH=C(CHs),
(54b)
10 R 3.0

Yield : 72%
Conversion : 94%

(92)
Scheme 145

This time, the reaction was performed with a rather crowded alcohol :
geraniol. The reaction gave in a good yield the ketone (92) as a mixture of
diastereoisomers in a ratio 6.8:1.0. The fact that the alcohol used was crowded did not
seem to affect the rate of the rearrangement, as the reaction was completed in 9 days.
The attribution of the chemical shifts as well as the atom assignments were done

using DEPT, COSY and HETCOR. The relative chirality of the asymmetric centres
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could not be determined by analysing the 'H or 13C NMR spectra. However the

compound formed was complex but all the carbon, proton and fluorine atoms were

assigned.

4.6.c.vii. 1-(1.2.3.3 3-pentafluoro-Z-prop-1-envl)cvclopentene (57b) and geraniol :

F
ot
cr, * NaO-CH,-CH=C(CH,)-CH,-CH,-CH=C(CH,),
(57b)
1.0 : 3.1

Yield : 45%

(93)
Scheme 146

A similar reaction was carried out with the conjugated diene (57b) (Scheme
146). Althought the reaction was completed faster, the ketone (93) was obtained in
moderate yield (45%). This is possibly due to loss of the product during the work up.
Because of the conjugation of the reactive double bond with the one in the
cyclopentane ring, it made the system more reactive towards nucleophilic attack. The

attribution of the chemical shift and the coupling constant were done as above.

4.6.c.viii. 1-(Z-pentafluoroprop-2-envl)cyclopentane (54b) and benzvl alcohol :
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F H,ONa o)

THF
— . | 80°C —
CF, 5 days CF,
(54b) ' (94)
1.0 : 3.0 Yield: 51%
' Conversion : 86%
Scheme 147

The last unsaturated alcohol studied was benzyl alcohol. As the literature
underlined, the aromatic Claisen rearrangement occurred less frequently because of
several problems®!. 84, No Claisen rearrangement occurred after reaction of the Z-
alkene with the alkoxide derivative, even after distillation the ether (94) was obtained
(Scheme 147). The reaction lasted 5 days and the ether (94) was obtained, under 2
isomeric forms in a ratio 320:1, in a moderate yield (51%). This was an interesting
result because it showed that the reaction was highly stereoselective and formed
exclusively one i1somer. A slight stereoselectivity was already observed for the
nucleophilic substitution reaction usirig ethanol, but because the product obtained was
not pure enough, stereochemical studies could not have been performed (Section
4.6.b.1.). The recovery of the pure ether (94), allowed elucidation of the
stereochemical outcome of the reaction. If we assume that the nucleophilic attack
proceeds from a plane perpendicular to the double bond, retention of configuration is
expected to happen, éonsider-ing the transition state (95a) in Scheme 148. But because
the intermediate is carbanionic (95b), the stereochemistry. of the obtained double
bond depends on the carbanionic lifetime as well as its internal rotation. If the leaving
group i. e. the fluorine, leaves faster than internal rotation occurs, retention of
configuration will be observed. Whereas if internal rotation is faster, a

stereoconversion will be observed.
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Nu  + = —_ Y7"__%_Nu — — + X
‘e X e X NVERRY

Nu ) Nu

- (95a) : (95b)
Scheme 148

This stereochemical outcome has been elucidated by !H-{!9F} NOE
‘difference spectroscopy experiment (nuclear Overhauser effect). Two magnetic nuclei
can interact in two ways?! : through the bonds to give spin-spin coupling, or through
space. This interaction is revealed when one of the nuclei is irradiated at its resonance
frequency, leading to a more intense or weaker sigral for the other nucleus. Structural
assignment of the carbon, proton and fluorine atoms were accomphshed based on the

NMR data which showed well resolved resonances.

k m
J
1 n
0
0
b
c [
d CF
h 3

Scheme 149

For the 'H-{19F} NOE difference experiment, preirradiation of the fluorine
_signal at -156.9 ppm (fluorine atom of the CF group), led to an enhancement of the
proton signal at 5.2 ppm, previously identified as Hi and the signal at 7.4 ppm
identified as the aromatic protons. Conversely, preirradiation of the fluorines of the
trifluoromethyl group at -63.0 ppm, led to enhancement of the proton signals at 2.9
ppm (corresponding to Ha) and between 1.6-1.7 ppm (corresponding to proton band
of the cyclopentane ring) (Scheme 150). This is consistent with the fact that the Z-

isomer was exclusively obtained by retention of configuration.




Jl
- - ‘F ‘IL; ) —.---J“[‘4""“""‘*—'———-—~..__,__.‘Tl.-’\ FFFFFF X i \?_____
. L] 5 i - . " "7

Scheme 150

Because of the poor reactivity of fluoroalkenes towards alkoxide derivatives

(i. e. low yields and long reaction time), nucleophilic addition reactions were carried

out using the alcohol silyl derivatives as they are systems involving oxygen as
nucleophile!”.
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Three attempts of this type of reaction were performed using crotyl alcohol, but-1-en-
3-ol and geraniol but the reaction did not proceed. The difference of reactivity
between the alkoxide and the silyl derivative may be explained by the fact that in
nucleophiles containing the same reactive atom, the more negatively charged

attacking species is the more powerful nucleophileS3.

4.6.d. Diol :

The reactivity of the fluoroalkene (54b) towards nucleophiles containing
oxygen has been proven in various reactions with saturated and unsturated alcohols.
In this last reaction the aim was the formation of a dimer product (96) (Scheme 151).
For this purpose, the fluoroalkene (54b) was reacted in a 2 fold excess with the

alkoxide derivative.

THF
F 80 °C
F 7 days
— q
+ NaO Na

3
(54b) : , (96)
2.0 : 1.0 Cp : Cyclopentane
Scheme 151

After heating the reaction mixture at reflux for 7 days, no change in the 19F
NMR was observed. There seemed to be no displacement of vinylic fluorine atom
and/or also no appearance of a CFH group. Then the reaction was repeated using a
ratio 1:1 of Z-alkene (54b):diol. However still no reactioﬁ was observed. It seems as
if propane-1,3-diol does not react in the same way as other saturated alcohols, even a
bulky alcohol such as geraniol. This maybe due to the electron withdrawing character

of the two oxygen atom which decrease the nucleophilicity of the diol.
4.7. Nucleophilic additions involving nitrogen as nucleophile :

Various systems, containing nitrogen centred nucleophiles, have been reacted
successfully with fluoroethylene as well as highly fluoro olefins?: 100, Therefore
nucleophilic displacement using these compounds was tried on Z-alkene (54b)." As

previously, the reactions were monitored by 1°F NMR.

4.7.a. Ammonia :
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The first reaction was carried out using ammonia which had reacted readily
with the other systems®?. An attempt to form the product (97) was done by heating at
reflux an aqueous solution of ammonia with the Z-alkene for 4 days (Scheme 152).

F
. NH
F 4 days 1 F
-t S =
CF, CF;
(54b) , 97)
1 : 6
Scheme 152

The reaction was stopped as there was no change in the !19F NMR, not even an

addition of ammonia across the double bond.

4.7.b. Diethylamine :

Diethylamine waé the second amine to be heated at reflux temperature with
the Z-alkene (54b). However, this time, a sodium amide derivative, which is more
nucleophilic, was preformed by reaction of the amine with sodium metal. Then the Z-
alkene was added and the reaction mixture was refluxed for 6 days (Scheme 153). No

product formation could be detected by 19F NMR.

E THF :
E Reflux - NGHs ¢
6 days
— V —
+ NaNC2H5 /\ »>
CF, CF;
(54b) : (98)
1.0 : 2.8

Scheme 153

The fact that the nitrogen containing systems did not react with the Z-alkene
was strange as the nucleophilic character of a species decreased from the left to the
right of the periodic table33. This implies that nitrogen containing species should be
more reactive then oxygen ones. However, it still should be borne in mind that for
reactions involving oxygen as a nucleophile, the conjugated base was used, and
charged species are always more reactive than neutral ones33. However in reactions
involving the diethylamine, the conjugated base was used and therefore should have
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been more reactive. With the Z-alkene (54b), oxygen as nucleophile is far more

reactive than nitrogen as a nucleophile.
4.8. Nucleophilic additions involving carbon as nucleophile :

After having described several reactions of oxygen and nitrogen centred
nucleophiles with the Z-alkene (54b), the reactivity studies will now concentrate on
its reactivity towards carbon centred nucleophile such as : organolithium,
organomagnesium and sodium salts of malonate derivatives. According to what was
established in Section 4.7.b., the nucleophilicity of the carbon centred nucleophile

should be the highest of the 3 classes of nucleophile studied3.
4.8.a. Orgaholithium compounds :

4.8.a.i. Butyllithium :

The first carbon nucleophile system studied was the organolithiums.
Commonly reactions involving lithium derivatives are carried out at low temperatures
(from 0°C to -80°C). However, the general procedure used for these systems consisted
of heating the lithium derivative!0l at reflux with the Z-alkene (54b) in THF (Scheme

154).
+ BulLi ———— 3 days

THF

(5apy (99)
1.0 2.5 Z.E
33:1
Yield : 55%
Scheme 154

The reaction proceeded for 3 days resulting in a moderate yield. The reaction
was highly stereoselective as an isomer was preferentially obtained in a 33:1 ratio.
The structure of the major isomer was elucidated using !H-{1°F} NOE difference
spectroscopy experiment. Preirradiation of the CF3 signal at -64.3 ppm yielded an
enhancement of the signal at 2.9 ppm, corresponding to the proton of the CH group in
the cyclopentane ring. Preirradiation of the CF signal at -131.3 ppm, enhanced the
signals between 0.9 and 2.1 ppm, identified as the proton from the alkyl chain.
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The nucleophilic displacement proceeded again with retention of
configuration to give the Z-isomer (99) as major one. The mechanism of the reaction
is illustrated in Section 4.3.c.i.. The addition elimination processes produced lithium
fluoride and the resulting Z-alkene (99). This isomer is the less thermodynamically
stable isomer. It has been shown#4 115 that fluoride ion can induce isomerisation of
the double bond. In this case the starting material was the Z-isomer and the obtained
product is the Z-isomer too, therefore retention of configuration is observed for this
reaction. Thus the fluoride ion produced is not strong enough to induce isomerisation
of the double bond. As with the replacement of the fluorine atom by an oxygen atom,
the replacement of a fluorine by a carbon atom did not influence the chemical shift of

the proton and carbon atoms and characterisation of the product has been done as

previously.

4.8.a.ii. tert-butyllithium :

Similar reaction were used for the reaction involving terz-butyllithium

(Scheme 155).

80°C

F 6 days t-Bu
= THF =
CF; t-BuLi %, o,
(54b) (100)
1.0 1.8
Scheme 155

The reaction mixture was heated at reflux for 6 days but after the work up
only starting material was recovered. This was presumably due to steric hindrance of
the tertiary alkyl group on the organo lithium compound which inhibits approach to

the reactive centre.

4.8.a.i1i. Phenyllithium :

Lastly, phenyllithium was used as a reagent because of the rigidity of the

system which can inhibit reaction with the Z-alkene (54b).
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THF
1. S 0
CF, ~ ‘10 days CF; *

(54b) (101) (102)
1.0 : 2.0 Z.E
33:1
Yield : 34%
Scheme 156

As with butyllithium, the reaction proceeded with high stereoselectivity in
favour of the Z-isomer production. However, the reaction time was longer (10 instead
of 3 days) and the yield rather low (34%). This underlined the fact that steric
hindrance from the phenyl ring acted in disfavour of the nucleophilic substitution
reaction by slowing it. Another product, identified by NMR spectroscopies and
GC/MS as biphenyl (102), was present in a ratio 33:1 Z,E-isomer:biphenyl of 3.5:1.0.
Its presence indicated a free radical process via a one-electron transfer in the first step

as described in Section 4.3.c.1i.. The structural determination was done as above.

Similar reactions were carried out with an allylic Grignard reagent (Scheme
157) (allyl magnesium bromide) in the aim to perform a carbon analog of the Claisen
rearrangement i. €. the Cope rearrangement and malonate derivatives (Scheme 158).
Both systems did not react with the Z-alkene (54b).

THF
H,-CH=CH
F . | 20 °C CH,-CH B
24 h —
+ BrMg-CH,-CH=CH, —><—»
CF, CF,
1.0 : 2.0 .
Scheme 157
THF
F F 80°C . CH(CO,R),
24 h F
+ NaCH(COR), —>&— T
CF, CF;
1.0 - s 2.0 :
R: CH3, C2H5
Scheme 158
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The difference in reactivity between the organolithium, organomagnesium and
sodium derivatives can be rationalised by the fact that the organolithium compounds
were quite reactive with the Z-alkene even at -80°C. This was shown by Cooper!16, in
a reaction between the adduct derivative from cyclohexane and the organolithium
compounds. Whereas for the organomagnesium and sodium malonate derivatives,

more drastic reaction conditions maybe required.
4.9. Electrophilic addition reactions :

After studying the reactivity of the Z-alkene (54b) towards nucleophiles, its
reactivity towards electrophilic systems was investigated by addition of halogen
derivatives. Three compounds were reacted with the Z-alkene, elemental bromine,

iodine monochloride and iodine bromide.

4.9.a. Elemental bromine :

A mixture of elemental bromine and Z-alkene (54b) was.stirred at room
temperature for 24 hours. Addition of bromine across the double bond yielded the
formation of 2 chiral centres in the molecule (C*) (Scheme 159). Distillation at
reduced pressure gave (103) a mixture of diastereoisomers which were not separated
in a ratio of 1.0:0.6 and a moderate yield (42%). The mechanism of the electrophilic

anti addition has been illustrated in Section 4.4.b..

F F F Br By
= F
+ Br2 it »
CF; CF
1 ) (103)
Yield : 42%
Scheme 159

The fact that bromine added across the double bond, was showed in the
GC/MS pattern. Because of the isotopic abundance of bromine, 79Br and 8!Br show
an isotopic abundance in the ratio 1:1, therefore molecular jons containing various
number of bromines will show different patterns3!. These patterns have been
observed for the fragmentation of the various diastereoisomers (Spectrum no. 26).

Addition of the bromine across the double bond, yielded 2 chiral centres and
therefore 2 set of signals should be observed in the NMR spectra.

In the 19F NMR, the fact that the fluorine atom is neighbouring the bromine

atom, shifted the fluorine chemical shift of at least 20 ppm, towards lower frequency :
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from -132.9 ppm to -101.7 ppm and -106.2 ppm and from -159.3 ppm to -124.7 ppm
and -126.2 ppm. A small shifting towards higher field was observed for the three
fluorines of the CF3 group (from -65.6 ppm to -71.9ppm and -72.4 ppm).

‘ No significant change was noticed for the chemical shifts in the 'H NMR and
I3C NMR, except for the carbons bearing the bromines and fluorine atoms; a shift
towards lower frequency of 20 ppm has been observed from 120.2 ppm to 102.5 ppm
and 103.6 ppm and from 134.5 ppm to 112.6 ppm and 113.3 ppm. Similar thing has

been observed for the carbon belonging to the CF3 group. Structural determination

has been done as above.

Iodine monochloride and iodine bromide were reacted with the Z-alkene

(54b), but no products were recovered even after column chromatography.

4.10. Epoxidation reactions:

Several epoxidation reactions, involving fluorine containing double bonds
have been reported in the literature92-64, The reactions were easy to perform and gave
the epoxide in good yield at room temperatufe. Various reactions have been carried
out using the Z-alkenes (53b) and (54b) under different conditions with the aim to

form the epoxide but these reactions were unsuccessful.

4.11. Conclusion :

Various nucleophiles and electrophiles have been used to study the Z-alkenes

reactivity.
4.11.a. Z-alkehé (54b) from cyclopentane adduct :

* Nucleophiles :

Both methanol and ethanol did not react successfully with the Z-alkene (54b),
as methanol gave the addition product and ethanol a mixture of addition and addition
elimination products. However, allylic alcohols have been shown to react with the Z-
alkene to give a ketone (after Claisen rearrangement). But the reaction times were
long and the yields moderate. Benzyl alcohol gave an ether intermediate underlying
the fact that no rearrangement occured. No reaction was observed using nitrogen
centred nucleophiles even after trying different conditions. Three systems were

studied carbon centred as nucleophiles : organolithium, organomagnesium and
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sodium malonate derivatives. Only the organolithium compounds reacted

stereoselectively to give the Z-alkenes (99) and (101).

* Electrophiles :

Elemental bromine and cohalogens were reacted with the Z-alkene, only

elemental bromine led to the addition product of bromine across the double bond.

* Epoxidations :

Epoxidation reactions using nucleophiles and electrophile systems have been

tried as well as various different condition reactions. None of them have been

successful.

The Z-alkene (54b) reactivity is poor towards nucleophiles as well as
electrophiles. Only few systems have been proved to react. However for the
nucleophilic displacement using benzyl alcohol and lithium derivative, the
- stereochemical outcome of the reaction has been solved using 'H-{19F} NOE

difference spectroscopy experiment.
4.11.b. Z-alkene (57b) from cyclopentene adduct :

Nucleophilic addition using geraniol has been performed and yielded the

corresponding ketone in a moderate yield but faster than for the cyclopentane adduct

(54b).

110



Chapter 5 : Free radical addition of amines to hexafluoropropene

5.1. Introduction :

In this last chapter, free radical addition of several amines to
hexafluoropropene is studied as little work has been done in this area (Section
1.4.e.i.). The reactivity of tertiary, secondary and primary sites in ¢ position to

nitrogen will be compared in cyclic and acyclic amine systems (Scheme 160).
) S0
| | |

CH,; CH; C,H;
Scheme 160

Then, the influence of a second heteroatom in the cyclic system will be
described (Scheme 161).

CH;
o o _t_ [
(O AD
T

’ \N/\/Y o ~ NN OC,Hs
7 ) ~ ‘ C2H5
Scheme 161
Before beginning to review the work carried out and the various results

obtained, it is important to recall some general features of free radical addition of

amines to HEP. A radical centre adjacent to a nitrogen is stabilised by interaction with
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the lone pair (Section 1.6.b.iii.). Because the nitrogen lone pair is more readily
available than an oxygen lone pair, in principle, a radical stabilised by nitrogen

should be more stable than one stabilised by oxygen.

' -+
CHNR, — ™ . HCERR, < o HENR,

Scheme 162

Free radical addition of amines to hexafluoropropene have been performed at
room temperature using <y-ray initiation. The reason for preferential use of the
radiochemical initiation method, rather than the thermal initiation was to avoid the
formation of the competition product (i. e. an alkylamonium salt and leading to HFP

dimerisation) by nucleophilic substitution reaction (Section 1.6.e.i.).
5.2. Free radical addition to acyclic amines :

Three amines were studied : triethylamine, N,N-dimethylethylamine and N,N-
diisopropylethylamine because they posses primary, secondary as well as tertiary C-H

sites which are readily available for the free radical attack.

5.2.a. Triethylamine :

Triethylamine was used to study the reactivity of the secondary C-H sites
(Scheme 163). The mono-(104), di-(105) and tri-(106) adducts were obtained after

column chromatography using cyclopentane as eluant.

| F,-CFH-CF; /FE—CFH-CF;
NN § CR=CF-CF, S N\ + N

3 weeks
Tt > >—CF2-CFH-CF3

30 1.0 3% (104) 38%

(105)

CFz-CFHjF\z /@-CFH-CF@
N b

+ >-CF2-CFH—CF3

6% (106)
Scheme 163

5.2.a.i. Monoadduct (104) :
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/ﬁg-CFH—CF}
N

Scheme 164

‘Two chiral centres have been created, therefore 4 diastereoisomers are
expected. As shown previously (Chapter 3), in the NMR spectra, 2 sets of signals
should be observed as RR=SS and SR=RS. They were observed in a ratio 1.0:0.4.

The DEPT and HETCOR spectra showed that the first free radical addition
occurred at the secondary site rather than the primary one. The appearance of a CH
signal at 54.9 ppm for the major diastereoisomers (a doublet of doublets) and at 54.0
ppm for the minor diastereoisomers (a doublet.of doublets) showed that the CH>
group was preferentially the site of attack. These results were correlated with the TH
NMR spectrum where a signal at 3.2 ppm with an integration of one proton was
observed for the major diastereoisomers (as a doublet of multiplets) and at 3.6 ppm
with an integration of one proton for the minor diasteroisomers. This stereoselectivity

~can of course be rationalised by the stabilisation of the newly formed radical by the
lone pair of the nitrogen. The product was characterised using the same methodology

as described in Chapter 2.

5.2.a.ii. Diadduct (105) :

/ﬁz-CFH—CF;;
NN
>—CF2-CFH—CF3

Scheme 165

The diadduct (10S), was obtained as the major product even when using a 3
fold excess of amine. The same stereoselectivity, i. e. secondary site is favoured over
the primary site, has been observed again by the DEPT spectrum which shows
appearance of a carbon signal corresponding to a CH groups of the various
diastereoisomers. The resulting diadduct (105), appeared as a mixture of major and
minor diastereoisomers which have been observed by NMR spectroscopy. In each
case, the fluorine atoms of the 2 fluoroalkyl chains appeared to be equivalent as only
6 signals for the fluorines of the CF3, CFH and CF; groups for both major and minor
has been observed instead of the 12 signals expected. A similar observation in the 'H
NMR and 13C NMR spectrum was made. The diadduct is obtained via an
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intramolecular hydrogen abstraction process where the transition state is a 6

LTJ\TFQ
. H Ii
Hjc;“H; CF3

Scheme 166

membered ring (Scheme 166).

5.2.a.iii. Triadduct (106) :

CFTCFHjF( ﬁ-CFH-C&
N

>—CF2—CFH-CF3

Scheme 167

Finally the triadduct (106) was obtained by recrystallisation from hexane, with
a ratio ‘of 1.0:0.5:0.3:0.3:0.3:0.2 of diastereoisomers. As the NMR spectra were
complex, characterisation of the triadduct (106) was done as previous and the DEPT
spectrum allowed again affirmation that the polyfluoroalkylation occurred at the CH

position of the alkyl chain rather than the primary one. Single crystal X-ray
diffraction confirmed the crystal and molecular structure of one of the triadduct (106)

diastereoisomers as illustrated in Appendix D.

5.2.b. N,N-dimethylethylamine :

CF;-CFH-CF, sz—CFH—CF3

yd Y'rays
/\N\ + CF=CF-CF; ot N
it | (107)
25 - 1.0 16%
Scheme 168

A 2.5 fold excess of N,N-dimethylethylamine was reacted with
hexafluoropropene in order to compare the reactivity of primary and secondary sites.
The reaction led only to the formation of the diadduct (107), in poor yield (16%). As
previously, the regioselectivity of the attack was proved by analysis of the NMR
spectré. In view of the diadduct structure and the fact that the monoadduct was not
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obtained, it was assumed that the secondary site has a greater selectivity than the
primary. This is due to the fact that the amine used as starting material, possesses 2
CH3 and one CHj groups in o position to the nitrogen.

5.2.c. N,N-diisopropylethylamine :

. ' . _yrays
N—< + CF=CF-CF; yeeks ™ N—< (108)
> t >——CF CFH-CF,

24 1.0
CF,-CFH-CF;

>—N —'é (109)
)—CF2 -CFH-CF;

11%
Scheme 169

Using this last acyclic amine, the reactivity of the tertiary versus secondary C-
H site was studied by reacting a 2.4 fold excess of amine with hexafluoropropene.
After separation by column chromatography, using first n-hexane then
dichloromethane as eluants, the monoadduct (108) and the diadduct (109) were
obtained és mixtures of diastereoisomers. As with the previous reactions, the diadduct
(109) was the major product, showing again that the intramolecular hydrogen
abstraction is favoured over the intermolecular one. However, characterisation of the
monoadduct (108) by NMR spectroscopy showed that in this case the secondary site
was more reactive than the tertiary one. It seems reasonable to presume that this was
due to the steric hindrance from the isopropyl group which favoured free radical

addition at the secondary site rather than the tertiary.

In the view of these 3 experiments, we can already establish a general
reactivity order : CHp>CH>CHj3 which is not in agreement with the order of stability
of the radical being formed (Section 1.4.b.ii.).

5.3. Free radical addition to cyclic amines :

5.3.a. N-methyl pyrrolidine :
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Polyfluoroalkylation reactions were performed using a slight excess of N-
methyl pyrrolidine in a ratio amine:HFP of 1.5:1.0. Analysis of the crude mixture was
performed using GC/MS which showed that there were a large number of products
present. The major product was hexafluoropropene dimer while only traces of
monoadduct product (7.2 %) were observed.

Distillation, first at atmospheric pressure, then at reduced pressure did not
result in a pure compound as only hexafluoropropene dimer and a black tar (maybe
due to the amine decomposition) were recovered. Therefore, the reaction was
repeated using the same conditions and a great excess of the amine (2.9:1.0). This

time, the monoadduct (110) was obtained as the exclusive product.

[ ) A,and B, [ )\

IT + CF=CF-CF; T CF,-CFH-CF;
CH, | | cH, (10
A, 15 : 1.0 Y—rays,4Weeks,n -
B, 29 : 1.0 y-rays, 2 weeks, rt 27%
Scheme 170

The structure determination was done as above and again underlined the fact
that the secondary site (i. €. the CHj in the cyclopentane ring) is more reactive than

the primary site.

'5.3.b. N-methyl piperidine :

O + CF,=CF-CF, Y-rays > (j\

T 7 weok N CF,-CFH-CF;
rt
CH3 CF3-CFH-CF2-CH2 (1 11)
1.5 : 1.0
Yield : 19%
Scheme 171

The free radical addition of N-methyl piperidine to hexafluoropropene was
performed using a amine:hexafluoropropene ratio of 1.5:1.0. Similar reaction
conditions as those for the reaction using N-methyl pyrrolidiné were used (4 weeks at
room temperature). The analysis of the crude mixture by GC/MS and I9F NMR
showed that for the same conditions used, the present reaction was far cleaner than
that with the N-methyl pyrrolidine. Nevertheless, the GC/MS showed as for the N-
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methyl pyrrolidine that the major product obtained was the hexafluoropropene dimer
and that the polyfluoroalkylated amine obtained contained more than one
polyfluoroalkyl chain. Only traces of monoadduct product were observed by GC and
GC/MS and have not been isolated. Distillation at reduced pressure gave a pure

fraction of diastereoisomers of the diadduct (111).

Because of the low yield of diadduct obtained for this reaction (19%), the free
radical addition to hexafluoropropene did not compete very well with the nucleophilic

substitution reaction.
The structure for the dipolyfluoroalkylated product could be :

F
RFI\II F T T R T R

CH, CHj, CH, CH,
a b c d
Re Re
QO
N N” Rg N N
L, T
e f g h

Rp : CF,-CFH-CF;
Scheme 172

According to the NMR data 2 forms can be eliminated as they are symmetric

(a and b) and the spectra obtained are too complicated to come from a symmetric

molecule.
If the mechanistic side of the reaction is considered, the reaction proceeds

initially via free radical addition of the amine to hexafluoropropene unit. The first free
radical can be formed whether by abstraction of a hydrogen of a CHj group in the
cycloalkane ring or by a hydrogen abstraction of a hydrogen of the CH3 on the

nitrogen (Scheme 173).
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CH, CH, CH, CH,

A B C D
Scheme 173

Because of the strong stabilisation of an o-amino radical, the radical of the

structures B and C can be eliminated and therefore the resulting dipoiyﬂuoroalkylated
products. Due to the order of stability of the alkyl radical, which increases with the
number of alkyl groups borne by the carbon CH3 < R'CH2 <RRCH < R'RCR”, it
is likely that the first step of the reaction occurs via abstraction of the o-amino
hydrogen of the CH7 group in the cycloalkane ring (form A) rather than the one from
the CHj3 group (form D). This allows elimination of structures g and h.

The NMR data using DEPT spectrum allowed us to determine that the product
obtained was the f structure as there is no CH3 peak observed. The methyl group on
the nitrogen loses a hydrogen during the third step i. e. the second hydrogen

SN
L

f
Scheme 174

abstraction process to give :

This result was confirmed by the HETCOR, DEPT and 13C NMR spectra. The
HETCOR firstly points out that the diadduct (111) is present as 12 different carbon
signals are visible and corresponding to Cb, Cc, Cd, Ce, Cf and Cg of each isomer.

e c

alb .

N~ ~CF,-CFH-CF,
I k 1 m

CF;-CFH-CF,-CH,
J i h “ g

Scheme 175
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The fact that 6 carbons are deshielded between 48.0 ppm and 57.0 ppm,
corresponding to the 4 CH; groups and the 2 CH, underlined the fact that they must

be neightbouring to the nitrogen and this confirms the structure of the product.

In order to study whether the first free radical addition occurred at the
secondary site or primary site, the reaction was repeated this time using a 10 fold
excess of amine and only a reaction time of 2 weeks in order to obtain the
monoadduct. However after distillation, only the diadduct (111) was recovered in
24% yield. The fact that similar low yield is obtained for a shorter reaction time
showed that the side reaction is important as hexafluoropropene dimer is formed

rather than reacting with the amine.

5.3.c. N-ethyl piperidine :

@) T e!

N + CF,=CF-CF; T ook N CF,-CFH-CF;
rt
CH,-CH; CF;-CFH-CF,-CH-CH;  (112)
2.5 : 1.0 Yield: 12%
Scheme 176

The reaction of the N-ethy!l piperidine with hexafluoropropene was also
studied. Interest in this molecule is due to the fact that 3 CH; groups on the nitrogen
can be functionalised as well as the CH3 group. This may yield different products
than the N-methyl piperidine. The reaction was carried out first for 4 weeks using an
excess of the amine in a ratio of 2.5:1.0 and this led to the formation of diadduct
(112).

The diadduct structure has been assigned according to the DEPT and the 13C
NMR. They both showed that the CH3 group, from the ethyl substituent, remained after
~ dipolyfluoroalkylation. Moreover, only 1 CH» neighbouring the nitrogen was observed
between 40.0 ppm and 44.0 ppm and at least 2 CH groups neighbouring the 2 CF;
groups of the 2 polyfluoroalkyl chains are observed between 54.0 ppm and 60.0 ppm.
This ié consistent with the product structure (112).

The intramolecular chain transfer reaction which yields the second hydrogen
abstraction for both the N-methyl piperidine and the N-ethy! piperidine, seems faster
than the termination step of the free radical addition reaction leading to the diadduct
formation rather than the monoadduct one. The fact that higher adduct products are

not obtained maybe due to the steric hindrance of the cyclohexane ring.
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In order to compare the reactivity of both secbndary sites (the CHjy group
belonging to the alkyl chain and the one belonging to the cyclohexane ring), the
reaction was repeated using a 8.8 fold excess of the amine. As for the N-methyl
piperidine, only traces of monoadduct which has not been isolated, have been
observed by GC and GC/MS. Distillation under reduced pressure gave the diadduct
(112) as exclusive product in a yield of 18%.

5.3.d. N-methyl morpholine :

[;J e [;J + E;l

+ CF,=CF-CF; 523 CF,-CFH-CF,
CH, " ™ CF,-CFH-CF,-CH, CF,-CFH-CF,-CH,
(113) (114)
25 110 2% 11%

Scheme 177

The fact that the first hydrogen abstraction occurred at the CH3 position of the
alkyl chain rather than the "CH2 posistion of the ring was proved by analysing the
DEPT and the 13C NMR spectra of the obtained monoadduct (113). The DEPT
showed 2 things : first that the major isomer was obtained by free radical addition at
the CH3 position as the peak representing the CH3 group disappeared in the DEPT
and the 13C NMR spectra. Secondly it showed that 2 minor isomers were obtained via
free radical addition at the CHj positions of the ring as 2 peaks representing the CHj
groups of the 2 isomers at 43.2-ppm and 44.2 ppm were observed in the 13C NMR
and in the 1H NMR spectra (2 singlets at 2.35 ppm and 2.36 ppm). This result
underlined 2 main things : first the fact that in the presence of a second heteroatom in
the cyclic system, the site reactivity order can be attributed to the presence of the
second oxygen atom which offsets the effect of the nitrogen by withdrawing charge
away from the radical centre reducing the nucleophilicity of the radical (Scheme 178)
and therefore faciliting the first free radical attack at the CH3 position.

X-N-CH,-CH,-0- —Ereeradical _x 3% &H7em . <« » X-N-CH—s CH; —» O-

initiation

Scheme 178

The second important thing that these results underlines is that the free radical
addition occurs only at the position o to the nitrogen atom rather than the oxygen one.

This can be explained by the fact that the nitrogen containing compounds are stronger
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bases than the oxygen equivalent ones. Thus, the nitrogen lone pair is more readily
available than an oxygen lone pair, making a radical stabilised by a nitrogen more

stable than an oxygen stabilised.

5.3.e. N-ethyl morpholine :

0 0 0
() e (. CL
1\|1 T IT T CF,-CFH-CF,

+ CF,=CF-CF; 4 weeks
CH,-CH; it CF;-CFH-CF,-CH-CH; CF;-CFH-CF,-CH-CH,
' (115) (116)
24 1.0 1% ' 5%
Scheme 179

Both monoadduct (115) and diadduct (116) were obtained in poor yield in that
reaction. Nevertheless, the monoadduct (115) recovered, (structure via the COSY
spectrum) allowed a determination of the mechanism of the free radical process. The
COSY spectrum showed that the first hydrogen abstraction process occurred at the
CH; group of the alkyl chain rather than the CH; group of the cyclohexane ring. This
was proven by the fact that in the COSY spectrum the 3 protons of the CH3 group at
1.2 ppm correlated with a signal at 3.1 ppm representing a proton of the CH-RF as an
integration of one proton has been observed in the |H NMR. The fact that the first
hydrogen abstraction occurred at the CH; group of the alkyl group rather than a ring
CH3, site, maybe explained again by the effect of the oxygen (see above).

5.4. Influence of various factors over the free radical process :

Because of the low yields obtained for the several reactions, attempts to form
and isolate the nucleophilic product were done. This was done by evaluating the
influence of the temperature and other initiating methods over the free radical
process. Two different experiments have been performed using 4-ethyl morpholine as

amine in a 3 fold excess. Reactions were performed without any initiator and using

dibenzoyl peroxide.

5.4.a. Temperature :

121



A blank reaction was carried out to see if temperature control could yield the
nucleophilic product. After 24 hours at 80°C, only the starting material was

recovered.

5.4.b. Dibenzoyl peroxide :

0O 0
i - ‘ il .
ceHC-0-0-8c L1065 - nlo

Benzoyloxy radical

Scheme 180

The reaction was performed in an autoclave, 24 hours at 80°C. After
purification, a mixture of products was recovered. The mixture consists of benzoic
acid (decomposition product of the dibenzoyl peroxidé) and the product obtained
from the nucleophilic substitution reaction. As these products could not be separated,
the reaction was repeated a second time. This time, a work up was performed using a
saturated solution of sodium hydrogen carbonate. However again the separation

between the acid and the product could not be made.

5.5. 1,4-dimethyl piperazine :

C|H3 | | THs
N ' N
Y-rays .
+ CF,=CF-CF; ———>» :
3 weeks
IT rt CF;-CFH-CF, IT CF,-CFH-CF;
CH, CH, (117)
8%
3.0 : 1.0 +

T
N F,-CFH-CF;

CF3-CFH-C(2EIT F,-CFH-CF,

CH; (118)
6%

Scheme 181 -
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The diadduct (117) and triadduct (118) product of 1,4-dimethyl piperazine
were separated using chromatography columns first using n-hexane:CHCl; and then
CH»,Cl; as eluants. The examination of the NMR spectra showed without doubt that
all the polyfluoroalkylation occurred at the secondary sites of the cyclohexane ring
rather than the primary ones (i. e. the CH3 groups). But on the contrary to the
morpholine system, the presence of the second nitrogen atom did not affect the
nucleophilicity of the radical leading to polyfluoroalkylation exclusively at the
secondary sites. The fact that the diadduct structure was the one where the two

polyfluoroalkyl chains are not neighbouring was proved with the COSY spectrum.

Other reactions using amines such as : N,N,N',N'-tetramethyl-1,4-butane
diamine, 1,4-diazabicyclo[2,2,2]octane, 1-diethylamino-2-propanol, 3-diethylamino-
1-propanol and (diethylamino)acetaldehyde diethyl acetal were tried but no useful

product was recovered.
5.6. Dehydrofluorination reactions :

Dehydrofluorinations of the 1:2 methyl and ethyl piperidine
hexafluoropropene adducts were carried out using a 4 fold excess of sodium tert-
butoxide. Only the dehydrofluorinated product from the compound (112) was
recovered and NMR analyses showed that exclusively the (Z,Z) stereoisomer was
obtained at -80°C. Characterisation of the product has been described in Chapter 3.

iPr),0
Q + NaO'By —2229_ Q CF,
C=q/
F

N”"CE,-CFH-CF, 80°C N7
F
CF,-CFH-CF,-CH-CH; B
=
L0 .40 FooF (119
(112) ‘ Yield : 30%
Scheme 182

5.7. Conclusion :

In view of the various results obtained from free radical addition to

hexafluoropropene, some general features can be established. The reactivities of sites
o to the nitrogen are in the following order : CHy>CH>CHg. This has been illustrated

by free radical addition to acyclic amines as well as systems such as pyrrolidine and

piperidine.
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However when a second heteroatom such as oxygen is introduced the
reactivity can be attributed to the presence of the second oxygen atom which offsets
the effect of the ni\trogen by withdrawing charge away from the radical centre
reducing the nucleophilicity of the radical. This has been illustrated with the
morpholine systems. But surprisingly when the second heteroatom is a nitrogen atom,
such as for the 1,4-piperazine, the site reactivity is still secondary.

Dehydrofluorination of the 1:2 ethyl piperidine adduct gave a fluoroalkene via
high stereoselectivity as the two double bond are Z,Z, showing again that at -80°C, the

kinetic control dominates to give the less thermodynamic stable product.
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Instrumentation and Reagents

Elemental Analyses :
Elemental analyses (carbon, hydrogen, and fluorine atoms) were carried out on an

Exeter Analytical CE-440 elemental analysis machine.

FT-IR :
IR spectra were recorded on a Perkin-Elmer 1600 FT-IR spectrophotometer using

conventional techniques (i. e. KBr or NaCl plates).

Gas liquid Chromatography (GLC) :

GLC was performed on a Hewlett Packard 5890A series II gas chromatograph fitted
with a 25m cross-linked methy] silicone or 5% phenyl methyl silicone capillary
column. Preparative scale GLC was performed on a Shimadzu GC-8A (catharometer

detector) gas liquid chromatograph fitted with a 4m SE 30 packed column.

