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cela ne prouve pas qu'elle derive toute de !'experience" 

Kant, Critique de la Raison Pure, 1781. 



Acknowledgements 

I would like to thank Professor R. D. Chambers, Dr. Sandford and Dr. A. M. 

Kenwright for their invaluable advice and help through this work. 

This Thesis could not have been completed without the precious help of Dr. 

M. Jones and Mis~ L. Turner (mass spectrometry); Mrs. J. Dostal (elemental 

. analysis); Mr. L. Lauchlan (gas chromatography); Mrs. J. Say, Mrs. C. Heffernan and 

Mr. I. McKeag (NMR); Mr. R. Hart, Mr. G. Haswell and Mr. M. Richardson (glass 

blowing); Mr. D. Hunter (high pressure laboratory); Mr. J. Lincoln and Mr. J. Peel 

(store); Dr. A. Royston (IT service); Mrs. I. Harries, Mrs. C. Hubrey and Mrs. A. 

Carrahar (secretariat staff). 

Finally, I would like to thank my family and friends for their support 

throughout this period of study. 



Memorandum 

The work described in this thesis has been carried out at the University of 

Durham between May 1998 and April 2001. This Thesis is the work of the author, 

except where acknowledge by reference and has not been submitted for another 

degree. No part of this Thesis should be reproduced without the author written 

agreement. 

NMR 

IR 

GC/MS 

HFP 

BDE 

DTBP 

The work has been presented at : 

TMR Seminar, Montpellier, April 1999· 

Abbreviations 

Nuclear Magnetic Resonance 

Infrared 

Gas Chromatography/Mass Spectrometry 

Hexafluoropropene 

Bond dissociation energy 

Di-tert-butyl peroxide 

11 



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, orB, 
R-H+ CFz=CF-CF3 --:~ R-CF2-CFH-CF3 

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 

< 1 )=( ~eophiles 
R-cF2-CFH-CF3 + NaO Bu - ~ 

1.0 : 3.0 . 
R CF3 lectrophiles 

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. 

---N---- + CF2=CF-CF3 

2.8 > 
A, 

1.0 

A, y-rays, 3 weeks, rt 

CF2-CFH-CF3 

---N--L....:.. + 

111 

> . 
0.08 1.0 

+ 
. CF3-CFH-CF? CF?-CFH-CF3 

__L~__.l-_: >- CF2-CFH-CF3 

0.2 

Yield: 47% 
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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 1 • 2 . Fluorine can be found combined with other elements in 

minerals such as fluorspar (CaF2), cryolite (Na3AlF6) and fluorapatite ([Ca3(P04)2 

Ca(F,C1)2]). However, organofluorinated compounds are rare in Nature, Table 1 

shows some naturally occurring organofluorinated compounds3. Some such as 

fluoroacetic acid (1), fluoroacetone (2), CD-fluorofatty acid (3) originate from plants 

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

(5)). 

Compounds 

OH OH 
threo CH2F(CH2)7CH-CH(CH2) 7C02H (3) 

(4) 

(5) 

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 1.47 A, 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 
0 

Energy CH3-X (Pauling Scale) radius (A) C-X (A) 

(kcal mol-l) 

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 pairs5 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. 

2 



1.2.a.i. Medicinal and pharmaceutical : 

Desflurane CF3CFHOCF2H, Isoflurane CF3CClHOCF2H and Sevoflurane 

(CF3)2CHOCFH2, 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 factors6. 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. Lastly, 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 

Ciprofloxacin 
0 FroCO,H 

r~ N. 

HN-..._/ 6 

F 

Fluoxetine 

Diflunisal 
F 

OH 

5-Fluorouracil (5-FU) 
0 

HN~F 
0)-._N) 

I 
H 

Applications 

Antibacterial 

Anti -depressant 

Analgesic, anti-inflammatory, anti-pyretic 

Anti-cancer agent 

3 



0 

0 

Fluconazole 

HO 

F 

6-[18F]Fluoro-L-Dopa 
OH 

Dexamethasone 
0 

Fluprednisolone 
0 

-

l.2.a.ii. Agrochemical : 

Anti-fungal 

Anti-Parkinsonian 

Glucocorticoids, anti- inflammatories 

Glucocorticoids, anti-inflammatories 

Table 3 

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 7 (Table 4). 

4 



Compounds Applications 

Butafenacil (6) 
CF3 ..)=H3 

0(10 Herbicide 

<\oxio 
Cl 0 1 

Trifloxystrobin (7) 

0 -CH3 N& Fungicide CHO- ~ 0 yO-3 I I N . 
I 0 ....... ~ CFJ 

CH3 

Lufenuron (8) 
Cl 

_ij'CF2CFHCF3 Acaricide, insecticide 6(Nj_N 
F k B: Cl 

Table 4 

1.2.a.iii. Common uses : fire extinguishants, refrigerants 

Hydrofluorocarbon (HFC) agents are used as refrigerants8 e. g. HFC 134a 

(CF3CH2F) 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.e. 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 below9. 

1.2.b.i. Electrical insulators : 

5 



Polytetrafluoroethylene -(CF2)n- is a good electrical insulator because of its 

high thermal and chemical stability and anti-stick properties. 

1.2.b.ii. Coating material : 

Polyvinylfluoride -(CH2-CHF)n- is a weather resistant material because of its 

ability to resist to bacterial oxidation. 

1.2.b.iii. 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). 

Rp-CHrCH2-0-C(O)CH=CH2 (9) 

Rp-S02N(R)-CHrCH2-0-C(O)CH=CH2 (R : CH3, CHrCH3) (11) 

Scheme 1 

1.3. Conclusion: 

Fluorine containing compound applications ~re 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 optirnised. 

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 10. 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 K.harasch 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 K.harasch who reported the anti-Markovnikov addition of hydrogen 

bromide to alkenes 11 . 

6 



In general, the reaction involves a chain process4 where A-B is added across a 

double bond involvi?g 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 
hu or L1 

In 

A-B In • ----. A + In-B 
-~ 

A• '-:-i~c/ + /c ............ 

I l.~~r-;/ A-f-y + /C=C-..... 

I I I I . 
A-C-C-C-C + A 

I I I I 

I I . 
A-f-T 

I I I I . 
A-C-C-C-C 

I I I I 

A-t-~-t-t-A 
I I I I 

Scheme 2 

Initiation 

Addition 

Propagation 

Termination 

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 a-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 moJ-1 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 

tran~fer reaction. Decomposition of peroxides yields slightly electrophilic radicals13 

(acyloxyl or oxyl) which lead to strong 0-H bonds. 

7 



1.4.a.ii. Photolysis : 

6 . 
t-BuO-Ot-Bu _ ___;;;;;;....__~ 2 t-BuO 

(12) 

t-Buo· + R-H----~ t-BuOH + R 

R-N=N-R 
(13) 

Scheme 3 

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, c the speed of the light and A the wavelength of the light. 

E=hc//.. 

For example, using light of wavelength 254 nm, methyl iodide can be 

dissociated into "hot" methyl radicals (with an excess of energy) and iodine atoms14. 

•* • 
CH3 ---·~ 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 Cl-Cl bond by exposure to the sunlight (if done by 

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

Cl-Cl--h_u_.., 2Cl 

Scheme 5 

1.4.a.iii. 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 15 showed that free radicals are obtained via complex 

8 



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 
2 RH ~ 2 R · + H2 + other products Overall reaction 

RH 

RH 

y-rays 
----~RH++ e-. 

----~RH* 

* 

Ionisation 

Excitation 

Radical Formation 

2 RH----~ Hz + 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.iiii. Oxidation-reduction processes : 

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

the radicaJ12, using metal ions or electrochemical reactions (Scheme 7). 

Oxidation: 

X - e X·+ • + 
R- ---• (R- )---:JIIooo R + X 

Reduction: 
R-X--+...:...e~--.. (R-X)·----~ .... 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 

9 



1s . accommodated in a p orbital, or pyramidal if the unpaired electron is 

accommodated in an sp3 hybrid orbitall2, 16 (Scheme 8). The esr spectrum of 13cH3, 

showed that the methyl radical is planar. 

Planar Pyramidal 

Scheme 8 

1.4.b.ii. Stability : 

The relative stability of the alkyl radicals have been assessed according to the 

values of bond dissociation energies' 7 (BDEs) (Table 5); the higher the BDE, the less 

stable the radical. 

C-H BDEs (kcal moi-1) 

(CH3)3C-H 93.0 

(CH3)2CH-H 94.5 

CH3-CH2-H 98.0 

CH3-H 105.0 

Table 5 

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

order: 

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

Mesomerism is another factor responsible for stability of the radicall2. 

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). 

-~ 

Scheme 9 

10 



Conjugation with the lone pair of the heteroatom (0, N, S, halogen) stabilises 

the radical by increasing the electron density at the reaction centre (e. g. the carbon) 

(Sch~me 10). 

+ :x X. 
I I _ 
~._~A 

X : 0, N, S, halogen 

Scheme 10 

The increased stability can be described in terms of frontier orbital theory IS 

which involves the- interaction between the SOMO (singly occupied molecular 

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

Energy 

# 
# 

~ ~ ~ ~ ~~~+ SOMO 

Lone pair or 
n:-bond ' ----+········ 

.. . 
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 ne spectrum 19 and is illustrated in Table 6. 

Radicals 

·cH3 ·cH2F ·cHF2 ·cp3 

a (13C) 38.5 54.8 148.8 272.0 

Table 6 

Each replacement of one hydrogen by a fluorine atom affects the value of a 

(13C) (the esr ne 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 (l3C) 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 a 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 : 

Hybridisation is one of the reasons for pyramidalisation of the radical site, but 

it has also been suggested4· 20 that pyramidalisation is the result of diminishing 

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

t1uorine. 

1.4.d. Stability of fluorinated radicals : 

Dolbierl9 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-l) 

CH3-H 104.8 

CH2F-H 101.2 

CHF2-H 103.2 

CF3-H 106.7 

CH3-CH2-H 101.1 

CH3-CF2-H 99.5 

Table 7 

According to these results, 1 or 2 t1uorine substituents in the a position have a 

slight stabilising effect on the radical being formed as the BDEs decrease, whereas 3 

t1uofines atoms have a destabilising eff~ct. As the .s character of the radical orbital 

increases (i. e. increase of non planarity which leads to pyramidalisation) by 

introduction of fluorines, resonance stabilisation by the fluorine a to the radical 

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

destabilisation (Scheme 12). 
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Stabilising 

versus 

·cF3 

Scheme 12 

Table 8 illustrates the BDE resulting from replacing hydrogen atoms by 

fluorines. 

C-H BDEs (kcal mol-l) 

CH3-CH2-H 101.1 

CF3-CH2-H 106.7 

CF3-CF2-H 102.7 

Table 8 

Although experimental data for the ethanes is ·incomplete, it appears as if 2 

fluorines in the ~ 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 ~ position is 

sufficient to destabilise the ethyl radical. 

C-H BDEs (kcal mol-l) 

CH3-CH2-H 97.7 

CH2F-CH2-H 99.6 

CHF2-CH2-H 101.3 

CF3-CH2-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 then* 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 : 
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Energy factors such as BDEs, enthalpy of reaction and structural factors 

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

radica!s. 

1.4.e.i. Hvdrogen abstraction step : 

The reactivity of the radica,l can be measured by its ability to abstract a 

hydrogen atom during the hydrogen transfer process. The overall enthalpy21 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 +X-H-----.-

,1H=D(X-H)-D(R-H) 

Scheme 13 

R-H+ X. 

One of the illustrations of this is the hydrogen abstraction by a phenyl 

radicaJ12 where the rate constant for the hydrogen abstraction increases as the BDEs 

decrease and therefore the exothermicity of the reaction increases (Table 1 0). 

Ph.+ R-H----.. Ph-H + R 

R-H Primary Secondary Tertiary 

BDEs (kcalmol-1) 101 99 95 

,1H (kcalmol-1) -10 -12 -16 

k lQ-5 (M-1s-1) 0.35 3.3 16.0 

Table 10 

1.4.e.ii. Polar effects : 

Tedder22 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>CH4). 

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

affinityl2 (Scheme 14). 
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-e K ...__+,;_;e;;___ 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 • < t-Bu. 
nucleophilicity increases 

Scheme 15 

The radical is electrophilic when X is an electron withdrawing group : -N02, -

CN, -COR, -C02R, -CF3. 

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. 

Energy 

SOMO 

·c 

Electrophilic radical 

LUMO 

HOMO 

Scheme 16 

15 

LUMO 

SOMO~ 

'-t HOMO 

Nucleophilic radical 



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 ). 

z n-Bu 

H 

CH2=< z 

Ph 

84 

k 

CN CHO 

3000 6000 8500 

Table 11 

krel 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). 

R + 

R 

H 
CH2=c( 

CN 

1 

k ---:.-

(15) 

7.3 

Table 12 

. 
R-CHrCH-CN 

R-CH-CN 

(16) 

0.0015 

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.iii. Steric effects : 
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Three different steric effects control radical attack23 : 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 

de localisation of the new radical being formed and finally, steric compression 

(Scheme 1.8) which is partially released by formation of the new radical (released of 

steric strain, torsional strain). 

* Steric hindrance : 

y 
. ' / R + ;::-=c...::_-

2
----.. 

R 
y,,,, c· rl + 
/ -~, 

z 
Scheme 17 

R 

¥/'\-G·<.:z 

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 : 

Cl 

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 eo-workers showed in their various patents that free radical 

additions to hexafluoropropene are a useful way t9 introduce a fluoroalkyl group into 

an organic compound24, 25. 

l.S.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 bond26. The 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. 

Initiation 

. 
R-CF2-CF-CF3 Addition 

. 
R-CFrCF-CF3 + R-H ------.. 

Scheme 19 

l.S.b. Hexafluoropropene : 

Chain 
transfer 

Hexafluoropropene is industrially available. It forms only homopolymers 

under extreme conditions27 (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. 

l.S.c. Orientation of free radical addition to hexafluoropropene : 

Polar, steric and electronic effects are quite important in the orientation of free 

radical addition28. 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). 

18 



Path.A r-.~ L.- Nu-CFTCF-CF3 

,... &)CF(CF3 )-Nu 
Path B -

Scheme 20 

(17) 

(18) 

Two pathways are possible for the free radical attack : pathway A, where the 

attack occur at the CF2 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 CF2 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 bec\}use of the lowest steric 

interactions. 

l.S.d. Polar effects : 

Free radical additions of thiols to hexafluoropropene proceeded smoothly 

under photochemical or thermal conditions29. Reactions of trifluoromethanethiol, 

trifluoroethanethiol and methanethiol gave, via a sulphur centred radical, the 1: I 

adducts in good yield. Polar effects are important in this reaction as illustrated in the 

thiol reaction (Scheme 21). 

uv 
_ ____;;__,... · RSCF2-CHF-CF3 + R-SCF(CF3)-CHF2 

(19) (20) 

R. + CF2=CF-CF3 --.---,... R-CFTCF-CF3 (21) 

._____... CFTCF(CF3 )-R (22) 

Scheme 21 

R (19) (%) (20) (%) 

CF3S 45 55 

CF3CH2S 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 : CF3 electrophilic group, toR : CH3 nucleophilic group) is quite clear. This 

shows that a thiol containing a nucleophilic R group leads preferentially to the fr~e 

radical addition at the CF2 position to give the radical.(21) (leading to (19)). Whereas 

a thiol containing an electrophilic R group leads preferentially to the formation 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 

I 8- 8+ 
F~-:F CF2 

F--S 

I 
R 

Scheme 22 

1.6. Addition of oxygen containing compounds to hexafluoropropene : 

1.6.a. Alcohols : 

1.6.a.i. Mechanism : 

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 process 3D. 

CH30H hu HzC>OH 
- + 

..... --c.....__ .. ,... Hi2-0H nucleophile 

--:)oo-
. 

CFrCF-CFrCHrOH Hz~Fi='CF-CF3 
electrophile 

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. 

i-~F,-~:-CF, + i-~---... i~F,-CFH-CF, + i~ 
(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 initiator31 (Scheme 25). 

(C6HsC02)2 
120°C 

+ CF2=CF-CF3 3 h ~ 

1 

Scheme 25 

CFrCHF-CFrCH20H 

90% 
Conversion : 70-75% 

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 u~ed is 1: 1, the con version is 

only of 50% instead of 70-75% obtained for a ratio of 5:1 or 3:1. 

Later Haszeldine32 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 performed yielded two products : the major product from free radical 

addition at the CF2 position and the minor obtained by free radical addition at the CF 

position of the hexafluoropropene unit (Scheme 26). 
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+ 

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: S ubstrate Monoadduct (%) Diadduct (%) 

(Rp : CF2-CFH-CF3) DOH 
A,1.15:1.0 dOH Trace 

- A, 78 
OH (Y-RF 

6 A, 1.14:1.0 OH Trace 

B, 1.07:1.0 A, 72 

B, 65 

OoH A, 1.18:1.0 
ORF 

OH Trace 

B, 1.10:1.0 A, 76 

B, 65 

Q-oH A, 1.18:1.0 O<F Trace 
OH 

A, 68 OOH 
A, 1.15:1.0 OH ORF 

A, 40 

A, 18 

h-OH A, 1.18:1.0 ~F A, 11 

A, 54 
0 

A, y-rays, rt, 10 d; B, di-tert-butyl perox1de, 140 C, 24 h. 
Table 14 
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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). 

22% 

+ 

CHz-(CH2)2-CH -CF?-CFH -CF3 I I -
10% 

OH OH 
+ 

CFrCFH -CF2-~H -(CH2) 2-SH -CFrCFH -CF3 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). 

hu 

. 
CF3-CF-CF2-CH20H 

. 
CFrCF-CFrCH20H + HO-CH2-CHrCHrCHrOH--~ CFrCHF-CF2-CH20H 

+ . 
HO-CH2-CHrCHrCH-OH 

. 
HO-CHrCHrCHrCH-OH + CF2=CF-CF3 ----~ HO-CHrCHrCHryH-OH 

RF 

Scheme 28 
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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 dials are governed by the same factors as free radical additions of 

alcohols. 

Cyclic Conditions Products and Yields 

Diols HFP:Substrate Monoadduct (%) Diadduct (%) 

Rp : CF2CFHCF3 HQ'O'OH 
2.36:1.0 

HQ>(JOH 
RF RF 

63 CXOH 
OH 2.25:1.0 

OH 

HOOH HOOH OOH 
2.27:1.0 

Rp 

30 45 
OH 

HQ 0 2.27:1.0 

OH HO Rp 

83 

Table 15 

1.6.c. Ethers : 

Similar additions occur to ethers which readily lose a hydrogen a 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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Muratmasu35, 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). 

2 

Scheme 29 

In more recent studies, Grievson and co-workers34 showed the influence of 

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

H 

Me 

Et 

Prn 

y-rays, rt .. 

Products(% composition) 

100 -

47 53 

30 70 

23 40 

Table 16 

RF 

RCH-0-b-R 
I I 
RF RF 

-

-

-

37 

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 eo-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-tert-butyl peroxide to give the 1:2 adduct (Scheme 30). 

CHryH-'O-CHrCH3 -
0
....:..;--;: ...... ;o-sx:tle 

CFrCFH-CF3 

120°C 

. 
CHrf-O-CHrCH3 

CFrCFH-CF3 

. 
CHry-O-CHrCH3 

CFrCFH-CF3 

Scheme 30 

CFrCFH-CF3 
I 

CHry-O-CHrCH3 

CFrCFH-CF3 
1F2-CFH-CF3 

CHrf-O-CHrCH3 

CF2-CFH-CF3 

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. 

26 



1.6.c.ii. Acvclic polyethers : 

The effect of one oxygen atom on formation of a radical from an ether is well 

known 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). 

'\. ~ /+ 
0 (24) 0 

3 

3 

Scheme 31 

54% 

12% 

26% 

+ ~0~0/ 
17% 

35% 

26% 

26% 

The main difference between these 2 systems is the regioselectivity of the free 

radical addition as in (24) where the attacked site was the CH2 group in -O-CH2-

CH2-0-, whereas for (25) the attacked position preferred was the CH2 group in CH3-

CH2-0-. This give rises to the following order of reactivity of sites in polyethers. 

CH3-CH2-0->-0-CH2-CH2-0->CH3-0-

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). 
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+ -.. .. . . .. 
X-0-CHrCHrO- Free radical 

initiation X-0-CH-CHz-0- ••-~..- X-0-CH~ CH2 -,...0-

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). 