Mass Spectra:
Mass spectra were recordered on a Fisons VG trio 1000 spectrometer coupled with a

Hewlett Packard 5890A series II gas chromaiograph. Accurate Mass measurements
were effected on a Micromass Autospec Mass Spectrometer. CI experiments were

performed using ammonia as ionising gas.

NMR Spectra :
NMR spectra were recorded in deuterated chloroform or deuterated acetone on either

a Varian Gemini 200, a Varian VXR 4008, a Brucker AC 250, a Varian Mercury 200
or a Unity Inova 500 spectrometer using trimethylsilane and trichlorofluoromethane
as internal standards. Chemical shifts are given in ppm, coupling constants in Hz. In

19F NMR spectra, upfield shifts are quoted as negative.

Boiling points :
Boiling points were either recorded during distillation or using a Gallenkamp

apparatus at atmospheric pressure and are uncorrected.

Melting points :
Melting points were recorded using a Gallenkamp apparatus at atmospheric pressure

and are uncorrected.

Reagents and solvents :
All materials were used as supplied by Aldrich or Apollo, selvents were dried using

standart methods and stored where appropriate.

125



Chapter 6 : Experimental to Chapter 2
6.1. General procedure for free radical additions to hexafluoropropene :

6.1.a. Peroxide initiation :

The reaction was carried out in 500 ml autoclave, fitted with a bursting disc
(maximum working pressure 200 bar). The autoclave was charged with the alkane or
alcohol or amine, peroxide and then sealed using an annealed copper gasket. The
autoclave was degassed 3 times using a freeze-thawing method. Hexafluoropropene
was transferred into a rotaflow (50 ml) frozen with liquid air, degassed 3 times by
freeze-thawing and then transferred into the liquid air cooled autoclave using standard
vacuum line techniques. The autoclave valve was closed and transferred in a dewar
flask of liquid air to a purpose built high pressure cell where it was allowed to warm
and then heated in a thermostatically controlled rocking furnace for 24 hours at
140°C. On completion, the autoclave was cooled (liquid air) and any remaining
hexafluoropropene was recovered in a liquid air cooled rotaflow (50 ml) as it returned

to room temperature. Then the products were collected and separated by distillation.

6.1.b. y-ray initiation :

The reaction was carried out in a pyrex carius tube (volume ca. 60 ml). The carius
tube was charged with the alkane or amine then degassed 3 times using a freeze-
thawing method. Hexafluoropropene was transferred into a rotaflow (50 ml) frozen
with liquid air, degassed 3 times by freeze-thawing and then was transferred into the
liquid air cooled carius tube using standard vacuum line techniques. The carius tube
was sealed in vacuo while frozen, placed inside a metal sleeve and then allowed to
reach room temperature within a fumehood. The carius tube was then placed in the
¥60Co source and irradiated (55Krad hr-!) 10 cm from the source at room
temperature. On termination, the carius tube was cooled down (liquid air) and
opened. The remaining HFP was recovered as it returned to room temperature and the

A products were collected.

Adamantane and HFP (peroxide initiation). Adamantane (13.8 g, 0.11 mol), di-
tert-butyl peroxide (0.7 g, 4.8 mmol) and hexafluoropropene (17.5 g, 0.12 mol) gave
after distillation J-adamantariyl-],1,2,3,3,3-hexaﬂuoropropane (36) (12.7 g, 40%,
99% conv.) as a colourless liquid; bp 100-110°C (9mmHg) (bp!!7 99-101°C); (Found:
C, 54.3; H, 5.6. C13H6F¢ requires: C, 54.6; H, 5.6%); NMR spectrum no. 1; Mass
spectrum no. 1; IR spectrum no. 1 and 1,1,2,3,3,3-hexafluoro-1-(3-(1,1,2,3,3,3-
hexafluoropropyl)adamantanyl]propane (39) (9.3 g, 19%) as a colourless viscous
liquid; bp 122-130°C (9mmHg) (bp!l7 124-126°C); (Found: C, 44.1; H, 3.6.

126



Ci16H6F12 requires C, 44.1; H, 3.7%); NMR spectrum no. 2; Mass spectrum no. 2,

IR spectrum no. 2.

Adamantane and a 6.2 fold excess of HFP (peroxide initiation). Adamantane (2.7
g, 22.1 mmol), di-tert-butyl peroxide (0.5 g, 3.4 mmol) and a 6.2 fold excess of
hexafluoropropene (20.8 g, 138.7 mmol) gave, after dissolving in hexane, /-{3,5-
bis(1,1,2,3,3,3-hexafluoropropyl)adamantanyl]-1,1,2,3,3,3-hexafluoropropane (41)
(1.7 g, 13%, 60% conv.) as a light yellow oil; bp 140-145°C (bp!!7 143-145°C);
(Found: [M-H]*, 585.089706 C9H5Fg requires [M-H]*, 585.000000); NMR
spectrum no. 3; Mass spectrum no. 3; IR spectrum no. 3 and /,1,2,3,3, 3-hexafluoro-1-
[3,5,8-tris(1,1,2,3,3,3-hexafluoropropyl)adamantanyl]propane (42) (3.0 g, 18%) as a
white powder; mp 114°C (mp* 110-112°C); (Found: C, 35.6; H, 2.2. Cy2H6F24
requires: C, 35:9; H, 2.2%); NMR spectrum no. 4; Mass spectrum no. 4; IR spectrum

no. 4.

Cyclopentane and HFP (peroxide initiation). Cyclopentane (71.0 g, 1.01 mol), di-
tert-butyl peroxide (6.0 g, 41.1 mmol) and hexafluoropropene (163.0 g, 1.09 mol)
gave after fractional distillation I-(1,1,2,3,3,3-hexaﬂuoropropyl)cyclopentane (43)
(130.5 g, 59%, 73% conv.) as a colourless liquid; bp 138-142°C (bp#** 134-135°C),
(Found: C, 43.5; H, 4.6. CgHoF¢ requires C, 43.7 ; H, 4.6%); NMR spectrum no. 5;
Mass spectrum no. 5; IR spectrum no. 5 and after fractional distillation at reduced
pressure,trans-1,1,2,3,3-hexafluoro-1-[3-(1,1,2,3,3,3-hexafluoropropyl)cyclopentyl]
propane (44b) (56.9 g, 15%) as a viscous liquid; bp 89-93°C (15mmHg) (bp3¢ 80-
81°C); (Found: C, 35.8; H, 2.7. C;1HoF12 requires C, 35.7; H, 2.7%); NMR

spectrum no. 6; Mass spectrum no. 6; IR spectrum no. 6.

Cyclopentane and HFP (y-ray initiation).

Cyclopentane (7.1 g, 0.10 mol) and hexafluoropropen.e (24.4 g, 0.16 mol), after
distillation, gave 1-(1,1,2,3,3,3-hexafluoropropyl)cyclopentane (43) (17.9 g, 81%,
conv. 56%) as a colourless liquid and trans-1,1,2,3,3-hexafluoro-1-{3-(1,1,2,3,3,3-
hexafluoropropyl)cyclopentyl]propane (44b) (1.9 g, 5%) as a viscous liquid; spectral

and physical data are as above.

Cyclopentanol and HFP (peroxide initiation). Cyclopentanol (86.0 g, 1.00 mol), di-
tert-butyl peroxide (6.0 g, 41.1 mmol) and hexafluoropropene (174.0 g, 1.16 mol)
gave, after distillation, /-(1,1,2,3,3,3-hexafluoropropyl) cyclopentanol (46) (130.5 g,
55%, 71% conv.) as a colourless liquid; bp 150-160°C (bp!!® 37-38°C); (Found: C,
40.7; H, 4.3. CgHoFgO requires C, 40.7; H, 4.3%); NMR. spectrum no. 7; Mass

spectrum no. 7; IR spectrum no.7.
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Chapter 7 : Experimental to Chapter 3

7.1. Dehydration : .

1-(1,1,2,3,3,3-hexafluoropropyl)cyclopentanol (46). A 250 ml one-necked round
bottom flask was charged with 1-(1,1,2,3,3,3-hexafluoropropyl)cyclopentanol (46)
(18.6 g, 78.8 mmol) and thionyl chloride (74 ml, 888 mmol) at room temperature.
The reaction mixture was refluxed and the HC] emitted was released and passed
‘through a potassium hydroxide solution. On completion the mixture was allowed to
cool down to room temperature and carefully added dropwise to a dichloromethane
and ice mixture. The organic layer was extracted-using dichloromethane, washed with
water and then dried over MgSOy. Distillation at atmospheric pressure gave I-
(1,1,2,3,3,3-hexafluoropropyl)cyclopentene (49) (9.7 g, 56%) as a colourless liquid;
bp 150-160°C (bp30 128-130°C); (Found: C, 44.2; H, 3.8. CgHgFg requires C, 44.1;
H, 3.7%); NMR spectrum no. 8; Mass spectrum no. 8; IR spectrum no. 8.

7.2. General procedure for dehydrofluorinations reactions:

In a 250 ml two-necked flask, sodium tert-butoxide (dried over the night under
vacuum) and anhydrous solvent were added under nitrogen and stirred. The mixture
was cooled down (-80°C) and the hexafluoropropene adduct was added. On
termination, the mixture obtained was poured into water and neutralised with
hydrochloric acid (10%). The organic layer was extracted with dichloromethane and
dried over MgSOy4. Distillation gave the different solvents, tertiary butanol and

products.

1-adamantanyl-1,1,2,3,3,3-hexafluoropropane (36). Dry sodium tert-butoxide (1.7
g, 17.7 mmol) in diethyl ether (10 ml) and 1-adamantanyl-1,1,2,3,3,3-
hexafluoropropane (36) (2.5 g, 8.7 mmol) gave after distillation I-adamantanyl-
1,2,3,3,3-pentafluoroprop-1-ene (53) (1.8 g, 74%) as a colourless liquid and as a
mixture of isomers which were not separated (ratio Z:E, 7.3:1.0); bp 210-220°C (20
mm Hg) (bp# 219-221°C); (Found: C, 58.6; H, 5.7%. C3H15Fs requires C, 58.7; H,

5.7%); NMR spectrum no. 9; Mass spectrum no. 9; IR spectrum no. 9.

1-(1,1,2,3,3,3-hexafluoropropyl)cyclopentane (43). Dry sodium tert-butoxide (55.0
g, 0.57 mol) in diethyl ether (40 ml) and 1-(1,1,2,3,3,3-
hexafluoropropyl)cyclopentane (43) (50.0 g, 0.22 mol) gave after distillation /-
(pentafluoroprop-2-enyl)cyclopentane (54) (36.2 g, 80%) as a colourless liquid and as
a mixture of isomers which were not separated (ratid Z:E, 8.3:1.0); bp 130-140°C
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(bp** 119-121°C); (Found: C, 47.7; H, 4.6%. CgHyFs requires C, 48.0; H, 4.5%);
NMR spectrum no. 10; Mass spectrum no. 10; IR spectrum no. 10.

trans-1,1,2,3,3-hexafluoro-1-[3-(1,1,2,3,3,3-hexafluoropropyl)cyclopentyl]
propane (44b). Dry sodium tert-butoxide (8.3 g, 86.5 mmol) in diethyl ether (20 ml)
and trans-1,1,2,3,3-hexafluoro-1-[3-(1,1,2,3,3,3-hexafluoropropyl)cyclopentyl]
propane (44b) (8.0 g, 21.6 mmol) gave after distillation /-[(/R,3R)-3-((1Z)-1,2,3,3,3-
pentafluoroprop-1-enyl)cyclopentyl](1Z)-1,2,3,3,3-pentafluoroprop-1-ene (55) and 1-
[(3S,1R)-3-((1Z)-1,2,3,3-pentafluoroprop-1-enyl)cyclopentyl](1Z)-1,2,3,3-
pentafluoroprop-1-ene (56) (6.0 g, 83%) as a mixture of epimers and as a viscous
liquid; bp 150-175°C (bp?#® 76-77°C); (Found: C, 39.9; H, 2.4%. C;1HgF requires
C,40.0; H, 2.4%); NMR spectrum no. 11; Mass spectrum no. 11; IR spectrum no. 11.

1-(1,1,2,3,3,3-hexafluoropropyl)cyclopentene (49). In a round bottom flask
potassium hydroxide flakes (4.0 g, 71.4 mmol) were dried under vacuum over night.
Then 1-(1,1,2,3,3,3-hexafluoropropyl)cyclopentene (49) (3.2 g, 14.6 mmol) was
transferred into the flask, at reduced pressure, and the mixture was stirred at room
temperature for 24 hours. On completion the volatiles were transferred to give 1-
(1,2,3,3,3 pentaﬂuoro z-prop-1-enyl)cyclopentene (57b) (2.3 g, 83%) as a colourless
liquid; bp 126°C; (Found: M*, 198.046564. CgFsH7 requires M+, 198.046792);

NMR spectrum no. 12; Mass spectrum no. 12; IR spectrum no. 12.
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Chapter 8 : Experimental to Chapter 4
8.1. Nucleophilic substitution reactions : oxygen as nucleophile
8.1.a. General procedure for alkoxide derivatives :

A 250 ml two-necked flask was charged with the alcohol, anhydrous tetrahydrofuran
and sodium metal under an atmosphere of nitrogen. The solution was stirred at 65°C
until all the sodium metal dissolved. Then, the mixture was cooled down to 0°C and
the alkene was added. The mixture was stirred at 80°C and monitored by !9F NMR.
After cooling, water was added (30 cm3) and neutralised with aqueous HCl 10%. The
organic layer was extracted into dichloromethane and dried over MgSQOg4. The

solvents were removed by rotary evaporation and further distillation, under reduced

pressure, gave the product.

1-(Z-pentafluoroprop-2-enyl)cyclopentane (54b) with ethanol. Ethanol (15.0-g,
0.33 mol), sodium (0.9 g, 39.1 mmol) and 1-(Z-pentafluoroprop-2-enyl)cyclopentane
(54b) (4.0 g, 20.0 mmol) gave, after distillation at reduced pressure, a mixture of /-
cyclopentyl-1-ethoxy-2,3,3,3-tetrafluoroprop-1-ene (75); NMR spectrum no. 13;
Mass spectrum no. 13; IR spectrum no. 13 and 1-cyclopentyl-1-ethbxy-1 2,3,3,3-
pentafluoropropane (76) (1.5 g, 33%) as a light yellow oil; bp 52°C (20 mmHO)
NMR spectrum no. 14; Mass spectrum no. 14; IR spectrum no. 14.

After a few days, 19F NMR analysis showed that I-cyclopentyl-2,3,3,3-
tetrafluoropropan-1-one (77) was the only product in the mixture; NMR spectrum no.

15; Mass spectrum no. 15; IR spectrum no. 15.

1-(Z-pentafluoroprop-2-enyl)cyclopentane (54b) with methanol. Methanol (15.0
g, 0.47 mol), sodium (0.2 g, 8.7 mmol) and 1-(Z-pentafluoroprop-2-
enyl)cyclopentane (54b) (3.0 g, 15.0 mmol) gave after distillation I-cyclopentyi-
1,2,3,3,3-pentafluoro-1-methoxypropane (78) (1.6 g, 35%) as a light oil; bp 100-
125°C; NMR spectrum no. 16; Mass spectrum no. 16; IR spectrum no. 16.

1-(Z-pentafluoroprop-2-enyl)cyclopentane (54b) with allyl alcohol. Allyl alcohol
(2.6 g, 45 mmol), sodium (0.9 g, 37.5 mmol) in THF (15 ml) and 1-(Z-
pentafluoroprop-2-enyl)cyclopentane (54b) (3.0 g, 15.0 mmol) gave, after distillation
at reduced pressure, I-cyclopentyl-2-fluoro-2-trifluoromethyl-4-penten-I1-one (79)
(2.4 g, 67%) as a colourless oil; bp 50 °C (6mmHg); (Found: M™*, 238.096216.
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C1F40H 4 requires M*, 238.098078); NMR spectrum no. 17; Mass spectrum no.
17; IR spectrum no. 17.

1-(Z-pentafluoroprop-2-enyl)cyclopentane (54b) with propargyl alcohol.
Propargyl alcohol (2.6 g, 46.4 mmol), sodium (0.9 g, 39.1 mmol) in THF (15 ml) and
1-(Z-pentaﬂuoréprop—Z—enyl)Cyélopentane (54b) (3.0 g, 15.0 mmol) gave, after
distillation at reduced pressure, [-cyclopentyl-2-fluoro-2-trifluoromethyl-3,4-
pentadien-1-one (85) (1.9 g, 54%) as a colourless oil; bp 110-135°C (20 mmHg);
(Found: C, 56.3; H, 5.2. C11H2F40 requires C, 55.9; H, 5.1%); NMR spectrum no.

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

Allene function reduction. In a two-necked flask, equipped with a condensor and a
pressure equalising dropping funnel, propane-1,3-diamine (1.5 ml) was added to
powdered potassium hydride (1.0 g, 25 mmol). After hydrogen evolution ceased, the
reaction. mixture was cooled to -5°C and 1-cyclopentyl-2-fluoro-2-trifluoromethyl-
3,4-pentadien-1-one (85) (1.0 g, 4 mmol) in propane-1,3-diamine (3 ml) was added.
After 20 min, ice (10.0 g) was added and the mixture extracted with petroleum ether.
The combined extracts were washed and dried over MgSOg4. Evaporation of the

- solvent gave a black tar which was not analysed further.

1-(Z-pentafluoroprop-2-enyl)cyclopentane (54b) with crotyl alcohol. Crotyl
alcohol (3.2 g, 44.4 mmol), sodium (0.9 g, 39.1 mmol) in THF (15 ml) and 1-(Z-
pentaftuoroprop-2-enyl)cyclopentane (54b) (3.0 g, 15.0 mmol) gave, after distillation
at reduced pressure, [-cyclopentyl-2-fluoro-3-methyl-2-trifluoromethyl-4-penten-1-
one (86) (2.6 g, 69%) as a colourless oil and as a mixture of diastereoisomers which
were not separated (ratio 4.6:1.0); bp 50°C (<0.1lmmHg); (Found: C, 57.4; H, 6.2.
C12H6F40 requires C, 57.1; H, 6.3%); NMR spectrum no. 19; Mass spectrum no.

19; IR spectrum no. 19.

1-(Z-pentafluoroprop-2-enyl)cyclopentane (54b) with but-1-en-3-ol. But-1-en-3-ol
(2.2 g, 30.6 mmol), sodium (0.6 g, 26.1 mmol) in THF (15 ml) and 1-(Z-
pentafluoroprop-2-enyl)cyclopentane (54b) (2.0 g, 10.0 mmol) gave, after column
chromatography on silica gel using n-hexane:ethyl acetate (5:1) as eluant,
cyclopentane carboxylic acid (88) (0.5 g, 44%) as a yellow oil; bp 205°C (bp!1® 214-
~ 215°C); (Found: M*, 114.067894 C6H1002 requires M*, 114.068068); NMR

spectrum no. 20; Mass spectrum no. 20; IR spectrum no. 20.

1-(Z-pentafluoroprop-2-enyl)cyclopentane (54b) with 4,4,4-trifluoro-but-2-en-3-
ol. 4,4 ,4-trifluoro-but-2-en-3-ol (2.5 g, 19.8 mmol), sodium (0.4 g, 17.4 mmol) in
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THF (15 ml) and 1-(Z-pentafluoroprop-2-enyl)cyclopentane (54b) (1.3 g, 6.5 mmol)
were refluxed at 80°C for 14 days (conv. 79%). After column chromatography on

silica gel using n-hexane:ethyl acetate (5:1) as eluant, no product was recovered.

1-(Z-pentafluoroprop-2-enyl)cyclopentane (54b) with geraniol. Geraniol (6.9 g,
44.8 mmol), sodium (0.9 g, 39.1 mmol) in THF (15 ml) and 1-(Z-pentafluoroprop-2-
enyl)cyclopentane (54b) (3.0 g, 15.0 mmol) gave, after distillation at reduced
pressure, I-cyclopentyl-3-ethenyl-2-fluoro-3,7-dimethyl-2-trifluoromethyl-6-octen-1-
one (92) (3.6 g, 72%) as a colourless oil and a mixture of diastereoisomers (ratio
6.8:1.0) which were not separated; bp 110-120°C (7mmHg); (Found: C, 64.32; H,
7.90. C18H26F40 requires C, 64.67; H, 7.78%); NMR spectrum no. 21; Méss

spectrum no. 21; IR spectrum no. 21.

1-(1,2,3,3,3 pentafluoro-Z-prop-1-enyl)cyclopentene (57b) with geraniol. Geraniol
(1.9 g, 12.3 mmol), sodium (0.2 g, 8.7 mmot) in THF (15 ml) and 1-(1,2,3,3,3
pentafluoro-Z-prop-1-enyl)cyclopentene (57b) (0.8 g, 4.0 mmol), gave after
distillation at reduced pressure, I-cyclopent-1-enyl-2-fluoro-3,7-dimethyl-2-
(trifluoromethyl)-3-vinyloct-6-en-1-one (93) (0.6 g, 45%) as a colourless oil; bp 60°C
(<0.1mmHg); (Found: M¥, 332.176564. C;3H24F40 requires M+, 332.176329);
NMR spectrum no. 22; Mass spectrum no. 22; IR spectrum no. 22.

1-(Z-pentafluoroprop-2-enyl)cyclopentane (54b) with benzyl alcohol. Benzyl
alcohol (4.9 g, 45.4 mmol), sodium (0.9 g, 39.1 mmol) in THF and 1-(Z-
pentafluoroprop-2-enyl)cyclopentane (54b) (3.0 g, 15.0 mmol) gave, after distillation
at reduced pressure, (I-cyclopentyl-2,3,3,3-tetrafluoro-1-propenoxy)methylbenzene
94) (2.2 g, 51%) as a colourless oil and a mixture of isomers which were not
separated (ratio Z:E, 320:1); bp 56°C (SmmHg); (Found: C, 62.6; H;, 5.5. C;sH6F40
requires C, 62.5; H, 5.6%); NMR spectrum no. 23; Mass spectrum no. 23; IR

‘spectrum no. 23.

1-(1,2,3,3,3 pentafluoro-Z-prop-1-enyl)cyclopentene (57b) with benzyl alcohol.
Benzyl alcohol (2.1 g, 19.4 mmol), sodium (0.4 g, 17.4 mmol) in THF and 1-
(1,2,3,3,3 pentafluoro-Z-prop-1-enyl)cyclopentene (57b) (1.2 g, 6.1 mmol) gave after
distillation a colourless liquid identified as the starting material. '

1-(Z-pentafluoroprop-2-enyl)cyclopentane (54b) with propane-1,3-diol. Propane-
1,3 -diol (1.2‘ g, 15.3 mmol), sodium (0.4 g, 17.4 mmol) in THF (15 ml) and 1-(Z-
pentafluoroprop-2-enyl)cyclopentane (54b) (4.0 g, 40.0 mmol) were refluxed at 80°C.
The reaction was stoppe‘d after 7 days as no change in the 1°F NMR was observed.
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8.1.b. Genefal procedure for silyl derivatives :

A 250 ml three-necked flask, equipped with a septum, was charged under nitrogen at
0°C, with alcohol and trimethylsilyl chloride in THF. The reaction mixture was
refluxing and the HCl emitted was released and passed thrdugh a potassium
hydroxide solution. The reaction mixture was stirred at room temperature until total
disappearance of gas emission (pH 7). CsF and the alkene were added. The mixture
was stirred at 80°C and monitored by !19F NMR. On termination, the resulting
solution was poured carefully into water. The organic layer was extracted with

dicloromethane and dried over MgSQy.

1-(Z-pentafluoroprop-2-enyl)cyclopentane (54b) with crotyl alcohol. Crotyl
alcohol (1.9 g, 26.4 mmol), pyridine (1.4 g, 15.4 mmol), Me3SiCl (2.2 ml, 17.2

mmol) in THF (15 ml), CsF (0.5 g, 3.3 mmol) and 1-(Z-pentafluoroprop-2-
enyl)cyclopentane (54b) (2.6 g, 13.0 mmol) were refluxed. The reaction was stopped
after 5 days as no change in the !9F NMR was observed.

1-(Z-pentafluoroprop-2-enyl)cyclopentane (54b) with but-1-en-3-ol. But-1-en-3-ol
(1.9 g, 26.4 mmol), Me3SiCl (0.3 ml, 32.4 mmol) in THF (15 ml), CsF (0.5 g, 3.3
mmol), 1-(Z-pentafluoroprop-2-enyl)cyclopentane (54b) (2.6 g, 13.0 mmol) were
refluxed. The reaction was stopped after 8 days as no change in the 19F NMR was

observed.

1-(Z-pentafluoroprop-2-enyl)cyclopentane (54b) with geraniol. Geraniol (4.0 g,
. 27.0 mmol), Me3SiCl (0.3 ml, 32.4 mmol) in THF (15 ml), CsF (0.5 g, 3.3 mmol), 1-
(Z-pentafluoroprop-2-enyl)cyclopentane (54b) (2.6 g, 13.0 mmol) were refluxed. The
reaction was stopped after 8 days as no change in the 19F NMR was observed.

8.2. Nucleophilic substitution reactions : nitrogen as nucleophile

1-(Z-pentafluoroprop-2-enyl)cyclopentane (54b) with ammonia. A round bottom
flask was charged with 1-(Z-pentafluoroprop-2-enyl)cyclopentane (54b) (2.0 g, 10.0
mmol) and ammonia (solution 33% in water) (50 ml, 0.6 mol). The reaction mixture
was stirred at room temperature and then refluxed for 4 days. The reaction was
monitored by 19F NMR. The reaction was stopped as no change in the 19F NMR was

observed.
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1-(Z-pentafluoroprop-2-enyl)cyclopentane (54b) with diethylamine. Similar
general procedure than for the alcohol was used. Diethylamine (12.5 ml, 28.4 mmol),
sodium (0.6 g, 26.1 mmol) in THF (15 ml) and 1-(Z-pentafluoroprop-2-
enyl)cyclopentane (54b) (2.0 g, 10.0 mmol) were refluxed at 80°C. The reaction was
stopped after 6 days as no change in the 19F NMR was observed.

8.3. Nucleophilic substitution reactions : carbon as nucleophile
8.3.a. General procedure for organolithium derivatives :

A 250 ml three-necked flask, equipped with a septum, was charged under nitrogen at
-78°C, with organolithium derivative in hexane, THF and 1-(pentafluoroprop-2-enyl)
cyclopentane (54b). The mixture was stirred, warmed at 80°C and monitored by !9F
NMR. On completion, the crude mixture was allowed to return to room temperature,
poured into ice, neutralised with aqueous HCl (10%) and extracted into
dichloromethane. The solvents were removed by rotary evaporation and further

distillation, under reduced pressure, gave the product.

1-(Z-pentafluoroprop-2-enyl)cyclopentane (54b) with BuLi. BuLi (15.6 ml, 25.0
mmol) in hexane, THF (15 ml) and 1-(Z;pentaﬂuoroprop-Z-enyl)cyclopentane (54b)
(2.0 g, 10.0 mmol) gave, after distillation at reduced pressure, (/-butyl-2,3,3,3-
tetrafluoro-1-propenyl)cyclopentane (99) (1.3 g, 55%) as a colourless liquid and as a
mixture of isomers which were not separated (ratio Z:E, 33.4:1.0); bp 32°C
(7mmHg); (Found: C, 60.5; H, 7.7. C;oH8F4 requires C, 60.5; H, 7.6%), NMR

spectrum no. 24; Mass spectrum no. 24; IR spectrum no. 24.

1-(Z-pentafluoroprop-2-enyl)cyclopentane (54b) with ¢-BuLi. t-BuLi (14.8 ml,
22.5 mmol) in hexane, THF (15 ml) and 1-(Z-pentafluoroprop-2—enyl)cyclopentane
(54b) (2.5 g, 12.5 mmol) gave the starting material after 6 days.

1-(Z-pentafluoroprop-2-enyl)cyclopentane (54b) with PhLi. PhLi (16.7 mi, 30
mmol) in hexane and THF (15 ml) and 1-(Z-pentafluoroprop-2-enyl)cyclopentane
(54b) (3.0 g, 15.0 mmol) gave, after distillation at reduced pressure, (I-phenyl-
2,3,3,3-tetrafluoro-1-propenyl)cyclopentane (101) (1.3 g, 34%) as a colourless liquid
and as a mixture of isomers which were not separated (ratio Z:E, 33:1); bp 66-70°C
(ImmHg); (Found: M¥, 258.103130 Cy4H4F4 requires M, 258.103164) and 22% of
biphenyl derivative (not isolated); NMR spectrum no. 25 (lit. 120); Mass spectrum no.

25; IR spectrum no. 25.
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8.3.b. General procedure for sodium malonate derivatives :

A 100 ml two-necked flask was éharged under nitrogen, at -78°C, with an equimolar
amount of malonate derivative in solvent and 1-(pentafluoroprop-2-enyl)
cyclopentane (54b). The reaction mixture was stirred at room temperature and
monitored by 19F NMR. On termination, the resulting solution was poured into water.
The organic layer was extracted with dichloromethane and dried over MgSOyq.

1-(Z-pentafluoroprop-2-enyl)cyclopentane (54b) with dimethyl malonate.
Dimethyl malonate (1.7 g, 20.2 mmol), sodium (0.3 g, 13.0 mmol), isopropyl ether
(15 ml)'and 1-(Z-pentafluoroprop-2-enyl)cyclopentane (54b) (2.2 g, 11.0 mmol) were
stirred for 24 hours. The reaction was stopped as no change in the 19F NMR was

observed.

1-(Z-pentafluoroprop-2-enyl)cyclopentane (54b) with diethyl malonate. Diethyl
malonate (1.7 g, 10.9 mmol), sodium (0.2 g, 8.7 mmol), THF (15 ml) and 1-(Z-
pentafluoroprop-2-enyl)cyclopentane (54b) (1.0 g, 5.0 mmol) were stirred for 5 days.
The reaction was stopped as no change in the 19F NMR was observed.

8.3.c. Grignard reagent :

1-(Z-pentafluoroprop-2-enyl)cyclopentane (54b) with allyl magnesium bromide.
To allyl magnesium bromide (30 ml, 30 mmol) and THF (25 ml) contained in a three-
necked flask, equipped with a septum, a condenser and under nitrogen atmosphere, 1-
(Z-pentafluoroprop-2-enyl)cyclopentane (54b) (3.0 g, 15.0 mmol) was added
dropwise at room temperature. After 1 day, the crude mixture was allowed to return

to room temperature, poured carefully into water, neutralised with a aqueous solution
of NaHCOs3, extracted into diethyl ether and dried over MgSOy4. The solvents were

removed by rotary evaporation and a colourless liquid identified as 1-

(pentafluoroprop-2-enyl)cyclopentane (54b) was recovered.

8.4. Electrophilic substitution reactions :

8.4.a. General procedure for halogenation reactions :

A 250 ml two-necked flask, equipped with a condenser and a pressure equalising
dropping funnel, was charged under 0°C, with the halogen derivative and I-

(pentafluoroprop-2-enyl)cyclopentane (54b). The mixture was stirred at room
temperature for 24 hours. On completion, the crude mixture was diluted in
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dichloromethane and washed with 10% aqueous sodium metabisulphate. The organic
layer was extracted with dichloromethane and dried over MgSO4. The solvents were

removed by rotary evaporation and further distillation, under reduced pressure, gave

the product.

l-(Z-pentaﬂuoroprop-Z-ehyl)cyclopentane (54b)' with bromine. 1-(Z-
pentafluoroprop-2-enyl)cyclopentane (54b) (2.0 g, 10.0 mmol) and elemental
bromﬁne (3.2 g, 20.0 mmol) gave, after distillation at reduced pressure, /,2-dibromo-
]-cyclopentyl-],?,i3,3-pentaﬂuoropr0pane (103) (1.5 g, 42%) as a colourless liquid
and as a mixture of diastereoisomers which were not separated (ratio 1.0:0.6); bp 55-
60°C (10 mmHg); (Found: M*, 359.896442 CgHgFsBr; requires M+, 359.897068);
NMR spectrum no. 26; Mass spectrum no. 26; IR spectrum no. 26.

1-(Z-pentafluoroprop-2-enyl)cyclopentane (54b) with iodine monochloride. 1-(Z-
pentafluoroprop-2-enyl)cyclopentane (54b) (2.0 g, 10.0 mmol) and iodine
monochloride (3.2 g, 19.7 mmol) gave after work up and column chromatography on
silica gel using CH2Cl; as eluant a colourless liquid identified as the starting material.

1-(Z-pentafluoroprop-2-enyl)cyclopentane (54b) with iodine bromide. 1-(Z-
pentafluoroprop-2-enyl)cyclopentane (54b) (2.0 g, 10.0 mmol) and iodine bromide
(4.1 g, 19.8 mmol) gave after work up and column chromatography on silica gel
using CH7Cl; as eluant a colourless liquid identified as the starting material.

8.5. Epoxidation reactions :
8.5.a. General procedure

A two-necked flask, equipped with a cold finger and a dropping funnel was charged
with NaOCl and CH3CN. The reaction mixture was then basified with a aqueous

solution of NaOH (pH 10-11), the alkene added and then stirred for 2 days. The lower
layer was separated, washed with water and extracted with CH,Cl, and dried over

MgSO4.

1-(Z-pentafluoroprop-2-enyl)cyclopentane (54b) with sodium hypochlorite.
NaOCl (20 ml), CH3CN (2 ml) and 1-(Z-pentafluoroprop-2-enyl)cyclopentane (54b)
(2.0 g, 10.0 mmol) gave after evaporation of the solvent a colourless liquid identified

as the starting material.
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(lZ)-l-adzimantanyl-1,2,3,3,3-pentaﬂu0ropr_op-1-ene (53b) with sodium
hypochlorite. NaOCI (15 ml), CH3CN (1.5 ml) and (1Z)-1-adamantanyl-1,2,3,3,3-
“pentafluoroprop-1-ene (53b) (3.0 g, 11.0 mmol) gave after evaporation of the solvent

a colourless liquid identified as the starting material.

1-(Z-pentaﬂuoroprop-2-enyl)cyclopentane (54b), sodium hypochlorite and
BDTAC. 1-(Z-pentafluoroprop-2-enyl)cyclopentane (54b) (3.0 g, 15.0 mmol) in
CH,Clp (37.5 ml) was added to a mixture of meso-5,10,15,20-tetraphenyl-21H,23H-
porphyrin manganese (III) chloride (0.07 g, 0.09 mmol) and
benyldimethyltetradecylammonium chloride (0.08 g, 0.19 mmol) in NaOCl (40.5 ml).
The reaction mixture was stirred at room temperature for 4 days. On completion, the
reaction mixture was passed through a column of silica gel (eluant, n-hexane:diethyl
ether (3:1)). After evaporation, a colourless liquid identified as 1-(pentafluoroprop-2-

enyl)cyclopentane (54b) was obtained.

1-(Z-pentafluoroprop-2-enyl)cyclopentane (54b) with m-CPBA. m-CPBA (3.3 g,
9.1 mmol) was dissolved in CH;Cly; (25 ml), then 1-(Z-pentafluoroprop-2-
enyl)cyclopentane (54b) (1.0 g, 10 mmdl) was added at room temperature. The
reaction mixture was stirred for 13 days at room temperature then cooled down to
0°C, filtered and washed with a saturated solution of Na;S,03. The aqueous phase
was extracted 2 times into dichloromethane. Then the organic layers were collected,
washed with a saturated solution of NaHCO3 and a solution of NaCl and dried over
MgSOy4. Evaporation gave a colourless liquid identified as the starting material.
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Chapter 9 : Experimental to Chapter 5
9.1. Free radical addition to HFP using y-rays :

General procedure for y-ray initiated reactions described in Chapter 6.

Triethylamine and HFP. Triethylamine (17.0 g, 0.17 mol) and hexafluoropropene
(8.5 g, 56.7 mmol), after column chromatography on silica gel using cyclopentane as
eluant, gave as an isomer mixture (ratio 1.0:0.4) of diethyl(2,2,3,4,4,4-hexafluoro-1-
methylbutyl)amine (104) as a colourless liquid (1.3 g, 3%); bp 119.4°C; (Found: [M-
H]*, 250.104248 CoH 4F¢N requires [M-H]*, 250.103044); NMR spectrum no. 27;
Mass spectrum no. 27; IR spectrum no. 27, bis(2,2,3,4,4,4-hexafluoro-1-
methylbutyl)ethylamine (105) as a mixture of diastereoisomers (ratio : 1.0:0.2) and a~
colourless oil (26.0 g, 38%); bp 201.6°C; (Found: C, 35.9; H, 3.8; N, 3.7.
C12H15F12N requires C, 35.9; H, 3.8; N, 3.5%); NMR spectrum no. 28; Mass
spectrum no. 28; IR spectrum no. 28 and tris(2,2,3,4,4,4-hexafluoro-1-
methylbutyl)amine (106) as a mixture of diastereoisomers (ratio
1.0:0.5:0.3:0.3:0.3:0.2) and a white solid (5.7 g, 6%); mp 74°C; (Found: C, 33.0; H,
2.8: N, 26 CisHysF 18N requires C, 32.7; H, 2.7; N, 2.5%); NMR spectrum no. 29;

Mass spectrum no. 29; IR spectrum no. 29.

N,N-dimethylethylamine and HFP. N,N-dimethylethylamine (17.0 g, 0.23 mol) and
| hexafluoropropene (11.7 g, 78.0 mmol), after column chromatography on silica gel
using n-hexane and then CH;Cl; as eluants, gave an isomer mixture (ratio 1:1) of
(2,2,3,4,4,4-hexafluorobutyl)(2,2,3,4,4,4-hexafluoro- 1 -methylbutyl)methylamine

(107) as a colourless oil (11.7 g, 16%); bp 198.2°C; (Found: C, 32.3; H, 3.0; N, 3.9.
CioH14F 12N requires C, 32.2; H, 3.0; N, 3.8%); NMR spectrum no. 30; Mass

spectrum no. 30; IR spectrum no. 30.

N,N-diisopropylethylamine and HFP. N,N-diisopropylethylamine (17.0 g, 0.13
mol) and hexafluoropropene (8.2 g, 54.7 mmol), after column chromatography on
silica gel using n-hexane as eluant, gave an isomer mixture (ratio 1.0:0.2) of
bis(methylethyl)(Z,2,3,4,4,4-hexaﬂuoré-1-methylbutyl)amine (108) as a pale yellow
liquid (1.2 g,3%); bp 141°C; (Found: C, 47.1; H, 6.9; N, 5.1. C11H 9F¢N requires C,
47.3;: H, 6.9; N, 5.0%); NMR spectrum no. 31; Mass spectrum no. 31; IR spectrum
no. 31 and after column chromatography on silica gel using CH,Cl as eluant,
(2,2,3,4,4,4-hexafluoro-1,1-dimethylbutyl)(2,2,3,4,4,4-hexafluoro- I -methylbutyl)

(methylethyl)amine (109) as a mixture of diastereoisomers (ratio 1.0:0.3) and a yellow
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oil (6.1 g, 11%); bp 201.3°C; (Found: C, 39.0; H, 4.5; N, 3.4. C;4H9F 2N requires C,
39.2; H, 4.5; N, 3.3%); NMR spectrum no. 32; Mass spectrum no. 32; IR spectrum
no. 32. :

N-methyl pyrrolidine and HFP. N-methyl pyrrolidine (17.0 g, 0.17 mol) and
hexafluoropropene (10.0 g, 66.7 mmol), after column chromatography on silica gel
using n-hexane and then CH,Cl» as eluants, gave an isomer mixture (ratio 1.0:0.4) of
2-(1,1,2,3,3,3-hexafluoropropyl)-1-methylpyrrolidine (110) as a yellow pale viscous
liquid (12.7 g, 27%); bp 138.6°C; (Found: C, 40.6; H, 4.5; N, 5.7. CgH| FgN requires
C, 40.9; H, 4.7; N, 6.0%); NMR spectrum no. 33; Mass spectrum no. 33; IR

spectrum no. 33.

N-methyl piperidine and HFP. N-methyl piperidine (12.2 g, 0.12 mol) and
hexafluoropropene (11.7 g, 78.0 mmol), after distillation at reduced pressure, gave a
diastereoisomer mixture of 1-(2,2,3,4,4,4-hexafluorobutyl)-2-(1,1,2,3,3,3-
hexafluoropropyl)piperidine (111) as a yellow liquid (9.2 g, 19%); bp 60°C (8 mBar);
(Found: C, 36.1; H, 3.2; N, 3.5. C12H3F12N requires C, 36.1; H, 3.3; N, 3.5%);
NMR spectrum no. 34; Mass spectrum no. 34; IR spectrum no. 34. | '

N-methyl piperidine and HFP (2 weeks). N-methyl piperidine (12.2 g, 0.12 mol)
and hexafluoropropene (11.7 g, 78.0 mmol), after distillation at reduced pressure,
gave a diastereoisomer mixture of /-(2,2,3,4,4,4-hexafluorobutyl)-2-(1,1,2,3,3,3-
hexafluoropropyl)piperidine (111) as a yellow liquid (11.7 g, 24%); spectral and

physical data are as above.

N-ethyl piperidine and HFP. N-ethyl piperidine (16.3 g, 0.14 mol) and
hexafluoropropene (8.7 g, 54.7 mmol), after distillation at reduced pressure, gave I-
(2,2,3,4,4,4-hexafluoro-1-methylbutyl)-2-(1,1,2,3,3,3-hexafluoropropyl)piperidine

(112) as a orange liquid (6.7 g, 12%); bp 58-60°C (13 mBar); (Found: C, 38.0; H, 3.8;
N, 3.7. Cy3H}5F 12N requires: C, 37.8; H, 3.6; N, 3.4%); NMR spectrum no. 35; Mass

spectrum no. 35; IR spectrum no. 35.

N-ethyl piperidine and HFP (2 weeks). N-ethyl piperidine (17.0 g, 0.15 mol) and
hexafluoropropene (2.6 g, 17.3 mmol), after distillation at reduced pressure, gave /-
(2,2,3,4,4,4-hexafluoro-1-methylbutyl)-2-(1,1,2,3,3,3-hexafluoropropyl)piperidine
(112) (10.5 g, 18%); spectral and physical data are as above.

4-methyl morpholine and HFP. 4-methyl morpholine (17.0 g, 0.17 mol) and
hexafluoropropene (10.1 g, 67.3 mmol), after distillation at reduced pressure, gave an
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isomer mixture (ratio : 0.4:1.0) of 4-(2,'2,3,4,4,4-hexaﬂu0robutyl)morpholine (113) a
colourless viscous liquid (0.7 g, 2%); bp 54°C (3.6 mBar); (Found: C, 38.0; H, 4.3; N,
5.3. CgH11FgNO requires : C, 38.3; H, 4.4; N, 5.6%); NMR spectrum no. 36; Mass
spectrum no. 36; IR spectrum no.” 36 and 4-(2,2,3,4,4,4-hexafluorobutyl)-3-
(1,1,2,3,3,3-hexafluoropropyl)morpholine (114) as a mixture of diastereoisomers
(ratio 1:1) and a yellow oil (7.4 g, 11%); bp 84-86°C (3.6 mBar); (Found: C, 32.7; H,
2.7; N, 3.4. C;1H1F12NO requires C, 32.9; H, 2.8; N, 3.5%); NMR spectrum no. 37;

Mass spectrum no. 37; IR spectrum no. 37.

4-ethyl morpholine and HFP. 4-ethyl morpholine (17.0 g, 0.14 mol) and
hexafluoropropene (8.9 g, 59.3 mmol), after distillation at reduced pressure, gave a
diastereoisomer mixture (ratio 1.7:1.0) of 4-(2,2,3,4,4,4-hexafluoro-1-
methylbutyl)morpholine (115) as a colourless viscous liquid (0.4 g, 1%); bp 40°C
(1.5 mBar); NMR spectrum no. 38; Mass spectrum no. 38; IR spectrum no. 38 and 4-
' (2,2,3,4,4,4-hexafluoro-1-methylbutyl)-3-(1,1,2, 3, 3, 3-hexafluoropropyl)morpholine
(116) as a mixture of diastereoiomers and a yellow oil (3.1 g, 5%); bp 64°C (1.5
mBar); (Found: C, 34.7; H, 3.0; N, 3.4. C;2H3F2NO requires C, 34.7; H, 3.2; N,
3.4%); NMR spectrum no. 39; Mass spectrum no. 39; IR spectrum no. 39.

1,4-dimethyl piperazine and HFP. 1,4-dimethyl piperazine (17.0 g, 0.15 mol) and
hexafluoropropene (7.5 g, 50.0 mmol), after column chromatography on silica gel
using n-hexane:CH7Cl; (1:1) and then CH;Cl; as eluants, gave an isomer mixture
(ratio 1.0:0.8:0.8:0.8) of 2,6-bis(1,1,2,3,3,3-hexafluoropropyl)-1,4-dimethylpiperazine
- (117) as a yellow pale oil (5.2 g, 8%); bp 243.6°C; (Found: C, 34.5; H, 3.1; N, 6.5.
" Ci2H14F |2N; requires C, 34.8; H, 3.4; N, 6.8%); NMR spectrum no. 40; Mass
spectrum no. 40; IR spectrum no. 40 and after column chromatography on silica gel
using CH2C12 as eluant, ],4-dimethyl-2,3,5-tris(1,1.,2,3,3,3-hexaflu0ropropyl)
piperazine (118) as a mixture of diastereoisomers (ratio 0.3:1.0) and a Abrown oil (5.3
g, 6%); bp 214.4°C; (Found: C, 31.7; H, 2.3; N, 4.9. C;sH4F ;8N requires C, 31.9; H,
2.5; N, 5.0%); NMR spectrum no. 41; Mass spectrum no. 41; IR spectrum no. 41.

N,N,N',N'-tetramethyl-1,4-butanediamine and HFP. N,N,N',N'-tetramethyl-1,4-
butanediamine (17.0 g, 0.13 mol) and hexafluoropropene (5.9 g, 39.3 mmol) gave a
brown liquid crude product mixture (20.2 g) containing N,N,N',N'-tetramethyl-1,4-

butanediamine and hexafluoropropene dimer (bp 50°C).
1-diethylamino-2-propanol and HFP. 1-diethylamino-2-propanol (17.0 g, 0.13 mol)

and hexafluoropropene (8.3 g, 55.3 mmol) gave a yellow liquid crude product mixture

(22.3 g) containing 1-diethylamino-2-propanol and hexafluoropropene dimer.
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3-diethylamino-1-propanol and HFP. 1-diethylamino-2-propanol (17.0 g, 0.13 mol)
and hexafluoropropene (8.3 g, 55.3 mmol) gave a yellow liquid crude product mixture

(23.4 g) containing 1-diethylamino-2-propanol and hexafluoropropene dimer.

(diethylamino)acetaldehyde diethyl acetal and HFP. (diethylamino)acetaldehyde
diethyl acetal (17.0 g, 93.0 mmol) and hexafluoropropene (4.5 g, 30 mmol). gave a
brown yellow liquid as crude ‘product mixture (16.4 g) containing

(diethylamino)acetaldehyde diethyl acetal and hexafluoropropene dimer.

1,4-diazabicyclo[2,2,2]octane and HFP. 1,4-diazabicyclo(2,2,2]octane (17.0 g, 0.15
mol), hexafluoropropene (8.9 g, 59.3 mmol) and acetone (20 ml) gave a mixture of a
brown liquid and a black solid as crude product mixture (17.8 g) containing 1,4-

diazabicyclo[2,2,2]octane and hexafluoropropene dimer.
9.2. Influence of various factors over the free radical process :
General procedure for peroxide initiated reactions described in Chapter 6.

4-ethyl morpholine and HFP. An autoclave was charged with 4-ethyl morpholine (17.0
g, 0.15 mol), hexafluoropropene (7.6 g, 50.7 mmol) and rocked for 24 hours at 80°C. On
completion a brown liquid as crude product mixture (12.3 g) containing the 4-ethyl

morpholine and hexafluoropropene dimer was obtained.

 4-ethyl morpholine and HFP (peroxide initiation, temperature 80°C). 4-ethyl
morpholine (17.0 g, 0.15 mol), dibenzoy! peroxide (1.2 g, 5.0 mmol) and
hexafluoropropene (7.6 g, 50 mmol) gave a dark liquid as crude product mixture (21.6
g) containing the nucleophilic substitution product, hexafluoropropene dimer and
benzoic acid. Neutralisation with a saturated solution of NaHCO3 then extraction with
CH;,Cl; gave the nuceophilic product and the benzoic acid. Further treatment with the
saturated solution of NaHCO3 did not allow separation of these 2 products.

9.3. Dehydrofluorination reactions :

General procedure for dehydrofluorination reactions described in Chapter 7.
1-(2,2,3,4,4,4-hexafluoro-1-methylbutyl)-2-(1,1,2,3,3,3-hexafluoropropyl)
piperidine (112). Dry sodium ferz-butoxide (3.7 g, 38.5 mmol) in isopropyl ether (20

- ml) was cooled down to -80°C. 1-(2,2,3,4,4,4-hexafluoro-1-methylbutyl)-2-
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(1,1,2,3,3,3-hexafluoropropyl)piperidine (112) (4.0 g, 9.7 mmol) gave, after fractional
distillation under reduced pressure, 1-((2Z)-2,3,4,4,4-pentafluoro-1-methylbut-2-
enyl)-2-((1Z)-1,2,3,3,3-pentafluoroprop-1-enyl)piperidine (119) (1.1 g, 30%) as a
colourless liquid; bp 40°C (<0.1mmHg); (Found: C, 41.6; H, 3.5; N, 3.8. C;3H3FoN
requires C, 41.8; H, 3.5; N, 3.8%); NMR spectrum 42; Mass spectrum 42; IR

spectrum 42.

1-(2,2,3,4,4,4-hexafluorobutyl)-2-(1,1,2,3,3,3-hexafluoropropyl)piperidine (111).
Dry sodium tert-butoxide (3.7 g, 38.5 mmol) in isopropyl ether (20 ml) was cooled
down to -80°C. 1-(2,2,3,4,4,4-hexafluorobutyl)-2-(1,1,2,3,3,3-hexafluoropropyl)
piperidine (111) (4.0 g, 10.0 mmol) was added and the mixture was stirred for 24
hours. After work up, 19F NMR showed a disappearance of the AB system, but after
distillation, the product was not obtained, a tar, due to the amine decomposition,
remained in the round bottom flask. '

On the second attempt, a column ch;omatography using CHClj as eluant was

tried but the product remained on the column.
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No. 1
No.

No.
No.

No.
No.

No.
No.
No.

No.

No.

No.
No.

No.

Appehdix A : NMR Spectra

1-adamantanyl-1,1,2,3,3,3-hexafluoropropane (36)
2 1,1,2,3,3,3-hexafluoro-1-[3-(1,1,2,3,3,3-hexafluoropropyl)adamantanyl]
propane (39) ' A
3 1-(3,5-bis(1,1,2,3,3,3-hexafluoropropyl)adamantanyl}-1,1,2,3,3,3-hexafluoro
propane (41) ,
4 1,1,2,3,3,3-hexafluoro-1-[3,5,8-tris(1,1,2,3,3,3-hexafluoropropyl)
adamantanyl] propane (42) '
5 1-(1,1,2,3,3,3—hexaﬂubropropyl)cyclopentane (43)
6 1,1,2,3,3-hexafluoro—1—[3-(1,1,2,3,3,3-hexaﬂuoropropyl)cyclopentyl]propéne
(44b) ,
7 1-(1,1,2,3,3,3-hexafluoropropyl)cyclopentanol (46)
8 1-(1,1,2,3,3,3-hexafluoropropyl)cyclopentene (49)
9 (1E)-1-adamantanyl-1,2,3,3,3-pentafluoroprop-1-ene (53a) and (12)-1-
adamantanyl-1,2,3,3,3-pentafluoroprop- 1 -ene (53b)
10 1-(E-pentafluoroprop-2-enyl)cyclopentane (54a) and 1-(Z-
pentafluoroprop-2-enyl)cyclopentane (54b)
11 1-[(1R,3R)-3-((12)-1,2,3,3,3-pentafluoroprop- 1 -enyl)cyclopentyl](1Z)-
1,2,3,3,3-pentafluoroprop-1-ene (55) and 1-[(3S,1R)-3-((12)-1,2,3,3-
_pentafluoroprop-1-enyl)cyclopentyl](12)-1,2,3,3-pentafluoroprop-1-
ene (56) _ A
12 1-(1,2,3,3,3-pentafluoro-Z-prop-1-enyl)cyclopentene (57b)
13 (1E)-1-cyclopentyl-1-ethoxy-2,3,3,3-tetrafluoroprop-1-ene (75a) and
(12)-1-cyclopentyl-1-ethoxy-2,3,3,3-tetrafluoroprop-1-ene (75b)

. 14 1-cyclopentyl-1-ethoxy-1,2,3,3,3-pentafluoropropane (76)

. 15 1-cyclopentyl-2,3,3,3-tetrafluoropropan-1-one (77)

.16 l-cyclopentyl-1,2,3,3,3-pentafluoro- 1-methoxypropane (78)

.17 1-cyclopentyl—Z—fluoro-2-triﬂudrométhyl-él-penten-l-o'ne (79)

. 18 1-cyclopentyl-2-fluoro-2-trifluoromethyl-3,4-pentadien-1-one (85)
. 19 1-cyclopentyl-2-fluoro-3-methyl-2-trifluoromethyl-4-penten-1-one

(86)

. 20 cyclopentane carboxylic acid (88)
. 21 1-cyclopentyl-3-ethenyl-2-fluoro-3,7-dimethyl-2-triflucromethyl-6-

octen-1-one (92)
22 l-cyclopent-1-enyl-2-fluoro-3,7-dimethyl-2-(trifluoromethyl)-3-
vinyloct-6-en-1-one (93)
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No.
No.
. 25 Z-(1-phenyl-2,3,3,3-tetrafluoro- 1 -propenyl)cyclopentane (101)
.26 1,2-dibromo-1-cyclopentyl-1,2,3,3,3-pentafluoropropane (103)
. 27 diethyl (2,2,3,4,4,4—hexéﬂuoro—l—methylbutyl)arnine (104)

. 28 bis(2,2,3,4,4,4-hexafluoro- 1-methylbutyl)ethylamine (105)
.29 tris(2,2,3,4,4,4-hexafluoro- 1 -methylbutyl)amine (106)

.30 (2,23,4,44- hexaﬂuorobutyl)(2,2,3 4 4 4-hexafluoro-1-

No.
.32 (2,2,3,4,4,4-hexafluoro-1,1-dimethylbutyl)(2,2,3,4,4,4-hexafluoro-1-

No.
No.

No.
No.

No.
No.
No.

23 Z-(1-cycl opcntyl ,3,3,3-tetrafluoro-1-propenoxy)methylbenzene (94)
24 Z-(1-butyl -2,3,3,3-tetrafluoro-l—propenyl)cyclopentane (99)

methylbutyl)methylamine (107) .
31 bis(methylethyl)(2,2,3,4,4,4-hexafluoro-1-methylbutyl)amine (108)

methylbutyl)(methylethyl)amine (109)

.33 2-(1,1,2,3,3,3-hexafluoropropyl)- 1 -methylpyrrolidine (110)
.34 1-(2,2,3,4,4 4-hexafluorobutyl)-2-(1,1,2,3,3,3-hexafluoropropyl)

piperidine (111)

.35 1-(2,2,3,4,4,4-hexafluoro-1-methylbutyl)-2-(1,1 3,3-hexafluoro

propyl)piperidine (112)

36 4-(2,2,3,4,4 4-hexatluorobutyl)morpholine (113)

37 4-(2,2,3,4,4,4-hexafluorobutyl)-3-(1,1,2,3,3,3-hexafluoropropyl)
morpholine (114) '

38 4-(2,2,3,4,4,4-hexafluoro-1-methylbutyl )rnorphohne (115)

39 4-(2,2,3,4,4,4-hexafluoro-1-methylburyl)-3-(1,1,2,3,3,3-hexafluoro
“propylymorpholine (116) '

40 2,6-bis(1,1,2,3,3,3-hexafluoropropyl)-1,4-dimethylpiperazine (117)

41 1,4-dimethyl-2,3,5-tris(1,1,2,3,3,3-hexafluoropropyl)piperazine (118)

42 l-((22)-2,3,4,4,4—pentaﬂuoro.-l-methy but-2-enyl)-2-((12)-1,2,3,3,3-
pentafluoroprop-1-enyl)piperidine (119)
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d Jep225
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INO. 2 1-10,0-015 L, 1,4,0,0,0-0CA4HUOTORTOD Y Jadamantanyij- i, 1,£,2,0,2-n€Xaliuocro

propane (41)

t f
CF,-CFH-CF,

a

/1
CF;-CFH-CFE\CFTCFH-CF_‘

R
Chermical ‘| Coupling Relative
NMR Shift Mutltiplicity ;|  Constant l/nlensily Assignment
{ppm) (Hz)
H 18 m 6 )
19 - m 6 c
2.5 s (br) 1 d
4.9 m 3 f
I9F -74.1 T s 9 g
-120.6 syst AB dm | ZJezr 276.8 3 e
-128.6 syst AB dm | “TrF 276.8 3 e
. -207.2 s (br) 3 h
3¢ 26.6 s d
315 s 4
332 H A b
412 t 2cr 209 a
84.1 d Jer 197.8 f
m
118.8 d Her 262.0 e
d- 2Jer 2479
d 2er23.0
120.9 q Uer 2833 2
d 2Jep 265

No. 4 },1.2.3,3,3-hexafluoro-1-{3,5,8-tris(1,1,2,3,3.3-hexafluoropropyl)adamantanyl]-

propane (42}

c d €
~ CF,-CFH-CF,

2

b
CF;-CFH-CF; CF,-CFH-CF,
CF,-CFH-CF,
Chemical Coupling Relative )
NMR . Shift Multiplicity Constant Intensity Assignment
' ~(ppm) (Ha)
IH 2.1 m 12 b
6.0 d ey 42.0 4 d
d 3y 205
q 3y 6.3
3 .75.0 5 12- e
-122.1 syst ABdm | pp 2753 4 ¢
-128.0 syst AB dm | 2z 2753 4
2078 d 2py 32.0 4 o d
q 3Jer 7.9
13C 30.9 s b
423 ! Jer 224
84.0 d e 198.1 d
q er 336
t Jer9.2
119.8 d Jer261.1 ¢
d 2y 248.7
d 217
122.2 q 1Jep 282.6 e
' d 2cr 259




Chemical Coupling Relative
NMR Shift Multiplicity | Consiant Intensity Assignment
{pom) Hz)
'H 1.6 m 2 ¢, daxoreq
1.7 m 4 ¢, daxoreq
b, € ax or eq
1.9 m 2 b, e ax or eq
25 m ] a
4.8 d )y 24.0 ] g
d 3y 152
d 3y 6.0
q gy 5.2
I9F . -71.8 s 3 h
-111.5 syst AB dm 2] ey 264.6 ] r
-115.8 syst AB dm ss 2646 } f
-208.5 s i 4
13C 251 d Sepe2 bore
d Jep2
25.6 s cord
25.8 5 cord
26.1 d 3Jcp 6} bore
m
42.4 t Jep 221 a
85.9 d 1 cr 196.7 e
q 2Jcp 37.8
[ 2Jer 32.0
120.¥ d 1Jcr 260.2 f
d cr 246.8 '
d 2Jer 240
120.8 q Verp 2823 h
d 2] g 26.0

No. 6 1,1,2.3,3-hexafluoro-1-[3+(1,1,2.3.3 ,S-hsxaﬂuoropropyl)cyclopcntyl]propan:

(44b)
CF - CFH-CFs
. b
¢ CF,.CFH-CF
Chemical Coupling Relative
NMR Shift Muttiplicity Ct')nstam Intensity Assignment
(ppm) ) (Hz)
'H 1.8 m 2 CH2
1.9 m 2 CH»
2.0 m 2 CH,
2.7 5 "2 2CH
4.8 d 2y 312 g
. m
19F -73.0 s 6 h
-115.0 m 4 f
-200.3 s 2 g2
13C 24.0-26.4 m 3 CHa,
42.1 m CH
423 m CH
85.8 d 1Jcp 195.9 e
m
119.3 t Ycr254.1 f
m .
120.8 q Ucr2827 h
d Jer 270




r o

HO _ CF.-C
-y
4 d

h
FH-CF,

Chemical Coupling Relative
NMR Shift Multiplicity | Constant Intensity Assignment
(pom) Hz)
1H 1.6-2.1 m 8 b.c.d, e
1.9 s 1 OH
52 d BT ] g
d Ay 1922 ’
q ey 6.4
I9¢F -74.5 m T3 h
-121.4 systABd | e 2746 ] i
d e 138
q 6.4
-127.2 systABd | ZJFr274.6 ! f
hept S]eg 102
-210.0 d 433 1 g
m
3C 23.3 5 cord
24.5 d ‘Jer 19 cord
343 q 3cr *lcr bore
4.2
35.4 d 4Jcr 6. bore
83.4 d Jer 1948 g
d 2cr 9.1 ’
d 2Jcr 343
’ q 2Jcp 244
83.6 m a
Nao. 8 1-(1,1,2,3,3,3-hexafluoropropyi)cyclopentene (49) 118.6 d Hep 2620 r
d Vep 2472
Cry Erm O, d cr 236
b . 121.5 q Jer 2827 h
d 2JcF 259
c d
Chemical Coupling Relative
NMR Shift Multiplicity |  Constant Intensity Assignment
(pom) (Hz) ’
1H 20 quint Jnun 1.6 2 ¢
2.5 m 4 b,d
4.8 d Jry 439 i g
d Jrg 1158
d 3ry 6.0
q 3Ty 5.8
6.2 m ] e
9F -74.8 m 3 h
-104.5 syst AB dm | 2JrF272.9 1 f
-109.7 syst AB dm | ZJFF272.9 1 £
-210.1 d Irg 437 1 g
sext ep 117
13C 232 s : c
30. q Jcr Ycr b
22
329 t Jep 13 d
86.2 d " Mer 1981 g
sext Ucp340
1155 t Jcp244.5 f
d AJcp 229
120.6 q Jcr 2834 h
d 2ep 257
3 t 2cr24.0 a
5. t “Icr72 e
L d ok




Fe EC /C\T
J \
7 \
d
Chemical Coupling Relative
NMR Shift Multiplicicy | Constant Intensity Assignment
(pom) (52)
'H 1.74 m 5 b
1.96 d Mym 12 § d
2.06 s (or) 3 4
t9F 67.6 d ez 226 3 g
d 102
-149.3 d g 1321 ] CF (&)
q JE 233
175.5 d 3Jep 1227 ] CF (D
Q e 105
iC 277 s ¢
: 38.3 H b
37.8 t 5Je=3.8 d
384 H a
119.4 d Her 272.3 f
d 2Jer36.2
9 Her s
137.7 d Jez 2488 e
d ez 1293
d 3z 9.1
No. 9 (12)-1-adamantanyl-1,2,3.3,3-pentafluoroprop- 1 -ene (S3b) 160.4 g Her 12011 H
: ) d 2]er 357
F d Ner 27
!
F” cr
4
b
4
A
‘d
. Chemical Coupling Relative
NMR Shift Multiplicity Constant Intensity Assignment
(pom) : (Hz)
'H 1.7 m 6
1.9 d 3Jun 2.8 6
2.1 s (br) 3 [
I9F -60.2 -t Hep 4pr 8.7 3 g
-1252 q pr 8.7 1 CF (e)
-154.8 q 3JFE 102 I CF (D
3C 27.8 s c
36.2 s b
379 t 5]cE SIcp
23
39. s a
120. d Uecr270.2 f
d e 354
q 2Jcp 9.2
137.7 d Uep248.7 e
d 2Jep43.1
q 3cr29.0
160.7 q lJcr 263.8 g
d 2Jep 13.0
d Jcpd.6




F h
LR CF;
3 .’\"g
d e ‘ e
F Chemucal Coupling Reladve
NWR Shift Multiplicicy Coastant Intensity Assignment
(pom) (Hz)
'H- 1.8 m 2 b, 23z 0r2q
1.7 m 4 B, 231 0r 2qr
¢ daxor 2q
1.9 m 2 & dax or e
3.0 m i a
9F 6717 d g 220 3 h
d ez LLT
-149.4 d 3e= 1309 1 CF(H
d ey 32.2
Q e 218
-175.¢ d e 1310 ! CF (g
q e LS
d ey 32
13C 26.3 s ¢
29.1 H b
36.7 m a
119.3 q Hz27le a
d tJpz 320
d e a2
No. 10 {-(Z-pentatluoroprop-2-2ayl)cyciopentane (Sdb)A
g
b
¢ [\ig
‘e, CF,
Chemical Coupting Relative
NMR Shift ifultiolicicy Constant Intensity Assignment
{gom) {Hz) )
'H 1.8 m 2 b, e axor =y
1.7 m ¢ D, 2 4x or ey
¢, d ax or 2g
.9 m 2 ¢, d ax0r g
3.0 d e 3s2e a
m
19F 83.6 d ez 17 3 h
‘ d 4Jeg 9.0
-132.9 d ey 347 ! CF (D
d ”E—T— 33
q 4z 92
159.3 q e 120 t CF(z
d e 3s
13C 28.3 s ¢
29.8 H b
36.6 d Jer 209 a
m
1202 q ez 2700 h
d epiad
d =946
134.3 d e 2493 g
d e 102
q s e
1553 d ez 2623 £
d erds
q ez 34




1,2,3,3,3-pentatluoroprop- t -ene (33) and {-{(3S.1R)-3-{(1£)-1.2,5.3-pentafluoropop-

41

-pentafluocoprop- i -ene (36)

l-enyl)cyclopearyt](12)-1.2,3.3
Er=Ce.ct, Er=Grch,
e b ZZ e b Zz
¢ CEaCE-CFy ¢ “SCF=CF-CFy
Chemical Coupling Relative
NMR - Shift WMultipticity Constant Intensity Assignment
{ppm) (Hz)
H 1.8-1.9 m 4 e,d axoreq
1.9-2.0 m 4 b
2.0-2.1 m 4 &, daxoreq
3.2 m 2 a,c
3.3 m 2 a, ¢
9% -66.2 d e il 12 h
d 4Jer 8.7
-134.7 d prds 4 CF (D
q 4]z 8.7
-157.38 q es 117 3 CF ()
d g a3
13C 28.6 s
30t s
317 s d,e
323 S d, e
36.5 d s 22,1 a,¢
m
36.9 d Uer 225 a,¢
) m
120.0 q tJer 2704 h
d 2z 347
1-(1.2.3.3.3-pentafluoco-Z-prop- | -eny hcyclopentene (37b) 120.1 q Ucg 262.1 h
d e 347
, F\CziJF 1352 d Ucp252.2 e
bé Y 3 ) m
e 153.6 d Uer 264.0 f
¢ d z d eplll
q 3fee3s
Chemical Coupling Relative
R Shift Multiplicity | Coastant [ntensity Assignment
(pom) (tiz)
{ 2.0 quint 3Jg 7.2 2 ¢
2.3 m 2 d
2.6 m 2 b
6.3 d 4T 6.8 1 e
¢ 3yyg 2.4 .
t Jup 0.2
A -64.6 d ee 117 3 h
d e 8.7
-120.9 s (br) ) 1 CF (H
-155.8 d g L13 1 CF (g)
q es 113
z 23.5 s ¢
32. d Seg L8 b
q S]cr L6
33.2 H d
120.0 q Jcr 270.0 h
d 2Jcp34.7
d 3Jcr 8.9
129.4 d 2cr 210 a
m
135.5 d cr 2548 g
d crp 410
q 2Jce 258
140.2 d Jepi2 e
d 4Jcp 6.1
q SIcp 2.3
149.0 d gz 2544 f A9




No. 13 (1£)-1-cyclopentyl-1-ethoxy-2,3,3,3-tetrafluoroprop- 1 -ene (75a)

0-CH,-CH,
b ‘ . CF,
CON h
AOAN
E
Chemical | Coupling Relative
NMR Shift Muitiplicity Constant Intensity Assignment
(pom} . (Hz)
M . 1.2 t 3]y 6.8 3 j
1.6 m 2 b, € ax or eq
1.7 m 6 b, & ax or eqs
¢, d
2.9 d 3yy 8.4 ! a
d 3]y 8.3
d 4Jpy 4.0
3.8 q 3Jun 7.2 2 i
15F -66.9 d 3gr 102 3 h
-161.6 a 3l 13.2 ) g
13C 30.0 d 4er 30 b, e
31.0 S ' ¢, d
38.5 m L a
No. 13 (1Z)-1-cyclopen(yl-1-ethoxy-Z,B,3,3-tctraﬂuoroprop-1-eue (75b)
0-CH,-CH,
F
CF,
Chemical Coupling Relative
NMR Shift Multiplicity |  Coastant Intensiry Assignment
(ppm) ) (Hz)
tH 1.3 t Slyn 7.0 3 j
m
6 m 27 Dy € ax or eq
7 m 6 b, € ax or eqr
¢, d
2.8 quint Jyn 76 | a
4.1 d Uun 6.8 2 i
q 3Jyn 3.6
I9F 62.9 d Jrr 102 3 h
-159.1 d 3Fe 72 1 g
13C 18.0 N J
26.3 s b
302 ¢ “Jer 23 e
2 s ‘ ¢, d
38.0 m a
58.2 s i
121.4 q Jep 270.1 h
d e 36.8
133.5 d Uep 24101 g
q cr 389
1493 quint cr cr f
2.6

A10




Na. 14 l-cyclopen_tyl-l-ethoxy-l.2.3.3v3-pemaf1uoropropane (76)

Major Diastereoisomers

Chemical . Coupling Rejative
NMR Shift Multiplcity Constant Intensity Assignment
(ppm) i (Hz)
'H 1.6-1.9 m 8 bye d,e
2.4 m 1 2
4.8 d ey s d I g
aquint DT
I9F .74.3 d 3Jer 102 3 h
d 3eg 10.2
d e 72
-126.0 m i f
207.7 d 2Jry 437 i g
m
_No. 14 1-cyclopeatyl-1-ethoxy-1,2,3.3,3-pentafluoropropane (76)
Minor Diastereoisomers '
i Chemical Coupling Relative
NMR Shift Muluplicity }  Constant Intensity Assignment
(ppm) (Hz)
H 16-1.9 m 8 b,c d, e
2.4 m 1 a
5.2 d 2ry 437 | g
d g 218
a ey 6.0
19F 772 d 72 3 b
. q ey 7.3
-130.0 m 1 f
2073 d gy 43.7 1 g
m

All




No. 15 1-cyclopentyl-2.3,3,3-tetraflucropropan- i -one (77)

v L
¢ {
d e/ %Fz
Chemical Coupling Retative
NMR Shift Multipliciry Constant Intensity :-\ssignmcm
(pom) (Hz) '
IH 1.7-1.8 m 3 b,cd, e
3.3 quint Jyn 5.2 | " a
‘ d Juy 3.3
d Jeu 10
5.0 d PETEY ] g
‘a e 7.0
43 -75.2 d Ve 117 3 b
d 5Jen 72
2205.0 d ey 482 i g
a W1t
3C 25.2 d Jer 7.0 b, e
28.6 $ cord
29.0 5 cord
473 H a
89.0 d Jeg 2015 g
q 1];;: 324
120.8 g e 282.9 h
» d 2Jcr 256
203.2 d 2]cr 229 f
No. 16 l-cyclopentyl-1,2,3.3,3-pentafluore- | -methoxypropane (78)
i
CH,-
. H
d_Jc CF;
Chemical Coupling Relative
NMR Shift Multiplicity Constant Intensity Assignment
(ppm) (Hz)
'H 1.6-1.7 m 8 b, ¢ d,e
2.4 m t a
32 5 3 i
4.9 d 2y 444 | g
quint 3Jyy 6.8
19F 743 d 3JgF 105 3 h
d ey 102
d “Jpp 7.2
-128.1 m 1 f
-207.7 d 2]py 4352 ] g
quint 3Jep 117
B 13C 256 s cord
258 s cord
26.2 d 3cF39 bore
d YJeE3.s
26.5 d 3Jep 2.3 bore
29.7 s i
43.9 m 2




[l

!

fl

Chemical Coupling Relative \
NMR Shift Multiolicity Constant Intensity Assignment
(pom) (H2)
I'H 1.6-1.8 m 3 b,c,d, e
2.6 d ey 132 | h
d 2Jyy 4.4
d 3y 6.8
2.8 d 2]y 34.6 I h
d 2yn 144
d Jun 7.6
33 quint 3Jyy 10.8 1 a
d e 28
32 m 2 j
5.6 quint 3Juy 8.0 i i
d “Jrg 2.8
19F 2777 d 3ep 1.3 3 k
-180.0 d 3Jry 354 | g
m
3C 2.9 s ¢, d
' 26.1 d 4Jeg 5.0 b, e
36.0 d 3Jcr 202 a
q e t2
47.3 s h
97.8 d Ucr 2015 g
q 2Jce29.0
. 121.9 q cr 2857 K
No. 18 1-cyciopenryl-2-ﬂuoro-l-(riﬂuoromc(hyl-},4-pcntadien-l-on: (85) d g 28.7
122.2 s ’ i
P '~ 277 d cp27 i
‘ Oy \J H, 2069 d g 27.5 f
CF, F H,
e k ‘
Chemical Coupling Relative
NMR Shift Multiplicity Constant Intensity Assignment
{pom)- (Hz)
'H 1.6 o 2 ¢ dazoreq
17 m 2 ¢, d ax or eq
1.8 m 4 b, e
33 t un 40 1 a
t 3y 4.0
d ry 8.0 A
s.1S d Cup s 1 jorj"
516 d 2Juy 3.6 1 jlorj"
5.4 d 3w 165 1 h
t 4Jun 6.3
19F 778 d REX N 3 k
. -171.3 m ! g
[ 13C 262 d 3lep 1L b, e
191 d iife-B ] cord
294 g er 14 cord
46.9 s a
813 5 ]
35.4 d 2Jep 239 “h
g 3er2.8
93.7 d HJer 202.0 14
q Jer 305
121.5 q er 2858 k
d 2Jer 30.0
204 1 d 2Jeop26.4 f
2093 d ez e i



Ne. 19 I-cyclopentyl-2-fluoro-3-methyl-2-urifluoromethyl-4-penien-1-one (86)

Major Diasierevisomers

=
d e |
Chemical Coupling Relative
NMR Shift Multipticity | Constant | Intensity | Assignmen
(pom) (Hz)
'H 1.2 d Jug6.7 3 k
q Sipg 1.5
1.6-1.8 m 8 b,c,d, e
30 d 3TEn 293 i h
d 3Jgn 11.0
q 3Jgr 7.5
3.2 quint UHH 8.5 ] F]
d 4JFH 4.0
5.09 d 3JvI-[}-h‘rzu'«s J
17.5
5.12 3Juneis 10.0 "
5.7 d . 3,-Ti-ﬂ-hmns i
17.5
d 3)H}-Iz:is 10.0
d 3Juu 8.0
I9F 729 d rE 5.6 3 !
-189.1 d 3Jpg 29.0 1 ¢
m
( 13C 14.3 5 k
25.9-29.7 s b, ¢, d, &
41.4 d 2Jep 193 h
47.6 s ' a
119.3 s j
135.1 m i

No. 19 l-cyclopentyl-2-fluoro-3-methyl-2-trifluoromethy!-4-penten- 1 -one (86)

Minor Diastereoisomers

0 k Hp
b . | j
c Y
d e i
M Chemical ( Coupling Relative
NMR Shift Multiplicity |  Constant Intensity Assignment
{ppm) (Hz)
H 11 d Jun 7.0 3 k
1.6-1.8 m 2 b, ¢, d, e
2.8 m 4 h
3.3 m ! a -
5.17 d Hhncis 10.0 ] J'
5.20 d *TsHurans ! i
17.5
5.7 m i
I9F 729 d Tre 60 3 |