0 H, /) (26) .. C-CF2-c; 

CFrCF=CF2 + 
Initiator FZ, j\ 

+ 

~)c-cF,-cCJ 63/ -J\0 

(27) 

Scheme 33 

19f NMR and 1 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 Fare in "cis" position to Hb and Ca.H (Scheme 

34). 

Scheme 34 

1.6.c.iiii. Cyclic polyethers : 

28 
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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

workers39_ 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. 

o'Xo o'Xo 
\_j + CF2=CF-CF3 _o_r_p-~-~-0-Xl,...,. d~e-..- ~ 

Scheme 35 

1.6.d Esters : 

CF2-CFH-CF3 
95% 

Grievson and co-workers34 studied the free radical addition of systems with 

general formula X-0-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-tert-butyl peroxide as 

chemical initiator at 120°C. 
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5% 

HCO?Me (28) 
{ 

·~-OMe + CF2=CF-CF3 

HC-O-CH2 + CF2=CF-CF3 --~ HC-0-CH?RF 
~ -

11% 

~ 
(29) 

21% 

. 

i
,... CHr~-OMe + CF2=CF-CF3 --~ RFCH2~-0Me 

MeC02Me (30) . 

,... Me-~-O-CH2 + CF2=CF-CF3 Me~-O-CH2RF 

10% 

39% 

(31) 

i : (But0)2, 120°C 

RF: CFrCFH-CF3 

Scheme 36 

+ 2% 

+ MeC-O-CHr<fF-CF2H 3% 

~ CF3 

For each reaction, two 1: 1 adducts were obtained in low yields. This was due 

to the competition reaction between the form~tion of the radical centre. For the 

methyl formate, the hydrogen 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 a to the carbonyl function (30) or in a to the oxyg.en 

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.i. Amines : 

The same principles outlined for the ethers can be applied for the amine40. 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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CF3 CzFs 

~F 
Thermodynamic 

Product 

--~ 

--~ 

·Scheme 37 

Kinetic 
Product 

I+ 
- N -CF=CF-CF3 

I F- (32) 

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). 

0 + CF2=CF-CF3 

N 

I 
CH3 

y-rays 

Scheme 38 

~R I F 

CH3 

81% 

Chambers and co-workers41 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 
~ ( PuTllne 

N J-. k, I CFTLF-CF3 

CHrCH3 

Path B! k2 

~l I CFrCFH-CF3 

·cH-CH3 

Scheme 39 

*Results: 

Cl I CF2-CFH-CF3 

CHrCH3 

1:1 

(34) 

~:1_ 
~ CF2-CFH-CF3 

CH3-CH-CFrCFH-CF3 

1:2 

(35) 

0>0>0 
bH3 bH3 . JH3 

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). 

kt (rate constant for (34) formation) varies in this series, the order of reactivity 

increases with the value of the dihedral angle 8 which is the angle between the lone 

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

(Scheme 40). 
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Scheme 40 

If 8 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 a position to the amine 

function rather than the carbonyl one (Scheme 41). 

y-rays 

54% 

Scheme 41 

1.6.f. Addition of sulphur containing compounds : 

1.6.f.i. Thioethers : 

1 ,4-thioxane reacted with hexafluoropropene to grve a mixture of 1:1 

adducts42. These 1:1 adducts corresponded to the free radical addition at the carbon in 

a position to the sulphur atom or to the free radical addition at the carbon in a 

position to the oxygen atom (Scheme 42). 
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6 4 

Scheme 42 

According to the ratio of the obtained products, the carbon atom a to the 

sulphur is more reactive. Sulphur is less electronegative than oxygen and therefore 

stabilised better the neighbouring radical. 

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

containing compounds : 

Competition reactions between tetrahydrothiophene and tetrahydrofuran were 

also studied42, by reaction under thermolysis initiation, of an equimolar mixture of 

each with hexafluoropropene (Scheme 43). 

Q 
Q 

Scheme 43 

58% 

1\ 42% 

'-sA<F . 
RF : CFrCFH-CF3 

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. Addition of alkanes to hexafluoropropene : 

1.6.g.i. Acyclic alkanes : 

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

thermal and UV initiating methods24, 25, 43. 
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In the laboratory, similar reactions have been carried out (Table 18) using y

rays and di-tert-butyl perox:ide44. 

Cyclic Conditions Products and Yields 

Alkanes HFP:Substrate (%) 

Rp : CF2-CFH-CF3 

CH4 B, 1.0:1.0 - -

A, 1.2:1.0 
>-RF ~RF 

C3H8 B, 1.5:1.0 A, 19 A, 1 

B, 75 B, 3 

Rp 

~RF i-C4H10 A, 1.2:1.0 'f:: 
B, 1.3:1.0 

A,42 

B, 80 
B, 3 

C4H10 A, 2.0:1.0 0 ~RF F 
A,6 A, 11 

C6H14 B, 2.0:1.0 ~ ~ . 
B, 1 B, 8 

A, y-rays, rt, 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 alkanes : 

Cycloalkane additions to hexafluoropropene have also been performed using a 

3 fold -excess of cycloalkanes24, 25. Only the monoadduct was obtained in each case 

(Table 19). 
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Cyclic Cyclic Conditions Products and yields (%) 

alkanes alkanes : HFP Rp : CF2-CFH-CF3 

6 3:1 310°C (>-Rp 5 

0 3:1 290°C o-Rp 
3:1 uv, -50°C 43 

0 3:1 280°C ORF 54 

3:1 uv, -50°C 38 

Table 19 

Spink44 carried out similar reactions using y-rays and di-tert -butyl peroxide 

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

Cyclic Conditions Products and Yields 

alkanes Monoadduct (%) Diadduct (%) 

Rp : CF2-CFH-CF3 

0 
o-Rp GcRF 

~R 
F 

A, 86 9 

B, 57 23 

0 
ORF Q-RF 

~R 
F 

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.iii. Polycvclic alkanes : 

Free radical addition to adamantane have been firstly reported by 

Podkhalyuzin and co-workers45, 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. 

Ki + CF2=CF-CF3 

)'"rays ~ /JCFH-CF
3 

1 5 74% 

Scheme 44 

Later, Zagorets et af47 studied radiochemicai polyfluoroalkylation methods in 

the liquid phase at 10-1 OOOC. They showed that by using y-rays, the tetraadduct can 

be obtained as final product. 

Recently, Spink44 showed that the tri- and tetra-adducts can be obtained by 

using peroxide initiation (Scheme 45). 

Ki + CF2=CF-CF3 

+ 

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 (Me0)3B group which is an electron withdrawing group (Scheme 46). 
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y-rays 
---:~ B(OCHrCFTCFH-CF3)3 

65% 

Scheme 46 

1.6.h.ii. Siloxane : 

Free radical additions of hexafluoropropene to silyl derivative have been 

performed41 , they yielded the monoadduct in good yield. The free radical addition 

occurred in a position to the oxygen atom because of the electron donor character of 

the silicon atom (Scheme 47). 

I .. . 
-s,-~o-c-

. I 

1. 7. Conclusion : 

y-rays 
~ Me3SiOCHrCF2-CFH-CF3 

62% 

I ~ .. --5r-· ~o-~-
Scheme 47 

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 

alcohols30, ethers34, 37 and also in alkane systems24, 25, 43, 44. Nevertheless, very little 

work had been performed in the area of nitrogen containing compounds (i.e. amines), 

therefore this field of study was a good subject to develop (Chapter 5). 

38 



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 . 

. 
), In 'r-H _____::;.:..:......__-.. _ 1· CF2=CF-CF3 ~ • 

C ,.... - -CFrCF-CF3 I 

).., -HF -'r-CF=CF-CF3 _ .... -.~;;;;...._ 

Scheme 48 

R-H 

-~-CFrtFH-CF3 

As illustrated 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. 

19p NMR spectroscopy along with 1 H NMR and 13C 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 lH,X and 19F,X (where X can be 19F, lH 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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19p NMR is as old as 1 H NMR spectroscopy and similarities in the nuclei 

properties make them little differentiable48 (Table 21). The three nuclei posses a spin 

quantum number of I= 112, which make spectra analysis identical. 19p nucleus is as 

easy as IH nucleus to observe since their relative abundance (99.98% for the IH and 

100% for the 19F) and their receptivity (100 for the lH and 83.3 for the 19F) are 

nearly the same. 

Relative Natural 

Species Nuclear Spin Sensitivity Abundance 

I (%) 

lH 112 100.00 99.98 

13C 112 1.59 1.11 

19p 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 1H=100), the sensitivity of 13C is 

therefore much lower than for the 19p and I H nuclei. In the following Chapters, 

determination of spin-spin couplings involving lH,X (X: lH or 19p) and 19F,X (X: 

1 H, 19p 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 IH,X 

(Table 22) and 19F,X (Table 23) are illustrated in the following Tables. 

Bonds Spin-Spin Range of Values 

Couplings (Hz) 

H-C-H 21HH 0-25 

Geminal 

H-C-C-H 31HH 0-25 

Vicinal 

H-C=C-H 3JHH 7-11 

Cis 

H-C=C-H 31HH 12-18 

Trans 

H-C-C-C-H 4JHH 0-3 

H-C-C-C-C-H 51HH 0-2 

Table 22 

40 



The vicinal coupling 3JHH is dependent of three factors51 : the dihedral angle 

<j), the bond length and the valence angles 8 and 8' (Scheme 49). 

~H H H " / H 
H 8 8' H 

"~ 
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 

<P =OOC and the lowest when <P =90°C. This result implies therefore : 
3 I gauche<3 I cis<3 I trans· 

Bonds Spin-Spin Range of Values 

Couplings (Hz) 

H-C-F 21FH 45-80 

H-C-C-F 31FH 0-50 

H-C=C-F 31FH 0-100 

H-C-C-C-F 41FH 0-5 

H-C-C-C-C-F 51FH 0-1.5 

F-C-F 2Jpp 120-320 

F-C-C-F 3Jpp 0-40 

F-C=C-F 3JFF 18-40 

Cis 

F-C=C-F 3JFF 110-130 

Tni.ns 

C-F IJcp 160-370 

C-C-F 2Jcp 20-50 

C-C-C-F 3JcF 0-25 

C-C-C-C-F 4Jcp 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-alky lations. 

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). 

CFrCFH-CF3 CFz-CFH-CF3 

JiJ + ~CF2-CFH-CF1 
(36) (39) 

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 l.S.c. 

and l.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 monofluoroalky lated product was determined by NMR 

spectroscopy (Scheme 51). 
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(36) (37) 

Reverse addition product 

Scheme 51 

* Orientation of the addition to the fluoroalkene : 

The fact that the major isomer obtained was the one with a RF: Ch-CFH-CF3 

(36) and not RF : 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 Cr. The signal was 

split into a doublet due to the coupling with the fluorine of the Cc, then a triplet due to 

the coupling with the 2 fluorines of Ce (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). 

,....,..,.--,.......-..,-.-rrrr-~..,.,~~·,.,---

87 86 85 84 83 82 81 ppm 

' I 

-------------------.----,....-,r----·L___ ___ _ 
-···· '~ ~r-0 -~---,-80--~-,-,--0-~~-6,-0 -~---,-50 ___ ~- I! ;. . '' '" 

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 position 

to give the monoadduct (36). 

/JCFH-CF3 

(36) 

Scheme 53 

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

to give another monoadduct (38). 

Scheme 54 

The 1 H NMR spectrum gave only 3 signals corresponding to 3 different kind 

of protons : multiplet at 1.8 ppm with an integration of 12 protons for the 6 CH2 

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 2JFH 44.0 Hz, 3JFH 19.8 Hz and 3JFH 6.0 Hz. 

The fact that only 3 signals were present 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 16. 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 2JFF 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 CF2 with 2JFH 43.8 Hz and 3JFF 7.9 Hz. 
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* 13 C NMR spectrum : 

Two different carbons corresponding to the CH2 groups were found at 27.7 

ppm as a singlet for the Cd and at 34.8 ppm as a singlet for the one in ~ position to 

the CF2 group i. e. Cb. 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.~ ppm, as a triplet showing that 

the carbon coupled equally with the 2 chemically non ~quivalent fluorine atoms with 

a 2Jcp 21.3 Hz. The carbon from the CFH gives a doublet of quartets of triplets at 

83.8 ppm (lJcp 197.4 Hz, 2Jcp 33.6 Hz and 2Jcp 8.0 Hz). This also showed that the 

. carbon coupled equally with the 2 fluorines of the CF2 as a triplet was observed. 

Whereas at 119.2 ppm a doublet of doublets of doublets was observed for the carbon 

of the CF2 group showing this time that the carbon bearing the 2 non equivalent 

fluorines coupled differently with them with lJcp 260.2 Hz and lJcp 246.8 Hz. 

Finally, at 121.4 ppm a quartet of doublets was observed for the carbon 

corresponding to the CF3 group (lJcp 283.1 Hz and 2Jcp 25.9 Hz). 

2.3.a.ii.1, 1 ,2,3.3.3-hexafluoro-1 [3(1, 1 ,2,3.3.3-hexafluoropropvl)adamantanyllpropane 

(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). 

CF2-CFH-CF3 

~CF,-CFH-CF3 
(39) 

Scheme 55 

-Chain transfer with cleavage of the C-H bond in the methylene group to give . 

another diadduct ( 40). 
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CFz-CFH-CF3 

JiJCF,-CFH-CF1 

(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.i.) 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. 

1.0 6.2 13% 

+ Yield: 31% 

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 trifluoroalky lation 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-tert-butyl peroxide and y-rays. 

A, y-rays, rt, 10 days 

B, DTBP, 140°C, 24 h 

A, andB, 
---'---: ..... 

(43) 

16;0 

4.0 

Scheme 58 

+ 

1.0 

1.0 

Yield: 86% 

Yield: 74% 

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 HFP: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 59115 

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 

monoa~duct. For the thermal initiation, the mono:di ratio was ea. 1.0: 1.0. 

The second difference was for the conversion of the 2 reactions. Using about a 

same ratio of reagent : i. e. 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 initiati~n 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 i"nteresting thing to point out is that in the 1 H NMR spectrum, He 

and Hd 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. 

H e 

Scheme 59 
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2.4.b. trans-1,1,2,3,3-hexafluoro-1-[3-(l,l,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). 

CFTCFH-CF3 

QCF2-CFH:CF3 

Cis and Trans 
(44) 

and 

Scheme 60 

Cis and Trans 
(45) 

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 the 1 ,2-( 45). 

* Stereochemistry of the diadduct isomer obtained : 

The 1 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 CH2-CH2 carbon bond and passes through the last 

CH2 group. For the cis 1,2-isomer (45a), the plane cuts the CH-CH carbon bond and 

passes through the carbon of the CH2 group which is in the middle of the 2 other CH2 

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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3 
H 3H 

1 
CF2-CFH-CF3 

H2 • 
.... ' #'~ 1 

/ CFTCFH-CF3 

-.-.., ... """----4'!'.,~ CFTCFH-CF3 
H' 'H 1 
4 2 

(44a) (45a) 

Scheme 61 

Whereas the trans-stereoisomer of each isomer are both symmetric according 

to a C2 axis, whatever the isomer is. Only 5 proton signal's corresponding to 5 

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

(44b) 

3H 

1 
CF2-CFH-CF3 

5 H --!.fL-----'t-
.;: ·-••• Hs 

(45b) 

Scheme 62 

In the 1 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 3JFH 31.2 Hz. 

* Isomer 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 CH2 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 3JHH). The same will be true for the 

equivalent proton Hb. 

H H 
-... ,, 

'' CFz-CFH-CF3 

H-~=--~~-H 

Scheme 64 

Whereas if we have (44b), for the proton Ha, 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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H H 

H--.r-:;:.._~~ ,..... . ..... ,, 
H (44b) 'CF2-CFH-CF3 

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 c position, where the second fluoroalkyl chain was introduced, yielding 

to trans 1 ,3- ( 44b ). 

2.5. Free radical additions of cyclopentanol : 

OH 

6 
1.0 1.2 

A, DTBP, 140°C, 24 h 

RF : CFz-CFR-CF3 

A, .. + 
(46) 

5.2 

Yield: 55% 

Scheme 66 

0.1 1.0 

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 

peen 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 
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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 cyclopentanol. 

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 1 H NMR 

spectroscopy. The fact that the free radical addition occurred at the a position of the 

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

* I 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 CH2 signals of the 

cyclopentanol i. e. between 1.6-2.1 ppm. A D20 shake experiment wa:s performed, as 

with D20 a rapid exchange between the deuteron and proton occur, therefore 

confirming the fact that this was the real signal. With D20, 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 D20 treatment (Scheme 67). 

53 



Scheme 67 

* 13C NMR spectrum : 

It 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 de~cribed in various examples from the literature44-47, 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 16, 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 usmg 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 I ,3-

(44b). 

* Cyclopentanol : 

For the cyclopentanol, the great regioselectivity expected3 o, due to the 

presence of the hydroxyl group, has not been qbserved 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 py;ecursor 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 

polyfluoroalkyl bond (Scheme 68). 

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). 

R OH 0 + SOCI, reflux,. 

Scheme 69 

A hterature review about the dehydration ano 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 reagents52. Usually protonation of the hydroxyl group using an acid 

(H2S04, H3P04) is sufficient to induce the loss of water53 (Scheme 70). 
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H 

+oH2 

CHrCHrt(CH3)2 + HS04 

CHr&:I\t(CH3)2 + H20 

J 
CHrCH=C(CH3)2 

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. 

reflux 
-Cl-,.._ 

Scheme 71 

CFrCFH-CF3 

6 + HCI 

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 procedure30 involving refluxing thionyl chloride 

as described above (Scheme 72). 
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R OH 0 + SOCJ, 

(46) 

CF?-CFH-CF3 

reflux,...~ U Yield:56% 
(49} 

RF: CFrCFH-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. 

* 19p 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 CF2 

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 (2JFF 272.9 ppm and 2JFF 272.9 ppm). 

In the 1 H NMR and 13C NMR spectra, the alkene presence is readily 

detectable, as hydrogen atoms bound to sp2 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 observed at 135.0 ppm and Ce at 135.8 ppm. 

f g_ h 
:lTCFH-CF3 

bUe 
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 
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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 

af58. They compared the reactivity of vicinal dihaloalkanes towards alkoxides 

sodium methoxide, potassium ethoxide or sodium butoxide. 

Me3COK, THF 

75°C,16h 

Scheme 74 

CsHwCH=CF-CsH11 + 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 af59 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). 

Q 
F 

A}z03 ..... 0 Woelm 

n=2 70°C, 15h 66% 
n=3 7WC, 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. Polycvclic 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 hydroxide60. 

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 CF2 and the CFH in the 

fluoroalkyl chain. This result is explained by the fact that the energy of the C-F bond 

in the CF2 group is lower than that in the CF3 group making the fluorine abstraction 

of the CF2 group easier than for the CF3. 

CF2-CFH-CF3 

~ NaOH/EtOH 1±:::1 82-85 QC 
+ 

E 
69% 

Scheme 76 

3.3.c. ii. Heterocyclic and linear systems : 

F 

I c 
F-- ,#- --CF er 3 

JiJ 
z 

6% 

Hydrogen fluoride eliminations have been carried out on heterocyclic systems. 

2H-1-(2-tetrahydrofuryl)-hexafluoropropane6 I was dehydrofluorinated using 

powdered KOH at 110-120 QC for 8 hours or using sodium tert-butoxide in tert-butyl 

alcohol at 25 QC for 7 hours. No matter what base was used, the Z-isomer was 

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

A, KOH, 110-120 QC, 8 h 

B, NaOt Bu, 25 QC, 7 h 

A, 
B, 

Scheme 77 
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The fact that the £-isomer was preferentially formed under thermodynamic 

conditions was explained by the conformational stability of the carbanion 

intermediates involved (Section 3.3.f.). 

Dehydrofluorination of hexafluoropropene ether monoadducts was achieved 

in this laboratory62, using potassium hydroxide in diglyme at 120°C (Scheme 78). 

("'0VFrCFH-CF3 --K-0-H-~ U powder 75% 

CH3 I 
CH3-CHz-O-CH-CFrCHF-CF3 

diglyme 36% 

KOH 
d CIH3 pow er 

----:,.... CHrCHz-O-CH-CF=CF-CF3 
47% 

KOH 
powder 

----:,.... CHrO-CHrCF=CF-CF3 
24% 

Scheme 78 

With diglyme, the reaction gave low yield and the purification process 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. 