NG, LU CYLIOPYLHLANL Lal U A FHR gRid Aess

Chemical Coupling Relative
NMR Shift Multiplicity { Constant Intensity Assignment
' (pom) (Hz)
IH 1.5 ‘m 2 d, € ax or xq
1.6 m 2 d, € 25 or eq
1.78 m 2 ¢, [axoreq
1.83 m ¢, [ axoreq
2.7 quint 3]ug 3.0 b
14.0 H OH
e 258 s de
29.9 H c f
43.7 s b
183.6 5 a
21 1-cyclopcn[yl-B-e(hcnyl-Z-ﬂuoro-B,7-dimcthyl-2-Lriﬂuoromcthyl‘é-octen‘1-
92)
»r Diasterevisomers
Chemical . Coupling Relative
IMR Shift Mutltipticity Coastant Intensity Assignment
’ (ppm) (Hz)
'H 1.2 H 3 o
1.5-1.7 m 8 b, ¢ d, e
1.5 s 3 I"or I"
1.7 s 3 I'orI"
1.7 d 2yy 8.4 2 j
m
1.8 d iy 13.6 2 i
m
3.3 m 1 a
5.04 d 3w 6.8 ] k
m
5.05 d 3 I 4Huruns 1 n'
17.6
32 ! 3T Keis 10.8 1 n"
3.9 d MhiHeis 10.8 Iz m
d 3 kHurans
17.6
F -68.7 d 3pe 5.6 3 p
-177.9 sv(br) 1 2
iC 16.0 q Jcr 23 °
17.8 s I"or I"
223 s e
25.8 d Tcr 1.3 Iort"
26.4 5 cord
282 d Her 1] J
312 s i
343 a Sler23 b
46.3 d 2cr 191 h
48.5 H a
100.0 q ep 2043 P
d 2Jor26.8
117.3 s n
122.3 d cr 288.4 2
q 2Jcr 30.0
124.0 5 k
132.2 s |
138.6 d 3R m
207.9 d 290 r A5




one (92)

Minor Diastereoisomers

Chemical Coupling Relative
NMR Shift Muluplicity | Constant Intensity Assignmt
(ppm) (Hz) -
\H 1.2 s k! 0
j.4-1.8 m ] b, cd,t
1.5-17 § 6 I"or 1"
1.5-1.7 m a ij
33 .m 1 a
5.05 m ] k
5.1 d 3T 4titeans 1 n'
17.6
5.2 d 3 ytieis 108 i n"
5.9 . d 3Jyucis 10.8 1 m
d 3JHHmans
i7.6
19F - -69.0 d 3j= 6.0 3 p -
1770 s (or) 1 g
1C 16.3 m °
17.8 s I'or!"
22 1-cyclopem-l-cnyl-2~ﬂuoro-3,7-dimcthy)-2-(_tﬁﬂuorometh)’l)—3-vinyloc:-6-en- ?7.2? $ . € .
e (93) 258 s Iori
26.3 - s c.d
28.3 d Jep 12 j
31.3 s i
34.5 g 5Jer 2.3 b
46.7 d e 9.1 h
487 s a
100.0 q Hep 2043 p
Chemical Coupling Relative d 2Jcr 26.8
NMR Shift Multiplicity |  Constant Intensity | Assignment 7.1 s n
(ppm) (Hz) 1223 d 1Jer 288.4 g
'H 1.2 5 3 o q 2Jcr 300
m 6 b,c.d 123.9 s k
16 5 3 I'or I 1322 s !
1.7 s 3 IorI” - 1383 d epes m
1.8 m 2 j 208.0 d 2Jcr 29.0 f
1.9 m 2 i
4.6 m 1 e
5.0-5.1 m ) 2 k
5.1 d 3 HHuans i n"
17.2
5.2 d 3] HKeis 10.4 1 n'
5.9 d 3 tHeis 10.8 I ' m
d 3JHAurans
17.6
I9F -64.3 d 3rr 6.0 3 p
L 169.6 ™ ] g
3C 21.2 q 4Jcr 2.3 o
22.5 s ror
26.5-39.5 m b,c, d
27.5 s j
30.7 H . i
40.4 d Jer 3.0 IorI”
100.8 s e
115.5 5 n
121.7 s k
136.9 5 m
196.3 d 2er 259 f
Al6




B4

T oo STV FRIPPRIYER 2, 2,0, 27 E ALIUDTO- | -propenoxy jmethyibenzene (94)

Chemical Coupling Relative
NMR Shift Muluplicity Constant Intensity Assignment
{pom) (Hz)
'H 1.6~ m 5 ¢ axor eq
1.7 m 6 ¢, d ax or eqr
b, e
2.9 quint 3]y 7.0 ] a
5.2 d 2Jyy 3.0 2 i
7.4 m 5 o.nmlk
I9F -63.0 d SJer 8.7 3 h
-1356.9 q Ve 8.7 | ¢
d R
13C 26.4 s e, d
303 d 4Jcr 19 b, e
38.8 Q- “Jer 20 a
4.9 d “Jer 12.9 O
121.4 q Jer270.4 h
d 2 36.9
128.0 5 m
128.5 s ol
128.8 s 0, k
Na. 24 Z-(1-butyi-2.3,3,3-tetrafluoro- 1-propenyl)cyclopentane (99) 134.0 d Yerp 2424 Z
q 2Jer 39.0
CH,-CH,-CH,-CH, 1370 ¢ Ter 20 i
X y F 149.3 d 230 ¢
¢ @’/r'\\b/ a 3Jer 30
d e , EFJ
Chemical Coupling Relative
NMR Shift Muitiplicity | Constant Intensity Assignment
(pom) (Hz)
H 0.9 t nu 6.8 3 !
’ 1.4 m 2 b, e axoreq
1.4 - 4 ik
1.6 m 4 ¢, d
1.7 m 2 b, € ax or eg
2.1 m 2 i
2.9 quint 3y 9.2 | a
YF -64.2 E Jre 1.2 3 h
) -1313 m B g
13C 13.8 s I
233 H k
25.6 d Slcr 0.7 ¢ d
25.8 d- Scp 34, i
31.00 s bore
31.02 H bore
31.6 m j
" 385 4 Uer19 a
q Jer 19 ’
120.] q Ucr272.8 h
d 2 er 431
131.3 d Uer r
q 3Jcr 26 _
142.2 d Ucr 246.8 g
a 2Jer3la

Al7




No. 28 Z-(1-phenyl-2,3.3.3-tetrafluoro- 1 -propenyl)cyclopentane (101)

d [ CFJ
- h

Chemical Coupling Relative
NMR Shift Multplicity Constant Intensity Assignment
(ppm) - (Hz)
'H 1.4 m 2 b, ¢ axoreq
6 m 4 ¢, d
1.8 m . 2 [
2 quint gy 8.4 ] a
72 d un 7.8 7 i
m
7.4 m 3 k.. m
19F -68.5 d Vep 7.5 3 h
-125.0 g g 7.2 B P
Bc - 24.9 s ¢, d
N d 4Jer 3.1 ) : b, e
38.9 d 3cp LS a
120.2 g Jer273.2 h
d ep 433
128.2 H l
28.4 s k, m
129.1 d “Jcr 0.8 hao
131, d 2er9.9 f
q 327
132.8 d 3Jer 3 i
. 142.0 d e 249.6 : g
l a 2Jer 378

Al



Major Diastereoisomers

Chemical Coupling Relative
NMR Shift Multiplicity | Constant Intensity Assignment |
(ppm) (Hz)
tH 1.6-2.0 m 8 b,c.d,e
2.7 sext 3Jun 3FH i a
8.0
I9F 272.4 g 4]z 109 3 h
d 3Jpr 8.7
-106.2 d 3)zr 248 ] CF (f)
d g 1.2
q e 115
126.2 .d 3Jpr 260 1 CF (g)
c ep 87
13C 253 s cord
25.6 s cord
257 d Nerp 1l bore
26.) d Slcpi2 bore
48.5 d 2Jecr19.4 a
m
103.6 d 1Jep 2713 2
d 2jcr31.4
q 2JcE 35.1
1133 d Jer 2653 f
d 2Jcr 263
120.2 q 1Jer 2884 h
d 2Jcr3l3
No. 26 I,Z-dibromo-1—cyclopcntyl-1.2,3,3,3-pcmaﬂuoropr6pane (103)
Minor Diastereoisomers
Chemical - Coupiing Relative
NMR Shift Multiplicity Constant Intensity Assignment
(ppm) (Hz)
H 1.6-2.0 m 8 b,cd, e
2.8 sext 3Jumrm ] a
8.4
19F 719 d 4Jgr 13.0 3 h
d 3pe 8.8
-107.1 d 3Jgr 23.0 t CF (D)
d ey 9.0
q 4Jep 12.6
-124.7 d 218 1 CF (g)
Q ep 87
13C 29.7 d crad bore
d 4Jep3il
29.8 m ¢, d
30.6 d Jcpat bore
d ¢Jer 2.7
490 d 2Jcr 186 a
m
102.5 d Jcr 269.6 g
d 2Jcp 315
q 2 cp 344
112.6 . d Jer 2638 [
d 2Jep 253
120.8 q 1Jer 2854 h
d 2]cr 301

Al9




Major Diastereoisomers

> \
2
Chemical Coupling Relative
NMR. Shift ‘Multiplfity | Constant Intensity Assignmet
(pom) (Ez)
‘H 1.0 t 3y 6.5 6 ig
1.2 d 3y 6.5 3 a
24 d 2y 102 2 f,h
q 3Jyr 5.0
2.6 d Uuy 12.7 ;) £ h
q SJgg 7.0
3.2 d * 3Jey 28.0 ] b
m
5.5 d 3y 22.4 ] d
d 3en 197
g Jru 6.3
9F -74.1 d ey as 3 e
9 Verler
. 10.9
7 diethyl(2.2.3,4,4,4-hexafluoro- 1-methylbuty hamine (104) (1208 | systABdm j 22656 ‘ ¢
»r Diastereoisomers -127.2 syst AB dm | g 285.6 1 c
2123 d ey 20.7 i d
[ d & m
FrCFH-CH 13C 5.1 s 2
) A\N/i\ R 12.8 s g
>, 12.8 s ig
442 s b, f
& 54.9 d e 273 b
d 2Jep2l.d
Chemical | Coupling Reiative 84.8 d Jer 199.8 d
MR Shift Multiplicity Constant Intensity Assignment m '
(ppm) (Hy) 121.5 q Jce283.9 e
IH 1 ¢ yr 7.0 6 e 4 Uer 244
13 d Tuu 7.0 3 a
2.9 q Hun 7.0 4 fh
3.6 d e 215 ] b
d 4Juyg 2.5
d 4Jun 2.0
q 3Jyp 7.0
5.8 d gy 45.0 ] d
d ey 17.5
d 3Jey 4.0
q 3]py 6.0
I9F 743 d e a? o 3 e
q e e
1.1
-117.6 syst AB dm | 2JFr 266.8 i ¢
1208 | systABdm | e 2668 | c
22116 d g4l 1 d
m
3C 8.9 s a
14.4 s ig
14.6 s Lg
41.8 5 h, f
54.0 d Ucr 207 b
d - 2Jer 204
82.7 d Jcp 195.6 d
m
120.8 q Hep 2829 e
d 2Jep 289

A20



No. 28 bis(2.24.2 ,5.4,%-neXatluoro- F-MaNYIDUTYHEU Y.amunc (1L
) ) h vs)

Major Diastereotsomers

k j < d

|
CFoCRE-CR, O

+-CFR-C

il

3

Chemical L. Coupling Reladve
NMR Shift Multiplicity Constant Intensity Assignment
(ppm) (Hz)
tH 1.0 t 3T 7.2 3 g
1.3 m 6 a,i
29 m 1 f
2.9 m 1 f
35 m . 2 b, h
4.8 d 2Jrn 45.8 2 d. k
d 3Jpy 18.4
d 3y 2.8
q 3Jpy 6.0
19F =743 m 6 el
-116.0, m 4 ¢
-125.0
-210.6 m 2 d, k
13C 9.1 s a,i
14.7 S g.
41.4 s f
54.8 m b, h
85.0 d cr232.2 d, k
m
. 120.9 q Jcr 2827 el
No. 28 b'xs(’l,l._“-,,d,4,4—hc'xaﬁuoro-]-mcthylburyl):[hy)aminc (105) d 2](;.: 259
Minor Diastereoisomers 120.9 d Yep258.4 ¢
. d ep252.1
c':;z-ck#h*-lc)ﬂ chz-cgﬁ—c‘FJ d 2cr 25.6
P VRN
i > ) 2
£
Chemical Coupling Relative
NMR Shift Multplicity |  Constant Intensity Assignment
(pom) (Hz)
'H 1.1 t Nyn 7.2 3 g
1.3 m 6 a, i
2.6 d 2yy 13.6 i ¢
q 3Tu1 6.8
2.8 d 2w 116 ! [
q 3Jyu 7.6
35 d 3Py 272 2 b, h
‘ m
5.3 d py 428 2 d, k
d 3Jpn 19.6
q 3py 6.4
9F 2743 m 6 el
-116.0, m 4 (O]
-125.0
2117 d HrH 437 2 d, k
m
13C 10.7 s a, i
14.1 s g
43.0 H f
56.4 d 2Jcr 267 byh
d 2Jcr 206
80.0-85.0 m d, k
116.8-125.2 m [N




No. 29 tris(2.2,3,4,4,4-hexafluoro- | -methylbutylamine (106)

—
Chemical Coupling Relative
NMR Shift Mutltiplicity "Constant Intensity Assignment
(pom) (Hz)
= 1.38 d 3Jpu 7.2 3 a,i,
-1.42 d un 7.2 3 a,i g
1.42 d SJur 72 3 ai, g
1.31 d 3yp 6.8 3 3,i,8
1.32 d 3Jnn 6.8 3 aig
1.41 d ijyn 6.8 - 3 a i, g
3.7 m 3 h,h, T
3.8. om 3 b, h, f
4.8 d Jpaa2 3 d,k,n
d 3eg 172
d Jem 5.6
qQ 3Jen 7.6
5.4 d ey 431 3 d k,n
d 3Jey 202
d ey 3.2
Q 3 6.4
19F 743 d 3y 4.5 9 e, 0l
q k) ) o
10.2 .
-74.0 m &0l
-74.4 m e, 0,
-110.7 syst AB dm J7F 282.0 3 ¢ jm
-119.1 systAB dm | 2Jpr 282.0 3 ¢ j.m
-116.9 syst AB am | 2Jpr 282.0 ¢, m
-128.1 syst AB dm | *Jrr 282.0 ¢ j,m
-114.1 syst AB dm | g 282.0 ¢ j,ym
C-1213 syst AB dm | ZJgF 282.0 . ¢ j,m
.209.6 d gy 45.2 3 d,n, k
m
-210.7 m 3 d, n. k
13C 8.9 m a,g,i
1.4 m a,8i
12.2 m a, g i
4.4 m a,g,i
13.5 m a, g i
51.2 m b, h
52.8 d 2Jcr 28.0 b, h
d 2Jer 195
80.8 § 1Jcp 190.8 d,k,n
m
83.7 d. 1Jee 188.5 d, k,n
m
117.6 d er 264.5 & jm
d Jer 2535
d 2jer 244
119.6 q - Jcr 282.9 el 0
é 2Jer25.9
117.0-120.0 m c,jm.elo




Na. 30 (2.2.3.4,4 4-hexafluorobutyl)(2.2.3,4,4,4-hexafluoro- 1-methylbutylymethylamine

(107)

CHY “CH,-CF;-CFH-CF,
J f e h i

Chemical . Coupling Relative
NMR © Shift Multipiicity Constant Intensity Assignment
(pom) (Hz)
tH 1.23 d 3Jym 7.2 3 a
1.24 d 3Jyp 7.2 3 a
2.5 s 6 j
29-32 m 4 {
3.3 d 3]py 254 2 b
m
4.9 d 2Jpy 43.6 2 h
' m
5.3 d 2T 424 2 d
d 3]y 204
d "3y 84
a ey 6.0
19F 543 m 6 eori
-74.6 m 6 eori
-119.0 syst AB dm | Jpr 2747 2 corg
L1252 | systABdm | e 2747 2 corg
-112.0 syst AB dm | 2JFp 2819 2 corg
-116.4 syst AB dm | Jer281.9 2 corg
2115 d gy 437 1 dorh
m .
2117 d 2Jpy 43.5 ] dorh
m
212.3 d ey 48.2 ] dorh
o .
-212.4 d 2Jpy 455 - 1 dorh
N .
13C ‘ 4.8 s a
50 s a
39.9 s , j
40.4 H : j
553 R Jes229 r
m
55.9 t 229 ) f
. .
59.5 d 2cp29.4 . " b
. d 2}cr 20.9
60.0 d cr 296 . b
d Jee21.0
83.1 d Jecp 166.9 dorh
m
84.8 d ‘Iq: 179.7 dorh
m .
118.6 d Ucr258.6 corg
d 1Jer 2485 '
d 2Jer 248
118.6 d Vep2473 corg
d 1Jcr 246.2
d 2Jep24.4 ) )
120.7 g er 282.1 , eori
d Jer 259
121.2 q Jcr 283.0 eori
d 2Jer 267

Fialsl




Major Diastereoisomers

JRUL 2L Vo] U A=

1 I AMLIUA YT R T IV TR M DR A VS

ES b I d
N
BC | G \
HsC  CHy
j
Chemical Coupling Relative
NMR Shift Multiplicity | Constant Intensity Assignmen
(ppm) (Hz)
H- 1.02 d 3Jgp 6.4 s corj
1.04 d 3yp 6.8 6 corj
1.3 d 3ign 6.8 3 e
m
3.2 sept 3Jun 6.8 2 b, i
3.3 m ' ! d-
5.0 d 2z a0 i g
' g ey 13.6
d S1ey 7.6
Q 3Jen 6.0
19F -74.3 m 3 h
-116.9 syst ABdm | Urr 2676 ] f
-119.6 syst AB dm | 2JFr267.6 } f
-211.9 Cd | tmaes2 i g
sexi 3Jer 1022
13C 13.2 m e
21.9 s corj
23.6 s corj
45.9 s b, i
522 d 2jcr22.9 d
d s 229
. . 84.9 d er 195.9 g
No. 31 bis(mcthylethyl)(?..z.:i.4,4,4-hcxaﬂuoro-l-mcthylburyl)arm'nc (108) d 2Jcr 356
Minor Diasteceoisomers § 2]ep 263
: ; . .h q ez 332
HaC , CF,-CFH-CF; 119.6 d cr 256.7 f
>“-——N—"< - d e 2510
HiC . ’ CHs g =217
HyC \cH, 1213 . e 2827 h
j g 2er 285,
Chemical . Coupling Relative
NMR Shift Multiplicity Constant Intensiry Assignment
“(ppm) (Hz) '
H 1.02 d gy 6.4 6 corj
"1.06 d Jug 7.2 6 corj
1.3 d 3gr 72 3 e
3.234. m 2 b, i
3.2-34 ‘m 1 d
-5.0 d pn 42.5 1 g
d 3Jpy 19.8
g 3Ju 6.8
I9F -74.0 m 3 h
-119.6 syst AB dm | 2JFr 2732 1 f
-119.9 syst AB dm | 2JFF273.2 1 f
2119 d pn 463 1 g
m
13C. 10.9 m e
215 5 corj
23.7 m corj
495 s b,i
50.5 d 2Jcr 28.5 d
d 2Jcr 19.8 ,
82.9-86.7 m g
116.8-126.7 m fh




No. 32 (2.2.3.4,4,4-hexafluoro-1,1-dimethylbutyl}(2.2.3,4,4,4-hexafluoro- i-methyl

butyl)(mnethylethyljamine (109)

HC Cb,Cru-Cr,
' rﬂ.y—N——‘<
Ha,CT .
- CF3-CFH-CF, /L CHs
k-0 b d
Hag, CHs )
Chemical Coupling Relative )
NMR - Shift Mulapliciry Constant | Intensity Assignment
(ppm) (Hz)
1H 1.0-1.2 m 15 a,a',d,l,m
3.4-42 m 2 b, ¢
4.7 d 2Jpfy 27.2 1 jorf
d 3Jpn 22.0
d 3JFu 216
q 3Ipu 5.6
5.6 d 2JpH 36.4 1 jort
A m
YF -74.2 m 3 korg
-74.4 d 3Jpu 5.6 3 korg
q 3er 4JrE
1.7
-111.0, m 4 e, [
-120.7
206.9 d 2JFu35.8 1 £,j
m
-210.7 d 2Jru 33.9 1 f,j
m
13C 15.0-26.6 m -a,2,d,1,m
50.0-35.0 m b, ¢
60.0-70.0 m b
83.1 d Jcr210.6 jorf
m
851 d er 185.0 jort
m
116.0-126.0 m e, i
119.6 q Ucr283.3 korg
d 2JcF 25.9
1212 q 1JcF283.0 korg
q 2Jcp 259




Major Diastereoisomers

d [
€ b
N "CF,-CFH-CF,
r g &
CH, |
1
Chemical Coupling Relative
NMR Shift Maultiplicity | Constant Intensity | Assignme
(pom) (Hz)
'H 1.8 m 2 d
2.0 m 2 ¢
2.3 m 1 e
2.5 H 3 i
2.6-3.1 m 1 - b
31 m ) ] e
5.1 d gy 42.6 ] g
d 3l 206
q 3y 6.4
I9F -74.0 d 3Fr 137 3 h
d “Jer 117
d 4Jer 11.7
d - 3 6.0
-120.9 syst AB dm 2Jgr 2652 1 f
. -127.7 sysUAB dm | Fr 265.2 | f
-210.9 d 437 1 g
m
13C 23.9 s d
.33 2-(1.1.2.3,3.3-hcxaﬂuoropropyl)-]-methylpyrrolidine (110) 253 m c
nor Diastereoi§omers 436 d Jep 22 ;
4 . 57.6 s e
. . 65.4 d 2Jcr 29.6 b
N7 “CF,-CFH-CF; : d Her 213
t g h 23.5 d Jer 189.8 g
(i:HJ ’ d 2Jep ald
d 2Jep2e6
Chemical Coupling Relative g RICEXR]
NMR Shift Multiplicity |  Constant Intensity | Assignment 119.5 d Her 254.8 f
(ppm) (Hz) d 1Jep 249.3
‘H 1.8 m 2 d d 2)cE 26.4
2.0 m 2 c 121.1 q g 282.6 h
2.3 m ] e d 2Jer 259
2.5 H 3 i
2.8-31 m 1 b ’
3.2 m . 1 e
5.3 d 2py 45.6 1 g
d 3Jpy 210
d e d.2
a Jpy 6.4
19F 744 ‘m 3 h
1127 syst AB dm | 2JrF 270.2 i f
-118.3 syst AB dm | “Jrr 2702 1 i
2133 'S Yy 41.0 | g
) m
13C 243 d Jer 13 d
26.3 d 3cp10 c
d 3Jep 5.0
d 4Jcp2.0
42.7 d 4Jcp 2.5 i
m
7.9 s e
67.1 4 ep 269 b
d Jep 221
85.0-81.7 m g
116.8-125.3 m f
116.8-125.3 m h
A26




No. 34 1-(2.".-,3,4,4,#hcxz;ﬂuorobutyl)—'z-(1,1.2.3.3.S-hexaﬂuompropyl)piperidine (111)

N~ CF,-CFH-CF,
| k I m
CF;-CFH-CF,-CH,
PR h 3
Chemical Coupling Reiative
NMR Shift Muitiplicity Constant Intensity Assignment
{(pom) (Hz)

'H 1.5 m 2 € ax or eq
1.6 m 2 € ax or eq
1.7 m 2 d ax or eq
1.8 m 4 4
1.9 m 2 d ax oreq
2.7 m 2 [ ax or eq

3.0-3.6 m 2 faxoreg
32 m 4 g
4.9 m 2 i1
53 m 2 il
9F -74.2 m 6 m or j
274.6 m - 6 morj
-114.1 syst AB dm | 2Jsr 266.1 2 horl
-117.6 syst AB dm | 2JFF 266.1 2 hor!
-115.1 syst AB dm | 2Jgr 264.8 2 horl
-118.3 syst AB dm | 2Jgr 264.8 2 hor}
-211.2 ™ 4 lori
~211.6 d 2Jgy 43.3 2 lori
m
-212.2 d 2y 422 2 lori~

13C 17.9 $ K
18.3 s ¢
19.1 s e
19.8 5 e

20.1 5 ' d
203 s d
48.8 5 f
49.6 s {
552 d 2Jcr29.0 g
d 2Jcr 20.2
55.9 d 2Jer 29.0 g
d 2]z 20.2
58.6 d 2Jer 27.9 b
d 2Jep 225
59.5 d 225 b
d 2Jer 248
83.6 m i, !
118.2 l Her 261.5 hork
119.1 q Hcp255.6 jorm
116.2 ] Jep 256.4 jorm
119.6 t Jop 281.6 hork
120.8 t 1Jcr261.5 hork
120.9 q 'Jcr 283.0 ~jorm
d "2 cp26.3
1214 q cp 2819 jorm
d Jer 255
122.5 t 1Jcp 281.6 hork




No. 35- 1+(2.2.3,4.4 4-hexafluoro- 1-methylburyl}-2-(1,1,2,3 .3 3-hexafluoropropyl)

pipendine (112)

e d <
. b
N~ “CF,-CFH-CF,

I 1 m n

CF;-CFH-CF,-CH-CH,

j i h ¢ Kk

Chemijcal Coupling Relative
NMR Shift | Mulupliciry Constant Intensity Assignment
{pom) (Hz)
'H 1.4 d 3y 7.2 3 k
1.5 m 2 e
1.7 m 2 d
1.8 m 1 c
1.9 m ] 3
3.0 m 2 {
5.4-38 m ] g
3.4-36 m | b
4.7-5.0 m 2 i m
I9F S a2 “m 6 jn
1152 syst ABdm | 2rr 2752 ] horl
1161 | systABdm | er2752 1 horl
-118.] syst AB dm | FF 263.5 ] horl
-122.4 syst AB dm | 2Jrr 2635 } horl
-210.4 d 2y 463 - i m ori
m
L -212.7 d 2Jrg 43.7 1 mori
m
13C 13.0 m K
20.3 d. “Jep LS d
21.6 § 4
232 3 e
42.9 4 f
57.6 d er 26.6 b
d | *Jcp20.2
60.2 t Jer 208 g
80.0-90.0 m Lm
115.0-125.0 m j.h.Ln

=



No. 36 &(2.2.3,

4,4 2a-hexafluorobucyl)morpholine (113)

0
d ¢
£
N
CF;- 1='n'-c.=1-cl::-i2
i n e 7
Chemical Coupling Relative
NMR Shift Multiplicity | Constant Intensity Assignmeat
(pom) (Hz) :
'H 2.5-2.6 m b, € ax or eq
2.6-2.7 m 2 by eaxoreg
2.8 m ) 2 £
3.7 1 3Jgp ds 4 ¢, d
52 d 1432 1 h
m
19F 743 “m 3 i
113.4 syst AB dm | er 2726 ] g
-116.0 systAB dm | *ire 2726 | g
-213.1 d gy 43.7 ] h
m
13C 54.5 5 b, e
58.7 d e 294 f
d 2Jep 22.8
67.0 s ¢, d
83.8 d ez 1928 h
d ] er 362
d . 2Jop 34.5
q 2Jer 25.5
119.1 d Jer 253.8 2
d HJop 2485
d 2Jcr 243
121.0 q e 2819 i
d 2cr 259
No. 36 4-(2.2.3 4 4,4&-hexafluoroburyl)morpholine (113)
(e}
d ¢
P
CFy-CFH-CF, Y
iTh e Ch,
f
) Chemical Coupling Relative
NMR Shift Multiplicity Constant Intensity Assignment
(ppm) (Hz)
'H 2.7-3.0 m 3 b, e
3.6 m 2 ¢, d axoreq
3.8 m 3 f
3.9 ‘m 2 ¢, daxoreq
5.2-54 m i h
I9F 2742 ‘m 3 i
-116.2 syst ABdm | ZJpF 2823 | g
-17.7 syst ABdm | 2Jer 2823 1 g
2101 d 2Jpy 43.7 1 h
m
13C 542 s b, e
59.4 m f
66.1 N ¢, d
-82.0-85.0 m h
116.4-1253 m g,i

A2Q




No.37 4-(2.2.3.4.4.4-hexaflluorobutyi)-3-(1.!

o]

N

R

d
Lai~
|

CF4-CFH-CF-CH,
i hooe T

CF,-CFH-CF;
Fy-CFH-C

1 K

2.3.3.3-hexafluoropropvi)morpholine (114

-

Chemical Coupling Relative
NMR Shift Multiplicity Constant {ntensity Assignment
{pom) (Hz)
'H 2.8-2.7 m 2 ax or eq
3.0 m 2 b
3.2-33 m 2 r
3234 m 9 f
3.4-35 m 2 Bax or eq
3.5-3.8 m 2 f
3.5-3.8 m 2 daxoreq
3.7-3.8 m 2 dax or eq
4,10 s 2 Cax or ¢q
4.14 s 2 Cax or #q
4.9 d 1jrua 432 2 hork
m
5.2 d g e2.4 2 hork
- .
19F . 74.1 m 6 iorl
-74.5 m 6 iorl
-113.1 syst AB dm | 2J=r 2752 2 jorg
11401 syst ABdm | 2JFr 2752 2 jorg
117.1 syst AB dm | 2JFF 263.3 2 jorg
-118.2 systABdm | JFF263.5 2 jorg
-210.4 d 2JF 463 2 hork
m .
211.0 t ey 437 2 h oc k
1C 47.6 s ' e
-48.0 H e
55.1 m f
58.7 d Yer 223 b
d ez 100
59.0 d ecr 223 b
d jer 103
61.3 m ¢
61.6 d Fer 3
63.4 H
&4.2 5
80.0-87.0 m h, k
118.2 d Jep 2515 jorg
d er 2501
d s 225
118.4 d Jer 2755 jorg
d Jcr 249.6
d e 136
116.6-125.2 m iorl
120.6 q 1Jz 2583 iorl
d er 256
120.9 q 1Jcr 2883 iorl
d 2Jep 29.6
1209 q ez 2907 iorl
d e 287




Major Diastereoisomers

CF;-CFH-CF,-CH-CH,
iTh g 1

0

(S
a b
N
|

i

Chemical Coupling Relative
NMR Shift Multiplicity Constant Intensity Assignment
(pom) (Hz)
'H 1.2 d 3Jgup 12 3 j
t 4Jey 7.2
) 2.5 m 2 b, e axoreq
2.7 m 2 b, € ax or eq
3.1 m 1 f
3.7 m 4 ., d
5.4 d ey 422 ) h
d 3]gy 206
q g 64
19F -74.2 d e 17 3 i
d 3Jpy 6.0
t Jer 117
-1203 syst AB dm | 2Jgp 2707 1 g
1249 | systABdm | 2Jpr 2707 i g
2212.3 d 2y 42.2 | h
m
1B3C 43 s (br) j
50.1 m b, e
59.7 d 2Jep28.4 f
d 2Jecr 210
67.5 N ¢, d
83. d ep 1917 h
S - '
No. 38 4-(2,2,3,4.4,4-hexafluoro-1-methylbuty h)morpholine (115) 120.2 t Uer 242.0 g
Minor Diastereoisomers 121.7 a Jer 268.0 i
o .
(S
3 b,
CF;-CFH~CFz-CIIH-CH3
iR g f N
Chemical Coupting Relative )
NMR Shift Multiplicity Constant Intensity Assignment
(ppm) (Hz) i
iH 1.17-1.23 m 3 j
25 m 2 b, € uxoreq
2.7 m 2 B, € ux oreq
3.1 m I f
37 ‘m 4 ¢, d
5.2-5.6 m i h
19F -74.8 m 3 i
-1162 systABdm | g 269.1 1 g
-118.1 syst AB dm 2] 269.1 1 g
-219.6 d gy 4.4 i h
sext 3er 10.2
13C 5.1 m j
49.9 m b, e
611 d g 267 ¢
d ep22.1
67.4 s c, d
85.5 d Her 1917 h
m
119.7 t Her 2550 g
1217 q Ueg 269.0 i




No. 39 4-(2.2.3,4,4 4-hexafluoro-1-methyibutyl)-3-(1,1.2,3,3.3-hexaftuorcpropyl)
morpholine (116}

o)
ﬁ
a8l
T CF;-CFH-CF,

j |

CF;-CFH-CF,-CH-CH,
i h 8 f m

£

/ n‘\

Chermical Coupling Relative
NMR Shift Muttiplicity Coastant [ntensity Assignment
(pom) (Hz)

'H 1.36 d 3y 4.0 3 m
1.37 d gy 4.8 3 m
2.7 d 2]yy 66.8 2 ¢

d gy 12.4
3.2 d “2Jyn 516 2 ¢
t 4Jey 10.8
d 3Jpy 3.6
3 m - : 2 f
3.6 m 2 b
3.6 d 2yy 12.4 2 d, € ux or eq
d ._ 3lyu 3.6
3.7 d- - 2yy 12.3 2 d, € ax or eq
d 3y 3.6
3.8 d gy 11.6 2 d, € ax or eq
d BJHH 3.6
39 d gy 112 2 d, € ax or eq
d 3Jun 3.6
5.2 m k. h
19F . 742 d 3Jpr.9.4 6 iorl
d 3y 4.5
q 10.2
74.4 d 3Jer 6.0 6 jorl
q Je 117
-110.4 syst ABdm | 2JFF281.2 1 jorg
-115.1 syst AB dm | Jpe281.2 1 jorg
-114.5 syst ABdm | 22842 | jorg
-116.9 syst AB dm | 2JgF 2842 { jorg
L1185 systAB dm | *Jrr262.9 ! jorg
-120.6 syst ABdm | *Jpr 2629 ! jorg
-120.6 syst ABdm | 2Jgp 2702 | jorg
-125.4 syst ABdm | 3JFp270.2 1 jorg
2103 d e 42.2 t hork
q 3ep 10.2
2210.5 d gy 43.7 I hork
q er 8.7 '
EIIN! d 2Jeu 3356 1 hork
m
2112 d- gy 53.8 l hork
m
2127 d 2y 45.2 1 ‘| hork
m

13C 8.0 s m
1.9 s m
410 s . ¢
59.5 m forb
50.6 d 2Jcr 283 ford

d 3er 206
66.3 s dore
67.4 H dore
84.3 d Uep 1922 h, k
m .
116.0-123.0 m s g !
120.3 q ez 28222 . iorl




No. 40 2,6-bis(1,1,2.3.3.3-hexafluoropropy)- | .4-dimethylpiperazine (117)

k

CH, {

4 i h
CF]-CFH-CFE\/N F,-CFH-CF,
(T
[
N
L,
Chemical Coupling Relative
NMR - Shift Multiplicity Constant Intensity Assignment
(porm) (Hz)

H T 233 s 6 kort
2.35 S 6 korl
2.36 H 6 korl
2.5 H 6 korl

2.6-2.8 m 16 e, f
3.3 m 8 d, g
5.1 m 8 b, i

19F -74.0 d 3pys.6 12 a, j

q Yer 4pe
10.2
744 m ' 6 a,j
-74.6 m 6 a, j

-111.3 syst ABdm | 2Jpr 2772 I horl

-114.0 syst ABdm | Jre277.2 | hort

1137 syst ABdm | 2Jpp 2706 | hor |

<1146 syst ABdm | 2JgF 2706 1 horl
-117.3 syst ABdm | Jpe 2729 | horl
-118.5 syst ABdm | 2JpF 2729 | hor!
-118.0 m . 2 h, |
-211.0 d 2Jpy 43.7 2 b, i
m

22114 d 2Jpy 42.6 2 b, i
m .

2143 d 2Jgy 410 2 b, i
m

-217.3 m 2 b, i

13C 38.6 s korl
44.5 s e f
45.0 s e, f
458 H e f

46.3 s korl
48.0 s e f
59.0 t 2cp 18.6 d, g
59.8 t 2]cr 18.0 d, g
60.2 | t 2Jcr 20.6 d, g
82.0-85.2 m b, i
1203 q 1Jcr 2260 a,j

d 2]cr 20.8
116.0-125.0 m a,c h,




. No. 41 1 4-dimethyl-2,3,5-tris(,1,2,3,3.3-hexafluoropropyl)piperazine (113)

k
CH,

J i h
CF;-CFH-CFy N« _LCF,-CFH-CF;
g d

L J\Cc b a
L~ CE,-CFH-CF,

I m n_ o
CIH3
Chermical Coupling | Relative
NMR Shift Multiplicity Constant Intensity Assignment
(ppm) (Hz)
'H 2.55 s 3 korl
2.56 s 3 korl
2.65 s 3 korl
2.0-3.0 m f
3.0-34 m d,e, g
49 d 2Jpy 46.7 b, n,i
m
52 d ey 43.2 b, n,i
m
I9F -74.1 m 3 aorjoro
-74.3 m 3 aorjoro
-74.5 m 3 aorjoro
-110.1, m 6 ¢,h,m
-130.0
-211.1 m 1 boriorn
2114 d 2y 45.2 1 boriorn
m
-212.6 d 2Jpy 433 ! boriorn
m
13C 39.9-44.8 s f, k!
54.0-39.5 m d,e, g
82.3-87.0 m b,i,n
116.0-123.0 m a, ¢ h,j,m,
0




No. 42 1-((22)-2,3,4,4,4-pentafluoro-1-methylbut-2-enyl)-2-((12)-1.2,3.3 3-penta

fluoroprop- [-enyl)piperidine (119)

j F F
FJC\C: /‘J:?-CkHa
F/ C\hF
i ZZ
Cherical Coupling Relative
NMR Shift Multiplicity Constant Inteasity Assignment
(ppm) (Hz)
'H 1.4 d 3Jgn 7.2 3 k
L5 m 1 € ax or eq
1.6 m 2 d
1.8 m 3 €, € ax or eq
2.6 m 1 f
3.2 m 1 f
3.6 d 3Te 300 1 b
d Iy 8.4
3.9 d gy 332 1 g
q Jyg 12
I15F -66.4 s 3 norj
' 674 s _ 3 nor j
-131.0 d 3y 319 | lorh
-132.4 d 3Jpy 263 ! o lorh
-156.2 quint 3Jpr 10.2 1 CF (i or m)
. . m -
-157.4 quint 128 1 CF (iorm)
m
13C 16.3 s k
22.9 s e
25.7 S d
30.5 s c
46.1 d 4Jep 35 f
520 d 2]cF 19.0 g
55.3 d Uegr 172 b
119.4 d e 271.4 horior
d 2]ep4lS jorlorm
m orn
136.5 d er 2571 horior
m jorlorm
ern
- 154.0 d Jcr274.2 horior
d 2cr 46.3 jorlorm
m orn

A

35




No. 1
No.

No.

No.

No. 6

No.
No.
No.

No.

No.

No.
No.

No.
No.
. 16 1-cyclopentyl-1,2,3,3,3-pentafluoro- 1 -methoxypropane (78)
No.
No.
No.

No.
. 21 1-cyclopentyl-3-ethenyl-2-fluoro-3,7-dimethyl-2-trifluoromethyl-6-

No.

Appendix B : Mass Spectra

1-adamantanyl-1,1,2,3,3 ,3-héxaﬂuoropropane (36)

2 1,1,2,3,3,3-hexafluoro-1-[3-(1,1,2,3,3,3-hexafluoropropyl)adamantanyl]
propane (39)

3 1-[3,5-bis(1,1,2,3,3,3-hexafluoropropyl)adamantanyl}-1;1,2,3,3,3-hexafluoro
propane (41) _ '

4 1,1,2,33 3-hexaﬂuoro-1§[3 5,8-tris(1,1,2,3,3,3-hexafluoropropyl)

adamantanyl] propane (42)

1-(1,1,2,3,3,3- hexaﬂuoropropyl)cyclopentane (43)

1,1,2,3,3-hexafluoro-1-[3-(1,1,2,3,3,3-hexafluoropropyl)cyclopentyl]propane

(44b)

7 1-(1,1,2,3,3,3-hexafluoropropyl)cyclopentanol (46)

8 1-(1,1,2,3,3,3-hexafluoropropyljcyclopentene (49)

9 (lE)-1-adamantanyl-1,2,3,3,3-pentafluoroprop-1-ene (53a) and (12)-1-
adamantanyl-1,2,3,3,3-pentafluoroprop-1-ene (53b)

10 1-(£-pentafluoroprop-2-enyl)cyclopentane (54a) and 1-(Z-
pentafluoroprop-2-enyl)cyclopentane (54b)

11 1-[(1R,3R)-3—((lZ)—l,2,3,3,3-penfafluoroprop-l-eny])cyclopenty]](lZ)-
1,2,3,3,3-pentafluoroprop-1-ene (55) and 1-[(3S,1R)-3-((12)-1,2,3,3-
pentafluoroprop-1-enyl)cyclopentyl](12)-1,2,3,3- pentaﬂuoroprop 1-
ene (56)

12 1-(1,2,3,3,3-pentafluoro-Z-prop-1-enyl)cyclopentene (57b)

13 (1E)-1-cyclopentyl-1-ethoxy-2,3,3,3-tetrafluoroprop-1-ene (75a) and -
(1Z)-1-cyclopentyl-1-ethoxy-2,3,3,3-tetrafluoroprop- t-ene (75b)

14 1-cyclopentyl-1-ethoxy-1,2,3,3,3-pentafluoropropane (76)

15 l-cyclopentyl-2,3,3,3-tetrafluoropropan- 1-one (77)

17 1-cyclopentyl-2-fluoro-2-trifluoromethyl-4-penten-1-one (79)-

18 1-cyclopentyl-2-fluoro-2-trifluoromethyl-3,4-pentadien- 1-one (85)

19 1- cyclopentyl -2-fluoro-3-methyl-2-trifluoromethyl-4-penten-1-one
(86)

20 cyclopentane carboxylic acid (88)

octen-1-one (92)
22 1-cyclopent-1-enyl-2-fluoro-3,7-dimethyl-2-(trifluoromethyl)-3-
vinyloct-6-en-1-one (93)



No.
No.

No.

No.
. 37 4-(2,2,3,4,4,4-hexafluorobutyl)-3-(1,1,2,3,3,3-hexafluoropropyl)

No.
~No.

No.
No.
No.

.23 Z—(1-cycloperityl-2,3,3,3-tetraﬂuoro-1-propenoxy)methylbenzene (94)
No. '
No.
No.
No.
No.
No.
No.

24 Z-(1-butyl-2,3,3,3-tetrafluoro-1-propenyl)cyclopentane (99)

25 Z-(1-phenyl-2,3,3,3-tetrafluoro-1-propenyl)cyclopentane (101)

26 1,2-dibromo-1-cyclopentyl-1,2,3,3,3-pentafluoropropane (103)

27 diethyl(2,2,3,4,4,4-hexafluoro-1-methylbutyl)amine (104)

28 bis(2,2,3,4,4,4-hexafluoro-1-methylbutyl)ethylamine (105) -

29 tris(2,2,3,4,4,4-hexafluoro-1-methylbutyl)amine (106)

30 (2,2,3,4,4,4-hexafluorobutyl)(2,2,3,4,4,4-hexafluoro-1-
methylbutyl)methylamine (107)

. 31 bis(methylethyl)(2,2,3,4,4,4-hexafluoro-1 methylbutyl)annne (108)
No.

32 (2,2,3,4,4,4-hexafluoro-1, 1-dimethylbutyl)(2,2,3,4,4,4-hexafluoro-1-

methylbutyl)(methylethyl)amine (109)
33 2-(1,1,2,3,3,3-hexafluoropropyl)-1-methylpyrrolidine (110)

34 1-(2,2,3,4,4,4-hexafluorobutyl)-2-(1,1,2,3,3,3-hexafluoropropy!)
piperidine (111)

35 1-(2,2,3,4,4 4-hexafluoro-1-methylbutyl)-2-(1,1,2,3,3,3-hexafluoro
propyl)piperidine (112) o

36 4-(2,2,3,4,4 4-hexatluorobutyl )morphohne (113)

rnorphohne (114)
38 4-(2,2,3,4,4,4-hexafluoro-1- methylbutyl)morphohne (115)
39 4-(2,2,3,4,4 4-hexafluoro-1-methylbutyl)-3-(1,1,2,3,3,3-hexafluoro
propyl)morpholine (116)
40 2,6-bis(1,1,2,3, 3,3—hexaﬂuoropropyl)-1,4-dimethylpiperazine (117)
41 1,4-dimethyl-2,3,5-tris(1,1,2,3,3,3-hexafluoropropyl)piperazine (118)
42 1-((22)—2,3,4,4,4-pentaﬂuoro-1-methylbui-2-enyl)-2-((12)—1,2,3,3,3—
pentafluoroprop-1-enyl)piperidine (119)
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20 0.5 85 1.20 140 0.95 194 0.05 6t .35 0.82 175 o.08 0
Y olor e 0 24 T2 139 195 PO 53 5.7 0.3¢9 175 2.12 0
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25 0.30 88 0.52 143 0.53 198 0.07 &7 13.9% 2 1.2 1ie 9.5 0
2% .98 39 1.50 lag 0.19 199 0.27 5 3.4 L2 0.8 L9 9.27 ¢
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13 3.53 EB 1174 148 0.40 203 0.2 i -0.63 11§ L.22 15t 0.0 0
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56 197 11§ 1.18 ESH 0.1 215 0.02
57 213 17 129 172 0.08 137 0.22
55 1.1 113 0.55 173 Q.21 218 0.08
50 g.n 119 PO T B 0.0s 239 0.0
No. 2 1,1,2,3.3 3-hexafluoro-1-(3-(1.1 2.3.3.3-nexaflucropropy!)adamantanyl}
propane (39)
M+ =436
CO1F18 883 (13.384) -
188 285 : 158732
86
380 358 a8 as@a Se8 559
20 0.7 8s 1.72 139 1.10 0.84 ki 14.9% 131 1.70 185 u.58 248 T
21 0.08 36 0.45 140 .18 1.58; 7 i.3e 132 1.72 198 0.09 245 0.
2 0.35 87 0.93 141 .58 0,09 19 13.59 133 5.10 187 0.1 247 9.
25 0.82 88 1.31 142 2.02 0.58 80 1.82 134 3. 19 189 1,14 249 0..
26 2,46 89 2.17 123 1.24 0.17 51 5.05 135 2.29 190 0.19 251 0.
] .11 90 ©4.01 las 08z 0.35 82 §.05 136 0.51 191 1.15 283 0.1
18 5.77 91 17.19 145 2. Q.45 83 3.56 137 0.57 132 Q.24 25% 0.¢
29 1.348 92 8.15% 146 1. 0.76 a4 Y.04 138 9.%§ 193 0.24¢ 256 g9.0
1 7.54 93 11,61 147 0. 0.12 257 128 193 0.18 135 1.3 137 0.3
32 112 94 .48 148 0. 0.55 238 0.98 295 089 136 .09 132 0.3
11 L.10 95 3.29 149 0. 0.58 150 0.11 298 0.05 339 0.0 180 0.0
15 0.08 o6 2.11 150 C2 0.18 261 0.09 297 0.0 138 0.04 FERS 0.0
16 0.15 37 2.19 151 3. 0.17 152 0.19 299 0.06 313 0.0¢ 383 0.4
27 1.48 98 0.71 152 0. 1.4] 54 8.07 bl a.21 Jay 0.35 387 0.0
38 117 99 1.06 153 L. .62 265 2:07 10 0.19 Ja2 0.02 182 0.0
e 16.24 100 117 154 0. 0.82 266 0.14 103 0.11 343 0.11 191 2.0
a0 182 101 3.07 15s L g.91 267 0.34 08 0.08 345 0.02 193 0.2
a1 2472 102 1.3 156 0. 0.10 262 0.03 107 ¢.07 137 0.18 394 0.0
a2 2.06 1031 2.92 157 Q. 0.2¢ 253 0.69 108 0.12 Jag 604 395 0.0
a3 4.55 104 1.75 158 0. 0.04 in 0.19 oSt .04 349 0.24 393 109
a4 2.83 105 .82 159 L 0.15 212 0.06 3t .05 351 0.03 198 0.3
45 0.32 106 2.50 150 0. 1.58 173 041 1z 0.04 153 .08 e¢ 0.0
4 .48 107 €42 161 a. 258 371 0.08 315 120 355 0.49 a0t 0.0
a8 0.21 108 199 162 c. 0.18 275 013 15 0.11 355 9.0% s 0.0
s0 5.57 Lo¢ 7.20 162 0. 9 0.0 I Y o3 i 9 e o e ey
51 14,40 110 1.38 154 0. 0 0.0) M 0 26 Jig o 07 isg 5.1 €18 0.2
52 1.22 111 0.82 185 e i 0.12 270 0.18 1120 002 350 .03 az I
53 .39 112 1,15 166 0. 123 1.79 is6 0 o1 120 o e % s 2
€5 3107 1 ¢.85 187 0 224 0.13 101 0,09 122 .92 Y62 0.62 <3 0.9
58 5.91 Lis 1.28 168 0. 235 0.53 o o es 15 5ol o o O .-
51 5.7 115 .10 169 0. 226 0.04 38) 0 s 125 o oe 6 e -9
2 .87 2 5 9.02 435 1.3
58 5.03 116 1.80 170 0. 228 0.34 100 50 13 o oH o o ol
0 0.5 117 2,04 171 0. 229 4,42 1135 31g 6 01 Jes 0,30 37 b
51 141 118 1.05 172 a. 229 584 FAH 5 9% ot e s a.
&2 8.36 119 2.58 173 0. FES 1.21 0 a3 i o I I b5 .o
[ 11.96 120 1,14 174 0. 231 1.34 0 33 117 0 o et o bos ;_7 oo
66 3.5% 121 1.53 175 0. 233 0.17 i i 0o 5 2 587 0.0
? .68 122 1.14 176 0. 124 0.03 TR ders ool : 118 0.95 58 :
&2 R 122 1 3 s o B0 T
20 1.5% 124 0.38 178 0. 238 0.19
i 1.01 128 0.7 179 0. 1317 0.98
o2 0.20 126 1.80 130 0. 2319 0.10
i3 1.95 127 13,48 181 0. 281 0.83
74 1.87 128 397 182 0. 242 0.44
5 3,75 129 2.70 183 1. 24) 11,89
76 1.36 130 0.95 184 0. 245 0.48




No. 3 1-(3,5-bis(1,1.2,3,3,3-hexafluoropropyl)adamantanyl]-1,1,2,3,3.3-hexafluoro

propane {41)

M+ = 586
COZTRIAD 874 (15.235) )
<00 - CO2TRIAD 214 (15.235) 435 €1136
l <00 2654
%FS 57 585
_ 465 4gc s47 S8
BFS- 8l L T . S27 l I .
/=458 ' 588 558 a3s
e 217 277 ’
® ?D ] I slx : ?S l |1Sf? ! a.S—L llzza t 3?5 3?911383
mre Sa | 188 ____1Se  2ee 252 | 38v 358 ape asa sge 558 J

"

28 3.20 98 0. 183 2.18 208 0.5
19 0.38 99 9. 154 0.1 209 9.27
3z 1.51 100 0. 188 1062 210 1,48
BE] T.18 101 ). 156 0.39 212 2.80
0 0.45 102 1. 157 3.27 212 0.4
[ 3.32 103 3. 156 0.90 212 0.74 '
a2 0.23 104 1.2 159 3.8 114 0.23
I3 0.99 105 2. 180 1.02 215 0.80
a 0.39 106 1. 161 0.858 216 0.28 °
Kl 1.53 107 0. 162 0.3% 237 19.10
51 .04 108 0. 16) 1.5) 218 2.08
52 0.30 109 7. 164 1.25 19 242
s3 1.28 120 L. 185 1.07 270 0.39
X 0.52 111 0. 166 0.58 221 0.°9
55 12.36 112 0 187 2.12 222 [
56 2.2 11 3 168 0.2¢ 223 ‘.
57 5.20 114 1. 169 1.76 174 5.92
58 0.37 115 5. 170 0.44 228 0.30
59 2.70 - 118 3. 171 2,18 227 0.3%0
61 1.10 17 . 132 0.83 i18 0.53
63 0.38 118 0. 173 2.1 229 13.13
64 0.29 119 1. 174 0.30 230 1.70
H 5.06 0. 37 0.43 232 9.13
66 0.96 2. 178 1.07 232 1.1
§7 2,46 1. 177 5.06 2 0.53
68 0.52 1. 178 0.92 215 1.33
69 22.15 0. 179 1.35 237 1.5
70 0.90 0. 180 0.12 118 0.13
71 0.68 . 181 114 239 0.52
73 7.1 19. 182 - 118 201 I
24 0.37 3. 183 1.98 242 1.
75 1.35 2. 184 a.51 243 1.
76 0.25 0. 185 2.12 244 I
73 13.06 .o 1. 186 0.40 245 0.
78 2.7% 133 1. 187 0.95 246 0.
79 7.4 133 3. 188 0.42 249 0.
80 2.00 134 1. 189 3.2% Ry 1.
81 1.90 125 1. 180 6.4 251 0.
82 1.90 136 0. 191 2.83 252 0.
83 2.32 131 0. 192 0.48 1.
84 1.26 138 0. 193 0.53. 0.
gs 1.53 139 1. 1958 1.70 6.
86 0.32 140 2. 196 0.88 ?
€7 0.86 141 8. 197 132 2
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EX 715 0. 367 3.9 0.22
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R g 0.2 289 0.1 0.4
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sz a. 0.5 361 0.55 0.19
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297 0. 1,90 195 1. 1,08
2499 N
0. 0.28 396 0: 0.29
303 0. 0.32 39¢ 0. o
J08 0. 1,13 405 0.
105 0. 3.98 403 0
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No.4 11,1233 3-hexafluoro-1-(3 ,S,B-Iris(l.1.2.3.3.S-hexaﬂuoropropyl)adaman'tanyl]-

d M+ =736
propane (42)
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Ne. 3 1-(1,l.2,3,3,3-hexaﬂuofopropyl)cyclo;:emane (43)
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No. 6 1,1,2.3.3-hexafluoro-1-{3-(1,1,2.3,3.3
hexafluoropropyl)cyclopentyljpropane(44b)
M+ =370
CO13F4 451 (7.517)
100 ) ) 3803928 .
3FS- 199
: 199
7109 1as gy 1T . 219 2499 331
b L, Tessy i
9 . ) L INEARRAN VT T e N at | A N . — .
n/z =14) - ie8 1S@a 298 258 3882 359
K
................... bt e e e e e et eeeee et
Mass Rel Int | mass Rel Int | mass Rel Inc | Mass Rel Inc
................... e
20 344 78 3.19 132 0.78 203 0.50
24 0.82 73 3.53 133 3.98 203 0.20
25 1.68 80 0.55 135 4.84 205 0.51
26 6.05 .82 13.31 136 0.14 208 0.31
27 19.09 82 7.12 137 0.42 207 0.10
28 17.47 83 a.120 118 4.44 209 1.92
29 5.91 84 1.23 140 0.76 209 0.87 '
31 15.93 EH 5.24 141 1.7 210 0.14
2 5.11 86 0.53 145 6.18 215 0.06
33 3.68 88 4.50 146 0.43 217 2.59
is Q.24 a3 8.94 147 1.81 219 16.87
i6 0.71 90 14,72 148 a.23 219 §.92
17 2.50 91 38.98 149 0.25 220 0.58
28 6.32 92 1.41 151 8.06 223 0.:8
19 16.56 31 2.42 152 0.34 227 c.88
R 40 8.06 95 20.97 153 2.27 228 3.02
41 37.37 26 6.12 153 4.44 230 0.25
42 2.42 97 17,47 157 0.31 235 0.18
43 1.48 98 6.45 159 24.19 239 0.4
a3 1.97 99 1.55 161 0.21 241 6.57
45 101 12.43 163 0.70 245 0.22
Y 2.81 .102 1.28 155 1.8 247 9.65
a7 14,11 103 11.29 . 165 0.57 249 21.77
48 0.75 104 1.58 157 6.33 250 1.58
50 9.34 105 1.00 169 0.148 259 0.42
s1 49 .46 106 0.30 171 6.98 261 0.20
52 3.31 107 1.68 172 0.19 265 0.33
S3 8.94 108 1.60 173 1.19 267 0.71
54 2.72 109 23.92 174 0.0% 289 3.29
S5 3.43 110 2.47 177 2.79 271 0.41
57 9.48 111 0.99 179 4.50 231 0.11
59 30.38 113 12.43 179 2,37 285 0.7
50 1.73 114 2,10 180 0.28 289 6.04
33 1.34 115 11.98 183 0.55 291 1.1l
62 2.92 il 2.45 183 0.28 292 0.14
63 12.23 117 5.13 185 1.68 l0s 0.10
54 11.16 118 0.47 185 0.77 309 0.21
55 39.78 118 2.82 189 0.78 311 3.01
65 11.56 121 6.18 139 0.53 3i2 6.37
&7 45.70 122 T 0.a2 191 0.50 329 0.2
59 100,00 121 2.92 191 0.23 in 20.16
70 4.30 124 0.12 195 0.37 132 2.13
STy 9.07 125 Q.45 195 0.20 333 0.13
72 3.18 127 17.20 187 0.34 149 0.35
73 8.13 129 212 197 0.50 350 0.15
" 24 2.125 129 2.02 199 40.86 RER 0.17
75 9.4 131 1.11 199 20.43
77 85.70 132 1.80 200 2.05
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No.7 1-{1,1.23.3

3-hexafluoropropyl)eyctopentanol (46)

+

M= =236
== =
C073 375 (6.251) v
8s
180 \
XFS 87
e | -
ol St A I e 154 207 21
A " bl - . iy ] . . __1‘ . . . i '..
n 2T 4e _ 6® ae 190 o8 130 168 188 208 2oe
k : 0.1 43 A 3 333 123 0,29 17§
8.0s : et 5 9 2 H 0.52 §S ~106.00 124 0.08 1)
1.9 i P! 5 o 9.0 417 0.67 “3s 1,39 125 .08 179
23 & PR 3 o 9.1 ) 5.0 57 SUFE] 125 0.34 180 :
RN : P . i -4 48 0.2¢ &5 0 127 162 187
$.83 67 1.1 0. 151 2.8 s i i ? a7 Le 87 ‘
ERS p 5 56 . o 913 50 1.2 30 0. 129 2.4 154 :
195 89 19.56 0.2 154 0.15 i iE 3 s s B 154 (
2t : 0 50 3 et Y- 52 1.40 o3 3. 111 2.57 193 (
034 " 0.99 2. 157 9.36 B N i s 1 2:57 3 (
0.01 72 0.63 0. 159 2.03 3 20 4 o 1z 003 19 ‘
G.18 . T3 1.57 1.6 160 Q.28 5z 12.82 °g 0.3 134 a.03 207 <
0.70 75 Q.5 0. 161 0.04 55 3.6z a3 ) e S 2 :
7.51 ; 134 1 163 0.02 3 RS : : s 0.3 208 c
‘o = 2 o Tes Sl s 207 §9 a. 137 041 27 c
3t 0 03 > 168 8.0 59 1.2 100 0. 139 0.3 218 g
110 73 ¥ 5 o s &0 0. 101 1. 140 0.07 13 0
17.10 79 048 0. 11 .04 51 0.4 107 5 1o Coles in .
1.32 83 2.72 0. 174 0.67 5 0.% 103 0. 143 0 02 33 o
No. 8 1-(1,1.2,3,3,3-hexafluoropropyl)cyclopentene (49)
M+ =218
C078 225 (3.751) A
87 33891488
109 i
XFS
29 X /8797- 0r 117
s I S1 95T /}al 107 199 2‘]19
? ! Jx..l. Loadi ot L L [ . i ; , ‘ .
nz 22 108 150 289 2Se 360
Rel Int 275 0.04 282 0.0 293 0.02
""""""""" 177 .01 283 0 02 195 0 02
; : ;
0.84 78 193 138 0.19 192 ggz e oo | o | B sod
0.05 79 2.02 129 0.88 153 0.02
8a 0.48 14 2 19 .
g:i 81 1.85 141 0.26 195 Sfi
2.23 a2 .52 142 0.04 196 0.11
7.43 83 .11 143 0.07 07 0.79
1.93 84 111 144 0.04 L 0.2
0.64 es 0.87 145 ;3; 199 10.02
1.99 86 0.121 146 2 2 .
iis 87 0.51 147 0.39 201 0.08
.59 88 3.0¢ 148 0.11 201 .08
0.10 89 344 149 0.10 20 0.0
Q.15 90 1.36 150 0.0% 502 u‘o';
1.15 91 1.32 151 0.83 208 0.02
302 52 0.23 152 011 207 0.92
1884 93 0 79 153 0.33 208 0.12
1.42 95 10.87 154 Q.08 ;.3 o.o:
1123 96 553 155 0.1 £ 2.00
Q.57 57 16.42 158 U.}Z ;3.5 ’.;9
0.20 38 1.9 157 0.12 1 s
0.79 99 0.78 158 0.13 n 241
0.42 101 .28 159 1.29 219 L0 .
0.23 102 1.06 180 0.43 220 0.0¢
0. 85 103 0.45 161 0.1 221 0.01
0.15 104 0.15 162 0.0z 222 0.1
0.53 105 0.26 163 0.121 22 .
& 228 0.03
3.18 106 0.28 184 0.09 2 93
13.04 107 1.22 185 Q.14 ;1 0._”
2 12 100 7.97 166 0.0 22 2
5 57 0 11 230 0.02
5.62 110 0.88 146 B 2
0.34 121 0.58 168 0.02 EERY 0.02
0.20 13 101 169 0.09 2 0.02
0.51 1l4 4,41 170 0.07 2258 0.03
4 .44 115 11.47 171 0.18 237 . :
6.19 117 25.00 172 g.0s 213 ggg
.82 118 1051 173 0.04 21 0.09
0. 43 118 0.88 174 0.01 242 0.02
0.97 120 0.28 178 0.04 243 0.01
2.38 121 0.56 176 0.05 245 o
7.73 122 0.67 177 0.97 247 0.08
2.99 123 0.07 178 0.97 249 0.08
2114 124 0.04 178 125 253 0.2
17.39 125 0.44 180 0.51 254 .00
100.00 137 7.1 181 0.09 258 0.0¢
g.21 128 1.3a 182 0.04 25 0.05
2355 129 118 182 0.09 258 0:01
2.45 130 0.4l 184 ¢.02 253 2 i
1.26 133 0.37 185 0.06 250 0.32
0.46 132 0.78 186 0.02 263 g.m
0.30 132 1.20 187 0.01 265 0.1
0.8z 134 0.1 188 0.01 267 .02
7.1% 135 0.42 189 0.08 263 8.1
1.20 136 0.09 130 0.04 o g.os
17.51 137 0.39 191 0.06 273 .
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adamantanyl-1,2,3,33

-pentafluoroprop- i-ene (S3b)
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M =+ =266
TOS 688 (10.134) Sap672
a 83
19 1
266
%FS .
127 218
17 267
2> .11 141 1T 18511 7 l ” 237 251 /
“ " lx“xl ot I|l 1|LILI wolld " st b ! b A
n/z se 100 158 2080 258 —
5 5 116 1.57 0.
04 83 2.53 142 2.26 158 3 B Sh 117 2.99 0.
39 84 1.96 14 2.08 199 2. 0 5.22 119 9.90 6.
32 8s 2.38 148 11.88 .200 0. 1 1.28 120 3.89 14.
91 85 1.05 146 1.89 201 2. 62 0 &5 121 10.80 4.
53 87 2.2 147 3.60 202 0. 63 4.07 132 2.0 5.2
44 88 2.17 48 .39 203 3. 64 0.83 122 10.18 2.
45 39 2.14 149 2.96 204 s, cs 15 48 123 - 80 N
92 91 19.58 151 14.77 205 8. ‘e 10,89 13 5 08 Vs
72 93 100.00 152 17.62 206 5. o s 02 119 29 38 5.
03 94 92.42 153 4.869 207 3. s8 10.98 128 3.36 2.
18 95 43,75 154 1.22 208 5. o 1723 139 1.9¢ 5.
63 36 8.85 155 5.54 209 20. 70 253 130 0.23 2.
H 97 18.37 156 1.30 210 25, n 1.03 131 4.02 8.
95 98 §.4a4 157 1.17 1 5. 72 0.28 132 1.80 0.
98 99 2,46 158 1.82 212 1. 31 2,41 133 8.8¢% 2.
45 101 10.98 159 5.5% 213 Q. 71 0. 46 13a §.19 5.
77 102 1.41 160 3,55 215 0. 25 4,97 138 B.52 7.
88 103 3.13 181 2.20 216 0. 277 30.49 136 .30 4.
s3 104 0.73 162 0.66 217 4. 78 6.91 117 10.32 ° 2.
17 108 13.4a5 183 4.1 218 2. 79 30,51 138 270 1.
.21 106 5.39 164 1.81 219 3. 30 22.3% 139 12.50 1.
.14 107 16.86 165 11.78 220 1. 81 19.32 140 4.84 iti.
78 108 12.11 166 2.7 221 0. 83 5. 58 131 18.18 24
.77 109 22.92 167 2.05 222 1.
.16 110 11.41 158 0.80 223 12,
.43 111 6.58 169 11.79 224 16 .
.17 112 1.22 170 1.89 225 4.
.77 111 4.50 171 10.89 26 0.
.21 114 4.02 172 1.69 227 1.
.00 115 §.87 173 2.64 228 0.
C0S 637 (18.618) :
: 79 2162688
190 g3
94
93
%FS 266
67 S14
a1 © o (se |15
38- 7 oo 1061925 177 196 21
53- 82 e / 224 o35 o,
2o U 7l il o | JL (R ] O A i
i II 1l 7™ ||| gl 1) L. |. el ) bt ly abadl o Il b 4 1 h
"/ 19008 1.58 200 258
................... B A S
Mass Rel Inc | Mass - Rel Inc | Mass Rel int
20 0.01 as 2.56 135 7.72 194
27 4.26 86 0.5 137 9.23 196
28 1.16 86 1.82 139 12.12 197
29 4.59 87 2.56 130 6.68 198
30 0.10 L] 2.51 141 12,31 199
31 0.20 89 1 142 2.02 200
32 0.17 91 2. 143 1.10 201
13 0.25 - 92 2.50 145 10.75 203
37 0.17 33 53.79 146 2.29 204
39 21.78 93 91.67 147 3.36 205
40 1.98 94 71.21 148 . 3.50 206
a1 30.30 9s 26.14 149 2.07 206
42 1.2 96 13.28 151 15.5) 207
43 2.40 97 12,838 152 9.99 208
43 0.16 98 5.25 153 3.27 209
45 0.22 99 1.89 iss 2.98 210
47 1.7 100 6.16 155 2,24 211
48 0.03 101 6.91 156 132 212
50 1.74 102 1.4 157 2.1 213
51 7.62 103 2.02 158 1.95 215
52 ).13 104 6.16 159 3.60 217
53 12.88 108 8.19 160 2.12 218
54 7.10 106 11.08 181 1. 219
55 19.70 107 11.74 163 1.58 220
56 1,01 108 15.15 165 9.71 221
57 6.30 109 13.64 156 1.79 221
S8 0.23 110 8.18 167 1.33 223
59 4.26 111 S.11 169 i1.55 224
60 0.36 112 3.88 171 8.71 225
51 0.95 113 3.2 172 1.3a 226
52 0.83 114 5.49 173 1.0 227
¢ 63 J.84 115 3.74 175 0.58 228
&S 15,91 1. 175 0.12 231
66 11.55 2. 177 10.75 232
§7 37.88 9. 178° 3.79 233
68 10.94 6. 179 2.82 231
69 17.23 5. 180 0.30 235
70 1.73 0. 181 1.01 237
7 1.11 . 182 0.55 238
72 0.35 3. 183 4.55 239
73 2.38 3. 184 0.6 216
75 §.58 1. 183 3.03 237
77 32.20 4. 186 2.97 248
79 100.00 187 a1 281
80 22.54 189 9.00 252
91 21.02 190 4.21 253
82 5,78 191 4.83 288
a2 4.36 192 2.50 267
84 1.88 193 1.72 288
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(54b)-

MY, LV LT LT UG MY M

enybcyc]opencané(idb)

) M+ =200

C025 251 (4.184) .
189772
188 a2 728
158
a1 &8 > |
39
%FS N &7
5567, .
68
27 (IPL 157 ||P° es 111 a0
w il 7 L as -1 131k 159 208
ol L " q.l.Lx. VT W VI T E JO  f : I i
/T S8 198 158 288 252
20 Q.06 [ 1.91 14 0.15%
25 Q.08 55 4.45 145 .88
28 2.78 13 .48 138 g.23
27 20.99 87 31238 Li 147 Q.1
28 6.82 88 75.00 i 149 0.%4
29 1.1.57l E3 1340 1. 151 3.40
30 Q.26 70 1.97 38.23% 1352 0.79
31 J.oe 71 1.13 1.54 153 1.21
32 0.50 72 2,10 o0.32 134 1.4
1] 1.2 7 4.97 9.79% -15¢ 0.09
.37 1.42 74 1.10 1230 158 77.98
38 4.59 7 §.14 4.59 153 3.06
39 44 .40 76 0.73 1.27 150 0.28
4Q 10.382 77 - 7,18 J.19 131 1.39
al 84.18 78 0.51 0.4 182 0.15
42 140.00 739 j.ot 1.18 182 Q.29
11 3.17 80 0.78 4.90 165 1.8
44 0.55 8l 2.43 0.71 168 0.1
45 1.48 82 0.9¢ 5.43 187 g.7%
44 1.1249 33 6.44 0.71 168 0.04
47 5.%7 84 1.04 0.11 169 0.04a
48 0.20 85 S.3a 0.85% 171 1.48
a9 0.47 & 20.99 8.37 172 2. )8
sQ 4.80 a7 1.8] j.o8 173 0. 14
51 13.00 88 2.54 0.16 177 0.18
52 2.45 . 89 9.24 0,62 179 D.18
53 3,30 30 1.1 11,586 180 1.33
sS4 4.55 51 1,42 1.91 181 Q.41
55 16.19 37 1.4l 1.84 185 4.27
56 1.38 94 0.50 0.1} 188 Q.28
s7 12.97 35 9.51 1.63 198 Q.08
53 1.27 96 1.04 0.71 00 11.01
59 5.90 97 2.%4 1.1 201 0:78
80 710 98 0.24 §.4) 207 8.09
gl 0.9%4 99 4.33 7.3 281 0.3s
&2 1.7 “100 0.s2 4.9¢%
82 1.19 101 8.86 0.40
T025 242 (4.834)
199 68 . 15564890
a2
%FS a1 - % lse
39- s5 ; a6 1988
57 .
?E:7 st|/es > |89gg51®1 | 115 131, o 159 208
9l " J_l "r)'l i g ,I('lir- ,llL.lv.1}~ e . . i 1?5 ,
n/z 2@ a9 5@ g 108 128 148 168 180 208

20 0.02 %) §.45 102 4.4
18 J.08 54 J.54 103 11.45§
27 15.26 65 7.8) 104 0.87
28 5.2 88 1.37 108 .07
29 5.133 &7 43.95 108 J&.s58
30 8.10 (] 100.00 109 4.21
pRY 1.58 59 -~)5.00 131 11.71
12 0.16 70 1.78 2 1.43
11 .88 71 1.23 113 4.39]
17 1,17 72 3.87 114 1.41
8 4.0 71 8.16 11s 1.32
RE:] 16.0S 74 1.97 116 0.37
0 8.186 35 14.41 117 1.08
al 42.11 s 1.68 118 5.1%
42 58.95 77 14,87 120 0.40
4] 2.25 78 0.42 121 $.28
44 0.45 79 6.12 122 0.4y
45 1.30 a0 1.48 121 0.%1
46 0.3%7 81 5.33 125 1.05
47 3.82 32 1.91 128 1.17
498 0.11 81 12.57 127 .04
49 0.1¢ B4 1.78 128 0.4
S0 4.80 as 1.82 129 0.38
51 16.84 :13 Ji.s8 131 14,41
52 © 2,43 87 2.3 132 2.1
53 1.57% 88 4. 74 133 Tl
54 4.34 89 16.25 L34 0.18
S5 36.32 a0 1.886 135 1.38
Sh 4.1 91 2.24d 138 6.81
S7 19.16 93 1.04 137 1.48
59 1,22 a5 13.68 133 0.83
59 71.43 96 1.33 139 5.53
A0 1.88 97 1.8s 140 1.4
&1 1.589 29 7.l 141 5.07
62 .58 101 12.50 142 0.17
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No. 11 1-[(1R, 3R)-34((12)-1,2.3,3.3- emaﬂuorooroo-'-enyl)cyclooemyl](lz)-