KOH CH3 
pellets 1 

-
85

- 0-C-, 
7
-h-,.... CH3-CH2~0-CH-CF=CF-CF3 

78% 

Scheme 79 

Similar reactions were carried out with 2-(2H-hexafluoropropyl)pyrrolidine62 

and 2-(2H-hexafluoropropyl)-N-methyl pyrrolidine63, as starting materials (Scheme 

80). 
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R 
I 

(f,-CFH-CF3 

A, 
B, 

A, R: H, KOH powder, 150 °C, 7.5 h 
B, R : CH3, KOH pellets, 80 OC 

Scheme 80 

R 
N 

aCF=CF-CF3 

A,40% 
B, 66% 

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 al64 studied the dehydrofluorination of highly fluorinated 

compounds using aqueous alkali solution. 

~F H KOH, H20 r":) 
~ reflux 30 mir1 ~~ 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 reacted65 with Et3N.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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(CF3)2CHCF=C(C02CH3)2 
(50) 

3.3.f. Mechanism : 

Et3N.BF3, Et20 

-20 °C, 5 days 

Scheme 82 

(CF3hC=C=C(C02CH3) 2 (51) 

38% 

+ 

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

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

ElcB mechanism66 (elimination unimolecular from the conjugate base). Anti

elimination via transition states resembling a (Scheme 83) is favoured at -80oC 

yielding preferentially to the Z-isomer. It was suggested that the preference for the a 

transition state is due to low energy interactions ·that oc·curs between the CF3 and R 

groups such as hydrogen bonding44. 

F F 

F 

a b 

Slow 

+ 

R: alkyl, aryl 

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 X2CH-CF3 

(X : halogen) due to the following conditions : 

-The electronegativity of the halogen X on the ~-carbon makes the ~

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 group. 

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) : 

1-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 -SOT 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. 

CF2-CFH -CF3 

JiJ ;- KO'Bu 

1.0 2.1 

(36) 

CF=CF-CF3 

(iPr),O ~ JJ Yield : 74% 
-80°C 1±:::7 

Scheme 84 
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Earlier work showed that the £-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 6ut 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 work44 as cis vicinal F, F spin-spin coupling 

could. not be observed in the 19f NMR and quantitative interpretation of the line 

shape was not possible. 

19f NMR of the mixture showed the disappearance of both signals 

representing the AB system of the 2' fluorines of the CF2 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 4JFF 22.6 Hz and 3Jpp 10.2 Hz. At -149.3 ppm a doublet of quartets is observed. 

The first doublet represents the F ,F coupling with a 3 Jpp 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 3Jpp 122.7 Hz and a 3Jpp 10.5 Hz is observed. The 

values for 3Jpp 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 3JFFtrans values. Therefore, it is likely to be the £-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): 

6-CFH~:~O'Bu --~.;:..;0=-?-=c_.~ OCF-:~~Id • 80% 

(43) 24 
h (54) 

E:Z 
1.0 2.5 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. 
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In this case, the fact that the Z-isomer (54b) was the major isomer was proved 

· by 19p NMR by calculating the coupling constants 3Jpp between the 2 fluorine atoms· 

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

86 .. 

F -175.4 
ddq 

3JFFcis 5.5 Hz 

-159.3 
dq 

E 3
JFFtrans 130.9 Hz 

z -65.6 
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). 

CFz-CFH-CF3 

6"CF2-CFH-CF~ 
(44b) 

1.0 4.0 

CF=CF-CF3 

-SO'C 6 
_...,:;E~t2:....;0~"""'•• '''CF=CF-CF

3 
+ 

(55) 

1.0 

CF=CF-CF3 

QF=CF-CF3 

(56) 

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).l9p NMR would be 

an useful tool in this case as the calculation of the 3Jpp will distinguish the 

stereochemistry of the 2 double bonds of each compound. Only three 19p resonarices 

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 pp m showed a doublet of quartets 
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with 3Jpp 4.5 Hz and 4JFF 8.7 Hz and at -157.8 ppm a quartet of doublets with 3JFF 

11.7 Hz and 3JFF 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). 

r c!F h r c!F h 
~ . -CF3 t4CF: .. -CF3 

e~.. e ...... 

.. ~ ... ~'CF=CF-CF3 ... ~ · c CF=CF-CF
3 

Scheme 88 

In theiH NMR spectrum, because of the symmetry, it was expected only 5 

resonances in the spectrum. Two different signals, one for each compound, for Heax 

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-CF3 

6."CF~CF-CF3 + 
(55) 

1.0 

Scheme 89 

CF=CF-CF3 

Q~CF-CF3 
(56) 

1.0 

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 lH 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 lH 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. 1 H NMR spectra were taken as the temperature of the mixture was varied from 

-50°C (above the freezing point of the CDCl3) to .f-50°C. Still the same integration 

ratios were obtained after these experiments. In all 3 cases a l9p 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 ofthe 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). 

CFz-CFH-CF3 

6 + KOH 

(49) 

.. 1.0 4.9 

CF=CF-CF3 

24 h ~ Of Yield : 83% 
rt . . 

(57b) 

E:Z 
1:19 

Scheme 90 

Only traces of the· mm or Isomer (E)· appear in the NMR spectra. By 

integrating the two CF:3 signals for both isomers in the 19p 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 19p 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 tert-butoxide at -80°C, favoured exclusive production of the kinetically stable 

isomer : Z-isomer (57b). The reaction is highly stereoselective as a ratio major:minor 

of 19: 1 was observed. 

3.5. Conclusion : 

* Cyclopentene monoadduct (49): 

Dehydration 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-CF3 (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 ElcB mechanism with stereochemical eliminination 

being the controlling factor. 

* Cvclopentane 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). 

F 

N ucleophiles . -L. / F Electrophiles 
Products / l Products 

R CF z 3 

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 in Section 1.5.c., fluoroalkenes are 

very electrophilic, making their chemistry dominated by nucleophilic substitution 

reactions67. 

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 intermediate67 (Scheme 92). 

Nuc- + XFB Nuc I I r p::+A. Nuc I r. r-
FA F F8 FA F F8 

(58) 

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.ii. Electronic effects : 

One fluorine atom in the a position to a carbanion have a stabilising effect. 

However calculation and experimental work disagree on the effect of a ~-fluorine to a 

carbanionic stability, it has always been considered67, 68 that fluorine in the ~ position 

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

F.__ C-C 

-Icr (stabilising) 

~ 

Q.__c-
_Q ·(stabilising) 

a 

Scheme 93 

4.2.b.iii. Orientation of the attack: 

Scheme 94 

Scheme 94 shows that the CF2 position 1s 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. 
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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). 

+ 
CH30-CF=CF-CF3 

Base 
C2H50H + CFTCCl=CF2 ---t•• C2H50-CF2-CHCI-CF3 

+ 

83% 

CHCI(C02C2H5)2 + CFTCHCI-C02C2H5 

4.2.c. Mechanism: 

Base C2H50-CF=CCI-CF3 

34% 

Scheme 95 

The nucleophilic substitution at a vinylic carbon involves an addition 

elimination process 6?, 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). 

t-b~ -----; ..... 'c=c/ + x 
~I / 'y 

y 

Scheme 96 

Rappoport and eo-workers have shown in their various stereochemistry 

studies69-72 that in most cases of dehalogenation reactions, retention of configuration 

is observed. However, stereoconvergence (the same product mixture from an£- 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.i. 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=CF2 (X : H or hal) 

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

Na 

Scheme 97 

In each reaction, the difluoromethylene group in the chlorotrifluoroethylene 

was preferentially attacked rather than the monofluoromethylene. They only obtained 

products resulting in addition across the double bond. 

Miller and eo-workers 75 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). 

Scheme 98 · 

Work has been carried out at Durham76, 77, Dmowski61 performed one of the 

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

99). 

(\ RONa ROH,.... ~ f\ 
'-0 AcF=CF-CF3 + o C(OR)=~F-CF3 '-0~F(OR)-CFH-CF3 

(59) 

R : C2H5-, n-C3Hr, iso-C3Hj-, cyclo-C;~-, 

CF3-CH2-,(C2H5) 2NCH2-CH2-

(60) 

Scheme 99 

(61) 

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 

1 00), which makes the fluoride ion elimination faster than the hydrogen abstraction 

from another molecule of alcohol. 

4.3.a.ii. Unsaturated aleohols : 

vrcaF-CF, 
OR 

Scheme 100 

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. 

R : Cyclic alkanes, cyclic alkenes 
0 

R~ 
Scheme 101 

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 1912 78. The asymmetric 

Claisen rearrangement provides a good way to induce chirality transfer79-81 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 a bond within the conjugated 7t-system82, 

83 

150-200 oc 
----~ c 

Scheme 102 

This reaction implies a suprafacial pathway81. 84 with a chair like transition 

state because of the favourable LUMO C3 and HOMO C3• interactions (Scheme 103). 

2' 
1' ~3' 
0'~ 

1~ 
2 

2' 

c 
/ 

2 

}LUMO 
Chair like 

}HOMO 
Transition State 

Scheme 103 

Whereas unfavourable interactions between the LUMO Cz and HOMO Cz• in 

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

Scheme 104 
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* Stereocontrol : 

The stereochemical outcome of the reaction, i. e. stereochemistry 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). 

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 Krespan8 5. 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-workers86 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. Andr~ev et a[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). 

CF3......._ 
/C=CF-O-CH2-CH=CH2 

CF3 

-

----:~ 

CH2=CH-CH20H '\ 
(62) 

Scheme 107 

Similar reaction were performed using propargyl alcohol. This reaction was 

exothermic in presence of KF and solvent even at OOC and -15oC and gave an allene 

as rearranged product (64) (Scheme 108). 

CF3......._ 

;: 

C=CF-0-CH?-L=CH 
CF(' -

-

----:~ '\ 
Scheme 108 

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 Cl 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-workers87-89 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). 

Scheme 109 

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

vinyl intermediate could be isolated (Scheme 110). 

79 



b, R 1 : H, R2 : OMe 
X: CorN 

c, R], R2 : OMe · 
X: CorN 

KOH 
Dioxan 

Scheme 110 

N 

~Ph 
0 

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 literature90-98 showed that the 

subject is still a field of interest. 

4.3.b. Reactions involving nitrogen centred nucleophile : 

Little work has been reported99, lOO 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-workers99 , to 

yield difluoroacetonitrile (71), which readily trimerised to give (72) (Scheme 111 ). 
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(71) 

NHz-CF2-CHF2 ------:~~ NC-CHF2 + 2HF 

CHF? 
3 NC-CHF2 NA~ (72) 

cJ;.NJl.CHF2 

82% 

Scheme 111 

Primary and secondary ammes have also been reported to react with 

fluorinated alkenesiOO (Scheme 112). 

Scheme 112 

~ CFrCFH-CFrN(C2Hsh 
+ 

CFrCF=CF-N(C2Hs)2 

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. Me Grath and LevineiOI reacted a 2 fold excess of phenyllithium 

with tetrafluoroethylene, in refluxing ether which led to the diaddition product 

(Scheme 113). 

ether 

CF2=CF2 + 2 C6HsLi -~3~0~nu""·~n---~~~ 
reflux 

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

the following one : 

LiF 

Dixonl02 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 

derivatives 103. 

4.3.c.ii. Organomagnesium compounds: 

Grignard reagents have been proved to react successfully with 

fluoroolefinsl03, 104 as illustrated 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 ~ one-electron transfer is 

involved in the first step. 

(CsFJs).+e- ,..... (CsF1s)-

(CsFJs)- - F ,.._ CsF14 

C8F 14 + PhMgBr ,... CFrCF=C(CF3)C(CF3)=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-workers105 proved that sodium malonate derivatives 

reacted successfully with hexafluoropropene in dimethylformamide to give the ester 

(74) in a good yield (Scheme 116). 

DMF 
CFrCF=CF2 + NaCH(C02CH3)2 _3.....:;5;;..;;-4.....:;0=:-0C _ __.. CFrCFH-~=C(C02CH3)2 

2 h CH(C02CH3)2 

(74) 

93% 

Scheme 116 

4.4. Electrophilic addition reacti~ns : 

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 l.S.c.). Therefore, they should react poorly with electrophiles and sometimes 

require drastic conditions106. 

4.4.a. Orientation of electrophilic attack : 

The addition proceeds according to the double bond polarisation, which 

depends on the a inductive effect of the fluoroalkyl group and the electronic effect of 

the fluorine atoms on the double bond 107. 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). 

+ c--.cF3 

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 OOC. The polarisation of the double bond is mainly due to the unshared electron 

pair of both heteroatoms. 

~ t ooc 
CFrCF=CF-O-CH3 + Br2 CFrCFBr-CFBr-O-CH3 

~ .-f._ ooc 
CFrCF=CP-N(C2Hs)2 + Br2 ,... CFrCFBr-CFBr-N(C2H5)z 

Scheme 118 

Douglasl08, 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). 

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 · I+ + er 
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 109-111. They usually occur at room temperature to 

give the epoxide in good yield (Scheme 121). 

4.5.a.ii. Peroxide : 

MeCN 
+ NaOCl-----:~ 

OR 
rt 

Scheme 121 

72% 

An ·aqueous solution of H202 in presence of a base, at room temperature, has 

been used to obtained the hexafluoropropylene epoxide112 (Scheme 122). 

CF3 F 
'c / =c 
~ 'F 

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 77 temperature to give the resulting 

epoxide. For example Fujita and co-workers113, studied the epoxidation reaction of 

ally lie fluorides. They obtained 2 products with different stereochemistry. 

R~R m-CPBA R .. O R 

~+ 
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, dials 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). 

ROH + Na 

1 

A, orB, 

A, alcohol as solvent, rt, 24 h 

B, THF, 50 °C, 24 h 

Scheme 124 

Na+- OR 

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 

/"...~ + ROH 

V 1F3 
Scheme 125 

All the reactions were heated at reflux and monitored by 19p 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.i. 1-CZ-pentafluoroprop-2-enyl)cyclopentane (54b) and sodium ethoxide : 

CF=CF-CF3 

6 + Eto-+r<a 
(54b) 
1.0 2.0 

Et OH 
Reflux 
4 days 

O-CH2-CH3 

F 

(75b) CF3 
1.0 

+ 

Scheme 126 

+ 

orr~:J 

(76) 

0.3:0.1 

(75a) F 

0.3 

Yield: 33% 

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 s~t 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 a:s 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. 

* Z-isomer (75b): 

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

Hz, which was not observed in the fluoroalkene (54b) (Scheme 127). 
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i j 

,orr~CH, 

d e CF3 
h 

Scheme 127 

* £-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 (4Jcp 3.0 Hz) (Scheme 128). 

i j 

,orr~~~, 
d e F 

Scheme 128 

Curiously, examination of the 1 H, l3C and 19p NMR spectra recorded after 

few days, showed that the ketone (77) was the only product in the mixture (Scheme 

129). 

0-CH2-CH3 

F 

CF3 

(75b) 

+ 

+ 

(76) 

(75a) 
rt, days 

0 d-{H 
(77) 

Scheme 129 

The infrared spectrum confirmed this result with the appearance of a strong 

C=O 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 £-isomers (75b) and (75a) generating HF. 

+ HF 

CF3 

· (75b) and (75a) 

Scheme 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 ~ carbon. 

4.6.b.ii. 1-CZ-pentafluoroprop-2-enyl)cyclopentane C54b) and sodium methoxide : 
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ACF-CF, MeOH 

U + Meo-+Na_,._R_efl_u_x_:~ 
8 days (54b) 

1.0 2.0 

Scheme 131 

OXtH 
(78) CF3 

Yield: 35% 

The Z-alkene (54b) was refluxedin 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 
F THF 

--..;;;:: 80 ° c 
+ NaO-CHrCH=CH2 --=9-d,_a-ys-Joo:: 

CF3 
(54b) 

1.0 3.0 

Scheme 132 

0 

(79) 

Yield: 67% 
Conversion: 95% 

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.ii.). The mechanism 

of the reaction is illustrated in the following Scheme 133. 
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F 

db~+ 
(54 b) 

THF 
80 oc 

Na0-CH2-CH=CH2 9 days 

(81) 

(83) 

Scheme 133 

f( 

7di: 
(80) 

3 

~0 
and/or 

l 
:::::;;.

and/or 

---o 
(82) 

0 

(84) 

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=O 

vibration band at 1731 cm-1 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 (2JcF 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 

pp m. 

The Claisen rearrangement was observed by 19p NMR with the disappearance 

of the signal of the vinyl fluorine NMR signal at -133.6 ppm (which is similar to that 

observedfor the starting material (54b) and emphasised, as in Section 4.6.b.i., 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 pp m (Scheme 134 ). 
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r 
0 -133.6 ppm 

if( 
0 

-180.0 ppm 

(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 19p NMR proved that the rearrangement· 

did not occur immediately. In fact the allyl ethers (80) and its £-isomer were visible, 

since 2 doublets corresponding to the CF 3 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). 

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 Rand S, but by NMR spectroscopy they would not be distinguishable. 

* iH NMR: 

The 2 protons ·of the methylene CH2 group are non-equivalent and 

diastereotopic and the methylene carbon is a prochiral centre (Scheme 136). 
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R : cyclopentane 

Scheme 136 

Such protons Hh' and Hb" 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 (3JFH 13.2 

Hz, 2JHH 14.4 Hz and 3JHH 6.8 Hz) and for the other one, at 2.8 ppm a doublet of 

doublets of doublets (3JFH 34.6 Hz, 2JHH 14.4 Hz and 3JHH 7.6 Hz), 

*ne NMR: 

If the 1 H NMR spectrum placed all the protons of the CH2 groups in the 

cyclopentane ring to be equivalent between 1.6-1.9 ppm, the ne 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 4Jcp 5.0 Hz. Ca coupled also with the fluorine atoms to give a 

doublet of quartets at 36.0 ppm (3Jcp 20.2 Hz and 4Jcp 1.2 Hz). Curiously a F;C spin

spin coupling was observed at 127.7 ppm for Ci with a doublet (3Jcp 2.7 Hz) whereas 

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

0 H 
j 

c i ::;:::;---_ H 

e 

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

1 .0 3.0 

THF 
80 oc 

-.,.......,-----,~ 

5 days 

Scheme 138 

93 

(85) 

Yield: 54% 



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-1 and 1955 cm-1 and 

the C=O vibration at 1732 cm-1. In contrast to the allyl alcohol, the reaction was 

completed faster (5 days instead of 9 days) and the· reaction intermediate, 

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. Cr was coupling with the fluorine atom via 

2 bonds, Ci was coupling with the fluorine atom via 3 bonds. The fact that 2JcF 

26.4>4JcF 8.4 Hz allowed attribution of the chemical shift of both of them and gave 

8c=O 204.1 ppm and 8c=C=C 209.3 ppm. 

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

F 

/'-.. )=(F + Na0-CH
2
-CH=CH-CH1 V hF3 

(54 b) 

1.0 3.0 

Scheme 139 

Yield: 69% 
Conversion : 89% 

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 19f 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-1. 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 Carpenter114. 

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 Ct, Cz and C6 positions (Scheme 140). 

5 6 

4~CH3 

oAc 
CF3 

Scheme 140 

According to Carpenter's analysis, electron withdrawing groups (such as CF3 

at the Ct position) and electron donating groups (such as CH3) at the C6 position, 

have a rate retarding effect, whereas the electron donating group at the Cz position 

has a .rate accelerating effect. Both retarding effects from the Ct and the C6 

substituents seemed stronger than the rate accelerating one due to the substituent at 

Cz, 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.iv. 1-CZ-peritafluoroprop-2-enyl)cyclopentane (54b) and but-1-en-3-ol : 

d=LF + 

(54b) CF3 

1.0 

ON a 
I 

CH2=CH-<;H 

CH3 
3.1 

THF 
80 oc 

-...,.1""'0_,d:-a-ys-....,..,.... 

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) (only observed by 19p NMR) (Scheme 141). 

The Claisen rearrangement 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 Cz and C4 positions rather than the 

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

~6 
30 

if( 
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 CH3 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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R 

(88) 

Scheme 143 

CF3 

~ 
+ F CH3 

(89) 

Structure of the acid (88) was proved by lH NMR and l3C NMR spectra. 

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

1-ol : 

F 

di,~+ 
(54 b) 

1.0 

N aO-CHrCH=CH -CF3 

3.1 

THF 
80 cc 

-----·~ 
14 days 

~CF3 
0 

~ 
0 

(90) 

Only observed by 
19F NMR 

Scheme 144 
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The previous alcohol used (but-1-en-3-ol), illustrated the effect of an electron 1; 

donating group (CH3) 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 

rearrangement to occur, this was due to the presence of the two CF3 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 

n1:1cleophilic substitution reaction occurred and secondly that the ether (90) 

intermediate rearranged to give the ketone (91). 