1,2,3.3,3-gentafluoroprop-1 -eae (35) and 1- {(35.1R)-3-{(12)-1,2,3,3-pentafluoroproc-

l-enyl)cyclopedt'yl](lz)-L...,.),J-penmﬂuoroprop- -ene (36)
v+ =330

C0138F8 318 (5.167)
108 158 B »x15 257924
-
59 291
%FS . 1 3 ,
15
a1 |S7 Jﬂ —83 115 4 a 310 330
27 ‘ L t ‘ QQT { 169 T, 2 . . 281 271 ] '
a Ju ..,.JJ .I, u,u bbbl b 4 ’zu‘u. ]L - ~|"BS¥ ‘7‘3 "‘4“. ! v"»ul»l 3§2| |
mST 168 158 209 25e 388
Mass Ine
26 2.74 70 4.358 2.7 170 2.22
27 10.55 71 2.55 2.1 17t 5.37
23 5.31 71 1.77 1,15 172 7.57
9 1.32 73 12.35 20.12 177 1.25
3t 5.75 74 1.51 1.99 17 1ol
13 1.4] 73 21,22 12.45 131 3.
315 1.0t 77 17.39 L.74 182 1.32
16 2.43 79 L2 1.35 134 20. 1%
37 2.89 79 1.03 4.0] 135 4.7t
18 +.09 30 1.2 'os.70 187 1.2e
39 21.41 31 7.41 2.29 189 128
40 4.36 31 25.13 1.74 195 1.57
41 22.91 EN 4.9) 1.33 197 L.08
43 7.93 s 2.14 4.8 199 3.21
a4 1.39 s 2.42 5.63 200 113
435 1.74 97 2.09 5.5 201 L.79
47 3.4 as 10.535 119 20.72 207 1.94
) 1.09 a9 21.21 110 2.32 211 1.37
sQ §.00 30 3.81 143 L.77 213 1.02
51 18.13 91 L.43 145 13.13 219 1.38
52 L.87 91 5.57 143 1.34 221 1.06
53 2.%9 95 17,45 150 9.53 225 1.1
EE] 1.79 35 a.08 151 12.13 221 1.33
5§ 3.7t 97 3.32 152 1,22 229 1.3
57 19.82 39 a.325 153 1.37 231 1,87
54 1.3s 38 13,07 157 21,71 241 1.93
59 4.98 101 11.95 158 100.00 250 1.53
1 1.2 103 +9.80 159 §.37 281 .04
52 1.19 104 1.51 151 1.02 251 5.47
51 5.25 106 5.33 P! 3.38 279 L6
64 1.25 108 47,41 154 2.12 71 2.54
55 5.22 109 4,43 155 5.78 291 4.2
55 1.5 11l 13.71 156 1.04 110 144
63 53.37 11 4.1) 159 9.36
...................................... et
IC0138F8 323 (5.384) :
7
100 158 9858
%FS 59
03 108
a3 |
»g 3T sy 77 ] ) 1[5 139 ‘69 1?4 231 o6 1
n - d -
a Ll lmJJ :g‘ -Iv.nl II!JILAJIJ ull b “5.1.11 -.L’ IL L it ;JJ‘BS. “19' 2491 — 291 . 330
n/x S8 1009 158 208 258 300
) a2l Inc | mass Ral Iac | Mass R2l inc
217 55 5. 109 16.95 1 5.
3.70 55 - L 109 3.34 1 7,53
¢ 13.22 §s 5. 113 15.35 154 195
ae 1.1 7 3, 14 3.37 153 5.33
3 4.2 71 2. 115 18,48 15% 251
iz 2.36 72 L. 116 p 172 1,23
13 451 73 4. 119 15 17 5.59
36 4.23 73 2. 120 L. 172 5.51
37 1.06 7% 2. 121 L0, 177 1.22
13 2.348 77 26. 125 3. 18yt 207
19 16.30 3L 3. L 3. 133 1.2
40 3.49 a3 21, L 4. 182 15,31
45 15.12 34 4. .36 133 3.
12 §.61 33 2. t.12 147 L.
44 1.38 271’ 1 3 1.80 187 2.3
35 131 38 3. 132 3.39 20¢ L.
a7 2.33 59 17, 133 4.1 2l 1.3
H 442 30 137 4.10 H 1.
H 14.38 ER L 123 1.01 2 1.
5 1.45 93 4. 119 15.30 2 L.
s3 2.22 EH 33, 1490 2,08 2 L.
33 1.13 2% 3 143 1.8 2 1.
55 1.50 57 2 15.04 2 2.
S7 14,12 29 H L.30 24 3.
3% 1,44 101 5.25 2 1.
EH) 1,73 102 3.97 E3Y 10.03 2 L.
62 1.72 101 i1 32 1.57 2 3.
53 1.0 LY z 153 123 2 3
g 1.78 106 ; 53 100.00 1 2
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C087 222 (3.798)
o, 199 1027 9297392
5552 101 : 198
7S 2 198 B
%FS 3s . 277 128
- |
e T sas'"‘ e 119 ’ 1589
.
28|28 ' ‘ | ss Mm ‘ | 1304 45 [ 183 177 139
ol il A' .lm,vh‘dlr L l.lh i } LuL.uJ b o L I A L S
n/z 28 4 58 Be - 199 129 1ae 168 1889 298 27e 248
Mass Rel Inc | Mass Rel Ra!l {nr | mass Rel [nc¢
20 1.18 < S1.54 177 7.7
24 1.2 77 %48.533 173 3.392
25 2.5) 73 9.80 179 4.%4
26 11.78 72 7.08 130 0.63
27 34.390 a1 1l.ol 13y .32
) 12.a7 83 5.48 192 2.4
29 3.3 X . 0.72 183 1.08
E) 12.00 83 1. 9.22 184 .44
J2 1.39 57 g$. J.9%4 13% 0.98
11 344 B8 19.8¢ 137 3.30 Lis 9.03%
34 0.25 39 e 21 138 5.22 187 0.05
35 0.71 90 .56 133 .80 138 0.95
36 2.51 91 1.55 110 111 139 9.0
17 6.83 92 1.8 111 0.24 130 9.0
39 .28 41 9.59 142 o.52 191 0.97
1y a4 .92 94 11.01 143 1.98 192 0.0%
40 18.50 EN) 29.9% 134 T.49 193 ot
a1 32.14 96 22.69 145 15.97 L34 u.J8
' 1.08 97 2813 145 438 195 1,90
43 0.82 98 7.93 147 446 196 5.12
44 1.580 99 15.93 1438 0.77 198 50.22
. as 142 100 25 .44 149 2.23 198 PYEH
a6 1.47 101 86.32 150 7.39 128 7.38
47 2.31 102 9.91 151 3.04 200 0.8
48 a.78 163 2.4 132 1.30 201 0.42%
'] ¢.80 L0« L1 153 0.23 202 3.03
S¢ 16.30 105 S.26 154 0.1+ 203 0.0«
s1 23.79 108 19,17 155 1,76 206 .03
s2 §.2 107 23.739 155 4.13 207 a.06
s 6.51 108 42.73] 157 a.,37 208 0.907
sy 0.85 109 100.00 153 19.10 209 0.0s
ss 0.82 110 10,57 153 23.358 12 0.03
56 718 L1t 2.28 180 2.40 213 0.035
7 18.41 112 7.92 141 0.52 i 0.05
58 1.74 11 20.1¢ la2 4.02 218 0.08
59 5.14 114 21.70 151 7.82 its ¢.11
60 1.48 115 71.238 144 3.50 213 Q.30
§1 1.4 118 2.09 165 4.85 213 T
! 52 8.81 L7 J.84 186 0.43 213 0. 1l8
§1 la.74 118 10.24 ta7 q.24 20 ¢.0]
84 8.04 119 24, 3¢ 158 0.74 221 0.0%
85 30.40 120 65.08 1e% 1.50 27 0.05
86 69.L18 121 2.45 170 1.84 2312 0.02
§7 21,15 122 0.48 171 0.47 235 Q.06
63 72.8639 121 0.7s 172 0.10 249 .06
70 2.14 124 3.91 173 0.15 51 0.0S%
) 71 3.4l 115 11.01 174 0.74
72 1.40 128 40.09 175 1.Js
k] .30 127 102.00 178 4,57
Ne. 13 (1£)-1-cyclopentyl-1-ethoxy-2.3,3 3-tetraflucroprop-1-2ne (75a) and (12)-1-
cyclopeatyl-1-ethoxy-2,3,3 3-tetrafluoroprop- 1 -ene (75b)
M =+ =226
CO47F2 481 (7.684)
a1 ss _ 2815232
1887 s8 .
29 87+ 226
as 97 ,
xFS{ 27 i
8 .
33 | ss 141 o 157
- .30 2. 29 a1 | 1‘-9.__‘1T4 18S X‘SB:B7 227
. 127- 158 [ i
gl I !'.u I ,’ ILL I" }[nl“_,.“n”-' u".\ allay 3 ,!‘.} J‘. 1f£ { Ly "‘9771{\ | .
m/x 2@ a@ X 39 198 129 140 168 189 2pe 228 24@
20 0.15 7 22.56 112 170 181 0.97 55 9837 110 2.43 162 0.43 °.
24 0.22 78 1.19 133 1.51 185 20.1) 56 .50 111 28.85 183 0.73 L.
25 1.00 79 22,97 134 18.50 186 1AL $7 15.24 12 .60 164 g.22 .-
26 8.18 a0 1.47 135 5.49 187 0.31 58 1.84 113 1.96 155 1.04 8.
27 18.62 ' 12,15 138 13,462 138 o.18 59 8.23 L4 1.54 186 g.30 b
28 12.7§ 82 417 117 .03 189 0.15 §0 0.38 113 ‘.57 157 9.58 2
239 73.98 52 15.85 138 2.49 150 0.10 38 0.74 115 L.4a 158 .02 o
30 2.02 94 12.30 139 287 151 a.17 62 1.38 117 2.10 163 T9.10 0.
1 437 8s 5.54 140 1.58 191 0.1 63 7.06 118 £ Lio z.0d >
32 0.78 T 0 83 141 3028 195 0.0 h 3.2 1’0 9.5¢ un i o
1 0.97 a7 <17 142 0.42 135 5.08 §5 1628 21 7 5.00 172 9.1¢ M
o 019 8 296 141 6.70 197 J.40 66 9.7 122 1.31 173 9.20 g.
16 0.42 89 12.04 164 0.30 197 5.13 &7 7716 123 1,27 175 8.32 2.
37 741 30 1.91 145 1.28 198 11.82 58 90,24 124 0.28 176 0.45 . 0.1
18 ‘57 91 17.28 146 0.4 159 7.01 §2 84.53 L2s 3.4 177 a9 %
19 5183 33 132 Le3 0 35 200 0.62 70 7.582 127 7.12 173 5.1% 9.
40 1143 91 118 148 1.55 201 0.50- 5 7.52 L8 L5t Lo §.40 o
41 106G.00 95 13,84 149 5.95 202 0.08 72 148 129 15.45 190 .38
a 909 3 i e )08 303 038 71 5.79 110 5.13 L83 5.53
8| 15.85 98 4.27 151 1.08 204 0.12 73 .91 L §.18 Lez 8.7
LX) 3. 40 39 S$.319 152 Q.17 208 0.20  cremrmmeleseees D R
.5 }.48 101 21,85 182 0.8 207 1585
46 0.48 102 3.8 154 0.3 208 1,33
17 .56 103 .01 156 237 209 132
a8 0.31 104 0.38 156 11.03 no 0.18
43 0.36 105 0.50 157 19,17 111 0.28
S0 4.88 106 1.30 158 31.76 213 0.23
51 15.45 107 2.67 153 6.9 218 0.33
52 1.76 108 a2 160 L.28 21 0.03
53 2195 109 5.1 161 2.27 1 0.10

Bll



Minor Diastereoisomer.

Major Diastereoisomer.

No. 14 1-cyclopentyl-1-ethoxy-1.2,3,3,3-pentafivoropropane (76)

M= =246
CO47F2 471 (7.851)
1828896
10@ 83 .
\
7 W
41 & N g7
239
XFS “
39 7
27 ilan 5 79 as ‘as
28] 81 [j-181 _ 181 an
% L4 }ll sz Tl 37 g% e
8 l[‘x ‘ILU%. Llll RN TS PR 1 - z | [ L, . -
m/z 28 129 1 228 24
20 0.35 69 100.00 121 1.35 Q.16
24 0.22 Q0 §.87 122 .22 0.4§
25 0.53 711 .89 123 T 0.18
8 5.135 72 1.54 124 ¢.35 0.19
27 20.02 72 3.49 125 1.37 0.13
28 .9.6¢ T4 T 0.27 126 0.55 d.29
29 52.19 s 2.78 127 1.%4 0.27
30 1.%9? 3T 22.51 128 0.3% 0.01
31 3.59 78 2.27 128 2.59 0.08
b 1.34 73 27.0¢9 130 0.95 6.7
33 1.08 80 1497 131 1.2% 178 1.29
35 0.21 81 5.00 132 0.45 179 G.923
36 0.43 82 4.4} 133 1.900 180 1.37
37 1.57 B3 65.37 134 Q.80 181 .10
g 2.3% 84 1,84 135 0.51 .82 0.54
. 19 J1.08 a8s 1.06 136 0.9%0 183 g.12
40 9.496 Bé& 0.80 137 Q.49 i85 1.00
41 73.31 a7 1.49 133 Q.41 187 0.10
42 15.44 88 2.7 1319 1.32 187 0.230
43 7.87 8¢ 1.%8 140 a..94¢ iB88 0.0%8
44 2.81 31 15.24 141 1.87 189 .04
45 5.133 92 1.11 1472 0.26 191 0.04¢
46 0.8} 33 2.74 143 0.20 133 Q.02
47 7.37 -8s 13.45 1as }.68 188 0.1
48 0.32 97 70.82 145 18.82 197 1189
42 1.7¢ 98 3.s9 146 1.587 193 4.38
50 114 93 . 19.12 147 0.42 189 1.7%
51 14.54 101 14.74 148 0.4 200 0.54
52 2.5%2 102 0.85 149 0.54 201 0.19
53 13.75 101 3.24 150 0.18 202 0.33
sS4 3.98 104 0.45 151 0.11 204 0.02
55 25.00 108 0.24 152 0.1} 206 0.87
58 2.12 106 0.21 183 0.1: 2067 0.a7
57 4.68 107 9.92 154 8.04 208 8.07
58 [T 109 9.46 155 G.38 209 0.03
59 B.47 110 0.87 186 2.3¢% 211 0.22
80 . 1.48 111 7.77 151 B.37 219 .02
681 1.33 112 0.87 158 1.5% 218 0.03,
62 2.12 113 1.82 159 2.9: 2t a.0¢
(3] 5.55 ila 1.03 160 0.87 T 226 10.18
64 2.22 115 1.99 163 ¢.87 327 3.9
85 17.83 117 41.83 182 0.27 28 0.31
[ 13 11.06 118 2.44 183 0.3% 245 0.06
87 71,71 119 1.1 164 0.067 247 0.08
&8 27.89 120 0.51 165 0.11 288 0.04
CO47F2 489 (8.151)
109 41 ss 933888
9 57-159
sS i
5 39
xrsd 27 s7
23| es |77 1 38 7 228
g -a2 2. 81 29 185
3 S8 91 g 198
il 2t 1274 e LT
P U 1 OGS 11 PR 51 DU A1 PTG P RO 10 PR O RSOl B 1L OO | PO A -
n/z 28 ag 58 89 189 12 148 158 188 280 228

Inc
25 §7 B1.14
a2 68 95.61
36 69 76.32
65 20 $.04
38 71 5.00
02 72 0.92
53 73 5.07
08 74 0.19
47 75 .22
19 77 18.64
02 78 1.45
79 20.18
17 81 20.39.
g2 1.84
83 13.18
84 5.98
es .33
86 0.72
87 3.5%
8 2.99
. LH] s.98
44 3.59 20 2.08
45 4,47 91 13,93
4 0.73 92 1.17
47 3.29 91 :.38
. 48 0.20 95 10.86
a8 1.3t 97 51.32
50 4. 69 98 '3.88
51 13.15 29 4,25
52 2.1 101 20.93
53 21.05 102 1.32
54 3.02 103 2.5%
55 72.81 104 6.55
13 5.07 106 1.¢87
57 12.17 167 2.14
58 1.00 108 5.54
58 6.23 109 25.44
50 0.64 111 30.70
51 1.08 112 Z.14
a2 1.8 113 1.76
§1 §.25 114 1.71
54 1.89 118 3.87
5 16.34 116 1,38
56 10,31 117 1.89

118 0.3 167 0.3
118 .84 158 .92
121 5.04 169 8.9¢
122 1.38 i70 1.78
123 1.11 171 0.)¢
125 2.98 172 0.0%
127 7.02 173 o.o8
129 17.11 178 0.18
130 . 4.86 175 0.:22
131 ! 5.35 177 1.64
132 1.89 178 «.80
133 5.54 173 425
134 15.02 180 1.15
135 5.95 181 1.31
138 16.12 182 0.22
137 4.82 183 0.73
138 L2.2 185 16.2)
138 2.28 186 0.37
140 1.47 YN 0.18
141 2.74 189 0.03
142 0.36 191 0.0
143 0.58 193 0.06
144 ¢.313 198 0.08
145 1.08 197 1,40
148 0.27 198 11.16
147 0.57 189 1.38
148 1.43 200 0.15
149 4.99 201 0.11
150 1.8% 205 0.03
151 0.62 207 1.76
152 6.23 208 e.34
153 0.12 209 0.15
154 c0.13 211 . 0.1
158 25.39 213 0.02
156 13.38 215 0.06
187 11.58 221 0314
158 1.34 224 0.95
159 1.20 Z% 25 .46
160 0.33 227 2.7
161 1.33 228 9.:7
162 6.19 133 0.09
163 0.54

184 . 0.28

165 0.85




lon Mode :CI*

0.15 f—cyclopentyl-Z.B,3,3-f.etraﬂuoropropan-1-one an

M~ =198

[C047°514 (8.367) REFINE

-
190 207 . 137216
%FS

187 199
N 289

n/T 168 178 189 196 200~ 218 229 238 249

50 0.09
52 59.70
53 0.56
35 0.10
58 0.21
58 1.08
60 0.36
61 0.27
63 0.91
69 0.22
70 .23
72 0.78
74 0.52
77 0.30
8o Q.25
a1 Q.46
82 0.39
84 0.58
86 1.31
88 .64
91 Q.35
93 0.17
94 0.72
98 Q.85
96 0.59
98 0.34
100 1.28
102 0.85

116
117
120
121
122
123
124
125
126
128

0.19 140 1.2¢ 183 g.72
0.08 141 1.62 184 0.74
1.67 142 0.94 13s 0.17
0.82 14l 0.15 187 25.75
a.83 144 0.38 189 37.37
0.18 149 0.38 190 2.27
0.13 150 0.19 191 0.20
0.3§ 151 1.20 183 0.11
0.30 152 9.10 i%4 0.0%
1.19 153 2.19 196 0.24
6.15 154 0.55 198 0.47
0.20 158 0.38 204 1.59
0.13 159 .10 7 208 0.48
0.12 160 0.08 207 100.00
0.52 162 6.12 208 9.38
0.47 165 0.20 209 16.80
0.22 165 0.17 210 1.46
0.47 156 0.19 211 0.09
1.00 187 0.19 222 9.08
0.91 168 o.10 ° 224 0.31
0.25 169 0.26 226 0.45
0.10 171 0.27 227, 5.27
0.18 171 0.54 228 9.30
0.27 177 0.09 242 0.09
0.13 178 0.28 244 2.40
0.3a 180 0.14 245 0.29
0.87 180 0.25

1.07 181 0.37

) B13



" No. 16 1-cyclopentyl-1,2.3,3,3-pentafluoro- 1 -methoxypropane (78)

M+ =232 .
COSBF3 387 (6.4351) S seomss
171 22
1e9
%XFS- 141
39 ¥ &8 212
|42 81 97 1914 183
27 ; 55 l 77 7 g4 161
2 J;S ;i—Asxdn‘vnnly‘ Jlﬁxu il h J Lt TI e - T
n/z ‘ 48 69 se 188 168 188 268

26 1.62
7 10,32
28 5.23
29 6.10
30 0.57
i 2.93
32 0.30
33 1.01
13 0.14
37 0.35
38 1.33
19 18.10
40 3.98
41 30,81
42 7.34
43 2.38
a4 0.139
45 5.45
a6 0.38
% 1.06
s 0.09
- 50 1.10
S1 4.87
52 0.93
<3 5.09
54, 1.87
EH] 9.96
56 5.38
57 4,42
58 1.16
59 2.47
80 0.18
§1 2.28
62 0.46
63 4.32
64 0.9?
55 4.02
66 2.98
57 16.50
58 19.48
69 12.43

70 1.67
71 8.79
72 1.34
73 1.1
74 .21
s 3.3
16 0.5¢
77 §.88
78 Q.83
79 6.32
80 0.91
81 9.01
82 0.85
83 4.38
84 2.82
8s 3.38
86 0.76
B7 0.59
as i.64
83 4.23
90 5.52
91 5.60
92 0.52
53 0.9%
94 Q.74
95 4.85
96 1.865
87 5.67
98 0.69
33 .2.94
100 2.42
101 12.@5
102 -1.823
103 1.65
104 0.30
105 0.45
106 0.€1
107 1.58
1o0e 0.77
109 12.06
110 1.85

111 35.83
112 1.42
112 2.858
114 1.38
1is §.52
116 <0.43
117 1.131
118 0.1s
119 2.40
120 3.z22
121 §.28
122 0.71.
123 1.15
124 0.14
125 .01
126 0.60
127 S.45
128 1.27
129 2.80
130 0.16
131 1.5
132 0.98
132 2.82
134 0.38
13s 0.7
136 0.36
137 0.s0
138 0.35
119 .4z
140 q4.02
141 7,19
142 0.863
143 20.83
144 4.32
145 .2.00
146 0.138
147 1.04
148 0.15
149 1.45
1590 0.22
151 1.25

152 0.55
153 1.82
154 G.85
155 4.1
156 0.37
157 0.76
158 0.45
159 1.89
150 0.80
161 S5.81
152 0.352
163 0.41
164 9.12
165 1.3¢
166 0.14
167 Q.35
168 0.17
169 4.80
170 5.01
17 100.00
172 §.47
1713 0.85
174 0.06
177 .32
178 0.18
173 .53
180 Q.73
181 2.3
182 0.15
183 14,24
184 2.82
18§ 0.186
191 0.0%
192 .08
182 0.16¢
197 1.24
198 0.12
211 0.61
212 20.93
213 1.93
214 0.16




No. 17 I-cyciopentyt-2-flucro-2-trifluoromethyl-4-penten- i -one (79)
‘ ‘M =238

COS3F3 535 (8.317)
-
100 &89 417738290
[
Mijor. Diastersoisomer .
] © %FS 39 87
87
N
7 S5 7e
Zl # 77 238
? ‘Jll 4” ol Ln IL, L) X i - s | . .
n/z S9 108 158 209 258 3989
20 9.44 53 142 208 0.43
21 0.02 58 143 209 0.04
24 [ 77 1458 210 0.02
25 0.231 a2 148 21! 0.06
. 26 4.90 1,27 147 213 0.03
27 18.24 0.30 149 24 0.02
238 7.84 150, 213 0.02
29 4,38 151 117 0.11
10 0.17 152 218 - 9.13
n 1.72 153 L2 219 1.04
32 0.26 154 0.03 120 0.09
33 0.52 X 185 0.10 22 2.92
34 0.03 . 3.58 58 0.1 222 0.35
i 0.03 0.32 157 0.:8 223 6.21
36 0.11 0.78 159 0.42 224 0.04
37 1.91 IR 151 0.29 223 0.0
38 ).80. $3.16 162 0.08 228 9.01
38 42.75 1.9 153 0.1 227 0,01
40 g.s52 Q.74 164 0.10 228 Q.02
41 80.00 4.30 155 0.11 31 0.02
42 9.51" 0.75 167 0.1§ 232 0.03
N a3 .63 0.80 158 0.05 235 0.02
, 44 1.44 0.13 189 Q.12 23% 0.03
a5 2.16 S 0.34 17 1.17 237 d.17
<6 1.96 0.17 172 9.07 239 7.75
47 0.32 0.48 173 0.15 240 0.30
8 0.19 1.37 175 a.47 241 0.4
43 0.76 0.17 176 0.06 242 0.02
50 1.80 0.18 179 6.32 243 6.9
51 9.51 0.a: 177 Q.24 244 0.0
52 2.92 0.37 178 a.09 245 6.0:
53 11.67 0.47 179 0.13 247 0.02
55 19,22 0.12 131 0.1 249 0.02
58 1.30 0.22 182 0.03 251 S 0.0t
57 2.92 0.5 183 0.08 255 0.61
59 L4.29 2.52 185 0.09 256 0.0}
60 0.2 0.89 187 0.04 257 0.02
; 51 0.34 0.36 139 G.14 259 0.1
62 0.62 0.1 191 g.:0 260 0.03
52 1.78 0.20 151 6.05 261 0.07
64 2.01 0.96 193 0.0 262 0.02
53 6.96 0.27 195 0.05 265 10.01
68 3.80 0.38 198 0.04 263 HCRCHY
§7 27.84 0.13 197 0.48 271 0.01
69 100.00 0.31 198 0.13 273 0.02
70 11,37 0.34 199 0.52 277 0.01
71 3.33 0.05% 200 0.3 278 0.02
72 1.97 0.20 201 0.54 hEH 0.01
71 112 0.1 202 0.0¢ 285 0.01
75 3.38 0.21 202 0.07 287 0.01
76 0.90 0.32 204 0.02 239 0.02
77 7.45 0.45 208 0.3 310 0.01
78 0.93 0.42 207 0.09
COS3F3 549 (9.151) .
41 1277952
1987 &3
. 339
Minor Diastereoisomer ]
XFS
87
N
97
—;S".?Ze = 15-5\ 53 2 95- ,’1 e 19
@ Ll i _JJ.LH[LJH[ g L 12 - .
m/ 258

20 1.50 82 4.90 161 - Q.43
24 0.4 i3 3,18 162 0.08
28 0.38 54 1.07 182 0.05
26 §.09 85 10.10 165 0.03
17 16.91 56 5.77 157 0.12
28 8.17 67 31.31 169 5.08
29 5.37 §8 5.09 170 0.05
30 0.49 59 31.031 17 0.04
¥1 a.05 70 4.75 172 0.03
32 1.82 At 1.17 171 0-.04
33 1.58% 72 0.s0 17§ 0.05
Ju 0.1 7 0.91 177 0.30"
35 ¢.11 74 0.26 178 Q.45
36 0.44 75 1,38 179 0.89%
17 1.4 77 §.35 131 4,19
18 8.09 8 1.29 182 0.13
19 §5.135 79 4.8 143 0.07
a0 11,30 EL 1,03 184 0.91
4l 100.00 93 2.28 L85 0.02
42 3.89 87 2.86 189 0.0
4] 2.58 33 2.2 130 6.08
43 1.90 34 0.38 195 0.3
45 1.03 3s 1.02 197 0.32
. 46 0.43 86 0.12 199 0.96
47 1.32 37 0.33 200 0.06
48 Q.13 38 0.45 201 0.03
49 0.7 39 0.32 203 0.1
50 2.08 91 5.7 209 5.04
51 9.38 32 0.1s . EESS 9.03.
52 182 91 1.0 H L7 0.02
sJ 3.17 9¢ 9.62 L2 3% 0.2
54 L.38 97 20.15 50 219 0.2
55 10.28 98 1.24 10 21 0.07
56 1,122 99 0.76 L0 238 -0.25
57 7.458 101 7.7 a7 139 0.13
58 7.8 102 c.l8 Y] 253 0.04
59 14.50 101 0.5 30
50 7.08 104 0.1 73
§1 0.78 BGH 0.31 ]




NTTEL

(CO36 596 (9.834) .
100 41 89 97 417792
3asg
687 \
%FS , !
55
27 179 g
=77 D47 o
a “L il ” satlllsid fely I 138 N s 44 . .
m/T S3 198 159 298 259 380 358 490
20 1.27 100 2.22 157 0.22 210 0.04 132 1.38 135 0.13 247 a.
21 0.04 101 1.65 158 1.04 211 0.06 133 1.7 187 9.7 249 G
24 0.717 102 1.27 159 0.77 212 0.09 134 g.33 187 0.75 259 0.
26 9.30 103 1.24 160 0.54 214 0.386 135 0.27 189 1.01 9,
27 20.49 1038 1.1l 161 0.54 215 1.26 L8 9.34 139 0.50 0.
28 10.10 107 2.13 162 1.09 215 4,39 117 1.37 190 0.32 9.
28 5.29 109 4.98 133 0.36 217 7.55 118 5.78 191 0.17 0.
31 3.13 110 £.88 164 0.i8 217 2.7 139 3.18 192 0.23 9.
12 0.83 111 0.67 155 9.15 219 1.89 140 0.3%0 154 1.30 ¢,
31 0.78 112 1.08 166 2,45 221 0.17 14l -2.13 134 2.30 0.
15 0.27 113 1.99 187 2,135 223 0.08 142 0.13 139 9.30 Q.
17 5.34 1iq 1.26 " 188 0.35 224 0.03 1a3 0.13 197 [PRE] Q.
19 7.06 115 1.40 189 0.40 227 0.04 144 0.39 137 0.51 a.
41 100.00 118 0.87 170 0.19 227 0.03 145 1.1 139 Tl a.
42 10.19 117 0.91 | 171 Q.21 228 0.04 148 2. 139 0.53 g.
43 10.78 119 15.18 172 Q.94 229 g.02 147 1.33 203 0.8 0.
I 1.4 120 2.87 173 0.75 231 0.05 149 1.29 201 0.32 0.
as 0.81 121 0.97 174 1.38 212 2.02 149 1.3 203 1.12 Q.
45 9.4 122 0.3 173 1.2 2312 0.04 150 1.01 203 0.4 0.
41 T 123 0.34 176 0.9a 333 0.0% 151 0.53 204 ¢.10 0.
50 13.53 124 1,35 177 0.17 235 0.83 152 9.39 208 0.09 Q.
51 15.59 133 2,15 178 G.37 218 2.35 153 0.1§ 207 3.55 a.
53 17.85 115 2.30 179 Q.17 237 6.37 154 0.55 207 1.39
53 29.30 127 1.09 130 0.57 239 0.24 153 0.34 208 0.13
58 1,54 128 1.19 181 0.59 240 0.02 158 3.2 209 Q.09
s? 3,97 129 0.53 ° 183 Q.45 341 L1+ b S R R R P R R
$9 2.08 130 0.47 182 0.20 243 0.0
81 1.91 131 0.a81 185 0.28 245 d.93
No. 19 1-cyclopenty!-2~ﬂuoro-}-memyl-z-Lnﬂuoromcthyl—i—pentcn-l-one (86)
M+ =252 :
oo COsS2F1CI 511 (8.517) _
lon Mode:Cl+ a7 : 1268786
1908
\
XFS
58
25e 279
2 gs |70 114 153 213 3 Jas2 |
a Ty SRS | R - . o [N FEN i ol . . l : . J
n/z 58 89 199 129 148 168 189 299 228 249 268 289
S4 0.5§ 105 0.18 151 3.48 L9g 1.58
ss 4.79 106 0.09 152 0.70 199 a.40
& 2.19 107 0.72 153 .32 200 0.4
54 16.49 108 0.80 154 0.28 202 0.11
59 » 187 109 1.00 155 8.19 202 0.1
§0 1.99 110 0.34 - 138 0.34 203 0.57
61 L.15 111 0.50 157 0.16 204 9.12
62 0.10 112 1.05 158 0.2¢ 205 0.10
§3 0.43 113 0.54 139 4.50 208 0.1
55 1.21 114 7.45 180 0.34 207 0.37
56 0.32 118 .0.59 161 3.02 208 0.20
§7 1.20 118 0.21 182 0.512 208 Q.20
58 1.81 118 0.48 L83 5.95 209 4.30
89 J.78 118 0.82 181 9.32 210 a.59
: 70 3.53 119 0.29 164 2.01 212 Q.97
71. 1.49 121 9.54 153 2.12 213 3.87
72 5.30 121 C0.47 167 8.22 215 1.97
73 0.17 123 0.33 158 1.30 215 2.38
74 1.65 121 0.26 169 0.132 2ig Q.18
73 2.38 124 a.38 170 a.238 7 1.60
78 0.14 125 Q.57 171 0.40 213 0.40
77 0.71 126 0.15 ©17) 0.50 219 4.49
74 0.3§ 127 0.20 174 0.15 220 0.25
79 0.238 128 6.22 174 0.27 222 0.22
80 . 0.96 129 0.23 175 0.452 223 ¢.09
a1 2.03 1o 0. 44 177 318 223 0.24
82 2.26 131 3.34 177 4.39 - 229 0.1s
EE] 0.37 132 0.74 179 4.19 230 1.44
84 1.97 113 0. 26 180 3.33 231 .43
35 5.04 134 6.57 131 2.13 232 3.28
986 1.43 i3s 0.52 182 1.39 233 12.15
37 0.76 136 0.64 - 134 1.02 234 1
a8 0.7 137 0.37 L34 1.39 233 0.76
a9 . 0.57 138 0.57 135 0.40 136 0.38
20 2.37 139 Q.75 186 1.0 244 0.51
91 0.54 140 0.58 187 0.17 250 23.19
92 6.20 130 Q.58 188 0.33 251 2.27
33 1.07 141 2.52 139 0.38 152 3.93
- 94 2.02 143 1L 190 a.3l0 253 1.45
EH 2.3% 143 1,317 191 0.42 254 0.33
7 100.Q0 144 0.43 192 Q.40 2684 8,10
98 7.91 145 0.4 192 0.27 257 Q.10
99 1.53 145 0.3% 193 0.30 288 0.17
100 1.22 147 0.39 195 2.2 269 0.09
101 0.28 148 9.19 195 2.435 270 13.96
102 2.30 149 1.1 196 2.30 27 1.10
0.19 150 0.19 197 1
-

Bl6



'

Ion Mode:CI+

No. 20 cyclopentane carboxylic acid (88)

M T =114
[CO3S01LC 568 (3.881)
68688
180
%FS
"o 68 g8 100 120 140 160 189 280 228 248268 280

5.
.2,
1.
0.
1.
L .
1. 7.
8. 2.
68 18.13% 117 0.44
69 15.21 118 Q.48
70 3.52 119 0.58
71 2.19 120 Q.84
72 6.81 122 1.54
73 7.48 123 1.59
74 1.38 124 0.62
75 31.73 125 0.89.
77 1.03 128 0.89
78 0.72 127 1.27
79 0.26 128 §.36
80 1.21 129 14.93
81 2.94 130, 28.73
82 14.18 131 81,234
83 2.43 132 120.00
84 35.07 133 g.21
8s 2.80 134 1.6)
86 8.30 138 0.78
a7 0.37 136 0.51
89 3.03 117 0.9§
g1 0.61 pixy:] 0.50
93 0.31 139 0. 44
54 1.91 140 0.46
9s 22.11 L42 9.53
97 42.16 144 0.74
97 24.63 145§ 0.64

163
164
165

B17

0.
0.
Q.
0.
0.
0.
a.
Q.
Q.
Q.
a.
Q.
G.
Q.
9.
214 0.15
218 0.35
216 Q.18
217 0.16
218 0.19
220 0.31
222 0.19
24 0.17
225 0.31
228 ©0.48
227 0.1%
238 0.33
232 0.15,
233 0.28
217 Q.32
240 0.18
241 0.15
242 0.14
244 0.32
247 .30
252 .23
258 03¢
2886 0.22
280 0.09




Minor Diastereoisomer

20 0.02
25 0.02
26 0.23
27 4.78
28 2.82
29 4,12
30 0.11
11 0.0
32 6.51

2 0.0S
38 0.02
17 0.07
38 0.28
39 9.47
a0 2.82
41 59.09
a2 384
43 6.83
44 0.38
45 0.07
a6’ 0.04
47 0.27
a9 0.03
50 0.20
51 1.02
52 0.4%
t 83 5.78
54 1.49
55 22.92
56 1.%6
57 0.99
58 0.08

Major Diastereoisomer

. one (92)

.20 0.02
24 0.01
25 6.03
26 0.13
27 4.94
28 1.23
29 3.78
30 0.08
a1 0.11
t32 0.i0
33 0.07
3% 0.02
37 0.13

’ 38 0.48
39 15.45
40 5.26
41 76.64
42 §.53
43 12.186
44 0.47
45 0.14
46 0.10
47 0.65
48 a.03
(5] 0.10
50 0.65
51 3.27
52 1.60
53 17.05
54 4.74
55 68.18
56 5.51
57 2.78
58 0.24
58 1.7¢
60 0.17
61 2.61
62 0.27
61 0.74
64 0.38
85 6.68
[13 2.95
67 36.82
88 10.11
6% 100.00
70 12.39
71 0.%0
2 0.21
73 0.56
74 0.11
75 0.39
77 3.78
78 Q.87
79 4.40

M~ =334
COSBF4 1878 (17 .8355
190 g9 2152888
'
3
}
a1
XFS
200 25e 308
81 9.3 115 7.43 190 0.07 39 0.59 113 0.16 0.13 23 0
52 12.717 136 20.83 191 0.:0 60 S0.08 134 0.0¢ 0.03 5 [
83 8.05 137 4.31 192 0.12 61 0.2¢ 115 0.45 0.75 223 [
84 0.63 138 0.40 152 0.40 52 0.06 116 8.07 0.09 228 [}
8s 0.72 139 0.2 194 0.08 63 0.22 117 0.2 0.0) 229 0
86 0.08 140 0.05 125 0.10 B4 0.11 1238 0.04 0.13 31 0
g7 0.13 - 141 0.3 196 0.03 63 2.38 139 0.54 0.08 132 0
86 0.c8 142 0.03 197 0.07 13 0.54 120 0.43 L0.28 233 [
88 0.23 143 0.04 198 0.03 §7 15.34 32 6.30 9.06 234 4
50 0.09 144 0.01 189 0.04 88 3.93 132 0.73 0.16 235 o
31 1.87 145 0.11 200 0.02 §3 160.00 I3 9.33 0.04 236 o
92 1.83 146 8.0S 201 0.07 70 6.39 124 0.1 0.29 217 [
93 16.10 147 0.11 202 0.02 71 g.351 125 0.5 9.22 238 2
94 2.15 148 0.05 203 0.1t 72 0.09 126 0.0 0.20 129 0
95 2.82 149 0.22 204 0.03 73 0.28 127 0.37 0.04 240 [
9% 137 150 0.05 208 Y 74 0.0s 128 0.08 0.18 243 [
23 28,41 151 0.23 207 0.10 k& 0.19 2% G.12 0.03 245 0
98 2.07 152 0.17 208 0.02 16 0.05% 130 0.902 0.05 246 o
o9 0.85 153 0.13 109 0.05 17 2.19 131 0.0§ 8.01 247 0
100 0.13 154 .26 210 0.02 78 0.38 ez 0.04 0.07 248 0.
101 0.33 155 0.13 511 0 08 79 2.73 133 0.38 0.02 249 0.
102 0.08 156 0.07 212 0.0t 80 2.8 134 0.38 0.22 252 0.
103 e.30 157 0.07- 212 0.03 252 0.02 274 0.03 0.0 320 Q.
104 0.10 158 9.01 214 0.0 253 0.01 278 0.01 0.05 334 0.
108 0.7 159 0.15 215 0.0§ 258 0.02 261 5.01 0.01 335 0.
106 0.17 160 0.12 216 0.28 265 0.08 292 0.29 0.03
107 2.14 162 0.18 217 0.12 271 0.02 292 0.0s 0.03
108 0.82 162 0.07 218 0.04 272 0.12 292 0.09 0.07
108 1.29 163 0.38 219 0.16
310 0.22 164 0.08 220 0.05
111 0.34 165 0.13 21 0.12
112 0.11 166 0.13 222 0.08
[COS8F4 1883 (18.851)
100 &9 3604488
%FS -
sS7
83 138 231
- 135~ 137 232
® bl [ _ 319
e ; - ; y -
~/3 5e 190 is5e 20 ped=Y) 320 358 |
80 4. .85 137 7.61 154 0.08 250 0.01 269 8.02 228 0.32 31 0.0
81 14.43 138 D.77 195 0.18 251 0.15 271 0.13 286 0.05 314 0.2
B2 41.64 139 0.42 156 0.04 282 0.04 272 0.02 287 0.0z 315 0.0
83 14.22 140 0.15 197 0.11 253 0.06 273 0,14 289 0.0 318 0.0
B4 1.17 141 0.36 198 0.06 2585 0.02 274 0.03 291 0.42 319 5.1
BS 1.14 142 0.06 199 0.03 257 0.08 275 0.02 292 0.06 320 6.8
86 0.13 143 0.09 200 0.02 258 0.02 277 0.06 293 0.03 323 0.0
87 0.25 144 0.08 202 0.12 259 0.04 278 a.c02 299 ©.80 334 0.8
1] 0.13 145 0.20 202 0.04 261 .01 279 .04 300 0.14 338 0.1
8% 0.30 148 0.11 203 0.70 263 0.03 281 0.06 101 0.07 354 0.0
21 2.47 147 0.21 204 0.12 265 0.09 282 0.51 302 0.01
92 2.4) 148 .06 205 0.15% 266 0.02 28¢ C.04 308 0.03
93 19.43 149 0.31 206 0.02 we-inmercniieann R D LR P R T TR
84 2.90 150 0.08 207 0.13
°5 3.64 151 0.25 208 0.04
97 35.00 152 0.07 209 0.07
98 2.30 153 0.27 210 0.0
EL] 0.76 154 0.50 211 0.11
100 0.34 155 0.27 212 0.02
101 0.48 156 0.15 213 0.0
102 0.11 157 0.30 214 0.03
103 0.68 158 0.03 215 0.11
104 0.25 159 0.28 216 0.08
105 0.75 160 0.07 217 0.35
107 3.27 161 0.34a 218 2,44
108 1.12 163 2.05 219 0.15
108 1.45 164 0.24 220 0.05
110 0.29 163 0.45 221 o o0.22
111 0.45 166 0.22 222 0.08
112 0.16 187 0:23° 223 0.07
113 0.42 168 0.05 224 0.02
114 0.24 169 0.43 225 0.09
115 0.58 170 0.06 226 0.02
116 0.12 1m 0.08 227 0.09
117 0.20 173 6.20 228 v.02
118 0.21 174 0.07 229 0.08
119 0.96 175 0.45 231 25.91
121 2.27 176 0.23 232 5.51
121 11.59 177 0.25 233 2.05
122 1.44 178 0.06 234 0.29
123 0.91 179 0.44 215 0.06
124 0.28 180 0.21 236 0.10
125 0.7 181 0.45 237 0.09
126 0.24 182 6.07 238 0.08
127 0.70 183 0.15 2389 0.10
128 0.17 134 0.02 240 ¢.02
129 D.20 185 0.08 241 0.02
130 0.04 187 0.12 243 0.07
131 0.10 188 0.05 244 0.03
132 0.16 189 1.02 245 0.10
133 0.65 190 0.28 246 0.02
134 1.82 191 0.17 247 0.11
135 13.18 192 0.04 248 0.02
136 29.09 193 0.3% 249 0.05

—
o0



l-one (93)

M+ =332
C098 1858 (17.639) -
100 &9 520192
a1
v
i
Minor Diastereoisomer %FS 293
2
39 43 57 8195 121
< '\. [ ?5 ~ 133 147 284
,
8 Wl .ll ulb lf.i | " .1[]]. b L ] —— . -
n/z 180 158 200 258 309 358
------------------- a.----.----.-------<¢...4...“..4_4__“_____‘______'-4;___;___ B
| Mass Rel Int
20 Q.07 a1l 6. 117 5. 44 191 Q. L -
% paped a2 2 118 S e s b 51 0.24 117 5.20 i 1.15 225 I
37 s os a3 5 s R L : §2 0.18 118 1,03 172 0.47 225 c
33 s 5e a4 o oo o 35 o 53 0.9 119 1191 173 1.28 227 :
29 5.74 85 2. a1 124 195 L 54 0.48 120 152 174 0.33 323 !
by o 1s o i l43 SN Lo L §5 7.58 131 15.73 175 .92 229 p
31 6. 83 a. 143 1.55 197 1. &8 3.10 i22 554 178 0.29 230 a
32 2.07 a8 9. 144 1.20 Y38 0. &7 13.57 121 1.74 177 0.483 231 2
13 014 99 o L5 T Lo % 58 3.49 124 051 173 0.15 232 0
3s 0.11 91 25. 146 1.75 200 0. 53 100.00 L2s 0.40 179 0.32 233 0
36 0.45% 32 5.1 147 13.58 201 2. 70 .43 - .'.26 .28 190 0.19 234 0
37 018 33 b Lag 3 %0 4o o 71 2.10 127 1.7 131 9.91 238 1
18 .55 © 9a 3. L4~ 129 203 as. 72 0.28 128 237 182 0.28 236 2
39 14.37 95 18- 150 0.19 204 7 73 0.58 129 7.99 183 0.82 237 0
a0 140 96 L. 151 0.78 208 L 74 0.11 130 "t 184 015 218 0
9 - o L L g7 208 i 75 9.29 131 $.51 185 2.3 339 0
42 4.1 98 0. 153 0.55 207 2 76 0.23 132 1.78 136 0.20 241 0
41 15.16 39 0. 154 0.26 208 0. n 1o.43 23 1791 127 L.08 242 0
aa i5s 1oL 3 leg o s e 2 78 349 134 3591 188 0.33 24) 0
as 0.35 102 a. 156 0.42 210 0. 2 12.50 135 1s.57 189 0.73 244 0
46 0.08 101 2. 157 1.48 11 . 80 3.53 138 10.5) 130 0.32 245 3
47 0.12 104 L 158 0 48 2 0 245 0.59 162 0.20 277 0.09 304 0
9 0.21 L0s " 159 2 84 I3 o 247 0.42 263 0.53 278 0.09 105 0
s0 0.5 L0 3. 150 .75 314 o 243 0.16 284 0.22 232 0.03 305 0
51 1,34 107 3. 161 339 315 o 249 ©0.30 265 0.06 285 0.45 J1a 0
52 1.60 108 0. 152 2.17 218 o 250 0.13 267 .0.04 287 .08 15 )
53 10,81 109 5. 183 Y54 217 o5 2581 0.1 269 0.14 238 0.10 317 2
54 161 110 0. le4 0 .68 318 o 258 a.08 270 0.10 239 3,28 112 9
55 12.60 111 o 165 0. 24 319 5 256 a.05 71 1.35 290 0.60 110 0
56 117 112 a. 166 0.19 220 0 257 0.30 272 0.35 201 0.0% 332 2
57 145 o113 a. 167 052 331 2. 258 0115 27 0.25 299 9.18 333 o
38 .16 114 0.1 164 0,15 222 o 253 0.25 274 0.0% 300 0.09 334 0
59 0.73 115 .. 169 9,41 223 0. 250 0.5 275 0.15 302 0.04 348 2
66 ' 0.08 116 L 170 030 254 0. 261 0.72 276 - 0.15 301 0.1§
C038 1861 (17.689) g —
100 175184
S ) N
fvlajor Diastereoisomer . 293
R XFS 147
204
s - i -
a .‘El.‘ TR 1'81-:[ T ! "?s 332
m/z 158 208 258 - 309 ' .
51 0.35 118 1.65 172 0.30 38 0
20 0.12 a2 4.09 139 1.06 193 0.94 3 2
26 0.49 83 1.59 140 0.21 194 0239 62 0.23 113 20.03 173 .78 53 0
27 5.80 84 0.8 L4t 2234 195 2038 &3 L.25 120 438 174 9.% A
28 23.83 EES 3.40 142 1.49 196 Q.79 64 0~3§ }3; J.A: 1,5 ‘,.4_ 22 :
29 12.13 86 0.28 143 2.74 197 2.45 &3 .17 L 9.38 e S o .
30 0. 42 87 0.39 144 2.67 198 0.47 &8 1.78 va2 3.1 i L 2
. 03 -39 I Tis i 5 e s 57 19.30 124 132 178 0.35 232 0
12 5.70 91 15.55 1ag 2.18 200 '~ 0.41 &8 5.03 125 0.30 179 1o43 233 0
33 0.24 92 8.15 147 45 .61 201 $ .19 89 88.39 126 0.57 180 0.5 234 a
35 0.26 33 20,91 148 6.62 202 124 70 5.98 127 2.78 1a1 .57 235 2
1. 161 4 s a1 149 3 ae s 62 o3 7 .95 123 417 132 0.58 235 )
37 0.37 35 22.08 150 101 204 1126 72 0.20 123 L0.87 183 L2 a7 a
s %0 o e b i - Y 7 0.98 130 .85 134 0.38 233 0
33 21.35 37 1.99 152 0.92 206 0.37 e .17 L1 9.30 185 6.27 24l 0
S 523 a8 o as s - f9ed N 75 0.43 132 1.8 135 a.s1 . 242 0
5 2 : 7 38 2 0
41 100.00 99 0.50 154, 0.56 208 0.36 i S W 2358 Lz 232 sl :
42 5.96 101 5.70 155 1.8 209 1.18 B3 hpo N : N Sas p
43 19.59 102 0.90 156 a.91 210 .35 78 .84 18 20.03 182 s
° 79 19.01 136 17.25 150 1.0 244 ]
aa 125 103 442 ¢ | 187 1,40 a1 041 3 128 ? 0 T o :
a3 0.37 104 1.0 158 v.98 212 0.48 a¢ 5.10 It 7.0 12t o3 Y H
a7 .38 105 21.39 159 4,79 213 0.30 al 11.34 L3 t32 19 o 9 .
43 0.18 106 .01 150 151 214 0.25 243 0.4¢ 264 0.9 238 -i3 2
T 250 0.29 259 ¢.12 299 $.37 37 1
50 0.97 107 18,13 161 535 215 0.70
g = z = 251 Q.25 270 0.28 290 1.08 318 2]
s1 5015 108 417 152 338 215 041
; s 255 0.20 271 11 231 0.17 330 0
52 2.23 108 10.96 163 8.1 217 .83
2.2 s 2 N L 257 0.59 272 1,03 293 0.22 312 5
53 14,91 110 1,52 164 1.56 218 0.28 z 5 2 2 ;
.54 2.34 111 140 155 1.22 0.36 258 0.45 273 0.3 299 0.84 333 :
: : : 3 : 253 033 274 0.18 100 0.15 14 0
55 19.4a 152 0.43 165 0.15 0.40 2 :
55 2.89 113 0.41 167 0.98 411 261 L.42 75 a.20 03 9.2
57 2.27 114 0.36 158 0.28 0.85 282 0.32 278 12 0 918
58 0.30 115 7.16 159 0.89 0.54 263 0.9 oI o281 SO o2 .
59 1.14 . 116 2.56 170 0.54 0.2 STt *
&0 Q.15 117 12.43 171 4.81 0.47

B19



No. 23 Z-(1-cyciopeatyi-2,3,3,3-terrafluoro- | -propenoxy)metitylbenzene (9¢)

M+ =288

COBRAFS 3915 (13.251)

109 91 - x180 4177328
%FS 85
156
89 22 151 177 182
394t 54" 75,88 - 3 [ 192,499 288 2
E a2 2
P JJ. 1" .ll | L, :l...“_l[mu Ly ||nl ol o ! ‘-'88
n/z i ; ’ : ) ¢ ’
26 Q.4 73 0.133 121 0.1¢ 3 Q.
27 1.31 74 0.359%9 123 %.a7 8 g9.
28 Q.50 75 1.748 123 9.1] 7 J.
' 29 1.15 76 0.30 124 0.01 3 Q.
30 Q.04 77 3.24 125 ¢.07 3 0.
i 0.19 73 1.37 127 0.58 1 Q.
32 0.03 79 1,14 128 0.28 2 0.
33 Q.a7 1 0.1% 129 0.24 17) aq.
17 g.17 81 . L.to 130 g.10 178 Q.
38 9.91 - 32 ' o.l8 131 Q.09 177 q.
39 9.2 33 0.99 132 Q.07 173 a.
40 L.74 34 a.29 133 0.21 173 0.
41 11.138 8s 0.286 134 0.07 134 a.
42 1.30 a8 0.23 138 0.04 131 Q.
43 0.1¢ 37 Q.33 136 Q.13 182 aq.
44 Q.07 89 3.43 137 0.21 133 Q.
45 0.16 g1 100 .40 138 0.04 134 a.
48 g.1i0 32 12.94 119 0.10 13s 0.
47 Q.18 33 1.00 140 0.0% 130 a.
49 Q.11 94 0.04 141 g.13 191 Q.
50 1.34 33 G.38 142 a.as 192 9.1
Si §.47 97 4.02 141 0.04 193 Q.
52 1.99 38 0.0 144 Q.04 185, 0.
33 2.44 99 Q.34 145 2.09 198 d.
54 Q.49 1ag G.17 148 0.08 137 9.
335 1.53 L0 1.22 ra7 Q.08 199 Q.
56 0.21 102 0.21 148 0.02 200 a.
57 0.598 143 Q.26 149 - 0.97 QL e.
58 0.08 104 0.18 150 0.04 203 0.
39 0.48 145 1.15 151 0.15 207 0.
80 0.08 108 Q.24 132 3.4 209 g.
&1 . 0.11 107 0.41 153 0.03 211 Q.
52 1.88 109 1.59 134 2.62 21§ 0.
8] 8.92 110 Q.20 153 2.10 217 Q.
54 3.73 11 Q.14 158 Q.17 213 g,
8S 44.71 112 G.01 137 . Q.11 2328 a.
66 4.04 113 0.30 158 2.07 237 Q.
87 6.03 114 Q.1 139 Q.18 219 0.
58 2.38 113 Q.24 150 0.02 245 0.
63 -12.45 118 Q.07 151 a.9s 283 [
70 0.36 117 3.20 152 0.92 26% 9.
71 0.58 119 9.29 181 0.0) 2388 0.
72 g.1] 120 2.07 L84 g.01
No. 24 Z-(1-butyl-2,3,3,3-tetrafluoro- I -propeny)cyciopentane (99)
¥ ™ =238
COBBF4 B12 (13.535)
108 88 C068F4 812 4112384
- -
o5 108 . 279482
% %FS 238
2 239
%FS 1812336 238 240
79
77 81 9> 135 11545
27141 161
" Hlu.L..n u\v 1\1};} 1]4[?1_!.‘.Ln P
n/z 189 158 ase
mass  Rel Iac { mass Rel Int | Mass
y 20 Q.02 77 17.83 "L1% 1.10 188 0.60
24 0.00 73 7.7 113 G.78 187 2.99
27 14,34 79 £§.77 121 1.359 168 $.33
28 i.81 a1 11,35 121 1.54 1593 1.87
2% 14.34 81 131.394 123 1.22 170 0.20
30 0.3 42 a.27 123 1.37 171 8.07
31 0.18 33 §.27 138 1.25 173 0.28
32 0.1i0 34 3.23 125 a.73 175 2.34
33 0.1 as 9.25 127 §.37 116 Q.84
37 0.20 36 0.84 127 5.17 77 0.75
i9 23.41 a7 1.38 128 1,13 130 12.35
41 490.38 88 1.54 129 0.30 181 47 .41
42 18.43 39 2.44 L1 0.47 132 15.33
43 40.84 30 4.586 131 a.38 - 133 1,54
a4 1.34 91 3.34 133 2.34 184 Q.12
45 d.28 23 2.34 133 3.36 137 0.0
7 7.77 93 1.37 135 5.30 189 2.04
48 Q.18 93 10.96 138 Q.47 190 9.15
3Q 1.56 95 10.18 137 1.23 191 §.06
S1 9.58 28 3.3 129 1.59 192 0.01
523 2.89 27 11.25 140 2.76 193 d.09
53 14.04 99 9.58 141 9.1% 195 1.78
sS4 4.57 99 5.40 142 0.73 196 2.3¢
55 48,321 101 s.28 143 0.71 197 0.43
56 39.04 102 0.42 143 TS 198 0.24
37 49.00 101 3. 14 147 1.88 199 0.0
58 2.39% 103 1.64 138 1.41 200 0.9
53 g.a7 105 Q.98 149 2.83 201 0.25
&0 0.53 105 0.73 150 0.60 204 Q.04
31 3.04 107 2.04 131 0.5% 207 0.423
2 0.59 107 1,19 153 1.3 208 .14
63 3.3 109 §.17 134 8.77 2:0 0.1317
i5 13.84 109 3.938 1585 1.87 21 Q.04
87 30.44 111 7.97 1586 0.4 217 0.:0
63 100.G0 il 5.00 157 0.37 238 Q.08
&89 70.12 11 4.31 153 2.12 213 9.93
70 19.652 113 2.9 163 9.08 iz1 Q.20
71 3.7 113 5.48 182 .23 224 d.03
2 0.%7 113 3.29 162 2.42 218 }.81
73 3.38 117 .36 134 2.44 2339 Q.47
7 4.7 117 0.683 L83 0.39 340 0.94




No. 25 Z-(1-phenyl-2,

2
=

»

M =258

3,3-tetrafluoro-1-propenyl)cyciopentane (101)

COB8F1 745 (12 .418)
10@ 1

11683264

358

20 1.9
21 Q.02
24 1.37
28 z.86
26 16.55
27 42.61
28 18.3%
29 30.83
J1 5.72
2 0.64
33 2.22
36 0.65
37 o491
38 8.45
19 71.59
40 13.47
41 100.00
42 33.10
a3 6.2
44 1.54
s 1.28
46 0.75
47 2.20
48 0.74
43 1.61
50 19.89
51 16.27
52 9.95
53 14.28
54 2.37
55 15.46
58 1.98
57 7.48
58 0.75
59 3.24
60 0.90
61 2.53
62 5.16
83 17.08
€4 4.45
55 15.58
56 7.75
67 58.34
58 51.086
89 30.83
70 4.12
7 1.08
72 0.50
73 3.32
7a g.98
75 15.40
76 8.80
77 25.06
78 32.29
248 0.04
249 <0.10
251 0.11
251 0.07
254 0.09
255 0.12
256 1.08
253 4.34
258 64.79
259 11.18
260 0.91
261 0.05
262 q.04
263 S 0.02
264 0.03
265 0.10
266 0.05

73 9.67

80 1.27

a1 14,44

82 2.51

81 6.18

84 1.1

8BS 2.31

86 2.07

87 4.14

88 3.70
B9 7.66

91 60.58

92 10.12
93 2.7%
94 1.4%

9s 4.14
k13 2.77

37 1.54

98 1.78
99 5.37
100 0.79
101 11.80
102 19.19
103 7.83
104 5.04
103 1.37
106 1.18
107 3.24
108 §.24
109 5.63
110 3.50
11 J.48
112 - 1.78
113 1.91
115 34,51
116 8.18
117 13.31
118 4.29
120 14 .81
121 4.45
1212 1.20
123 0.96
125 4.25
127 41 .68
128 28.52
129 20.51
130 §.51
132 5.99
1323 13.29
133 19.489
134 4.69
138 2.20
116 g.45
137 1.34
267 6.14
268 Q.05
269 0.11
271 0.65
272 0.06
273 0.08
274 0.04
275 0.06
278 0.06
277 0.06
278 0.04
273 0.06
280 0.04
281 0.04
283 0.05
284 0.04
285 0.11

138 4.29
139 7.68
140 13.12
141 11.5
142 5.90
141 5.26
144 7.13
146 47.18
146 77.11
147 33.08
148 4.89
149 1.11
151 11.08
151 3.7]
52 $.72
153 3.91
154 2.20
155 1.89
157 §.42
157 5.48
158 20.69
159 25.70
160 14 .35
161 5.53
182 2.22
184 g.01
154 9.58
165 1.98
187 2.8
167 2.46
169 22.36
168 20.07
171 8.80
171 4.34
172 1.67
173 ©1.06
175 2.18
175 1.45
177 7.48
177 5.31
173 3.85
180 1.52
180 1.22
182 2.44
183 7.04
1384 2.33
185 1.09
186 0. 34
187 1.56
188 .3.92
189 26.76
190 79.23
190 36.82
151 4.16
286 0.0S
287 0.07
288 0.05
289 0.03
291 0.05
292 0.0¢
253 0.04
295 0.06
296 0.02
287 0.0$
238 0.05%
299 0.69
300 0.14
301 0.04
303 0.04
j08 0.05
310 0.04
./)1

0.80

0.37

14,00

6.395

6.43

1.4]

1.54

1.50

4.29

3.8

1.91

0.82

.29

6.97

.18

6.80

1.04

.92

0.18

0.78

2,33

11,44

15.49

§.97

0.98

0.87

0.3

0.3¢%

.24

. 0.78

0.15.

22§ 0.11
22 .08
227 1,12
228 G.98
229 10.39
230 T 451
n .93
232 0.1
23 0.24
234 0.18
2135 0.27
238 0.40
237 3.91
238 317
239 1.12
240 0.2¢
241 .23
242 0.06
241 1.20
244 0.20
245 0.08
246 0.09
247 0.17
Ji1- 0.08
318 0.04
316 0.03
a7 0.06
318 g.03
32l 0.07
322 0.03
323 0.1
T324 0.04
333 0.06
334 0.03
3is 0.03
341 0.67
342 0.03
isg 0.03
378 0.03




-
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No. 26 1,2-dibromo-1-cyclopeatyl-1,2.3,3.5-

ceatafluocopropane (103)

vl ~+ =360
CO0S4 635 (18. 584)
190 198 798729
1
179 i
Vajor Diastereoisomer.  |xrg 2S83
g5.191 108 8
£199
-119 1 /188 290
188 ~
b1 R [ =
b Al L] e ool I ST N | S
160 1SB 2009 250 398
20 0.03 147 8.78 217 54 4.04 117 2.05 132 0.42 283 ]
24 19.04 143 0.40 219 535 14.74 113 14.37 133 2.33 257 ¢
25 0.26 149 0.93 220 35 3.10 121 13.21 139 0.97 272 q
26 L.30 151 11.28 221 57 15.256 122 1.57 137 a.71 274 9
27 §.15 132 2.32 222 53 1.91 121 1.97 139 0.91 275 2
28 1.30 153 4.07 221 59 15.54 124 1.19 19l 2.13 275 9
29 2.58 154 0.91 224 50 1.57 125 1.93 192 0.39 277 1
3L 2.08 155 L.38 223 51 2.40 127 7.24 193 L.70 273 2
32 0.21 158 3z.82 223 52 .- 4.44 127 10.77 134 0.35 579 3
13 0.58 159 27.44 229 51 3.39 129 12.44 199 ‘0.44 280 ]
15 2:53 - 150 5.08 230 55 39.49 131 11.15 197 2.92 241 L
38 3.08 151 2.08 231 53 l1.41 132 2.75 199 100.00 282 3
37 2.50 152 1.78 2313 57 45.11 133 5.313 200 3.04 233 Q
38 4.26 163" 1.23 233 sa 1a.90 135 1.29 201 1.1 239 0
39 27.35 164 a.s58 237 39 99 .49 137 2.52 202 0.09 291 Q
40 7.34 . 165 1.21 238 70 3.38 137 5.42 201 0.13 293 0
41 54.36 101 31.85 L&s 3.34 219, I 7.40 138 4.20 208 0.34 299 o
42 18.72 102 14.10 167 0.53 240 73 4.52 139 11.54 208 8.63 101 L]
43 L.44d 103 10.33 168 1.17 241 73 8.21 140 2.40 207 0.37 JL? [
44 0.38 10$ 3.13 159 0.35 242 74 5.03 14l 2.21 208 0.0§ ]3‘ ¢
45 1.28 108 1.53 170 1,80 243 75 16.28 142 0.52 210 1.31 121 g
48 1.27 107 7.02 171 4.18 249 6 9.23 143 0.50 212 '.-JE 337 o
47 3.94 108 25.79 172 171 251 77 33.8% 145 5.15 213 0.25 JJ? 2
48 0.37 109 24.23 173 2.0 253 79 35.41 145 0.72 218 0.57 341 2
49 L.19 RSA:] 4.74 175 2,13 255 0 0.17  ciiiieaanemeann- P bl
se 5.34 11y 3.85 177 3.94 257
51 15.30 111 15.18 179 55.54 259 H
52 3.9e1 115 18.33 180 12.44 281 H
53 14.49 115 1.29 181 3.43 262
C0S4 658 (18.834)
108 199 & x52 5368576
179
H i : 258
Vlinor Diastereoisomer EFS
109 153 360
115 358
(119 128 200 NP
- | -
.UL Loiss 1['}50 2 279 339 “
W Mt L0 L 5 N | L s
/ Ll L ; - — - 3
g P4 S8 1900 158 2088 25e 309 359 ala]:)

20 0.08
24 0.07
25 0.13
26 1.77
27 5.32
28 2.21
29 2.39
3L 2.14
32 0.13
11 L.17
35 2.59
36 110
37 2.42
K] 3.94
39 25.57
40 4.25
41 31.30
42 4.68
a3 0.54
44 0.az2
43 1.53
46 L.94
47 . 6.54
a8 Q.27
49 1.25
50 7.97
51 18.13
52 S. 44
53 31.21
54 13.12
5SS 66,41
S8 6.0L
57 14.12
59 26.53
50 1.66
51 1.30
52 2.a7
53 7.78
64 5.20
3 36.43
55 5.11
57 7.54
69 43.70
70 7.01
71 9.78
72 7.1
73 3.44
75 22.52
77 53.44
79 sa.02
30 11.50
ERY L4.12
a2 5,34
a3 20,04
151 0.04

84 e
as 13.08
a8 4.10
a7 -2.39
43 7.40
a9 17.78
90 5.77
ERY 4.49
93 15.03
93 95.49
98 16.92
97 25.53
34 43.99
10t 22.71
102 3.15
103 7.16
108 7.92
108 .29
197 11.358
108 13.91]
109 17.40
110 3.38
L1y 3.15
113 11.59
114 4.28
113 13.27
116 L.50
L7 L.74
113 14 .31
121 12.50
122 1.45
123 n.39
135 3.158
128 a.40
127 12.38
129 13.31
1ia 1.38
13 5.88
132 4.77
133 9.15
114 4.19%
1319 3.14
118 31.08
137 j.az
113 7.49
140 1.74
L4l L.34
142 Q.31
14] Q.44
L43 3.s53
145 3.30
148 L.11
147 L.13
149 0.23
| as2 0.31

149 0.35
151 7.01
132 1.37
Ls3 5.25
154 0.30
L33 2.53
157. a.21
158 13.138
LS9 Jja.iz7
180 .10
151 3.13%
182 1.32
163 1.43
T 185 31.72
186 g.51
187 1.5
168 0.80
159 0.52
171 5.320
172 0.91
171 1.54
174 a.28
L7s 1.L0
177 35.20
179 §1.3]
180 3.569
raL 3.72
132 0.27
133 Q.70
134 Q.13
185 0.5a
138 Q.20
137 .34
133 Q.24
18% 0.33
L3t Q.65
132 0.07
133 90.71
134 Q.28
L9235 0.138
197 L.18
139 100,00
200 5.54
20 ¢.37
20z 0.13
203 0.13
203 0.53
207 g.57
208 g.07
209 0.09
210 g.10
211 Q.11
LY g.08
ERS) Q.37

o
)
()

213
234
231§
238
217
233
239
240
240
241
242
245
247
250
251
251
254
257
233
280
261

w

- .
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No. 27 diethyl(2.2,3,4,%,4-hexafluoro- L -methylburyl)amune {1US)
M = =251

CO134F1R 383 (5.8358)
100 108 29327386
Vlajor Diasiereoisomer
J %FS
69 1e1
29 44 58 72 77 E
S e T N N 1 DT P 251
n/z 49 68 88 198 128
___________________ = e e e T
Mass Ral Iac | Mass Rel Int | Mass
27 5.18 54 1.37 32
28 37.18 ] 1.13 a4
29 15.78 5§ 11.45 35
10 3.78 57 4.53 - 98 .
12 7.85 sa 1.72 100
19 1.29 39 S1.42 191
a1 2.91 &9 .3.51 109
42 14.96 70 7.18 122
43 1.58 71 2.55 178
d4 15.52 72 7.5 10
51 7.02+ 77 1.28 124
C0134F1A 318 (5.167) .
120 ) 199 . 31136
Vlinor Diastereoisomer 236
251
' 1]
240
No. 28 bis(2,2,3.4,4,4-hexafluoro-1-methylbutyl)ethylamine (105)
] ) } . M+ =401
CO134F3 453 (7 .651)
190 . 259 538016
Minor Diasterevisomer:  |gpg
2 ana 251
PPas g5 g 77 omal a 388
LY I8 R T N W ' i 220+ | 382-%
i 358 i
1990 3342336
Major Diasterecisomer %XFS
222
77 ~r 220 251
-~ 58 78 151 202 <« ‘[’
P I M N O 28 , 188 ST 354 338
n/z se 109 159 200 T 358 209
___________________ R
Mass  Rel Int | Mass Rel [nt | Mass Rel int | Mass  Rel Inc -
...................
29 1.75 77 4.18 178 1.6 250 100.00
42 4.32 91 1.a07 130 1.04 251 9.3¢0
44 3.80 95 1.80 202 3.0 334 1.0
1 2.11 38 2.21 208 2.54 354 1.7
55 §.92 99 1.58 208 4.4 152 Lo
&5 1.09 101 1.42 215 1.1 132 5.12
- &9 .70 108 1.30 220 5.3) 186 .35
70 3.31 151 1.02 222 26.72 400 1.13
7 4.87 159 2.18 223 1.32
72 2.02 168 1.22 234 1.09
...................



No. 29 ts(2,2,3,4,4,4-bexafluoro-1-methylbutyl)amine (106)
M = =531

C01348S0L 583 (9.717)
1908 532 15488
%XFS ase
533
451 .536
8 i 512 | [[s37 5%°
n/zaze 449 458 ) 288 588 i 528 i Sa9 569

1 1 1.
3 2 5.
7 2 L.
3 1 1.
2 4 2.
16 1.94 §9 42.29 101 3.39 223 1,85
L 1.18 70 34.35 102 1.28 230 2.99
33 2.15 71 6.02 104 1.64 238 7.07
4l 2.22 74 1.23 199 5.26 249 1.19
a2 3.87 75 2.89 113 4.73 334 1.1
43 1.08 77 22.30 118 2.29 354 2.32
44 s.78 78 2.64 113 1.6 353 1.73
47 2.53 2 5.49 119 1.21 372 1.588
50 1.49 36 1.27 132 1.01 400 100.00
51 11.33 89 3.08 139 2.56 401 13.49
54 2.85 30 2.09 151 9.99, 450 1.39
59 1.58 91 4.2 159 5.50 532 1.53
58 2.95 92 1.21 130 2.5
................... f e e ameae et e eeeeaaaeame e mamaeeeammaaaaaiaaaan
................... e e e ee e mee e eea e area e aaan s
Mass Rel Inc | Mass- Rel Inc | Mass Rel Inc | Mass Rel Iac
................... e aeamaeeamenaeaamacseiacaceee s aiepencactanaanannaaan
422 0.07 438 0.02 533 0.52 551 0.1
434 0.06 512 0.8 534 0.06 §52 0.11
43§ 0.03 513 0.92 536 0.48 .
450 1.59 516 0.02 537 0.08
451 0.20 532 3.53 550 Q.29
. B L LTt




No. 30 (2,2,3,4,4,4-hexafluoroburyl)(2,2,3,4,4,4-hexafluoro- | -methylbutyl)methyi

amine (107)

M T =373

“IChristei
25-Jui-208
CQ115F 1 347 (5.784) Cim (341:350-(268:275~880)) Scan El~u
. 222 23186
%]
42 7
539
y
. 223
" 51(57 106 192 e
102 120 208 - 358
o L NP []F)z AN '?a‘ﬂ'“\ll?s xh N A akih 08528 I!“ patd 7
MOt Lo trios vt et g i e et o e i et Dae
30 40 80 80 160 130 190 180 180 200 230 240 250 " 280 350 ' T30 340 380 T80 400 %0 40 <50 <a0

SpaccTum Raport

Daca fila:
Scaa: 347
Funation; Scan

2: \MASSLYNX\CONVACDLLSFL
(3.784)
(18:320%

28~-Jul-2080 12:35:49

eI

20 0.Q2
22 a.o0
2] 0.00
kLY 0.%0
235 a9.4Q0
18 .14
7 Q.90
28 1.1
19 Q.32
10 ©0.42
Jl a9.38
33 Q.38
4 Q.01
15 a.00
18 0.q0
17 0.02
pr: a.08
13 0.52
g 0.28
E2Y 1.95
42 17.39
43 4.28
4 9.30
i3 Q.32
48 0.27
47 4.75
a8 0.05
50 Q.25
S1 5.92
52 0.26
31 Q.20
34 1.13
35 1.34
58 12,18
57 4.
58 0.
33 q.
a0 0.
8L a.
a2 qa.
4l a.
34 0.
43 a.
34 0.
47 a.
§9 .
? §
n 18
77 1.
7 0.
14 9.
79 L.
76 Q.

77 4.59 131 0.20
79 0.56 1312 0.3
79 0.08 11 0.08
a0 0.11 114 0.9¢
92 1.72 133 9.a8
41 0.353 La 0.10
34 . 0,07 117 5,04
35 0,14 118 1:40
T 0.40 139 0.4
37 a.11 140 0.1%
a8 6.34 141 0.19
as 0.30 142 0.18
3q 0.78 143 9.08
31 0.38 Ld4 9.21
32 Q.43 145 a.13
91 a.32 148 0.01
94 0.12 147 e.01
95 1.08 Le@ 9.05
94 a.12 149 ‘0.0
97 0.17 150 0.01
98 0.09 151 1.2
99 0.06 152 0.24

100 0.50 153 9.0§

a1 0.78 154 101§
102 1.1y LSS 6.0L
103 a.13 158 1.0
104 0.78 157 0.97
103 0.11 158 0.01

10§ 5.46 153 0.15

107 a.13 160 0.06
108 0.7 151 a.0a

109 9.30 182 0.07

110 0.31 153 0.02

11 a.01 Lé4 9.02

112 T6.14 163 a.08

1l 1.01 154 0.92

1 0.22 167 9.00

115 9.28 158 Q.

st 010 189 0.01

17 0.07 170 0.08

113 0.18 171 a.q7

119 2.21 172 0.06
120 2.37 173 0.0a

111 0.44 174 q.38

122 9.17 178 6.02

12 0.04 17§ 1.12

124 9.1l 177 0.12

125 0.08 §E1 0.04

126 0.12 179 ¢.00

127 0.2 180 ‘0.01
23 9.07 181 g.00

129 g.01 182 a.04

1ia 0.08 191 0.00

140 9.94 112 9.00
241 a.00 313 c.a0
242 a.40 I g.91
244 2.19 Jis 0.00
243 Q.03 ns 0.00
248 0.00 313 0.20
247 0.00 319 0.01
238 g.00 320 9.02
250 9.¢0 32 9.90
250 0.01 122 0.0t
251 g.00 324 0.91
152 0.07 33§ 0.90
153 0.24 126 0.12
254 9.¢3 17 g.a1
15§ 9.q0 129 2.00
254 0.14 130 0.20
257 Q.12 132 0.91
258 9.01 134 2.17
260 0.01 115 9.12
. 281 6.00 118 9.0l
142 0.0 318 9.9
261 9.00 139 0.90
264 2.0t 340 9.00
265 a.90 340 9.20
28& 0.01 342 g.13
233 0.91 143 6.01
270 0.17 134 .90
271 3} 143 6.00
172 1.30 147 6.90
273 0.15 149 9.00
274 5.0} 350 2.00
17§ 9.03 150 0.00
277 4.20 352 a1l
278 0.90 154 7.51
279 0.00 359 6.77
280 8.90 156 2.9
280 a.90 357 9.00
281 a.00 158 1.98
182 a.00 159 0.18
2493 Q.01 350 9.0l
284 0.10 181 9.00
' 23§ 9.01 182 9.90
288 ¢.30 181 8.90
238 ¢.03 164 9.00
289 0.00 164 9.00
250 0.00 163 0.00
292 0.01 184 0.00
293 5.20 168 0.90
294 a.94 170 9.00
295 a.00 372 147
296 a.90 3N 9.18
297 0.0a 174 0.97
298 9.00 BEH 6.01
293 9.00 174 0.00
100 4.01 178 4.90
301 a.00 179 6.0
302 Q.40 380 a.90a
304 - 0,09 182 Q.20
103 0.01 183 9.00
308 9.92 188 q9.00
o8 9.19 bk ¢.00
109 Q.01 187 9.00
1L 0.00 339 9,00

130 .00 431
332 g9.9¢ i8¢
194 Q.30 435
138 ¢.c0 435
197 g9.00 488
199 .40 487
400 0.00 438
{02 .00
Qe 9.00
108 2.00
107 0.90
408 ¢.00
{g8 0.00
410 Q.30
L83 0.00
415 9.00
418 4.00
413 .00
413 9.00
420 0.30
a2l 9.430
421 Q.00
422 0.00
425 9.00
115 0.90
137 9.00
428 Q.90
429 - 0.00
411 Q.00
433 0.a0
24 6.90
428 0.00
417 0.00
439 0.00
342 0.40
431 0.90
(YT Q.40
448 0.90
437 4.00
443 .00
159 9.00
451 Q.00
454 0.00
458 0.90
454 9.90
456 Q.00
as? ¢.00
as8 ¢.00
182 Q.20
461 9.90
484 5.490
143 0.90
456 .00
4617 a.00
4893 9.00
170 4.00
an 9.490
7 Q.00
474 g.49q
175 - 0.00
477 4.00
179 a.00
180 Q.00



vlinor Diastereotsomer

V¥lajor Diasteresisomer.

i

No. 31 bis{methylethyl)}(2,2.3,4 4, ¢-zexafluoro- | -mathylbuty)amine (103)

M+ =279
CO128F1A’428 (8.861) COMBINE:(373 to 429)~(((398 to 354)+(ddd to 9))~1.368)
199 222 4863232
%FS
254
279
o 2553 |

m/ 258

R R R e
A

42 59 L
43 5G.08 70 2
44 18.71 71
47 1.18 77
31 4.a6d 32
S4 2.90 34 L
35 L.50 38 2

4-hexafluoro-1-methyl

A4

No. 32 (2,2,3.4,4 4+-hexafluoro-1, 1 -dimethylbuty D(2.2.3,4.4. 4

‘sutyl)(methylethyamine (109)

v vt =429
CO128F8 528 (13.334)
a2 g7288
199
84 .
%FS
41 229 278
21839 Stl °%69 o2 218 )
-l 47t sg B 159 218 23S
ol 1LY S8 | ilﬁ 199 134 - i 1 ‘ -
n/z sSa 259
................... etz as
HMass  Ral | Mags Rel inc
27 1.52 34 7w as 3.28 Li4 3.20.
23 7.17 37 1.34 a3 1.30 119 1.10
29 1.74 58 L.92 91 LI 2N 131 2.54
12 S L7 33 2.78 33 2.3 L33 2.28
19 1a.72 EE] L3.L2 98 L.0s 115 .31
40 1.52 EL ] 3.7 37 1.ad 224 1g.00
41 2L.G8 39 13.33 94 8.01 23 2,13
42 1g0.400 n L.25 1a4Q 1:15 234 §.13
41 1.3 71 L.17 gL L.0L 213 10.2¢0
44 3.350 77 3.14 134 L.L8 1la 3.0}
47 9.L4 73 L.at 109 1.5a 275 1.23
51 5.18 3l L.a2 1Ll L.33 274 26.32
53 L.20 82 ) 10.36 LLls L.3a 1377 3.29
34 4.30 g1 4.63 1.3 133
58 3.2% 34 30.351 127 1,48
C0129F6 649 (18.818)
120 236 18876186
%FS 222
: 278
5
29
- 237 279
® as 151 194 i \ 368 414
n/z 199 158 208 258 3ea@ 358 aee

17 5.74 3.1 1.97 120 14.31
23 4.95 L.93 2.13 222 48.7
29 L.09 4.43 L.l 123 119
19 4.9% L.96 1.02 234 L.50
a0 1.Lla L11.89 1.10 23s 100.00
4L 231.38 .37 L.02 217 3.0l
42 41.50 s3 12.30 L7 244 L.01
43 37.40 70 3.354 3.48 273 40.24
4 23.27 7t L9l L.78 179 4.40
47 13.82 77 4.34 2.1l 238 L.91
SL 5.89 a2 [T L2t 153 1.53
34 L.47 B! L.1n L.38 172 2.4