4.6.c. vi. 1-CZ-pentafluoroprop-2-enylkvclopentane (54b) and geraniol : 

F 

ere+ 
(54 b) 

1.0 

(92) 

Scheme 145 

3.0 

Yield: 72% 
Conversion : 94% 

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 1 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-env l)cvclooentene (57b) and geraniol : 

F 

er(+ 
(57 b) 

1.0 

THF 
5 days 
80°C 

(93) 

Scheme 146 

3.1 

Yield: 45% 

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. ·t-(Z-pentafluoroprop-2-envl)cyclopentane (54b) and benzvl alcohol : 
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p 
F 02

0Na 
0 en; ~ THF en; + 80°C 

h S days 

(54 b) (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 problems8I, 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 S days and the ether (94) was obtained, under 2 

isomeric forms in a ratio 320:1, in a moderate yield (5 i% ). This was an interesting 

· result because it showed _that the reaction was highly stereoselecti ve and formed 

exclusively one isomer. A slight stereoselectivity was already observed for the 

nucleophilic substitution reaction using ethanol, but because the product obtained was 

not pure enough, stereochemical studies could not have been performed (Section 

4.6.b.i.). 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, considering 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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Scheme 148 

Nu 

(95b) 

This stereochemical outcome has been elucidated by lH-{ l9f} NOE 

·difference spectroscopy experiment (nuclear Overhauser effect). Two magnetic nuclei 

can interact in two ways5 1 : 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 signal for the other nucleus. Structural 

assignment of the carbon, proton and fluorine atoms were accomplished based on the 

NMR data which showed well resolved resonances. 

I 

.;y~m 
_j I # 
1 n 

0 

0 

'(Jk( 
d e CF3 

h 

Scheme 149 

For the lH-{ 19f} NOE difference experiment, preirradiation of the fluorine 

. signal at -156.9 ppm (fluorine atom of the CFgroup), 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. 
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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 17. 
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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 nucleophile53. 

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. 

2.0 1.0 

THF 
80 oc 
7 days 

=:><:: ~ 

Scheme 151 

~0 
Cp 

(96) 

Cp : Cyclopentane 

After heating the reaction mixture at reflux for 7 days, no change in the 19p 

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 reaction 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 olefins99, lOO. Therefore 

nucleophilic displacement using these compounds was tried on Z-alkene (54b). ·As 

previously, the reactions were monitored by 19p NMR. 

4.7.a. Ammonia: 
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The first reaction was carried out using ammonia which had reacted readily 

with the other systems99. 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 
. NH2 F d=CF+ 4 days c!-1, NH3 )( ,... 

. 3 
(54b) (97) 

1 6 

Scheme 152 

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

addition of ammonia across the double bond. 

4.7.b. Diethylamine: 

Diethylamine was 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 19p NMR. 

F 

d=C~ 
(54b) 

1.0 2.8 

THF 
Reflux 
6 days 

----7)(~ ... 

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 table 53. 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 ones53. 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 studied 53. 

4.8.a. Organolithium 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 o·c to -80"C). However, the general procedure used for these systems consisted 

of heating the lithium derivativelOI at reflux with the Z-alkene (54b) in THF (Scheme 

154). 

F 

~+ 
(54 b) 

1.0 

BuLi 

2.5 

80"C 
3 days 
THF 

Scheme 154 

Bu 

~db: 
(99) 

3 

Z:E 
33:1 

Yield: 55% 

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 lH-{ 19f} 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 agam 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 shown44, 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 

previous! y. 

4.8.a.ii. tert-butyllithium : 

Similar reaction were used for the reaction involving tert-butyllithium 

(Scheme 155). 

F 

if( 
3 

(54 b) 

80°C 
6 days t-Bu 

THF if{ 
t-BuLi --~-'jE--- -.....::::: 

·~ ~ CF 
(100) 

3 

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.iii. Phenyllithium : 

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

system which can inhibit reaction with the Z-alkene (54b). 
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F 

di. 0 THF +o-o 80°C + 10 days 
~ 

(54b) (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.ii .. 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. e. the Cope rearrangement and malonate derivatives (Scheme 158). 

Both systems d}d not react with the Z-alkene (54b). 

THF F 
80 

oC CH2-CH=CH2 /'.. 0: BrMg-CH2-CH=CH2 --=><~h-.. "' ~/ V bF3 u -1F3 
1.0 2.0 

Scheme 157 

F 

"" M : NaCH(C02R), u hF 3 
1.0 2.0 

R: CH3, C2Hs 

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 Cooperll6, 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 

c1-t~' dt~ + Br2 
rt 

~ 

CF3 

1 2 (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 81 Br show 

an isotopic abundance in the ratio 1: 1, therefore molecular ions containing various 

number of bromines will show different patterns5 1. 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 19p 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 lH NMR and 

13C NMR, except for the carbons bearing the bromines and fluorine atoms; a shift 

towards lower frequency of 20 pp m 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 literature62-64. The reactions were easy to perform and gave 

the epoxide in good yield at rooin temperature. 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-alkene (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 rearrangeme'nt 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 lH-{ 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). 
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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 a position to 

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

/"-N/ 

' 

Scheme 160 

Then, the influence of a second heteroatom in the cyclic system will be 

described (Scheme 161). 

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 HFP. 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. 

hu . .. 
H2C-NR2 

- + .. . 
_._ _ _. H2C-NR2 

Scheme 162 

Free radical addition of amines to hexafluoropropene have been performed at 

room temperature using y-ray initiation. T~e 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

diisopropy le thy lamine because they posses primary, secondary as :w-ell 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. 

~FrCFH-CF3 ~FrCFH-CF3 

/'-N~ + /'-N~ > rFrCFH-CF3 

/"N....-......._ + 

> 
CF

2
=CF-CF

3 
y-rays 
3 weeks 

rt 

3.0 1.0 3% (104) 38% (105) 

CFrCFH-CF2 ~FrCFH-CF3 

~N~ 
+ >-CFrCFH-CF3 

6% (106) 

Scheme 163 

5.2.a.i. Monoadduct (104): 
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~FrCFH-CF3 

/""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 CH2 

group was preferentially the site of attack. These results were correlated with the 1 H 

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) : 

The diadduct (105), 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 CF2 groups for both major and minor 

has been observed instead of the 12 signals expected. A similar observation in the 1 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 

membered ring (Scheme 166). 

5.2.a.iii. Triadduct (106) : 

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 CH2 

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: 

2.5 

y-rays 
CF2=CF-CF3 3 weeks 

rt 

1.0 

CFrCFH-CF2 )FrCFH-CF3 

·~N . 

(10~ 
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 

spectra. 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 CH2 groups in a position to the nitrogen. 

5.2.c. N,N-diisopropylethylamine: 

>-N~+ 
) 

2.4 

y-rays 
CF2=CF-CF3 3 weeks ,... 

rt 

1.0 

Scheme 169 

>-N:-< (108) 

)--cF,-CFH -CF1 

3% 

+ 

>- __/CFrCFH-CF3 

N~ (109) 

)----cF2-CFH -CF 1 

11 o/o 

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 as 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 : CH2>CH>CH3 which is not in agreement with the order of stability 

of the radica! 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. 

0 + CF2=CF-CF3 
A, and B, u 

N CFrCFH-CF3 

I I · cno) . 
CH3 CH3 

A, 1.5 1.0 y-rays, 4 weeks, rt 

B, 2.9 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. e. the CH2 in the cyclopentane ring) is more reactive than 

the primary site. 

·s.3.b. N -methyl piperidine : 

0 
I 

CH3 

1.5 1.0 

y-rays _ __:___;~ 
4 weeks 

rt 

Scheme 171 

Yield: 19% 

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 pyrrolidine were used (4 weeks at 

room temperature). The analysis of the crude mixture by GC/MS and 19p 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 diiner 

and that the polyfluoroalky lated 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 : 

RM, RUR' 0:' OR, N N Rp 

I I I I 
CH3 CH3 CH3 CH3 

a b c d 

&F 
N OR, OR' 

N 0 
I I I I 

CH3 CHrRp CHrRp CHrRp 

e f g h 

Rp: CFrCFH-CF3 

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 hexafluoroproperie unit. The first free 

radical can be formed whether by abstraction of a hydrogen of a CH2 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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o. o· o o 
N N N N 

I I I I 
CH3 CH3 CH3 • CHz 

A B c D 

Scheme 173 

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

structures B and C can be eliminated and therefore the resulting dipolyfluoroalkylated 

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 < R'RCH < R'RCR", it 

is likely that the first step of the reaction occurs via abstraction of the a-amino 

hydrogen of the CH2 group in the cycloalkane ring (form A) rather than the one from 

the CH3 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 

abstraction process to give : 

QF 
I 

CHz-Rp 

f 

Scheme 174 

This result was confirmed by the HETCOR, DEPT and Be 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. 

Q. 
N CF2-CFH-CF3 I k I m 

CFrCFH -CF2-CHz 
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 CH2 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 I 0 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 : 

+ CF2=CF-CF3 

2.5 1.0 

·y-rays .... 
4 weeks 

rt 

Scheme 176 

Yield: 12% 

The reaction of the N-ethyl piperidine with hexafluoropropene was also 

studied. Interest in this molecule is due to the fact that 3 CH2 groups on the nitrogen 

can be functionalised as well as the CH3 group. This may yield different products 

than theN-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 CH2 neighbouring the nitrogen was observed 

between 40.0 ppm and 44.0 ppm and at least 2 CH groups neighbouring the 2 CF2 

groups of the 2 polyfluoroalkyl chains are observed between 54.0 ppm and 60.0 ppm. 

This is 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-ethyl 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 secondary sites (the CH2 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: 

y-rays 
+ CF2=CF-CF3 4 weekr"'" 

. rt 

() 
N 

I 
+ 

2.5 1.0 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 CH2 positions of the ring as 2 peaks representing the CH3 

groups of the 2 isomers at 43.2 ppm and 44.2 ppm were observed in the ne NMR 

and in the 1 H 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 

a,way 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-CHTCHTO- Free radical 

initiation 

+ -. .. 
X-N-CH-CHTO- •""-~..- X-N-CH~ CH2 -~0-

Scheme 178 

The second important thing that these results underlines is that the free radical 

addition occurs only at the position a 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: 

y-rays 
...... 

(l 
N CFTCFH -CF3 

I I -
() 

N 
+ 

4 weeks 
rt 

CFrCFH-CFrCH-CH3 CFrCFH-CF2-CH-CH3 

(115) (116) 

2.4 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 

CH2 group of the alkyl chain rather than the CH2 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-Rp as an 

integration of one proton has been observed in the 1 H NMR. The fact that the first 

hydrogen abstraction occurred at the CH2 group of the alkyl group rather than a ring 

CH2 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 : 

0 0 0 
C6H5~-0-0-~C6H5 60- 100·~ 2 C6H5~-0. 

Benzoyloxy radical 

Scheme 180 

The reaction was performed in an autoclave, 24 hours at 8o·c. After 

purification, a mixture of products was recovered. The mixture consists of benzoic 

acid (decomposition product of the dibenzoyl peroxide) 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 : 

3.0 1.0 

y-rays .... 
3 weeks 

rt 

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:CH2Ch and then 

CH2Cl2 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

butoxidt?. 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. 

Q + 
N CFz-CFH-CF3 

I . 
CFrCFH-CF2-CH-CH3 

1.0 4.0 
(119) 

(112) Yield: 30% 

Scheme 182 

5. 7. Conclusion : 

In v1ew of the vanous results obtained from free radical addition to 

hexafluoropropene, some general features can be established. The reactivities of sites 

a to the nitrogen are in the following order: CH2>CH>CH3. 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 nitrogen 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 methyl silicone or 5% phenyl methyl silicone capillary 

column. Preparative scale GLC was performed on a Shimadzu GC-SA (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 chromatograph. Accurate Mass measurements 

were effected on a Micromass Autospec Mass Spectrometer. Cl 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 400S, 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 

19p 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, solvents were dried using 

standart methods and stored where appropriate. 
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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.l.b. y-ray initiation : 

The reaction was carried out in a pyrex carius tube (volume ea. 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 

y60co source and irradiated (55Krad hr-1) 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 

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 l-adamantanyl-J,l,2,3,3,3-hexafluoropropane (36) (12.7 g, 40%, 

99% conv.) as a colourless liquid; bp 100-llOOC (9mmHg) (bpl 17 99-lOI"C); (Found: 

C, 54.3; H, 5.6. C13H16F6 requires: C, 54.6; H, 5.6%); NMR spectrum no. 1; Mass 

spectrum no. 1; IR spectrum no. 1 and I, 1,2,3,3,3-hexafluoro-l-[3-(l,l,2,3,3,3-

hexafluoropropyl)adamantanyl]propane (39) (9 .3 g, 19%) as a colourless viscous 

liquid; bp 122-130°C (9mmHg) (bpll7 124-126°C); (Found: C, 44.1; H, 3.6. 
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C16H16F12 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, 1-[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 (bpll7 143-14YC); 

(Found: [M-H]+, 585.089706 C19H1sF1s requires [M-H]+, 585.000000); NMR 

spectrum no. 3; Mass spectrum no. 3; IR spectrum no. 3 and 1,1,2,3,3,3-hexafluoro-1-

[3,5,8-tris(l,1,2,3,3,3-hexafluoropropyl)adamantanyl]propane (42) (3.0 g, 18%) as a 

white powder; mp 114°C (mp44 110-112°C); (Found: C, 35.6; H, 2.2. C22H16F24 

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 1-(1, 1 ,2, 3, 3, 3 -hexafluoropropyl)cyclopentane ( 43) 

(130.5 g, 59%, 73% conv.) as a colourless liquid; bp 138-142·c (bp44 134-135°C); 

(Found: C, 43.5; H, 4.6. CgHIQF6 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) (bp36 80-

81 oC); (Found: C, 35.8; H, 2.7. C11H 10F12 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 hexafluoropropene (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-

hexajluoropropyl)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-( 1,1,2,3,3,3-hexafluoropropyl) cyclopentanol (46) (130.5 g, 

55%, 71% conv.) as a colourless liquid; bp 150-16o·c (bp! IS 37-38.C); (Found: C, 

40.7; H, 4.3. CgHIQF60 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)cycloptmtanol (46). A 250 ml one-necked round 

bottom flask was charged with 1-(1, 1 ,2,3,3,3-hexafluoropropy l)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 HCl 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 MgS04. Distillation at atmospheric pressure gave 1-

( 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. CgHsF6 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 MgS04. 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 1-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) (bp44 219-221 OC); (Found: C, 58.6; H, 5.7%. C13H1sFs 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 1-

(pentafluoroprop-2-enyl)cyclopentane (54) (36.2 g, 80%) as a colourless liquid and as 

a mixture of isomers which were not separated (ratio Z:E, 8.3: 1.0); bp 130-140°C 
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. (bp44 119-121 OC); (Found: C, 47.7; H, 4.6%. CsHgFs requires C, 48.0; H, 4.5%); 

NMR spectrum no. 1 0; Mass spectrum no. 1 0; IR spectrum no. 10. 

trans-1,1 ,2,3,3-hexafluoro-1-[3-(1,1,2,3,3,3-hexafluoropropy l)cyclopen ty I] 

propane (44b). Dry sodium tert-butoxide (8.3 g, 86.5 mmol) in diethyl ether (20 ml) 

and t ran s- 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 l-[(JR,3R)-3-((JZ)-1,2,3,3,3-

pentafluoroprop-l-enyl)cyclopentyl]( IZ)-1,2,3,3,3-pentafluoroprop-1-ene (55) and 1-

[( 35, j R)-3-(( I Z)-1,2,3,3-pentafluoroprop-1-enyl)cyclopentyl]( IZ)-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 (bp46 76-7TC); (Found: C, 39.9; H, 2.4%. C11HsF10 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. CsFsH7 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 rnl 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 OOC and 

the alkene was added. The mixture was stirred at 80°C and monitored by 19p NMR. 

After cooling, water was added (30 cm3) and neutralised with aqueous HCl 10%. The 

organic layer was extracted into dichloromethane and dried over MgS04. 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 1-

cyclopentyl-1-ethoxy-2,3,3,3-tetrafluoroprop-1-e.ne (75); NMR spectrum no. 13; 

Mass spectrum no. 13; IR spectrum no. 13 and 1-cyclopentyl-1-ethoxy-1,2,3,3,3-

pentafluoropropane (76) (1.5 g, 33%) as a light yellow oil; bp 52oC (20 mmHg); 

NMR spectrum no. 14; Mass spectrum no. 14; IR spectrum no. 14. 

After a few days, 19p NMR analysis showed that 1-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 1-cyclopentyl-

1,2,3,3,3-pentafluoro-1-methoxypropane (78) (1.6 g, 35%) as a light oil; bp 100-

1250C; 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, 1-cyclopentyl-2-fluoro-2-trifluoromethyl-4-penten-1-one (79) 

(2.4 g, 67%) as a colourless oil; bp 50 OC (6mmHg); (Found: M+, 238.096216. 
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C11F40H14 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-pentafluoroprop-2-enyl)cyclopentane (54b) (3.0 g, 15.0 mmol) gave, after 

distillation at reduced pressure, 1-cyclopentyl-2-fluoro-2-trifluoromethyl-3,4-

pentadien-1-one (85) (1.9 g, 54%) as a colourless oil; bp 110-ns·c (20 mmHg); 

(Found: C, 56.3; H, 5.2. C11H12F40 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 -s·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 (1 0.0 g) was added and the mixture extracted with petroleum ether. 

The combined extracts were washed and dried over MgS04. 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

pentafluoroprop-2-enyl)cyclopentane (54b) (3.0 g, 15.0 mmol) gave, after distillation 

at reduced pressure, 1-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 so·c (<0.1mmHg); (Found: C, 57.4; H, 6.2. 

C12H16F40 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 2os·c (bpll9 214-

.21YC); (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, 1-cyclopentyl-3-ethenyl-2-fluoro-3, 7-dimethyl-2-trijluoromethyl-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. C1sH26F40 requires C, 64.67; H, 7.78%); NMR spectrum no. 21; Mass 

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 mmol) 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, 1-cyclopent-1-enyl-2-fluoro-3,7-dimethyl-2-

(trzjluoromethyl)-3-vinyloct-6-en-1-one (93) (0.6 g, 45%) as a colourless oil; bp 60oC 

( <0.1mmHg); (Found: M+, 332.176564. C1sH24F40 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, ( 1-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 (5mrnHg); (Found: C, 62.6; H; 5.5. CtsHt6F40 

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 mrnol) were refluxed at 80°C. 

The reaction was stopped after 7 days as no change in the 19F NMR was observed. 
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S.l.b. General 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 through 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 19p NMR. On termination, the resulting 

solution was poured carefully into water. The organic layer was extracted with 

dicloromethane and dried over MgS04. 

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 19p 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 19p 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 19p 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 (54 b) (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 19p NMR. The reaction was stopped as no change in the 19p 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 8o·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 8o·c and monitored by 19F 

NMR. On completion, the crude mixture was allowed to return to room temperature, 

poured into ice, neutralised with aqueous HCl (1 0%) 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-2-enyl)cyclopentane (54b) 

(2.0 g, 10.0 mmol) gave, after distillation at reduced pressure, (1-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. C12H1sF4 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 t-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 ml, 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, (1-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 66-7o·c 

(1mmHg); (Found: M+, 258.103130 C14H14F4 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 charged 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 19p NMR. On termination, the resulting solution was poured into water. 

The organic layer was extracted with dichloromethane and dried over MgS04. 

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 19p 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 19p NMR was observed. 

8.3.c. Grignard reagent : 

1-(Z-pentafluoroprop-2-enyl)cyclopentane (54b) with allyl magnesium bromide. 

To allyl magnesium bromide (3.0 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 NaHC03, extracted into diethyl ether and dried over MgS04. 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 o·c, with the halogen derivative and 1-

(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 MgS04. The solvents were 

removed by rotary evaporation and further distillation, under reduced pressure, gave 

the product. 

1-(Z-pentafluoroprop-2-enyl)cyclopentane (54 b) with bromine. 1- (Z

pentafluoroprop-2-enyl)cyclopentane (54b) (2.0 g, 10.0 mmol) and elemental 

bromine (3.2 g, 20.0 mmol) gave, after distillation at reduced pressure, 1,2-dibromo-

1-cyclopentyl-1,2,3,3,3-pentafluoropropane (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-

600C ( 10 mmHg); (Found: M+, 359.896442 CgHgFsBr2 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 ~sing CH2Cl2 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 CH2Cl2 as eluant a colourless liquid identified as the starting material. 

8.5. Epoxidation reactions : 

S.S.a. General procedure 

A two-necked flask, equipped with a cold finger and a dropping funnel was charged 

with NaOCI 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 CH2Cl2 and dried over 

MgS04. 

1-(Z-pentafluoroprop-2-enyl)cyclopentane (54b) with sodium hypochlorite. 

NaOCI (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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(1Z)-1-adamantanyl-1,2,3,3,3-pentafluoroprop-1-ene (53b) with sodium 

hypochlorite. NaOCl (15 ml), CH3CN (1.5 ml) and (lZ)-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 

CH2Cl2 (37.5 ml) was added to a mixture of meso-5,10,15,20-tetraphenyl-21H,23H-

porphyrin manganese (Ill) chloride (0.07 g, 0.09 mmol) and 

benyldimethyltetradecylammonium chloride (0.08 g, 0.19 mmol) in NaOCI (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 t:-(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 CH2Cl2 (25 ml), then 1-(Z-pentafluoroprop-2-

enyl)cyclopentane (54b) ( 1.0 g, 10 mmol) 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 Na2S203. The aqueous phase 

was extracted 2 times into dichloromethane. Then the organic layers were collected, 

washed with a saturated solution of NaHC03 and a solution of NaCl and dried over 

MgS04. 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.~) of diethyl(2,2,3,4,4,4-hexafluoro-1-

'methylbutyl)amine (104) as a colourless liquid (1.3 g, 3%); bp 119.4oC; (Found: [M

H]+, 250.104248 C9H14F6N 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. 

C12H1sF12N 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, 2.6. C1sH1sF1sN 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 CH2Cl2 as eluants, gave an isomer mixture (ratio 1: 1) of 

(2, 2, 3, 4, 4, 4-hexafluorobuiyl )(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. 

CwH14F12N 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 

mql) 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)(2,2,3,4,4,4-hexafluoro-1-methylbutyl)amine (108) as a pale yellow 

liquid (1.2 g, 3%); bp 141 OC; (Found: C, 47.1; H, 6.9; N, 5.1. C11H19F6N 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 CH2Cl2 as eluant, 

(2,2,3,4,4,4-hexafluoro-1, l-dimethylbutyl)(2,2,3,4,4,4-hexafluoro-1-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 14H19F 12N 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 CH2Cl2 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. CsHttF6N 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 60oC (8 mBar); 

(Found: C, 36.1; H, 3.2; N, 3.5. C12H13F12N 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 1-(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 1-

(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 58-60oC (13 mBar); (Found: C, 38.0; H, 3.8; 

N, 3.7. C13HtsF12N 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 1-

(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 

139 



isomer mixture (ratio : 0.4: 1.0) of 4-(2,2,3,4,4,4-hexafluorobutyl)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. CsHnF6NO 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. C11H11F12NO 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 40oC 

(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 OC ( 1.5 

mBar); (Found: C, 34.7; H, 3.0; N, 3.4. C12H13F12NO 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:CH2Cl2 (1:1) and then CH2Ch 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 243.6oC; (Found: C, 34.5; H, 3.1; N, 6.5. 

· C12H14F12N2 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 CH2Cl2 as eluant, 1,4-dimethyl-2,3,5-tris( 1, 1,2,3,3,3-hexafluoropropyl) 

piperazine (118) as a mixture of diastereoisomers (ratio 0.3: 1.0) and a brown oil (5.3 

g, 6%); bp 214.4°C; (Found: C, 31.7; H, 2.3; N, 4.9. C1sH14F18N 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 

(diethylarnino)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 8o·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 so·c). 4-ethyl 

morpholine (17.0 g, 0.-15 mol), dibenzoyl 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 NaHC03 then extraction with 

CH2Cl2 gave the nuceophilic product and the benzoic acid. Further treatment with the 

saturated solution of NaHC03 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-me thy lbutyl)-2-(1,1 ,2,3,3,3-hexafluoropropyl) 

piperidine (112). Dry sodium tert-butoxide (3.7 g, 38.5 mmol) in isopropyl ether (20 

ml) was cooled down to -so·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, l-((2Z)-2,3,4,4,4-pentafluoro-l-methylbut-2-

enyl)-2-((1Z)-1,2,3,3,3-pentafluoroprop-l-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. C13H13F10N 

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 2~ 

hours. After work up, 19p 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 chromatography using CH2C12 as eluant was 

tried but the product remained on the column. 
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Appendix A : NIYIR Spectra 

No. 1 1-adamantanyl-1, 1 ,2,3,3,3-hexafluoropropane (36) 

No. 2 1, 1 ,2,3 ,3 ,3-hexafluoro-1-[3-( 1,1 ,2,3 ,3 ,3-hexafluoropropyl)adamantany 1] 

propane (39) 

No. 3 1-[3,5-bis( 1,1 ,2,3,3,3-hexafluoropropyl)adamantanyl]-1, 1 ,2,3,3,3-hexafluoro 

propane (41) 

No. 4 1,1 ,2,3,3,3-hexafluoro-1-[3,5,8-tris(l, 1 ,2,3 ,3,3-hexafluoropropyl) 

adamantanyl] propane(42) 

No. 5 1-( 1,1 ,2,3,3,3-hexafluoropropyl)cyclopentane ( 43) 

No. 6 1,1 ,2,3 ,3-hexafluoro-1-[3-( 1,1 ,2,3 ,3 ,3-hexafluoropropy l)cyclopentyl]propane 

(44b) 

No. 7 1-(1, 1 ,2,3,3,3-hexafluoropropy l)cyclopentanol ( 46) 

No. 8 1-(1, 1 ,2,3 ,3 ,3-hexafluoropropy l)cyclopentene ( 49) 

No. 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) 

No. 10 1-(E-pentafluoroprop-2-eny l)cyclopentane (54a) and 1-(Z

pentafluoroprop-2-enyl)cyclopentane (54b) 

No. 11 1-[( 1 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)-l ,2,3,3-

pentafluoroprop-1-enyl)cyclopentyl]( 1Z)-1 ,2,3,3-pentafluoroprop-1-

ene (56) 

No. 12 1-( 1 ,2,3 ,3,3-pentafluoro-Z-prop-1-eny l)cyclopentene (57b) 

No.13 (lE)-1-cyclopentyl-1-ethoxy-2,3,3,3-tetrafluoroprop-1-ene (75a) and 

( 1Z)-1-cyclopentyl-1-ethoxy-2,3,3,3-tetrafluoroprop-1-ene (75b) 

No. 14 1-cyclopentyl-1-ethoxy-1 ,2,3,3,3-pentafluoropropane (76) 

No. 15 1-cyclopentyl-2,3,3,3-tetrafluoropropan-1-one (77) 

No. 16 1-cyclopentyl-1 ,2,3,3,3-pentafluoro-1-methoxypropane (78) 

No. J 7 1-cyclopentyl-2-fluoro-2-trifluoromethyl-4-penten-1-one (79) 

No. 18 1-cyclopentyl-2-fluoro-2-trifluoromethyl-3 ,4-pentadien-1-one (85) 

No. 19 1-cyclopentyl-2-fluoro-3-methyl-2-trifluoromethyl-4-penten-1-one 

(86) 

No. 20 cyclopentane carboxylic acid (88) 

No. 21 1-cyclopenty l-3-ethenyl-2-fluoro-3,7 -dimethyl-2-trifluoromethyl-6-

octen-1-one (92) 

No. 22 1-cyclopent-1-enyl-2-fluoro-3, 7 -dimethyl-2-(trifluoromethyl)-3-

vinyloct-6-en-1-one (93) 
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No. 23 Z-( 1-cyclopentyl-2,3 ,3 ,3-tetrafluoro-1-propenoxy)methy !benzene (94) 

No. 24 Z-( 1-buty l-2,3,3,3-tetrafluoro-1-propeny l)cyclopentane (99) 

No. 25 Z-(1-phenyl-2,3 ,3 ,3-tetrafluoro-1-propeny1)cyclopentane (101) 

No. 26 1,2-dibromo-1-cycJopenty 1-1,2,3 ,3 ,3-pentafluoropropane (103) 

No. 27 dieth y 1(2,2,3 ,4,4,4-hexafluoro-1-methy1buty !)amine (1 04) 

No. 28 bis(2,2,3 ,4,4,4-hexafluoro-1-methy lbutyl)ethylarnine (105) 

No. 29 tris(2,2,3,4,4,4-hexafluoro-1-methylbutyl)arnine (106) 

No. 30 (2,2,3 ,4,4,4-hexafluorobutyl)(2,2,3 ,4,4,4-hexafluoro-1-

methylbutyl)methylarnine (107) 

No. 31 bis(methylethyl)(2,2,3 ,4,4,4-hexafluoro-1-methy1butyl)arnine (108) 

No~ 32 (2,2,3 ,4,4,4-hexafluoro-1, 1-dimethy 1buty 1)(2,2,3 ,4,4,4-hexafluoro-1-

meth y 1buty l)(methy leth y !)amine (1 09) 

No. 33 2-( 1, 1 ,2,3,3 ,3-hexafluoropropy1)-1-methy lpyrro1idine (110) 

. No. 34 1-(2,2,3 ,4,4,4-hexafluorobuty l)-2-( 1, 1 ,2,3 ,3 ,3-hexatluoropropy l) 

piperidine (l11) 

No. 35 1-(2,2,3 ,4,4,4-hexafluoro-1-methy1butyl)..:2-( 1,1 ,2,3,3 ,3-hexafluoro 

propyl)piperidine (112) 

No. 36 4-(2,2,3,4,4,4-hexafluorobutyl)morpho1ine (113) 

No. 37 4-(2,2,3 ,4,4,4-hexafluorobuty l)-3-( 1,1 ,2,3 ,3 ,3-hexatluoropropy l) 

morpholine (114) 

No. 38 4-(2,2,3,4,4,4-hexafluoro-l-methy1butyl)morpholine (115) 

No. 39 4-(2,2,3 ,4,4,4-hexafluoro-l-methy1buty1)-3-(l, 1 ,2,3 ,3 ,3-hexafluoro 

propy1)morpho1ine (116) 

No. 40 2,6-bis(l, 1 ,2,3,3,3-hexafluoropropyl)-1 ,4-dimethy1piperazine (117) 

No. 41 1 ,4-dimethyl-2,3 ,5-tris(l, 1 ,2,3,3,3-hexafluoropropy1)piperazine (118) 

No. 42 l-((2Z)-2,3 ,4,4,4-pentafluoro-l-methylbut~2-enyl)-2-(( lZ)-1 ,2,3,3,3-

pentafluoroprop-1-enyl)piperidine (119) 

A') ,-,.__ 



Chemical Coupling Relative 

NMR Shift Multiplicity Constant Intensity Assignment 

i!Jpm) (Hz) 

IH 1.8 m 12 b, d 

2.1 s (br) 3 c 

4.9 d 2hH 44.0 I f 

d 3JFH 19.8 

q 3hH 6.0 

t9f -74.3 m 3 g 
-122.6 syst AB drn 2JFF 273.9 I e 

-130.0 syst AB dm 2} FF 2i3.9 l e 

-206.9 d 2hH 43.8 1 f 

q 3JFf7.9 

l3C 27.7 s c 

34.8 s b 

36.6 s d 

40.2 l 21cF 21.3 a 

83.8 . d 1JcF 197.4 f 

q 2JcF 33.6 

l 2JcF 8.0 

119.6 d IJCF 260.2 e 

d 1JcF 246.8 

d 2JcF 21.4 

121.4 q 1JcF 283.1 a .. 
d 2JcF 25.9 

No. 2 1 ,1,2,3,3,3-hexafluoro-1-[3-( 1,1.2,3,3,3-hexafluoropropyl)adamantanyl]propane 

(39) 

Chemical Coupling Relative 

NMR Shift Multiplicity Constant Intensity· Assignment 

(Epm) (Hz) 

IH 1.8 m 12 b 

2.3 s (br) 2 d 

4.9 d 2JFH 44.0 2 g 

d 3Jrri 20.0 

q 3JFH6.0 

19f -74.2 m 6 h 

-121.7 syst AB drn 2JFF 274.7 2 f 

-129.4' syst AB dm · 2JFF 274.7 2 f 

-207.1 d 2JFH 34.6 2 g 

q 3JFF 8.7 

t3C 27.0 s d 

31.9 m b 

35.3 . s c 

36.6 s e 

40.7 t 2JcF12.1 a 

83:9 d 1JcF 198.1 a .. 
q 2jCF 33 6 

l 2JcF 9.2 

119.2 d 1JcF 261.7 f 

d 1JCF 245.7 

d 2JcF 22.5 

121.2 q IJCF 283.4 h 

d 2JcF 26.3 
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l'!O. ~ l·[J,J-DlS\ 1,1 ,L,J,J,J-nexariUoropropyt)aaamamanytJ-1, 1 ,L,J,J,.>-nexanuoro 

propane ( 41) 

Chemical Coupling Relative 

NMR Shift Multiplicity Constant Intensity AssignmenL 

(ppm) (Hz) 

IH 1.8 m 6 b 

1.9 m 6 c 

2.5 s (br) I d 

4.9 m 3 f 

19f -74.1 s 9 g 

-120.6 syst AB dm 2JFF 276.8 3 e 

-128.6 syst AB dm 2JFF 276.8 3 e 

-207.2 s (br) 3 h 

t3C 26.6 s d 

31.5 s c 

33.2 s ' b 

41.2 t 2Jcp 20.9 a 

84.1 d 1JcF 197.8 f 

m 

118.8 d 1JcF 262.0 e 

d 2JcF 247.9 

d 2Jcr 23.0 

120.9 q IJCF 283.3 g 

d 2JcF 26.5 

No. 4 1, 1.2.3,3,3-hexafluoro-1-[3,5,8-tris( 1, I ,2.3,3.3-hexafluoropropyl)adamantanyl]

propane (41) 

Chemical Coupling Relative 

NMR Shift Multiplicity Constant Intensity Assignment 

(opm) (}lz) 

IH 2.1 m 12 b 

6.0 d 2fFH 42.0 4 d 

d 3JFH 20.5 

q '3JFH 6.5 

19f . 75.0 s 12 ° e 

-122.1 syst AB dm 2JFF 275.3 4 c 

-128.0 syst AB dm 2JFF 275.3 4 c 

-207.8 d 2JFH 32.0 4 d 

q 3JFF 7.9 

t3C 30.9 s b 

42.3 I 2Jcr 22.4 a 

84.0 d 1JcF 198.1 d 

g 2JcF 33.6 

l 2lcF 9.2 

i 19.8 d 1JcF 261.1 c 

d 2lcp 248.7 

d 2Jcp 21.7 

122.2 q 1lcp 282.6 ~ 

d 2JcF 25.9 
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·--- . ,-,-·-·-·-·- ·--··-·--·-:--·-.~) ·:-J-· ..... r--··~-··- \--, 

Chemical Coupling Relative 

NMR Shift Multiplicity Constant intensity Assignment 

(pom) (Hz) 

1H 1.6 m 2 C.: d ax or eq 

J.7 m ~ C.~ d :J.X or eq 

b, e .ax or eq 

1.9 m 2 b~ e ax or eq 

2.5 m I a 

4.8 d 2lFH "-'1.0 I 0 
0 

d 3JFH 1'5.2 

d 3Jr.., 6.0 

q 3Jr..,5.2 

19f. -71.8 s 3 h 

-111.5 syst AB dm 2J FF 264.6 1 f 

-115.8 syst AB dm 2];:;: 264.6 I f 

-208.5 s I ~ 

13( 25.1 d 3JCF 4.2 b ore 

d 3JcF 2.2 

25.6 s cord 

25.8 s cord 

26.1 d 31cF 6.1 b ore 

m 

42.4 I 2JCF 22.1 a 

85.9 d 1JCF 196.7 g 

q 2Jcr 37.8 

l 2JCF 32.0 

120.1 d 1Jcr 260.2 f 

d 1Jcr 2<~6.8 

d 2Jcr 24.0 

120.8 q 1 JcF 282.3 h 

d 2J CF 26.0 

No. 6 l, 1 ,2.3,3-hexafluoro-1-[3-(1, !,2,3.3,3-hexafluoropropyl)cyclopenryl]propane 

(44b) 

Chemical Coupling Relative 

NMR Shift Multiplicity Constant intensity Assignment 

(oom) (1-!..z) 

1H 1.8 m 2 CH2 

1.9 m 2 CHz 

2.0 m 2 CHz 

2.7 s 2 2CH 

4.8 d 2lrrl 31.2 g 

m 

19f -i3.0 s 6 h 

-!15.0 m 4 r 

-209.3 s 2 g 

13( 24.0-26.4 m 3 CH2 

42.1 m CH 

42.3 m CH 

85.8 d 1Jcr !95.9 g 

m 

119.3 l 1Jcr 254.1 f 

m 

120.8 q 1JcF 282.7 h 

d 2JCF 2i.O 

-· 



r • h HA,-C':"'-CFJ 

\:_/ 
c d 

Chemical Coupling Relative 

NMR Shift Multiplicity Constant Intensity Assignmenl 

(oom) (Ell 

IH 1.6-2.1 m 8 b, c:, d, e 

1.9 s ! OH 
5.2 d 2Jr.., 43.4 I g 

d 3JFH 19.2 

q 31:=;-J 6.4 

19f -74.5 m 3 h 

-121.4 syst AB d 2JFF 274.6 I f 

d 3JFF 13.6· 

q 31:=-rl 6.4 

-127.2 syst A.B d 2JFF 274.6 I f 

hept 3J;:::., 10.2 

-210.0 d "Ji=:-; 43.3 1 g 

m 

tlC 2" -~-~ s cord 

24.5 d 41CF 1.9 cord 

34.3 q 31c:: •JcF bore 

4.2 

35.4 d 41CF 6.4 bore 

83.4 d lJCF 194.8 . . 
d 2Jcr 39.1 

d 2Jcr 34.3 

q 2Jcr 24.4 

83.6 m a 

No. 8 J -( 1, 1.2;3 ,3 ,3-hexafluoropropyl)cyclopentene (49) 118.6 d IJcF 262.0 f 

d 1Jcr 247:2 

d 2Jcr 23.6 

121.5 q 1Jcr 282.7 h 

d 2Jcr25.9 

Chemical Coupling Relative 

NMR Shift Multipliciry Constant Intensity Assignment 

(pom) (Hzl 

IH 2.0 quint 3JHH 7.6 2 c 

2.5 m 4 b,d 

4.8 d 2J:=-r! 43.9 I g 

d lJ:=-r! 11.5 

d lhH 6.0 

q 3JFH 5.8 

6.2 m j e 

19f -74.8 m 3 h 

-104.5 syst AB dm 2JFF 272.9 1 f 

-109.7 systA.B dm 2JFF 272.9 1 f 

-210.1 d 2JFHJ3.7 1 . . 
sext 3JFF 11.7 

t3C 23.2 s c 

30.8 q 31cF 4JcF b 

2.2 

32.7 t 4JCF 1.3 d 

86.2 d 1JcF 198.1 g 

sext 2JCF 34.0 

115.5 t 1Jcr 244.5 f 

d 2JCF 22.9 

120.6 q 1JcF 283.4 h 

d 2Jcr25.7 

135.0 t 2J CF 24.0 a 

135.8 t 41cr7.2 e 

d 5Jcr 3.1 

A6 



(:;=] 

rl 
r--::..~c__:= 

l. 

.I \. en: ' \. 
[J:::::J -

Chemical Coupling R~lative 

NMR Shift Multiplicity Constant Intensity Assignme:1t 
(pom) (t:z) 

IH 1.7<1 m 6 b 

!.96 d 3J!-fri 1.2 6 d 
2.06 s (br) 

19f -67.6 d 4JFF 22.6 3· 

d lJFF 10.2 

-! 49.3 d 3JF? !32.1 CF (e) 

q 4 JFF 23.3 

-175.6 d 3JC'F !22.7 CF(f) 
3JF 10.5 

uc 2i .i 

36.3 b 

37.8 51c? 3.3 d 

39.4 

I! 9.• d IJCF 272.3 

d 2JcF 36.2 
2JcF 3.4 

!37.7 d IJcc 248.6 

d 2JcF !29.3 

d lJc:: 29.! 

No. 9 ( \Z)- \ -aciamamanyl-1,2.3.3.3-pentafluoroprop-1-ene (S3b) 160.4 q lJcc 220.1 0 
~ 

d 2Jcr35.7 

lJc;:2.7 

Chemical Coupling Relative 

NMR Shift Multiplicity Constant Intensity Assignmenc 

(oom) (Hz) 

IH 1.7 m 6 b 

!.9 d lJHH 2.8 6 d 

2.1 s (br) 3 c 

19f -60.2 t 3JFF 41FF 8.7 3 g 

-125.2 q 4JFF 8.7 I CF (e) 

-154.8 q lJFF \0.2 I CF(t) 

13C 27.8 s c 

36.2 s b 

37.9 t SJcF 6lcF d 
1" _ . .) 