L.u9 34 L2931 3.01 a1l 1.3§




CO116 232 (4.867) . ss7es
< »x21 37958
100 84 .
; 23S
T - 74 132 :
inor Diastereoisomer - |%Fs ! h \
: . 1896 216
.
. >
™/
2a 1.07 33 3.13 a0 L. L74
39 1.d2 58 1.12 42 4. 192
41 4.90 3T 1.49 a3 . 194
42 110y 58 L.1L5 34 Lae. 208
5L .59 59 7.11 as ] 234
S4 1.30 77 .48 EN] H . 235
CO116 298 (4.367) -
{08 84 =21 18199084
ajor Diastereoisomer .
! O laFs 196 215
21
234
82
an as 192 o
>4 82 | 497 217
? l ; 5}5 ! r|)] —_ 1?8 115 g 287
n/z A8 5@ 89 199 128 140 169 189 280~ 229
Mass Aal Inc | Mass asl Iag
.................. pema s
e 1.34 ss L.26
41 2.89 57 t.02
42 14.25 a7 L.5L
By 1.28 53 L.04
54 L.9& EE] 3.43
35 4.29 77 1.38
No. 34, 1-{2,2.3.4,4,4-hexafluorobuty)-2-(1,1,2.3,3,3-hexaflucropropy!)pipenidine (111)
M T =399
I C081F4C 376 (9.681) : .
on Mode:CI~+ 100 . v 480 ' 3719168
248
%FS
a1
ol
249 382 ‘
8 T - - - — ; - T - - - :
ns/zsa 399 358 498 asa EYo13] 5359
55 0.67 LL2 a.10 290 8.0t 120 0.01 356 0.00 138 3.95§
S8 0.867 Ll 0.12 291 0.01 321 g.0L 158 0.0% 100 100.96
57 Q.31 Ll4 0.13 2912 3.0t 3122 9.0s 3159 ¢.92 401 23.?0
sa Q.70 = 118 a.n2 2191 0.01 322 0.491 150 0.27 192 .31
59 0.0% 113 0.04 L 294 0.01 324 a1 182 .09 4a3 0.2
50 g.a1 117 0.04 295 g.02 328 a.0t 353 0.15 413 o.0L
61 0.02 119 0.13 R 296 8.0 128 6.02 364 3.04 s1¢ 0.0:
61 0.02 119 0.06 0. 298 Q.23 128 0.90 J&s 6.01 415 0.02
64 a.a1 L20 0.07 0. 299 9.02 330 0.92 363 0.0% 430 g.a2
55 9.03 121 0.0% a. 100 a.04 332 0.03 178 a.04 142 oAm‘)
88 0.12s 112 0.0% . JjoL g.01 131 8.1 371 0.91 | 450 0~°;
57 0.21 123 0.02 a. 302 0.03 138 0.6 172 0.4t 451 ¢.0%
S 0.71 124 g.07 0. 303 Q.91 119 g.0t 373 g.93 453 0.9%
&9 1,51 118 a.02 a. 104 0.01 180 0.9 179 Q.22 176 0.0l
70 g.1% 128 g.11 a. 10% 0.00 341 0.03 130 1.43 soo 9.92
71 0.08 127 Q.0% 0. 306 2.91 342 0. L5 132 21.34 533 Q.01
72 0.22 123 0.128 9. 108 0.901L 142 0.01 333 1.70 3350 0.04
71 q.as 129 0.04 o jLo .02 344 0.07 334 ¢.13 551 0.91
74 0.20 110 0.06 a. EES a.00 143 a.01 3as 0.02 532 0.00
75 a.06 Lt a.12 a. . JLz 0.01 146 0.92 386 9.07
77 0.34 132 0.t 0. 7. LY 0.0l 148 0.0t 137 0.0t
78 0.04 133 0.01 a. 0. s 0.02 152 a.02 58 002 A
8q Q.47 114 §.02 a. Q.06 e BN B R R Y
51 0.21 113 0.02 0. ¢.
EN g.96 126 6.06 0. 0.
aj D.89 L7 0.41 o. Q.
94 1.08 Lia Q.07 Q. a.
as 0. 10 [BE] 0.01 0. Q.
a6 0.20 140 0,08 0. a.
37 0.07 141 0.0l 0. a.
38 0.05 142 0.0 a. 0.
19 Q.02 143 0.02 0. a.
20 0.04 144 0.08 Q. .
91 0.0e L4s 0.07 a. 0.
32 5.1 136 Q.56 n. a.
9) 0. 14 147 0.08 0. 0.
94 0.48 148 a.04 0. Q.
95 g.18 150 0.08 0. a.
56 1.59 15t 9.04 a. 0.
37 2.01 152 6.0 a. a.
98 0.4 151 2.02 Q. H a.
39 0.08§ 154 0.94 210 9.3 7 0.91
100 0.1l LS5 0.qa2 211 0.08 278 Q.01
1ol ’ 0.086 15§ 0.97 212 0.04 273 0.42
L1012 0.04 157 0.02 212 0.02 279 Q.02
192 0.1 154 0.07 214 Q.20 280 0.04
L0y a.07 159 0.07 213 0.03 281 0.q1
108 6.04 150 a.1% 215 0,14 , 282 g.01
L8 0.0% 141 0,04 217 0.01 294 0.03
107 0.04 182 0.9 213 0.10 185 Q.0
Lo8 0.4 153 0.01 220 L.36 186 n.01
109 3.04 [ 0.0% 2 0.2 237 0.40
110 6.8 153 0.01 0.0 288 I
1Ll 0.03 158 0.04 223 0.02 239 2.01

W
i~
~1



Mode :CI+

35 Q.
58 2.08
57 0.4
54 0.91
59 Q.15
D a.1t
51 0.06 °
ad 0.01
p Q.02
6§38 n.21
57 0.1)
58 9.41
A3 1.43
70 o.M
71 Q.13
72 Q.28
S 74 0.26
7% 0.09
76 0.19
7 Q.11
] Q.04
30 Q.38
31 1.89
a3 L.L5
34 1.ud
886 1.25
a7 9.1
34 Q.10
a9 0.32
20 .07

pipecidine (112)
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10@ a14 41773929
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EFS.
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a = T v 5 - T T
n/=259 S3 309 352 99 453
| Mass Rel
el 9. -09 138 g.a2 N .09 152 0.03 113 0. 120
L2z a.as 130 ¢.as 258 g.03 92 0.07 153 0.04 213 0. 124
L2 0.0% 131 2.0L 150 0.3 34 0.1) L34 2.3 220 0. 127
128 0.o3 182 9.02 252 §7.45 95 Loss 135 0.1 23 2. 12
L8 g.a7 L83 g.0L 183 -7 37 a.12 155 0.07 123 a. 13«
L2 0.03 134 a.01 284 .15 b o i 3 01 ; 0 113
129 0.01 L35 0.02 2855 g9.02 o0 o 1 133 005 : M ne
L22 g.04 186 g-02 174 0.02 Lat a.08 L33 0.2 2 0. 140
L0 0.07 137 8.05 174 o.o% 102 a.03 150 9.1 2 0. 342
Lt a.08 88, 0.08 278 0.4 163 .03 Ll .03 : a. 144
e 0.907 L3a 8.1 278 2.z 104 0.03 Li2 0.92 2 0. 145
b g.053 1L g.03 184 g.a2 105 a.07 153 0.92 o 152
134 .02 152 0.09 248 o.0: 105 .10 154 0.03 a. 354
B 0.04 L33 0.04 290 .02 o e 3e i 001 L 153
11s 9.03 134 0.95 232 0.06 1o Y 123 2 43 b 137
L7 0.03 156 9.07 1 o.q1 i LS vs3 003 0. 1sa
118 .03 L9 0.01 294 .01 3 e 10 20z 0. 165
119 0.5 200 a.03 196 0.9 e o L 71 202 . 172
10 .09 202 0.0e 298 a.oL o o1 172 oo . 14
L 8.07 203 a.01 100 .01 053 171 Py by 175
142 0.15 20 a.07 102 0.04 203 Lie a1 s 11
Lia a.0s 205 0.08 104 8.3 o 17 008 0 a4
SR U S o |
= b s s it . 73 9.08 a. 192
Les 0.as 210 a.a1 110 9.0% o.05 : ,
144 Q.01 L2 0.01 12 Q.17 3.3a 197 0.04 1.5 H1§
148 0.a3 LA 0.04 I 6.02 0.42 138 a.03 100.20 1484
149 0.02 214 0.0% 13 8.0 g.32 ire g.02 13.53
150 0.0 116 u.09 Y Q102 et ereee e cmeeTeessrsanseiiiessscessisasseesccissoooinntiies
LSt 0.0a aLy a.uL 11y .00
No. 36 +(2,2,3,4.4 ¢-hexafluoroburyl)morpholine (113)
. M +.= 251
JC0O182F3 "383 (65.384)
108 az 3899392
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28 i 839
2
2729 SlJ,S’ a5 98| o o D2
2 ity (e T SAILL £ & ! . __ =32 A
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20 S L.ea " 70 98.
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17 7.18 47 72 Lot
2 - 13,91 50 7 104
29 3.45 st 73 L13
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11 5.18 35 az 132
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17 1.53 50 3§ 233
3 1.52 51 a7 250
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32 100 .00 57 ERY 252
a 3.13 59 L 23 152
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1007 = 1933312
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XFS
43
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21 15.25 4§, L.50 §9 ¢ 13.04 L1 154
13 5. 57 7 Carares 70 2141 134 1.1l
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i .09 1 9.47 72 §.57 L3z L7
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{ajor Diastereoisomer

tlinur Diastereoisomer

M T =401
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a0 962559
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I IR SRS 7 110 1.97 IER
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Ja 5.09 75 L3 1. 259
s 7.1) 77 113 3. 250
40 .53 Rk} 334 113 1. 251
a1 27 .54 80 1.33 B8] L J00 .02
41 100 .00 82 21.19 122 1 100 [P
4] LS. 4] '3} 7.87 L2 L 332 1.27
da 11.42 34 1.34 127 I 12 1.1
as 7.5% 83 15.53 110 L 1ia 3.
4§ 1,037 86 5.1s LIt :. 152 §.17
41 5.8 37 1.78 132 L 152 1.70
sa §.49 89 2.4 Led 1. 170 1.42
s1 40. 43 90 15.13 113§ L. 182 2:.50
52 2.53 91 _6.57 150 2.3 381 1,55
53 .18 32 §.21 13y 1.3 100 .39
sS4 21.06 31 5.19 172 1.2 43) 1.le
53 Jt.04 as 15.5) 173 1.2 402 14.37
56 2994 ag 1.1) L7 1.24 10} 112
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No. 38 4-(2,23 4 4,2-nexafluoro-1 -methylburymorphotine (113)
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No. 39 2-(2.2.3.¢4 4 4-hexafluoro-t -methylbucyl)-3-(1,1.2.3.5 3-nexafivoropeanyl)
morpholine (116} )
v+ =413
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100 : 254 2549129
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263
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-No. 40 2,6-bis(1,1,2,3.3 3-hexafluoropropyi)- 1 ¢-dimethylriverazine (117)
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No. 42 [-{(22)-2.3.4,4,4-pentafluoro-t -methylbut-2-2ay)-2-{(12)-1.2.3,3.3-penca

fluoroprop-l~enyl)pipen:dinc (119)

M+ =373

CO01Ba4 Sba (3.481)

35817833838

10
242
TFS -
41
394 57 89 77 951 5 243 373
. [T N A
258 3908 358
Ral
0. L 193
a. 0. 134 251 0.05 173 .02 305 0.117 318 0.
0. 1.2 195 251 9.11 234 0.0% 106 0.0 118 0.
1. L. 127 EEP) 0.07 275 9.54 103 0.0 340 ‘o,
15. 1. 128 254 0.12 277 0.0: 30 0.10 Jas a,
3. 9. 198 i3S .05 PRk ] a.04 311 G6.05 152 Lo,
4 1. 200 255 0.27 280 .02 32 0.0 354 ..
L L. 201 257 0.12 283 7.01 .ol 8.02 159 a.
0.2 0. 202 58 0.02 284 [T 113 a.03 358 0.
2. L. 203 259 0.0s 285 0.92 315 0.1 153 190.
9. 6. 10a 180 0.12 285 0.02 117 0.05 15% .
g & 08 251 0.02 238 912 s 0.16 150 2.
9. L. 205 282 6.45 239 0.0 119 9.03 151 0.
a. 0 297 251 0.0? 230 ° a.03 320 0.05 172 L.
L5, 0.9 08 284 n.05 292 3.04 311 0.04 37 15,
2 0- 209 16¢ 0.04 294 5.03 126 0.5 114 2.
5. L. 210 236 9.07 296 .04 130 BT 373 0.
13, 4. 212 253 0,09 293 0.08 33t 0.15 192 g.
1. L. 14 3 270 i} 23 300 0.92 132 0.25
7. 1. 271 0.20 J02 0.95 134 0.29
L2 i s 272 0.58 304 t.28 315 0.0}
0.75 101 15% 0.1} T S U cons e
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0.33 103 159 10,28 9
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1,94 106 151 9.40 El
1,19 157 152 0.1 )
11.48 108 1al 0,54 4
13.71 109 164 0.4t ERE]
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1.1 1Lz 137 117 223
419 1L 158 1,32 239
0.75 Lid 169 0.29 210
0.24 115 171 7,39 211 .
0.50 115 132 2212 232
0.33 17 174 13,99 113
1.32 119 1S 1,04 134
4.99 e 178 2.27 115
g.52 120 & 0.95 238
1.27 111 179 1.39 237
3.58 122 130 9.5% 238
15.4) 113 181 0.29 118
122 124 132 0.28 240
1.3? 125 182 0.23 242 H .
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Q.74 127 138 1.5% 244
421 128 135 S et 245
7,81 129 137 015 2158
5.7 110 138 0.38 293
10 o4 131 139 0.17 248
0.92 132 130 0.25 249
0.85 12 192 0.55 250



No. 1
No.

No.
No.
No. 5
No. 6
No.
No. 9

No.

No.

No.
No.

No.
. 15 1-cyclopentyl-2,3,3,3-tetrafluoropropan-1-one (77)
No.
No.
No.
No.

A No.
No.

No.

Appendix C : Mass Spectra

1-adamantanyl-1,1,2,3,3,3-hexafluoropropane (36)
2 1,1,2,3,3,3-hexafluoro-1-[3-(1,1,2,3,3,3-hexafluoropropyl)adamantanyl]
propane (39) o A
3 1-[3,5-b1s(1,1,2,3,3,3-hexafluoropropyl)adamantanyl]-1,1,2,3,3,3-hexafluoro
propane (41) :
4 1,1,2,3,3,3-hexafluoro-1-[3,5,8-tris(1,1,2,3,3,3- hexaﬂuoropropyl)
| adamantanyl] propane (42)
1-(1,1,2,3,3,3- hexaﬂuoropropyl)cyclopentane (43)
1,1,2,3,3-hexafluoro-1-[3-(1,1,2,3,3,3-hexafluoropropyl)cyclopentyl]propane
(44b)
1-(1,1,2,3,3,3-hexafluoropropyl)cyclopentanol (46)
8 1-(1,1,2,3,3,3-hexafluoropropyljcyclopentene (49)
(1E)-1-adamantanyl-1,2,3,3,3- -pentafluoroprop-1-ene (33a) and (12)-1-
adamantanyl-1,2,3,3,3-pentafluoroprop-1-ene (53b)
10 1-(E-pentafluoroprop-2-enyl)cyclopentane (54a) and 1-(Z-
pentafluoroprop-2-enyl)cyclopentane (545)
11 1-[(1R,3R)-3-((12)-1,2,3,3,3-pentafluoroprop- 1 -enyl)cyclopentyl](12)-
1,2,3,3,3-pentafluoroprop-1-ene (55) and 1-[(3S,1R)-3-((12)-1,2,3,3-
pentafluoroprop-1-enyl)cyclopentyl](12)-1,2,3,3-pentafluoroprop- 1-
ene (56) »
12 1-(1,2,3,3,3-pentafluoro-Z-prop-1-enyl)cyclopentene (57b)
13 (1E)-1-cyclopentyl-1-ethoxy-2,3,3,3-tetrafluoroprop-1-ene (753) and
(12)-1-cyclopentyl-1-ethoxy-2,3,3,3-tetrafluoroprop-1-ene (75b)
14 1-cyclopentyl-1-ethoxy-1,2,3,3,3-pentafluoropropane (76)

16 1-cyclopentyl-1,2,3,3,3-pentafluoro- 1 -methoxypropane (78)

17 1-cyclopentyl-2-fluoro-2-trifluoromethyl-4-penten-1-one (79)

18 1-cyclopentyl-2-fluoro-2-trifluoromethyl-3,4-pentadien-1-one (85)

19 1-cyclopentyl-2-ﬂuoro-3—methyl-2-triﬂuoromethyl-4-penten-l-one
(86)

20 cyclopentane carboxylic acid (88)

21 l-cyclopentyl-3-ethenyl-2-fluoro-3,7-dimethyl-2-trif1uoromethyl-6-
octen-1-one (92)

22 1-cyclopent-1-enyl-2-fluoro-3,7-dimethyl-2-(trifluoromethyl)-3- -
vinyloct-6-en-1-one (93)



No.
No.
No.
No.
. 27 diethyl(2,2,3,4,4,4-hexafluoro-1-methylbutyl)amine (104)
No.
No.
No.

No.
No.

No.
No.

No.

No.
No.

No.
No.

No.
.41 1,4-dimethyl-2,3,5-tris(1,1,2,3,3,3-hexaflucropropyl)piperazine (118)

No.

23 Z-(1-cyclopentyl-2,3,3,3-tetrafluoro-1-propenoxy)methylbenzene (94)
24 Z-(1-butyl-2,3,3
25 Z-(1-phenyl-2,3
26 1,2-dibromo-1 -cyclopentyl-l 2,3,3,5-pentafluoropropane (103)

,3-tetrafluoro-1-propenyl)cyclopentane (99)
,3,3-tetrafluoro-1-propenyl)cyclopentane (101)

28 bis(2,2,3,4,4,4-hexafluoro- [ -methylbutyl)ethylamine (1035)

29 ris(2,2,3,4,4,4-hexafluoro-1-methylbutyl)amine (106)

30 (2,2,3,4 4 4-hexafluorobutyl)(2,2,3,4,4 4-nexafluoro-1-
methylbutyl)methylamine (107)

1 bis(methylethyl)(2,2,3,4,4,4-hexafluoro-1-methylbutyl)amine (108)

2 (2 7,3,4,4,_4—hexaﬂuoro-l,l-dimethylbutyl)(2,2,3;4,4,4—hexaﬂuoro-1-

g

3
3

methylbutyl)(methylethyl)amine (109)

33 2+(1,1,2,3,3,3-hexafluoropropyl)- 1 -methylpyrrolidine (110)

34 1-(2,2,3,4,4 4-hexafluorobutyl)-2-(1,1,2,3,3,3-hexaflucropropyl)
piperidine (111) N

33 l-(2,2,3,4,4’,4-hexaﬂuor0—'1-methylbutyl)—2~(1,1,2,3,3,3-bexaﬂuoro
propyl)piperidine (112)

36 4-(2,2,3,4,4 4-hexafluorobutyl)morpholine (113)

37 4-(2,2,3 4,4 d-hexafluorobutyl)-3-(1,1,2,3,3,3-hexafluoropropyl)
morpholine (114) | .

38 4-(2,2,3,4,4,4-hexafluoro-1-methylbutyl)morpholine (115)

39 4-(2,2,3,4,4 4-hexafluoro-1-methylbutyl)-3-(1,1,2,3,3,3-hexafluoro
propyl)morpholine (116) ’

40 2,6-bis(1,1,2,3,3,3-hexafluoropropyl)-1,4-dimethylpiperazine (117)

42 1-((22)-2,3,4,4,4-pentafluoro-1-methylbut-2-enyl)-2-((12)-1,2,3,3,3-
pentafluoroprop-1-enyl)piperidine (119)



No. 1 1-adamanianyi-1.1,2,3,3,3-hexaflucroprooane (36)
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No. 3 1-[3,5-bis(1.1.2.3,3.3-hexaflucropropyl)adamantanylj-1,1.2.3.3.3-hexafluoro

propane (41)
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No. 4 1,1,2,3,3,3-hexafluoro-1-(3,5,8-tris(1,1,2,3,3,3-hexafluoropropyl)adamantanyl] propahe (42)
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1-(1,1,2,3.3,3-hexafluoropropyl)cyciopentane (43)

No. 3
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No. 7 1-(1,1,2,3,3,3-hexafluoropropyljcyclopentanol (46)

B0 ™

30+

40+

20+

/ﬂ\ r\w-—\ /m«\\
\\/ | |
/ |

7
350Q

T
. 3000

r
2500

[ l
2000 1500

No. 8 1-(1,1,2,3,3,3-hexafluoropropyl)cyclopentene (49)
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No. 9 (1£)-1-adamantanyl-1,2.3,3,3-pentafluoroprop-i-ene (53a) and (1Z)-1-adamantanyl-1.2 3,3 3-

pentafluoroprop-i-ene (53b)
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No. 10 1-(£-pentafluoroprop-2-enyl)cyclopentane (54a) and 1-(Z-pentafluoroprop-2-enyl)cyclopentane
(54b)
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No. 11 1-[(1R,3R)-3-((12)-1.2.33 3-pentafluoroprop-{-envi)cvclopentyl J(12)1,2,3,

pentafluoroprop-1-ene (35) and 1-[(35,1R)—B-((IZ)-l,2.3,3-pentaﬂuoroprop-E-enyl)cyclopentyl](iz)-
1,2,3,3-pentafluoroprop- 1-ene (36)
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No. 12 1-(1,2,3,3,3-pentafluoro-Z-prop-1-enyl)cyclopentene (57b)
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. 80+

No. 13 (1£)-l-cyclopentyl-1-ethoxy-2.3,3,3-tetrafluoroprop- L-ene (75a) and (12)-1-cyclopeatyi-1-

ethoxy-2.3,3,3-tetrafluoroprop-1-ene (73b)

No. 14 I-cyclopentyl-1-ethoxy-1,2,3,3,3-pentatlucropropane (76)
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No. 16 1-cyclopentyl-1,2,3,3,3-pentafluoro- 1 -methoxvpropane (78)
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No. 17 1-cyclopentyl-2-fluoro-2-trifluoromethyl-4-penten-1-one (79)
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No. 18 i-cvciopeatyl-2-fiucre-2-wiflucrometayi-3 4-pentacien-i-one (83)
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No. 19 1-cyclopentyl-Z-fluoro-3-methyl-2-mifluoromethyl-4-penten-1-one (86)
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No. 29 cycicpeatane carboxvlic acid (88)
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No. 21 1-cyclopentyl-3-emcnyl-2-ﬂuo-ro-3,7-dimeahy}- 2-trifluoromethyl-6-octen-1-one (92)
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No. 22 1-cvcicpent-1-2nvi-Z-fluore-3,7-dimethyl-2-(if

luoromethyl)-3-vinvioct-5-2a-1-one (93)
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No. 23 Z-(1-cyclopentyl-2,3,3,3-tetrafluoro- 1 -propenoxy)methylbenzene (94)
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No. 24 Z-{1-buty!-2,3,3.3-tewailucro- L -oropeaylicyeicpentane (99)
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No. 25 Z-(1-phenyl-2,3,3,3-tetrafluoro-1-propeayl)cyclopentane (101)

80+

401

20+

0 L A
| I I |

| |
.\ | | |

T T 3 T J 1 '60
1800 a00q 2500 2000 1330 1gcQ 3



No. 26 1,2-dibromo- [-cvclopentyl-1,2,3,3,3-peataflucropropane (103)

80

401

20+

0

e T

3000

1 i + i -
2500 2000 1300 1000 00

No. 27 diethyl(2,2,3,4,4,4-hexafluoro-  -methylbutyamine (104)
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No. 28 b1s{2,2.3,

2.4 2-hexafluoro- 1-methylbutylethviamine {103)
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No. 29 tris(2,2,3,4,4,4-hexafluoro- 1-methylbuty)amine (106)
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in 3 At K N S I I W I . . . .
No. 30 (2,2,3,4,4,4-texafluorobutyl}(2,2.3,4,4,4-hexafluoro- | -methylbutyhmethylamine (107)
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No. 31 bis(methylethyl)(2,2,3,4,4,4-hexafluoro- 1 -methylbutyl)amine (108)
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No. 32 (2.2,3 4,4 4-hexarluoro-1,1-dimethylbutyl)(2,2.3,4 4,4-hexailuoro- 1 -

methylbutyl)(methylethyljamine (109)

80+

N

40+

20+

T A

—
3500

1000

No. 33 2-(1,1,2,3,3,3-hexafluoropropyl)- I -methyipyrrolidine (110)
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No. 34 l-(2,2,3,4,4,4-hexaﬂuorobu[yl)-2-(1,1,

go4 T T
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No. 35 1-(2,2,3,4,4,4-hexafluoro-1-methylbutyl)-2-(1,1,2,3,3,3-hexatluoropropyl) piperidine (112)
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No. 36 4-(2.2.3.2 4 4-hexafluorobutyl)morpholine (113)
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No. 38 4-(2.2.3,4.4,4-hexafluoro- | -methylbutylymorpholine (113)
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No. 39 4-(2 2.3,4,4,4-hexafluoro- I -methylbutyl)-3-(1,1.2,3,3,3-hexafluoropropyl) morpholine (116)
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No. 40 2.5-bis(1,1,2,3,3,3-hexafivoropropyl)- | .4-dimethvipiperazine (117)
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No. 41 [,4-dimethyl-2,3,5-tris(1,1,2,3,3,3-hexafluoropropy!)piperazine (118)
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Appendix D : X-ray Crystal Structure

No. 1 tris(2,2,3,4,4,4—he;(atluoro-l-methylbufyl)amine (106)
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No. 1 tris(2,2,3,4,4,4-hexafluoro-1-methylbutyl)amine (106)

[t ]

Tabie 1. Crystal data and sorucnure reinement for 0Qsrv360.

identuication code
Empuncal larmulia
Formuia weight
Temperature
Wavelengtn

Csrystal system
Space yroug

Unit cell dihenasions

Vohwune
z
Denasity (caiculatea)
Absorpuan coefdcient
F1000)
Crysial size
. Theta range for cawa collectoa
" lndex ranges
Retlectoas collected
independent reflecticas
Campieteneas to theta = 27.48*
Absorptton corrsction
Refinesuent method
Da / reatrainta / paraneters
Coodness-of-{it on F?
Flnal R indices ([>2sigmail)
R indices {all data)
Largest auf. peak and hale

003360
Cobiafie N

551.28

10021 K

0.71073 A

Monoclinuc

P2Ali/n

2 = 11.5485(9 A a = 90°.
b = 14.2664(10) A
¢ 3 12.977319 A v= 80"
2001.8(31 & .

4

1.329 Mg/m?

0.225 qua-!

1096

0.25 £ 0.25 x 0.25 mm®

2.01 w 27.38%

<155 h 5§ 185 ks 18 -165ts 1§
21068

4585 |Rlin¢) = 0.0838!

100.0 %

None

Ful-maoix least-squares on F?
4589 / 0 / 366

1.048

Rl 2 0.0520, wR2 2 0.1196

R1 = 0.0792, wR2 a 0.1330
0.468 and -0.287 e.47

B=itla+ld.

O
et

5201

Tabie 2. Atomic coordinates ( x 10 and sgwvaient tsotropw dlsplaczment paravet
th3x 10° for 00arv380. Uleq) ts dedned as one Uurd of the race of the orthogonalize:

tensor,
X y 1 Uleg)
NI 926112} 2800t1) 1041(2) 22Ul
Flizu 8912} 535011 89711} 364
22 333141 24261 1950{1) aatn
F(1au 1123012) © 450511 B2 arn
Fllan 117742 £358(1} 280212) 5211
F(142) 10086{2} 4811 39541) 4911
Fl143) - 1006212} 8044(1) 298612) 20
Fl221) 9825(2) 2908(1) 10391 asin
Fi222) 8578(1 177804 -1003(Y) 3y
F1231) -10796(2) 8061 -204(1) 386(1)
Fi2a1) 317012) 50941} 223U2) asy
F1242) 1101242) 638(1) <2267(2 EXIEY)
F242) 9778(2) 181710 “2721(1 L3 Y}
Fl22n 583%{2) praaiit] 7 sy
F1322) EEELTY 13381 275871 any
Cuo 7651(2) 38287 -348(21 2801
cuy 3982121 374002) 549121 24{11
cHo 9166(2) 450712) 143112) PRIRY]
[e3% ] 1048324 4582{2) 2320024 28t1)
ciiy 10591 5212128 32922 341}
c2o 1146212} 285U 1260(2) 27(0
cizu 10123121 221812 TIS2) 221
cre2) 97742} 2076(7 -52612) 24
ciza 1061538 140902y -83712) 2rn
24) 10125(3) 1088(2) -2044(21 oM
eticls]} 7814(2) 1550121 300(2) 280
a3y 3405(2) 2358(2) 148012t TN
ci22) 2102021 2083(2} 2698(2) 22U
Cia3 8279(2) 174728 A 3o
Cid4i 3895(31 171202 457012) a1
Fl23a T2215) 277N 3012i3 s
Flzagl 7578(1 1 25811100 3268(11) 83t
Fl3an 3996i4) 2630(2) 4968(2) 54l
Fl3a8) 9814(7) 21967 S108(51° g2}
Fl34Q 9513 13573 94 13! 491
F(340t 9593(8) 77U6 4658 702
F(34E) 8192(1s} 1234(N 5028113) a202)
T34/ 811030 1595013 50101301 S35




Table 3. Bona lengths |Al and angies [l for 00srv360.

Nt1)-Ct31]
N(1)-Ct21)
NtL-ClIL
F121)-Ct121
F{1224-Cr12)
Fl134-Cl13)
Fl141)-Cli4)
F{142]-Cl14)
Fl1431-Cli4}
F(221)-Ci22)
F1222)-C122)
Fr231)-Ci23)
F1241)-Ci24}
"1242)-Ci241
F1243)-Ci24}
F1321)-C(221
"M322)-CI32)
CL1o1-ClL L
cy-c2l
Cla-clia
Cl13i-Cl14)
Cr20)-Ci21}
Cl21)-C122)
Ci22)-&(23)
Cr23)-Cl24) -
CI3g)-Ci3 1y
CI31)-Cia2)
Ci32)-Ci3y)
Cl331-Fi33a
C133)-F1238)
Claz-Ca4)
CI34)-F1348)
Ci34)-F134Q
Ci34)-F(34F)
CI34}-F134E)
Ci34)-F134A)
CI34)-M34D)
F133A)-A328)
Fl34A}-F1248)
F134B)-F134Q)
F1340)-FI34D)

131)-N{1)-C21)
clan-M1-ClL Y
Cr211-N(1)-Cr1 1y
N(1)-Cll 11-Cl 0y
N{1-CI1 1)-Cl12)

F1338)-C(23-C132)
C1341-C132-CLa2)
F(34BI1:Ci34K-F134C)
P134B81-Ci341-M34F
F134Ci-Ci34)-F134F7
F13481-Cl34)-FI34E)
F134C)-Cl341-FI34E)
Fi34R-C(34}-FI14E1
Fi34Bi-Cl34)-F134A
F134C)-Cl341-F134A)
F134F1-Cl341-F134A)
FI34E}-CI34}-F134A)
F(348}1-C{341-C133)
F134CQ)-Cl341-C1331
F{34F)-Cl34)-C1331
FI34E-Ci34i-C1331
FI34A}-CI34)-CI33)

1.463(3)
1.468(3
147U
1.386(3}
1.375(3)
1.383(3)
13263
1.3239(3)
1.332(3)
1.373(3)
1.364(31
1.38013)
1.3273)
1.336(3)
1.23U3)
1.363(31
1.368(3)
152603
1.53603)
1.524i4)
1.52714)
1.5313)
1.546(3)
1.524(4)
1.52a(4}
1.53231
1.5393)
1.52614)
1.3727)
1.43115)
1.521(4)
1.24718)
1.25044)
1.263)
1.327114)
1.391(5)
1.55219)
0.506(1 1)
1.09119)
1.236(9)
0.94718)

119.5319%
11817019
118.72019
114.712)
112.312)

10L.2(8
115,802}
549.415)
115.80141
123.3u3
123.47
108.947
19.3(12)
48.35)
107.8(31
B86.35110)
104.8i6)
123.2141
115.5(3)
111315
1VLS7
107.4(3) -

(101G 1-ClLRY 1i0.421
F{1211-CL12)-F1122)  105.23(19)
F1121-Cl125-Cl131 1Q7.3(2)
Fl122)-CLH121-Ci131 108.4i2!

Fl121)-ClLL2)-CHID 107.74019)
F122)-CH2-CiL L) 110.812)
CH3-Cri2-ci 118212

FI31-CI13-CLI21 107.012)
F{131)-CI131-Cl 14} 107.3421
Cl2-C131-C 4 114.912)
Fl141)-Cl14}-F(143) 108.0(2)
Fl141)}-C{14)-F1142] 106.%2)
F1143)-Cl14)-71142}  107.5(2)
Fl14a1)-Ct14)-CL13) 110.512)

F{143}-Cl141-C113) 112.3(2
F(142)-C{141-C{13) 109.8(2)
NI11-Ci2 11-Ci20) na oy
Ni1)-C(211-C122) 115.0(2)

C120)-C1211-CI22) t1LDM2)
FI2221-C{22)-FI221)  105.70(19)
Fl222)-Ci22)-C231 109.52)
F1221)-C122)-C123)  105.2(2)
F1222)-C(22)-C121)  110.00(19}
M221)-C221-Ci21) 1ML L)
(23)-Ci2-CI21 114.8(2
FI231-C123)-Ci220 109.3(21
F1230-Ci23-Cl24) 106,142
122-00231-Ci24) 11530
F1241}-C424)-F1243) 1081020
F1241}-Ci24)-F1242) 10742}
F1243)-Ci24)-F1242)  107.362}
F1241).C(24)-C123) . 112.8(2)
Fl243)-Ci24)-Ci23) 111,012
F1242)-324)-Cl23)  110.002}

N{1}-C{31)-Ci30i 116.9(2)
Nt1)-Ci3 1)-Cta2y 108.912
C130}-C{3L-CI32Y 111.212)

F{3213-Cl32)-F{322}  104.97(19)
F1321)-C122)-C133)  108.3(2)
F322)-Cl22)-C1331 106.3121
Fi321)-C{32)-Ct31)  110.18119)
FI12220-C{32)-Ci31)  110.84(19)
Cl2a1-Ci32)-C13 1} 115.0i2)
FI33A1-CI33)-FI3381  24.9(4)
Fla3A}-CI331-Ci24)  108.713)
F123384-Cl33)-Ci34) 96.0151
FlA0A-CI331-CL32) 11133

M348)-C134)-F13401  96.5(8)
F1340)-Cl341-F1340)  37.6(3)
Fi34F)-C134)-F134D1  107.701Q)
F(34EI-C134)-F(34D)  8B.0i6)

t F134A1-CI34]-F134D)  144.7(5)

Ci331-CLa4l-Fi34D) 97.414)
FI338)-F133A)-C1331 83.0019
F123A)-FI12338)-CI123) 72,1019
FI34B}-F124A-C{34)  58.3(st
F{34A)-F134B)-F134C 122.7(6)
F134A)-F1348)-Cl34)  72.715
Fi34C)-F1348)-Ci34)  80.414}
F134D)-F(340)-F1348) 148.0(8)
FI134D)-FI34C)-Cl34)  88.8(6)
Fl34BI-F134C1-Cl3al  80.214)
F134C)-F(340)-Ci34)  53.815)




Talle 4. Arusotrapic cisplacement parameters [ASx 107 for 00srv38G. The antsoTopic
aisptacement factor exponent tukes the form: -2n% nd @*3U' « L.+ 2 nkat o U2

(S0 u= [VEE] e ys U
Nt 1911 2001 24 181} 8i1} AT
F{12n 4611) 24y 3t} 3 6i1) sy
Fl122) 3 25411 38t -8 18111 oy
Fi131}  38i1) LT3 s <UL 16(1) -12tn
Ft141) 51N 51U 4t <1541t U -18t1)
Fl142) Ga(l) 3201 29(1) =50t 230 -8
Fl143) 84(2) pl=1pY) 36 -6l 1} 1401} st}
F1220 S58(1 240 25(1} 4l 1801) an
Flaz2)y 23y ain 234 -5tn 21 3
Fi231] 431 3 a1} Sii L 22 Y]
Fl2a1 &Sl 501 ) Sat1t 2811} 211 L1811)
Fl12421 50t} as(l 44{1} -14(h) 29141 =41
Fi243) 76t 46( 1 231 -504) 150t} A
m221) 39 h ann 221} -3ty 41 -2001
Fi22u 2tn 381 2501 7011 12M10 (1
o 26(1) 30011 2ath 31 4l .3
cnn 2441 2411 220, 200 nHu ot
cf12 2711} 2140 25011 2t 1 21
Cii3i 3011 27 264 ot e -3(H
Crisi 4312 300 260 1) -2 Bil} -4t
ci201 22041 - 35011 C 230 -3 6l1 ol
cry 221 28(1) 198 2th ary ERteY
C122y a6t 2241 231 IR ar) -1n
cizy 28(1) 2911 2611 A0 13 -a1)
[=p 1Y) N 280 36121 -8 1544 S|
C130) 286{1) 3y 2201 - 5(1) -8t
cr3uy 211 271 2L -3t 0] -un
321 =91 24{1) 2t Ot L) B 1)
133 26{1) +012) 241 -4l T -6l
Ci34) 302} 6712} 26411 -2y 1061} -22(2)
F33a4)  26i12) 83131 3403 o2 1812) -Teed]
F133B1 558 98(10) 42186 <258 23i51 29(3)
Fl134A) 813y 52121 au S2Ut 2412) -19i2)
F1348) . 5414) 100186] 28(3 -16(4) 1813} -6(4)
F34C) 362 8331 30621 16{2) 1501} 1224
F1340)  93(6) 74t5) 434} 25(4) 26{44 415}
FI34El  4314) 6715} 26(2) -2144 19(2) -25¢4)
Fi34Rm 34} 100014 3ss) ~1afll) 2144) -12000

Table 5. Hydrogen coardinates { x i0% and lsotropic displacemeni parameters (A3x 10 3}
for 00arv360. :

x Y z Uleg)
H{103) 7%80 3295 -835 a2
Ht102) 7532 4472 -830 4z
HILOL 7041 3674 -29 42
Hiy 9550(30) 3871191 170120 28
Hi130 107 40(3Q) 39200204 2610120 3
HI203) 11541 k3311 1022 41
H(202} 12012 2120 1108 4!
HI201) 11690 1567 2097 41t
H(2121 10090(20) 15801201 1050(2Q) 27
R 11430(30) 1720020 -670(20 32
H(303) 7128 1771 . 48 42
Hi302) 7054 1329 1155 42
HI301} 8152 1034 761 42
H3LL) 7810(30) 28601201 1500020 27
H(2} 79704301 1130(20 3070(30) 4149
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