39.2 s a 

120.0 d IJcF 270.2 f 

d 2JcF 3_54 

q 21cF 9.2 

137.7 d IJcF 248.7 e 

d 21cF43.! 

q lJcF29.0 

!60.7 q lJcF 263.8 g 

d 21cF !3.0 

d lJcF4.6 

A7 



Chemical Coupling 

Nl'vfR Shift Multiplicicy Constant 

(pom) (J-!..z) 

IH t.a m 

l.i m 

. !.9 m 

3.0 m 
l9f -67.7 d • I Fi' 21.0 

d lJ::;: ll.i 

-t49A d lJ::;: 130.9 

d 3fFI'l32.2 

q •j::;: 2!.3 

-175.4 d lJ::;:l3l.O 

d lJ?'F 1!.5 

d ~JF:-{5.2 

tJC 26.J s 

29.1 s 

36.7 m 

119.3 q lJc;: 27lA 

d 2Ic;: n.o 
d 1IcF "-.2 

No. 10 l·(Z·pentar1uoroprop-2-onyl)cyclopencano (5<1b) 

F 

Chemical Coupling 

NMR Shift Multiplicicy Cons cant 

(oom) (Ez) 

tH 1.6 m 

1.7 m 

1.9 m 

3.0 d lJF!-! 35.2. 

m 

l9f -65.6 d lhF 11.7 

d 4 JFF9.0 

.·132.9 d lJFH 3<~.7 

d lJFF 5.5 

q 4 JFF 9.2 

-159.3 q lJF'i' 12.0 

d lJFF 5.j 

tlC 26.3 s 

29.6 s 

36.6 d 'le;: 20.9 

m 

120.2 q 1Jc;: 270.0 

d 'JcF 3<~.7 

d lJc;: 9.6 

[]4.5 d 1JcF 2~9".5 

d 'le;: 40.2 

q !Jc: 1~.2 
1553 d IJc;: 262.J 

d 2Jc;:6.6 

q 'Ic:= H 

AS 

R:lativc 

!mens icy 

2 

<1 

2 

I 

3 

! 

l 

Re!J.tive 

lncensicy 

2 

4 

2 

3 

I 

l 

. :.\ssignmenc 

b, ~ :u or ~Q 

b, ~ :u or '!QJ 

~ d :l.t or eq 

~ d :u: ur -:q 

a 

h 

CF(t) 

CF (g) 

c 

b 

~ 

h 

r\..ssignmenc 

b, e :J.:C or o:t.t 

b, e 'J.~ or .:q• 

c, d :u: or eq 

C, d u or eq 

.l 

h 

CF (t) 

CF (g) 

c 

b 

~ 

h 

g 

f 

\. 
i 
I . 



. 

1-( l,2,J,J,J-pemafluoro-Z-prop-l-enyl)cyclopentene (Sib) 

F,,r IVF 
C=L"cf 

l)· h 

3 

c z 
d 

Chemical Coupling Relative 

lR Shift Multiplicity Constant Intensity 

(pom) (Hz) 

f 2.0 qui m 3JHH7.2 2 

2.5 m 2 

2.6 m 2 

6.3 d 4JFH 6.8 l 

t lJHH 2.4 

t 4JHH 0.2 

-64.6 d 3JFF l'l.7 3 

d 4 JFF 8.7 

-120.9 s (br) l 

-155.8 d lJFF 11.3 I 

q lJFF 11.3 
~ - 23.5 s 

32.4 d 31cF 1.8 

q 5JcF 1.6 

33.2 s 

120.0 q IJcF 270.0 

d 2JcF 34.7 

d 31cF 8.9 

129.4 d 2IcF 21.0 

m 

135.5 d IJcF 2.54.8 

d 2JcF4l.O 

q lJcF 25.8 

140.2 d 31cF 7.2 

d 41cF6.l 

q 5lcF 2.3 

149.0 d IJcF 254.4 

1.2.3.J.J-pemat1uoroprop-l-ene (55) and 1-[(35, i R)-3-(( I Z)-1.2.3.3-penucluoroprop-

1-enyl)cyclopencyl]( l Z)-1.2,3.3-pencatluoroprop-1-ene (56) 

Chemical Coupling Relative 

NiVlR Shift Multiplicity Constant Intensity Assignmenc 

(pp m) (Hz) 

IH 1.8-1.9 m <! e, d :l.t or t:q 

.[.9-2.0 m 4 b 

2.0-2.1 m 4 e, d il.t or t:q 

3.2 m 2 a, c 

3.3 m 2 a, c 

19f -66.2 d 3JFF I U 12 h 

d 4JFf3.7 

-134.7 d lJFF 4.5 4 CF(t) 

q 4JFF 8.7 

-!57.8 q lJFF 11.7 4 CF (g) 

d lJFF 4.5 

IJC 28.6 s b 

30.1 s b 

31.7 s d, e 

32.3 s d, e 

36.5 d 2Jc:: 22.1 . a, c 

m 

36.9 d 2JcF22.5 a, c 

m 

120.0 q 1JcF 270.4 h 

d 2JcF 3<!.7 

120.1 q IJcF 262.1 h 

d 2JCF34.7 

135.2 d 1JcF 252.2 g 

m 

153.6 d 1JcF 264.0 f 

d 2JcF I !.l 

q 3Jc;:3.5 

Assignment 

c 

d 

b ·' 
e 

h 

CF (t) 

CF(g) 

c 

b 

d 

h 

a 

g 

e 

r A9 

' i. 



No. 13 (l£)-1-cyclopencyl-1-ethoxy-2,3,3.3-cecrafiuoroprop-1-ene (iSa) 

Chemical Coupling Relative 

NMR Shift Multiplicity Constanr Intensity Assignment 

(pom) (Hz) 

IH 1.2 I lJHH 6.8 j j 

1.6 m 2 b, e ax or eq 

1.7 m 6 b, e ax or eqt 

c, d 

2.9 d lJHH 8.4 I a 

d 3JHH 8.3 

d 4JFH 4.0 

3 8 q 3JHH 7.2 2 i 

l9f 

I 
-66.9 d 3JFF 10.2 

I 
3 

I 
h 

·161.6 a 3JFF 13.2 I g 

tlC 30 0 d . 
4JcF 3.0 b, e 

31.0 s c, d 

38.5 m a 

No. 13 (lZ)-1-cyclopentyl-1-ethoxy-2,3,3,3-tetratluoroprop-1-ene (iSb) 

j j .)... .c~CH1 
'Ur--1. 

d ' ~Fl 
z 

Chemical Coupling Relative 

NMR Shift Multiplicity Constant Intensity Assignment 

(pp m) (Hz) 

tH 1.3 t 3JHH 7.0 3 j 

m 

1.6 m 2 b, e ax or eq 

\.7 m 6 b, e ax or eqt 

c, d 

2.3 gumt 3JHH 7.6 1 ~ 

4.1 d 2JHH 6.8 2 i 

q lJH'rl 3.6 

l9f -62.9 d lJFF 10.2 

I 
3 

I 
h 

·159.1 d lJFF i.2 l g 

tJC 18.0 s j 

26.3 s b 

30.2 d 4JcF 2.3 e 

31.2 s c, d 

38.0 m a 

58.2 s i 

121.4 g 'Jcr 2?0.1 h 

d 2JcF 36.8 

133.5 d IJCF 241.1 g 

g 2Jcr 38.9 

149.3 quint 2Jcr lJcr f 

2 .. 6 

AlO 



No. 14 l-cyclopentyl-1-ethoxy-l.2.3.3.3-peruafluoropropane (76) 

Major Diastereoisomers 

Chemical Coupling Relative 

NMR Shift Multiplicity Constanr lnrensiry 

(opm) (Hz) 

IH !.6-!.9 m 8 

2.4 m I 

4.8 d 2JFH 44.4 I 

auinr 3Jpr; 6<1 

19f -74.3 d 3JFF 10.2 3 

d 3JF:-l 10.2 

d 4JFF 7.2 

-126.0 m I 

-207.7 d 2JFH 43.7 I 

m 

No. 14 l-cyclopentyl-1-ethoxy-1.2.3.3,3-pentarluoropropane (76) 

Minor Diastereoisomers 

Chemical Coupling Relarive 

NMR Shift Multipliciry ~onstant Intensity 

(pom) (H.z) 

IH 1.6- 1.9 m 8 

2.4 m l 

5.2 d 2Jr-r: 43.7 l 

d 3Jr-r: 21.8 

a 3JFH 6.o 
19f -77.2 d 3JFF7.2 3 

q · lJFH 7.3 

-130.0 m l 

-207.3 d 2JFH 43.7 l 

m 

All 

Assignmenr 

b, c, d, e 

a 

0 
0 

h 

f 

g 

.A.ssignmenr 

b, c, d, e 

a 

g 

h 

f 

g 



No. 15 l-cyclopencyl-2.J .J ,J-tetrafluoropropan-1-one (ii) 

\_ 

Chemical Coupling Relative 

NMR Shift Multiplicicy Constant Intensity .->.ssignmcnt 

(oom) (Hz) 

IH U-\.8 m 8 b, c, d, • 

3.3 quint lJHH 5.2 I a 

d 4 ]p~t.j 3.5 

d 4 JFH \.0 

5.0 d 2JFti 47.2 I g 

q lJp,., 7.0 

t9f -7 5.2 d lJF?ll.7 3 h 

d lJ F!-! 7.2 

-205.0 d 2hH 48.2 I 0 
0 

q lJr,:\\.7 

tJC 26.2 d "JcF 7.0 b, • 

28.6 s c or d 

29.0 s c or d 

47.5 s a 

89.0 d IJcF 20\.5 0 
0 

q 2Jc;:: 32.4 

120.8 q 1JcF 282.9 h 

d 2JcF 25.6 

203.2 d 2JcF 22.9 f 

No. 16 1-cyclooency 1-1.2.3.3,3-pentarluoro- 1-methoxypropane (78) 

Chemical Coupling Relative 

NMR Shift Multiplicity Constant Intensity Assignment 

(oom) (Hz) 

IH 1.6-1.7 m 8 b, c, d, e 

2.4 m I a 

3.2 s 3 i 

4.9 d 2JFH44.4 I g 

quint 5JHH6.8 

19f -74.3 d lJFF 10.5 3 h 

d lJFH 10.2 

d 4JFF 7.2 

-128.1 m I f 
-207.7 d l]FH 45.2 I 0 

" 
quint 3JFF I 1.7 

uc 25.6 s cord 

25.8 s cord 

26.2 d 3JcF 5.9 bore 

d 41cF 3.5 

26.5 d 31cF 2.3 bore 

29.7 s i 

4J.9 m a 

Al2 



Chemical Coupling Relative 

NMR Shift Multiplicity Constant Intensity Assignmenc 

( om) (Hz) 

IH 1.6-1.8 m 3 b, c, d, e 

2.6 d 31Pn 13.2 h 

d 2JHH 14.4 

d 3JHH 6.8 

2.8 d 2JFH34.6 h 

d 2lHH 14.4 

d 3JHH 7.6 

3.3 quint 31HH 10.8 a 

d 41Fn 2.3 

5.2 m 2 

5.6 quint 31HH3.0 

d ~JFH 2.8 

t9F -77.'7 d 3JFF 7.5 J k 

-180.0 d 3] FH 35.4 g 

m 

IJC 22.9 c, d 

26.1 d 41cF 5.0 b,e 

36.0 d 3 JcF 20.2 

q ~I er !.2 

47.3 s h 

97.8 d 11cF201.6 0 
~ 

q 2JcF 29.0 

1219 q 1JcF 285.7 k 

No. 18 1-cyclopenryl-2-fluoro-2-trilluorornethyl-3 ,4-penradien-]-one (85) d 2JcF 28.7 

122.2 

127.7 d 3JcF 2.7 

206.9 d 2JcF 27.5 

Chemical Coupling i<.elarive 

NMR Shift Multiplicity Constant Intensity Assignment 

(pom) (Hz) 

IH 1 6 m 2 C, d ax D~ ~q 

1 7 m 2 C, d ax or e~ 

].8 m 4 b, e 

3.3 t 3JHH 4.0 I 3 

I lJHH 4.0 

d 3JFH 8.0 

5.15 d 2JHH 3.6 I j' or j" 

5.16 d 2Jp..H 3.6 I j' or j" 

5.4 d lJFH 16 . .5 1 h 

t 
4 JHH 6.5 

t9F 

I 
-77.3 

I 
d 

I 
lJFF 8.7 

I 
3 

I 
k 

-17l.J m 1 . 
tlC 26.2 d 3JCF 11.9 b, e 

29.2 d 4JCF 5.2 cord 

294 d "Jc:: H cord 

46.9 s a 

31.3 s j 

85.4 d 2JcF23.9 - h 

q 3IcF 2.8 

93.7 d 1JcF 202.0 g 

! 
q 

2JcF 30.5 

1:?. J.j q tJcF 285.8 k 

d 2JcF 30.0 

204.1 d 2JcF 26! f 

:209 .J d lJcF 8 4 i 

Al3 



No. 19 1-cyclopentyl-2-fluoro-3-mechyl-2-trifluorome:hyl-4-penten-1-one (86) 

Major Diastereoisomers 

Chemical Coupling Relative 

NMR Shift Multiplicity Constant Intensity Assignment 

(oom) (Hz) 

IH 1.2 d lJHH·6.7 3 k 

q 51FH l.5 

1.6-\.8 m 8 b, c, d, e 

3.0 d 3hH 29.5 I h 

d lJHH Il.O 

q lJHH 7.5 
-, j __ quint lJHH 8.5 I a 

d 4JFH 4.0 

5.09 d lJHHtrans j' 

17.5 

5 12 d lJHHcis 10.0 j" 

5.7 d 3 JHHtrans i 

17.5 

d 3JHHcis 10.0 

d J JHH 8.0 

19f -72.9 d lJFF 5.6 3 I 

-189.1 d 3JFH 29.0 1 g 

m 

tJC 14.3 s k 

25.9-29.7 s b, c, d, e· 

41.4 d 2JCF 19.5 h 

47.6 s a 

I19.3 s j 

135.I m i 

No. 19 I-cyc!opentyl-2-fluoro-3-methyl-2-trifluoromethyl-4-penten-1-one (86) 

Minor Diastereoisomers 

Chemical Coupling Relative 

NMR Shift Multiplicity Constant Intensity .-\ssignment 

(pom) (Hzl 

IH 1.1 d lJHH 7.0 3 k 

1.6-1.8 m 8 b, c, d, e 

2.B m I h 

3.3 m l a . 

5.17 d lJHHcis 10.0 I j' 

5.20 d lJHHtrans ! j'' 

I7.5 

5.7 m i 

19f I ·i2.9 I d I lJFF 6.0 I 3 I I 

A14 



t""!O . ..!U cyc1opem.am: l;ai uuAyu"'" ~"'"~u. ~oo 1 

21 1-cyc1openty1-3-etheny1-2-fluoro-3 ,7 -dimethy1-2-trifluoromethyl-6·octen·1-

92) 
~r Diastereoisomers 

Hv!R 

IH 

Chemical 

Shift 

(pom) 

1.2 

1.5-l.i 
1.5 

[..{ 

1.7 

1.8 

3.3 

5.04 

5.05 

5.2 

5.9 

-68.7 

-1 i7.9 

16.0 

17.8 

2.2.3 

25 8 

26.4 

28.2 

3 L2 

34.5 

46.3 

48.5 

100.0 

l 17.5 

122.3 

124.0 

.]32.2 

Multiplicity 

m 

d 

m 

d 

m 

m 

d 

m 

d 

d 

Coupling 

Constant 

(Hz) 

2jHH 13.6 

3JHH 6.8 

3JHHtruns 

17.6 
3JHHcis 10.8 

3JHHcis 10.8 

d l)HHtrnns 

d 

s (br) 

s 

d 

q 

d 

g 

d 

d 

q 

I 7.6 
3JFF 5.6 

4JcF2.3 

7lcF l.5 

41cF 1.1 

5JcF 2.3 
2JcF 19.1 

IJcF 204.3 

2JcF 26.8 

1JcF 288.4 
2JcF 30.0 

138.6 d 3JCF3.1 

Relative 

Intensity 

I 

I 

Assignment 

0 

b, c, d, e 

I' or I" 

I' or I" 

j 

k 

n' 

n" 

m 

p 

0 

I' or I" 

I' or I" 

cord 

b 

h 

p 

n 

g 

k 

I 

m 

NMR 

JJC 

L-~~~2~0~7~.9--~--~d~--L-2~Jc~~~2~9~.o~--------~--~r--~Al5 

Chemical 

Shift Multiplicity 

(oom) 

1.5 m 

1.6 m 

1.78 m 

1.83 m 

2.7 qui m 

14.0 

25.8 

29.9 

43.7 

183.6 

Coupling Relative 

Constant L1tensity Assignment 

(Hz) 

2 d, e :u or ~q 

d~ e :u or eq 

c, r :l;,t; or t:q 

C, f u or t:q 

lJHH 8.0 b 

OH 

d, e 

c, r 
b 



one (92) 

Minor Diastereoisomers 

l.l /.,. 
0 1-r._u I' 

b r PO :;.--0 •• ,. 

\ r_?'.n- .~---c _ _ i J k I I" 

d 
Cr 3 r . p 

Chemical Coupling Relative 

NMR Shift Multiplicity Constant Intensity Assignm• 

(oom) (Hz) 

tH 1.2 s 3 0 

1.4-1.8 m 8 b, C, d, I 

1.5-1.7 s 6 I' or I" 

1.5-J.i m 4 i, j 

3.3 m I a 

5.05 m J k 

5.1 d 3] HHtrans I n' 

17.6 

5.2 d 3 J HHcis I 0:8 I n" 

5.9 .d lJ:.r;.;cis 10.8 I m 

d 3JHH1rans 

I 7.6 

19f 

I 
-69.0 

I 
d ,. lJ;::;: 6.0 

I 
3 

I 
p 

. -177.0 s \or) I a 

DC 16.3 m 0 

17.8 s I' or I" 

22.3 s e 

22 1-cyclopent-1-enyl-2-fluoro-3, 7 -dimethyl-2-(tritluoromethyl)-3-vinyloct-6-en- 25.8 s I' or I" 

1e (93) 26.3 . s c, d 

H,-
28.3 d '] CF 1.2 j 

0 0AH· I' 
31.3 s j 

h ~~~ .'~_,_ 34.5 q 51cF 2.3 b 

c /, ' J k I I" 46.7 d 2JcF 19.1 h 
CF3 F 

d . p 48.7 s a 
H 

100.0 q 1JcF 204.3 p 

Chemical Coupling Relative 
d 2JcF 26.8 

NMR Shift Multiplicity Constant Intensity Assignment I 17.1 s n 

(oom) (Hz) 
122.3 d IJCF 288.4 g 

IH 1.2 s 3 0 
q 2JCF 30.0 

m 6 b, c, d 
!23.9 s k 

1.6 s 3 I' or I" 
132.2 s I 

1.7 s 3 I' or I" 
138.3 d 3JCF 4.5 m 

1.8 m 2 j 
208.0 d 2Jcr 29.0 f 

I .9 m 2 i 

4.6 m 1 e 

5.0-5. I m 2 k 

5. I d lJHHtrans I n" 

Ji.2 

5.2 d 3JHHcis 10.4 I n' 

5.9 d lJ,.rHcis I 0.8 I m 

d 3JHHtr:lns 

17 6 

19F 

I 
-64.3 

I 
d 

I 
3JFF 6.0 

I 
3 

I 
p 

-169.6 m I g 

3C 21.2 q 
41cF 2.3 0 

22.5 s I' or I" 

26.5-39.5 m b, c, d 

27.5 s j 

30.7 s i 

40.4 d 71cF3.0 !' or!" 

100.8 s e 

I !5.5 s n 

121.7 s k 

136.9 s m 

196.3 d 21cF 25.9 f 

Al6 



1 ..,u . .:...J t...-\ 1 -cy~Jupt:;nlyJ-~.~ . .J.~-u::u-Atluuro- 1 -propenoxy )rnernylbenz.ene (94) 

P
I m 

,J 
1 n 

0 

0 
b I " 

'0~ 
d ' ~:-; 

z 

Chemical Coupling Relative 
NMR Shift Multiplicity Cons•ant Intensity Assignment 

(nom) (Hz) 

IH 1.6 
.. 

m c, d :ax or ~q ' 
1.7 m 6 C., d :u or eq, 

b, e 
2.9 qui m 3JHH 7.0 I a 

_5.2 d 2JHH 3.0 2 j 

7.4 m 5 a. n. m. I. k 
19f -63.0 d lJFF 8.7 3 h 

-156.9 g 3JFF 8.7 I g 
d 4 J:=H3.0 

l3C 26.4 s c, d 
30.3 d •Jc:= 1.9 b, e 
38.8 q- •JcF 2.0 a 

74.9 d 4JcF I 2.9 . j 

I 21.4 q 1Ic:= 270.4 h 
d 2JCF 36.9 

128.0 s m 

128.5 s .. n.l 
128.8 s o, k 

No. 24 Z·( 1-buryl-2.3.3.3-tetrafiuoro- I -propenyl)cyclopentane (99) 134.0 d 1Jc:= 242.4 g 

q 2Ic:= 39.0 
i j k I 
CH,-CH,-CH2-CH-

b I - F. j 

c~ 
d , fF3 

137.0 d 5-JcF 2.0 j 
149.3 d 2JCF 3.0 f 

Q 3JCF 3.0 

2 

Chemical Coupling Relative 

NMR Shift Multiplicity Constant Intensity Assignment 

(pnm) (Hz) 

IH ' 0.9 t 3JHH6.8 3 I 

1.4 m 2 b, e ax or- eq 

1.4 m 4 j, k 

1.6 m 4 c,d 

1.7 m 2 b, e ax or eq 

2.1 m 2 j 

2.9 auint 3JHH9.2 I a 

l9f 

I 
-64.2 

I 
d 

I 
3JFF 7.2 

I 
3 

I 
h 

'· -131.3 m I g 

13C 13.8 s I 

23.3 s k 

25.6 d 5JCF 0.7 c,d 

25.8 d. 3JCF 5.4 i 

3!.00 s bore 

31.02 s bore 

31.6 m j 

. 38.5 d 3Jcr 1.9 a 

q •JcF 1.9 

!20.1 q 1JCF'212.8 h 

d 2JCF 43 I 

!31.3 d 2Jcr8.7 f 

g 3JcF 2.6 

142.2 d 1Ic:= 246.8 g 

a 2Jc:=37.4 

Al7 



No. 25 Z-(1-phenyl-2.3.3 ,3-tetrafluoro·l~propenyl)cyclopentane (101) 

Chemical 

NMR Shift 

(oom) 

IH lA 

!.6 

l.S 

3.2 

7.2 

7A 

I9f -64.5 

-125.0 

IJC 24.9 

31.1 

38.9 

120.2 

128.2 

128.4 

129.1 

13 !.9 

132.8 

142.0 

I mok 
. Q '""' j 

h~ 'U· 1_ 
a , · CF1 z h 

Coupling 

Multiplicity Constant 

(Hz) 

m 

m 

m 

quint 3JHH 8.4 

d 3JHH 7.8 

m 

m 

d 

I 
3JFF7j 

q J]FF 7.2 

s 

d 4JcF 3.1 

d 3IcF l.5 

q 'lcF 273.2 

d "JcF 43.3 

s 

s 

d •JcF 0.8 

d 2JcF 9.9 

q 3JcF 2.7 

d 3JcF 3.4 

d 'lcF 249.6 

q "JcF 37.8 

A18 

Relative 

Intensity 

2 

<1. 

2 

I 

2 

J 

I 
J 

I 

Assignment 

b, e a.x or eq 

c,d 

b, e 'JX or eq 

a 

j, ri 

k.l. m 

f 
h 

g 

c, d 

b, e 

a 

h 

I 

k, m 

j, n 

r 

i 

u 
~ 



Major Diastereoisomers 

Chemical Coupling Relative 

NMR Shift Multiplicity Constant Intensity 

(pom) (Hz) 

IH 1.6-2.0 m 8 

2.7 sext 3JHH 3JFH I 

8.0 

19f -i2.4 d 4 l;:r 10.9 3 

d 3JFF 8.7 

-106.2 d 3JFF 24.8 I 

d 3JFH i .2 

q 4JFF I 1.5 

-126.2 -d 3JFF 26.0 1 

q 3JFF 8.7 

l3C 25.3 s 

25.6 s 

25.7 d 3JCF 1.1 

26.1 d 3]CF 1.2 

48.5 d 2lcF 19.4 

m 

103.6 d 1JcF 271.3 

d 2JCF31.4 

q 2JcF 35.1 

113.3 d IJCF 265.3 

d 2JCF 26.3 

120.2 q IJcF 288.4 

d 2JCF31.3 

No. 26 1.2-dibromo-1-cyclopentyl-1.2.3 ,3.3-pentafluoropropane (1 03) 

Minor Diastereoisomers 

Chemical Coupling Relative 

NMR Shift Multiplicity Constanl Intensity 

(oom) (Hz) 

IH 1.6-2.0 m 8 

2.8 sext 3JHH3Jr:>l I 

8.4 

!9f -71.9. d 4 JFF 13.0 3 

d 3JFF 8.8 

-107.1 d 3JFF 23.0 I 

d 3JFH 9.0 

q 4 JFF 12.6 

-124.7 d 3JFF 21.8 1 

a 3JFF 8.7 

l3C 29.7 d 31cF 4.4 

d •JcF3.1 

29.8 m 

30.6 d 3JcF 4.8 

d 'JcF 2.7 

49.0 d 2Jc;::18.6 

m 

102.5 d IJc;:: 269.6 

d 2JCF31.5 

q 2JcF 34.4 

112.6" d 1JcF 263.8 

d 2JcF 25.5 

120.8 q IJcr 285.4 

d 2JCF 30.1 

Al9 

Assignment 

b, c. d, e 

a 

h 

CF (f) 

CF(g) 

cord 

cord 

bore 

bore 

a 

g 

f 

h 

Assignment 

b, c., d, e 

a 

h 

CF (f) 

CF (g) 

bore 

c, d 

bore 

a 

g 

f 

h 



Major Diastereoisomers 

' d ' CF-:·CFH-CFj 
I-

. /h"-.N~ o 
I • 

)' \ 

g 

Chemical Coupling Relative 

· NMR. Shift Multipli'city Constant lnt.:nsity Assign mer 

(porn) (Ez) 

IH l.O t 3JHH 6.5 6 i~ g 

1.2 d 3J:rn 6.5 3 a 

2.4 d 2JHH 10.2 2 r, h 

q 3 JHH 5.0 

2.6 ·d 2JHH 12.7 2 f, h 

q 3JHH 7.0 

3.2 d 3hs 28.0 I b 

m 

5.5 d 3J;:n 22.4 I d 

d 31:=:-; 19.7 

q 3];=;; 6.5 

!9f -74.1 d 3Jr.-; 4.5 3 e 

q 3JFF4JFF 

10.9 

-120.8 syst AB drn 2JFF 265.6 I c 
!7 diethyl(2,2,3.4,4,4-hexafluoro-1-methylbutyl)amine (104) -127.4 syst 1\.B dm 2JFF 265.6 I c 

Jr Diastereoisomers -212.3 d 2JFH 40.7 I d 

' d ' 
m 

CF2-CFH-CF1 !3( 5.1 s a 

/h"-.A. 12.8 s i, g 
i 

)r 13.8 s i, g 

44.2 s h, f 

g 54.9 d 2Jcr 27.3 b 

d 2JcF 21.4 

Chemical Coupling Rebtive 84.8 d 1JcF !99.8 d 

{MR Shift Multiplicity Constant Intensity Assignment .m 

(porn) (Hz) 12!.5 q 1JcF 2S3.9. e 

IH 1.1 t lJH.H 7.0 6 i, g d 2 Jcr 24.4 

l.3 d 3JHH7.0 3 a 

2.9 3JHH 7.0 4 f, h 
,. 

q 

3.6 d 3JFH 21.5 1 b t 

d 4JHH2.5 

d 4JHH 2.0 

q 3JHH7.0 

5.8 d 2JFH 45.0 1 d 

d 31FH 17.5 

d 31FH 4.0 

q 3JFH 6.0 

19f -74.3 d lJFH 4.7 3 e 

q 3JFF •JFF 

11.1 

-117.6 syst AB dm 2JFF 266.8 I c 

-120.8 syst AB drn 2JFF 266.8 1 c 

-2\ 1.6 d . 2Jr.-; 44.1 \ d 

m 

3( 8.9 s a 

14.4 s i, g 

\4.6 s i, g 

41.8 s h, f 

54.0 d 2Jcr 20.7 b 

d 2JcF 20.4 

82.7 d 'lcr 195.6 d 

m 

120.8 q IJcF 282.9 e 

d 2JcF 25.9 

A20 



No. 28 bis(:2.2.J,.:;.~,4-ne:::atluoro·l·-metnyJouryl)e~ny:am.me {lU=>J 

Ma,)or Diastereoisomers 

No. 28 bis(2,2.2.• ,4,Lhe.~afiuoro-J-methylburyl)ethylamine (1 05) 

Minor Diastereoisomers 

Chemical Coupling Relative 

NMR Shift Multipliciry Constant Imensiry 

(pom) (Hz) 

lH 1.1 t 3JHH 7.2 3 

!.3 m 6 

2.6 d 2JHH 13.6 I 

q 3JHH 6.8 

2.8 d 2JHH 11.6 1 

q 3JHH 7.6 

3.5 d 3JpH27.2 2 

m 

5.3 d 2hH 42.8 2 

d 3hH 19.6 

a 3JfH6.4 

19f -74.3 m 6 

-116.0, m 4 

-125.0 

-211.7 d 2JpH43.7 2 

m 

!3C 10.7 s 

14.1 s 

43.0 s 

56.4 d 21cF 26.7 

d 21cF 20.6 

80.0-85.0 m 

116.8- !25.2 m 

Chemical Coupling Relative 

NMR Shift Multiplicity Consrant Intensity 

(pom) (Hz) 

lH 1.0 t 3JHH 7.2 3 

l.3 m 6 

2.9 m I 

2.9 m I 

3.5 m 2 

4.8 d 21FH 45.8 2 

d 3JFH 18.4 

d 3JfH2.8 

a 3hH 6.0 

19f -74.3 m 6 

-116.0. m 4 

-125.0 

-2!0.6 m 2 

13C 9.1 s 

14.7 s 

41.4 s 

54.8 m 

85.0 d 1JCF 232.2 

m 

120.9 q 1JcF 282.7 

d 2JcF 25.9 

120.9 d lJcF 258.4 

d 11cF 252.1 

d 2JcF 25.6 

Assignment 

a 
~ 

a, i 

r 

f 

b, h 

d,k 

e, I 

c,j 

d,k 

a,i 

a 
" 
f 

b, h 

d,k 

c, e, j, I 

Assignment 

g 

a, i 

f 

f 

b,h 

d, k 

e, I 

c, j 

d, k 

a, i 

g. 

f 

b, h 

d,k 

e, I 

c, j 



No. :9 tris(2.2,3,4,4,4-hexaflooro-l-methylbutyl)amine (106) 

\. 

Chemical Coupling Relative 

NMR Shift Multiplicity Constant Intensity Assignment 

(oom) (Hzl 

IH 1.38 d 3JHH 7.2 3 a, i, g 

. 1.42 d 3JHH 7.1 3 a, i, g · 

1.42 d 3JHH 7.2 3 a, i, g 

1.31 d 3JHH 6.8 3 a, i, g 

1.32 d 3J HH 6.8 3 a, i, g 

1.41 d 3JHH 6.8 3 a, i~ g 

3.7 m 3 h, h, f 

3.8. m 3 b,h,f 

4.8 d 2JFH44.2 3 d,k,n 

d 3JFfi 17.2 

d 3JF,.;5.6 

q 3JFH 7.6 

5.4 d 2JFH43.1 3 d, k, n 

d 3JFH 20.2 

d lJFH 3.2 
a 3JFH 6.4 

19f -74.3 d 3JFfi4.5 9 e, o, I 

q 3JFF 4JFF 

!02 

-74.0 m e, o, I 

-74.4 m e, o, I 

-110.7 syst AB dm 2JFF 282.0 3 c,j, m 

-119.1 syst AB dm 2JFF 282.0 3 c,j, m 

-116.9 syst AB dm 2JFF 282.0 c, j, m 

-128.1 syst AB dm 2JFF 282.0 c,j, m 

-114.1 syst AB dm 2JFF 282.0 c, j, m 

. -121.3 syst AB dm 2JFF 282.0 c, j, m 

-209.6 d 2JFH 45.2 3 d,n, k 

m 

-210.7 m 3 d,n. k 

I3C 8.9 m a, g, i 

1 1.4 m a, g, i 

12.2 m a, g, i 

I 4.4 m a, g, i 

13.5 m a, g, i 

5 I .2 m b, r, h 

52.8 d 2JCF 28.0 b, r, h 

d 21cF 19.5 

80.8 d I lcF 190.8 d,k,n 

m 

83.7 d IJcF I 88.5 d, k,n 

m 

I 17.6 d IJcF 264.5 c,j, m 

d 'le;: 253.5 

d 2JcF24.4 

119.6 q 'le;: 282.9 e, l, o 

d "JcF 25.9 

1 17.0-!20.0 m c, j, m. e. L o 

A22 



No. 30 (2,2.3 A,4 ,4-hexafluoroburyl)(2.2.3 ,4 ,4,4-hexafluoro-1-merhylburyl)methy !amine 

(107) 

Chemical Coupling Relative 

NMR Sbift Multiplicity Constant Intensity Assignment 

(pom) (Hz) 

IH 1.23 d 3JHH 7.2 3 a 

1.24 d 3JHH 7.2 3 a 

2.5 s 6 j 

2.9-3.2 m 4 r 

3.3 d 3JFH 25.4 2 b 

m 

4.9 d 2JFH 43.6 2 h 

m 

5.3 d 2JFH 42.4 2 d 

d 3JF!-i20.4 

d 3JFH8.4 

a 3JFH 6.0 

19f -74.3 m 6 e or i 

~74.6 m 6 e or i 

-119.0 syst AB dm 2JFF 274.7. 2 c or g 

-125.2 syst.AB dm 2JFF 274.7 . 2 cor g 

-112.0 syst AB dm 2JFF 281.9 2 c or g 

-116.4 syst AB dm 2JFF 281.9 2 cor g 

-211.5 d 2JFrl 43.7 1 d or h 

m 

-211.7 d 2JFH 43.5 I d or h 

m 

-212.3 d 2JFH 48.2 1 d or h 

m 

-212.4 d 2]FH45.5 I d or h 

m 

DC 4.8 s a 

5.0 s a 

39.9 s j 

40.4 s j 

55.3 t 2] CF 22.9 r 
m 

55.9 t 2JCF 2:!.9 r 
m 

59.5 d 2lcF 29.4 b 

d 2JCF 20.9 

60.0 d 2JCF 29.6 b 

d 2JcF21.0 

83.1 d lJcF 166.9 d orb 

m 

84.8 d 1JcF 179.7 .d or h 

m 

118.6 d IJCF 258.6 cor g 

d IJCF 248.5 

d 2Jc;: 24.8 

118.6 d IJcF 247.3 cor g 

d IJCF 246.2 

d 2JCF 24.4 

120.7 q 1Jc;: 282.1 e or i 

d 2Jc;: 25.9 

12i.2 q IJcF 283.0 e or i 

d 2Jc;: 26.7 



No. 31 bis(methylethyl)(2.2.3 ,4,4,4-hexafluoro-l-methylbutyl)amine (108) 

Minor Diastereoisomers 

Chemical Coupling Relative 

NMR Shift Multiplicity Constant lntensiry 

(opm) (Hz) 

lH i.O:i d 3J HH 6.4 6 

1.06 d 3JHH 7.2 6 

1.3 d 3JHH 7.2 3 

3.2-3.4 m 2 

3.2-3.4 m 1 

. 5.0 d 2JFH 42.5 I 

d 3JFH !9.8 

Q 3J F'rl 6.8 

19f -74.0 m 3 

-119.6 syst AB dm 1JFF 273.2 

·119.9 syst AB dm 2JFF 273.2 

-211.9 d 2JFH 46.3 

m 

13C !0.9 m 

21.5 

23.7 m 

49.5 

50.5 d 2JcF 28.5 

2JcF 19.8 

82.9-86.7 m 

116.9-!267 m 

Major Diastereoisomers 

J 

Chemical Coupling Relative 

NMR Shift Multipliciry Constant Intensity Assign men 

(pum) (Hz) 

IH 1.02 d 3J;jH6.4 6 cor j 

1 .04 d 3JHH 6.8 6 cor j 

1.3 d 3JHH 6.8 j e 

m 

3.2 sept 3JHH 6.8 2 b, j 

3.3 m 1 d 

5.0 d 2JF:-l 44.0 I g 

d 3JFH 13.6 

d 3JF!i 7.6 

0 3JF:-l 6.0 

J9f -74.3 m 3 h 

-1 1'6.9 syst AB dm 2JFF 267.6 I r 

-119.6 syst AB dm 2JFF 267.6 I r 

-211.9 d 2jFH 45.2 I g 

sext 3JFF 10.2 

t3C !3.2 m e 

21.9 s cor j 

23.6 s c or j 

45.9 s b, j 

52.2 d 2JcF 22.9 d 

d 2JC' 22.9 

84.9 d' lJc.c 195.9 0 
0 

d 2JC' 35.6 

d 2JcF 26.3 

q 2JC' 33.2 

119.6 d 1JCF 256.7 r 

d IJCF 251.0 

d 2JCF 2 I.i 

121.3 q IJCF 282.7 h 

d 2JCF 25.9 

Assignment 

c or j 

cor j 

e 

b, j 

d 

g 

h 

r 
f 

g 

e 

c or j 

c or j 

b, j 

d 

g 

f, h 

?4 



No. 3 2 (2.2.3A,4,4-hexafluoro-1.1-dimethylbutyl)(2.2,3,4,4,4-hexafiuoro- i -methyl 

buty1)(methylethyl)amine (1 09) 

Chemical Coupling Relative 

NMR Shift Multiplicity Constant Intensity Assignment 

(ooml (Hz) 

tH 1.0-1.2 m 15 a,a',d, I, m 

3.4-4.2 m 2 b,c 

4.7 d 2JFH 27.2 I j or f 

d 3]fH 22.0 

d 3hH21.6 

q 3JFH 5.6 

5.6 d 2JFH 36.4 I j or r 
m 

t9F -74.2 m 3 k or g 

-74.4 d 31FH 5.6 3 k or g 

q 31FF 4JFF 

11.7 

-111.0, m 4 e, I 

-120.7 

-206.9 d 2JFH35.8 I f, j 

m 

-210.7 d 2hH 33.9 1 f,j 

m 
ne 15.0-26.6 m a, a', d, I, m 

50.0-55.0 m b, c 

60.0-70.0 m b 

83.1 d lJcF 210.6 j or f 

m 

85.1 d 1Jcf- 185.0 j or f 

m 
116.0-126.0 m e, i 

119.6 q 1JcF 283.5 k or g 

d 2JcF 25.9 

121.2 q 1JcF283.0 k or g 

d ZJcF 25.9 

A1.5 

\. 



Major Diastereoisomers 

Chemical Coupling Relative 

NMR Shift Multiplicity Constant Intensity Assign me 

(ppm) (Hz) 

IH l.S m 2 d 

2.0 m 2 c 

2.3 m I e 

2.5 s 3 i 

2.9-3.1 m I b 

3.1 m 1 e 

5.1 d 2];::.; 42..6 I g 

d 31r-,., 20.6 

q 3JFH 6.4 

l9f -74.0 d 3JFFI3.7 3 h 

d •JFF 11.7 

d ']"" 11.7 
d. 3JFH 6.0 

-120.9 syst AB dm 2JFF 265.2 I f 

-127.7 syst Ail dm lJFF 265.2 1 r 
-210.9 d 2];::.; 43.7 I g 

m 

t3C 23.9 s d 

. 33 2-( I, 1,2,3,3.3-hexatluoropropyl)-1-methylpyrrolidine (110) 25.3 m c 

nor Diastereoisomers 43.6 d 4 Jc;:2.2 i 

57.6 s e 
d c 

~ 
65.4 d 2 J Ci' 29.6 b 

e 

N • CF,-CFH-CFl 
. d . 2]CF21.3 

I r • G h 83.5 d 11cF 189.8 g 

CHl d 21cF 41.7 
i 

d 2JcF 2<1.6 

Chemical Coupling Relative 
q 21cF 33.9 

NMR Shift Multiplicity Constant lntensiry Assignment 119.5 d 11cF 254.8 r 

(up m) (Hz) 
d 11cF 249.3 

tH l.B m 2 d 
d 21cF 26.4 

2.0 m 2 c 
121.1 q tJcF 282.6 h 

2.3 m I e 
d 21cr 25.9 

2.5 s 3 i 

2.9-3.1 m I b ' 

3.2 m I e 

5.3 d 2JrH 45.6 1 g 

d 3JFH 21.0 

d 3JFH 4.2 

a 3JFH 6.4 

t9F -74.4 ·m 3 h 

-112.7 syst AB dm 2JFF 270.2 1 f 

-118.3 syst .JUl. dm 2JFF 270.2 1 f 

-213.3 d 2JFH 41.0 I g 

m 

DC 24.3 d •Jcr 1.5 d 

26.3 d 3JcF 7 .o c 

d 3Jcr 5.0 

d •Jcr 2.0 

42.7 d 41cF 2.5 i 

m 

57.9 s e 

67 .I d 2JcF 26.9 b 

d 2JCF 22.1 

85.0-81.7 m g 

116.8- 125.3 m r 

116.8-125.3 m h 

A n..26 



No. 34 l-(2.2,3,4,4,4-hexailuorobutyl)-2-( 1,1.2.3.3.3-hexailuoropropyl)piperidine (111) 

Chemical Coupling Reiative 

N};[R Shift Multiplicity Constant Intensity Assignment 

(pom) (Hz) 

IH 1.5 m 2 e ax or eq 

1.6 m 2 ·e ax or eq 

1.7 m 2 d ax or eq 

1.8 m 4 c 

1.9 m 2 d ax or eq 

2.7 m 2 f ax or eq 

3.0-3.6 m 2 f ax or eq 

3.2 m 4 g 

4.9 m 2 i,l 

5.3 m 2 i.l 

l9f -74.2 m 6 m or j 

'74.6 m 6 m or j 

,114.1 syst AB dm .2JFF 266.1 2 h or I 

-1li.6 syst AB dm 2JFF 266. I 2 h or I 

-115. I syst AB dm 2JFF 264.8 2 h or I 

-118.3 syst AB dm 2JFF 264.8 2 h or I 

-211.2 m 4 I or i 

-211.6 d 2JFH 43.3 2 I or i 

m 

-212.2 d 2JFH 42.2 2 l or i ·· 

m 

DC 17.9 s c 

18.3 s c 

19.1 s e 

19.8 s e 

20.1 s d 

203 s d 

48.8 s f 

49.6 s f 

55.2 d 2Jcr 29.0 g 

d 2Jcr 20.2 

55 9 d 2JcF 29.0 g 

d 2Jcr 20.2 

58.6 d 2JcF27.9 b 

d 2JcF 22.5 

59.5 d 2Jcr 25.1 b 

d 2Jcr 24.8 

83.6 m i,l 

118.2 t 1JcF 261.5 h or k 

l I 9.1 q 1Jcr 255.6 j or m 

119.2 q 1JcF 256.4 j or m 

119.6 t IJcF 281.6 h or k 

120.8 t 1Jcp26l.5 h or k 

120.9 q 1Jcr 283.0 · j or m 

d · 2JcF 26.3 

121.4 q 1Jcr 281.9 j or m 

d 2Jcr 25.5 

122.5 t 1Jcr2Sl.6 h or k 

A27 

\ 
I. 



No. 3 5 1-(2.2.3,4,4A-hc:x.af1uoro-l-methylburyl)-2-( l, 1 ,2,3,3,3-hexafluoropropyl) 

pioeridine (112) 

Chemical 

NMR Shift 

(pom) 

IH ].4 

1.5 

1.7 

1.8 

1.9 

3.0 

3.4-3.6 

3.4-3.6 

4.7-5.0 

l9f -74.2 

-115.2 

-116.1 

-118.1 

-122.4 

-210.4 

-212.i 

13C 13 0 

20.3 

21.6 

23.2 

42.9 

57.6 

60.2 

80.0-90.0 

115.0-125.0 

~ 
!r.__,_JJ 
~CF1-CFH-C? 3 

J I m n 

CFrCFH-CF'2-CH-CH3 
j j h ~ k 

Coupling Relative 

Multiplicity Constant Intensity 

(Hz) 

d jJHH 7.2 3 

m 2 

m 2 

m ) 

m l 

m 2 

m ) 

m l 

m 2 

m 6 

sysr AB dm 2JFF 275.2 l 

syst AB drn 2JFF 275.2 l 

syst AB dm 2JFF 263.5 ) 

syst AB dm 2JFF 263.5 l 

d 2Jr.., 46.3 j 

m 
d 2JFH 43.7 ) 

m 

m 

d "Jcr 1.5 

s 

s 

s 

d 2JcF 26.6 

d 2Jcr 20.2 

I 2J CF 20.6 

m 

m 

Assignment 

k 

e 

d 

c 

c 

[ 

0 
0 

b 

i.m 
' j, n 

h or I 

h or I 

h or I 

h or I 

m or i 

m or i 

k 

d 

c 

e 

f 

b 

g 

i\m 

j. h. I. n 

\. 



No. 36 0....(2.2.~ .4.4.4-hexafluoroburjl)morpholine (113) 

\. 

Chemical Coupling Relative 

NMR Shift Multiplicity Constant lntcnsi ry Assignment 

(pom) (Hz) 

IH 2.5-2.6 m 2 b, e ;;u; or eq 

2.6-2.7 m 2 b' e ax or eq 

2.8 m 2 f 

3. 7 I 3JHH 4.4 4 c, d 

5.2 d lji'"'rl 43.2 1 h 

m 

l9f ·i4.J m 3 i 

·1134 syst .t.:O dm 2J;::r: 272.6 I g 

-116.0 syst A.3 dm 'lj FF 272.6 I g 

-2!3.1 d !JFH 43.7 I h 

m 

ne 54.5 s b, e 

58.7 d 2JCF 29.4 f 

d 2lcF 22.8 

67.0 s c,d 

83.8 d ijCF 192.8 h 

d 2JCF 36.2 

d !JcF 34.5 

q 2JCF 25.5 

119.1 d IJCF 253.8 " . 
d IJCF. 248.5 

d 2JcF 24.3 

121.0 q IJcF 281.9 i 

d 2JCF 25.9 

No. 36 4-(2.2.3,4.4_,0....hcxafluoroburyl)morpho1ine (113) 

Chemical Coupling Relative 

NMR Shift Multiplicity Constant Intensity Assignmenc 

(ppm) (Hz) 

IH 2.7-3.0 m 3 b, e 

3.6 m 2 c, d a.'< or eq 

3.8 m 3 f 

3.9 m 2 c, d ax or eq 

5.2-H m I h 

19f -74.2 ·m 3 i 

-116.2 syst AB dm 2JFF 282.3 I g 

-117.7 syst AB dm 2JFF 282.3 I g 

-211.1 d 2JFH 43.7 I h 

m 

IJC 54.2 s b, e 

59.4 m f 

66.1 s c, d 

82.0-85.0 m h 

116.4-1253 m g, i 

A.29 



No.J7 4-{2.2.3.4.4."--hexatluorobutyl)-3-{ l.l.l.3.:i J-hexafluoropropvl)morpholine (114) 

1. 

Chemical Coupling Relative 

NMR S'nift Multiplicity Constant Intensity ,J.,ssignmem 

{oom) (Hz) 

IH 2.6-2.7 m 2 ev or eq 

3.0 m - b 

3.2-3.3 m 2 f 

3.2-JA m 2 f 

3.4-3.5 m 2 eax or eq 

3.5-3.6 m 2 f 

3.5-3.6 m 2 du or e:q 

3. 7-3 8 m 2 d-:uoreq 

4.10 s 2 C'lx or eq 

4.14 s 2 C2x or eq 

4.9 d 2j::i-! 43.2 2 h or k 

m 

5.2 d lJ F:-1 42."- 2 h or k 

m 

19f. -74.1 m 6 i or I 

-74.5 m 6 i or 1 

-113.1 syst AB dm lJ:=F 275.2 2 j or g 

-114.1 syst AB dm lh:: 275.2 2 j or g 

-117.1 syst AB dm lJFI' 263.5 2 j or g 

·118.2 syst AB dm 2J Fl' 263.5 2 j or g 

-210.4 d 1Jpn46.3 2 h or k 

m 

-2110 I '1:=-n 43.7 2 h or k 

13C 47.6 s . e 

. d.8.0 s e 

55.1 m f 

58.7 d 1Jc;: 22.5 b 

d 2JcF 10.0 

59.0 d 2Jc:= 22.3 b 

d 2JcF 10.3 

61.3 m c 

61.6 d 3Jc;= 3.1 c 

63.4 s d 

64.2 s d 

80.0-87.0 m h, k 

118.2 d 1JcF 251.5 j or g 

d 'le:= 250.1 

d 'Jc:= 2:C..5 

118.4 d 'le:= 275.5 j or g 

d IJCF 249.6 

d lJCF 23.6 

116.6-1:25.1 m i or I 

120.6 q lJCF 258.3 i or I 

d 'Jc:= 25.6 

120.9 q 1JCF 286.3 i or I 

d 2Jc:= ?.9.6 

120.9 q ljCF 290.7 i or I 

d 'Jc:= 28.7 
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No. 38 4-{2,2,3,4.4,4-hexafluoro-1-methylbutyl)morpholine (115) 

Minor Diastereoisomers 

Chemical Coupling Relative 

NMR Shift Multiplicity Constant Intensity 

(pp m) (Hz) 

IH 1.17-1.23 m 3 

2.5 m 2 

2.7 m 2 

3.1 m I 

3.7 m 4 

5.2-5.6 m I 

t9F -74.8 m 3 

-116.2 syst AB dm 1] FF 269.1 I 

-118.1 syst ABdm 2JFF 269.1 I 

:219.6 d 2J FH 44.4 I 

sext 3JFF 10.2 

13C 5.1 m 

49.9 m 

61.1 d 2JcF 26.7 

d 2JcF 22.1 

67.4 s 

85.5 d IJCF 191.7 

m 

119.7 t 1JcF 255.0 

121.7 a 1JcF 269.0 

Major Diastereoisomers 

Chemical 

NMR Shift 

(pom) 

IH 1.2 

2.5 

2.7 

3. I 

3.7 

5.4 

t9F -74.2 

-120.3 

-124.9 

-212.3 

t3C 4.3 

50.1 

59.7 

67.5 

83.5 

120.2 

121.7 

Assignment 

j 

b, e ax or eq 

b, e ax or eq 

f 

c,d 

h 

j 

g 

a 
~ 

h 

j 

b, e 

f 

c, d 

h 

a 
0 

j 

A31 

Coupling Relative 

Multiplicity Constant Intensity Assignment 

(Hz) 

d 3JHH 1.2 3 j 

t 4JFH 7.2 

m 2 b, e ax or eq 

m 2 b, e ax or eq 

m I f 

m 4 c, d 

d 2JFH 42.2 I h 

d 3JFH 20.6 

q 3JFH 6.4 

d 3JFF 11.7 3 j 

d 3JFH 6.0 

t 4JFF 11.7 

syst AB dm 2JFF 270.7 I g 

syst AB dm 2JFF 270.7 I g 

d 2JFH 42.2 I h 

m 

s (br) j 

m b, e 

d 2JCF 28.4 f 

d 2JCF 21.0 

s c, d 

d 1JcFI91.7 h 
' m 

t tJcF 242.0 g 

a 1JcF 268.0 i 
.. 



No. 39 4-(2.2.3 ,4,4,4-hexafluoro-1-methylbutyl)-3-( 1.1.2.3.3 .J-he.urluoropropyl) 

morpholinc: (116) 

Chemical Coupling Relative 

NMR Shift Multiplicity Constant [ntensity Assignment 

(ooml (Hz) 

IH 1.36 d lJHH 4.0 3 m 

l.J7 d lJHH 4.8 3 m 

2.7 d 2JHH 66.8 2 c 

d lJHH 12.4 

- l 
j __ 

d '2JHH51.6 2 c 

t 4JFH 10.8 

d lJHH 3.6 

3.5 m- 2 r 
3.6 m .2 b 

3.6 d 2JHH 12.4 2 d, e ax or eq 

d lJHH 3.6 

3.7 d . · 2JHH 12.8 2 d,eaxoreq 

d lJHH 3.6 

3.8 d 2JHH 11.6 2 d, e :u or eq 

d lJHH 3.6 

3.9 d 2JHH 11.2 2 d, e ax or eq 

d lJHH 3.6 

5.2 m 4 k h 

19f -74.2 d 3Jff.9.4 6 i or 1 

d lJFH 4.5 

q 10.2 

-74.4 d lJFF 6.0 6 i or 1 

q JFF 11.7 

-110.4 syst AB dm 2JFF281.2 1 j or g 

-115.1 syst AB dm 2JFF281.2 1 j or g 

-114.5 syst AB dm 2JFF 284.2 1 j or g 

-116.9 syst AB dm 2JFF 284.2 1 j or g 

-118.5 syst AB dm 2JFF 262.9 1 j or g 

-120.6 syst AB dm 2JFF 262.9 1 j or g 

-120.6 syst AB dm 2JFF 270.2 1 j or g 

·125.4 syst AB dm 2JFF 270.2 1 j or g 

-210.3 d 2JFH 42.2 1 h or k 

.q lJFF 10.2 

-210.5 d 21FH 43.7 1 h or k 

q lJFF 8.7 

-211.1 d 2JFH 35.6 1 h or k 

m 

-211.2 d 2JFH 53.8 1 h or k 

m 

-212.7 d 2JFH 45.2 1 h or k 

m 

13( 8.0 s m 

11.9 s m 

41.0 5 c 

59.5 m for b 

60.6 d 2JcF 28.3 for b 

d 3JcF20.6 

66.3 s d ore 

67.4 s d or~ 

84.3 d 1JcF 192.2 h, k 

m 

116.0-123.0 m i, j, g, I 

120.5 Q 'lcr 281.2 i or 1 

A32 
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No. 40 2.6-bis( 1,1.2.J.J.J-hexanuoropropy1)-1,4-dimethy1piperazine (11 7) 

\. 

Chemical Coupling Relative 

NMR Shift Multiplicity Constant Intensity Assignment 

(pp m) (Hz) 

IH 2.JJ s 6 k or I 

2.35 s 6 k or I 

2.36 s 6 k or I 

2.5 s 6 k or I 

2.6-::.8 m 16 e, f 

3.5 m 8 d, ~ 

S. I m 8 b, i 

19f -74.0 d J}fH 5.6 12 a, j 

q 3JFF 4JFF 

10.2 

-74.4 m 6 a, j 

-74.6 m 6 a, j 

-I I 1.3 syst AB dm 2JFF 27i.2 I h or I 

-114.0 syst ."J3 dm 2JFF 277.2 I h or I 

-113.7 syst AB dm 2JFF 270.6 I h or I 

-114.6 syst AB dm 2JFF 270.6 1 h or 1 

-117.3 syst AB dm 2JFF 27?..9 I h or 1 

-118.5 syst AB dm 2JFF 272.9 I h or I 

-118.0 m 2 h, I 

-211.0 d 2JFH43.7 2 b, i 

m 

-211.4 d 2JFH 42.6 2 b, i 

m 

-214.3 d 2JFH4!.0 2 b, i 

m 

-2!7.3 m 2 b, i 

t3C 38.6 s k or I 

44.5 s e, r 
45.0 s e, f 

45.8 s e, r 
46.5 s k or I 

48.0 s e, r 
59.0 t 2JcF i8.6 d, g 

59.8 t 2JcF 18.0 d,g 

60.2 t 2JcF 20.6 d,g 

82.0-85.2 m b, i 

12!.3 q 1JcF 226.0 a, j 

d 2JcF 20.8 

116.0-125.0 m a, c, h. j 

A33 



No. :11 l ,4-dimethyl-'2,3 .5-tris( I, I ,2,3 .3 .J-hexai1uoropropyl)pi pcruzine (113) 

NMR 

IH 

19f 

uc 

k 
CH1 

j i " I 
CF rCFH-CF2...._.,.N--...):F 1-CFH -CF1 

1 g ~I c b a 

l!..N5J-cF1-CFH-CF3 

Chemical 

Shift Multiplicity 

(ppm) 

2.55 s 

2.56 s 

2.65 s 

2.0-3.0 m 

3.0-3.4 m 

4.9 d 

m 

5.2 d 

m 

-74.1 m 

-743 m 

-74.5 m 

-I 10.1, m 

-130.0 

-211.1 m 

-211.4 d 

m 

-212.6 d 

m 

39.9-44.8 s 

54.0-59.5 m 

82.3-87.0 m 

116.0-123.0 m 

/ m n. o 

CH1 
I 

Coupling 

Constant 

(Hz) 

21FH 46.7 

21FH 43.2 

21FH 45.2 

2JFH 43.3 

A34 

Relative 

Intensity 

3 

3 

3 

3 

3 

3 

6 

1 

I 

I 

Assignment 

k or I 

k or I 

k or I 

f 

d, e, g 

b, n, i 

b, n, i 

a or j or o 

a or j oro 

a or j or o 

c, h, m 

b or i or n 

b or i or n 

b or i or n 

f, k, I 

d, e, g 

b, i, n 

a, c, h,j, m, 

0 



No. 42 l-((2Z)-2.3 ,4,4,4-pentafluoro-1-merhylbut-2-enyl)-2-(( 1 Z)-1.2.3.3 .3-penra 

fluoroprop-1-enyl)piperidine (119) 

Chemical Coupling Relative 

NMR Shift Multiplicity Constant Jnrensity Assignment 

(oom) (Hz) 

IH 1.4 d lJHH 7.2 3 k 

1.5 m I e 3.t or eq 

1.6 m 2 d 

1.8 m 3 c, e ax or eq 

2.6 rri I f 

3.2 m 1 f 

3.6 d 3JFH 30.0 1 b 

d 3JHH 8.4 

3.9 d 3JFH 33.2 1 g 

q 3JHH7.2 

19f -66.4 s 3 nor j 

-67.4 s 3 nor j 

-131.0 d 31FH 31.9 I 1 or h 

-132.4 d 3JFH 26.3 I I or h 

-156.2 ~uint 
3JFF 10.2 1 CF (i or m) 

m 

-157.4 quint 3JFF 12.8 1 CF (i or m) 

m 

l3C 16.3 s k 

22.9 s e 

25.7 s d 

31.5 s c 

46.1 d •JcF3.5 f 

52.0 d 2JCF 19.0 g 

55.3 d 2JcF 17.2 b 

119.4 d IJcF 271A h or i or 

d 2JcF41.5 j or I or m 

m or n 

136.5 d IJcF 257.1 h or i or 

m j or I or m 

or n 

154.0 d IJcF 274.2 h or i or 

d 2JcF 46.3 j or I or m 

m or n 

A35 



Appendix B : lVIass Spectra 

No. 1 1-adamantanyl-1, 1 ,2,3,3,3-hexafluoropropane (36) 

No. 2 1,1 ,2,3,3,3-hexafluoro-1-[3-(1, 1 ,2,3,3 ,3-hexafluoropropyl)adamantanyl] 

propane (39) 

No. 3 1-[3,5-bis(l, 1 ,2,3,3,3-hexafluoropropyl)adamantanyl]-1; 1 ,2,3,3,3-hexafluoro 

propane ( 41) 

No. 4 1,1 ,2,3,3,3-hexafluoro-1-[3,5,8-tris( 1,1 ,2,3,3,3-hexafluoropropyl) 

adamantanyl] propane (42) 

No. 5 1-(1,1,2,3,3,3-hexafluoropropyl)cyclopentane (43) 

No. 6 1,1 ,2,3,3-hexafluoro-1-[3-(1, 1 ,2,3,3,3-hexafluoropropyl)cyclopentyl]propane 

(44b) 

No. 7 1-(1, 1 ,2,3,3,3-hexafluoropropyl)cyclopentanol ( 46) 

No. 8 1-(1,1,2,3,3,3-hexafluoropropyl)cyclopentene (49) 

No. 9 (lE)-1-adamantanyl-1,2,3,3,3-pentafluoroprop-1-ene (53a) and (lZ)-1-

adamantanyl-1 ,2,3,3,3-pentafluoroprop- r-e ne (53b) 

No. 10 1-(£-pentafluoroprop-2-enyl)cyclopentane (54a) and 1-(Z

pentafluoroprop-2-enyl)cyclopentane (54b) 

No. 11 1-[( 1R,3R)-3-(( lZ)-1 ,2,3,3,3-pentafluoroprop-1-enyl)cyclopentyl]( 1Z)-

1 ,2,3,3,3-pentafluoroprop-1-ene (55) and 1-[(3S, lR)-3-((lZ)-1 ,2,3,3-

pentafluoroprop-1-enyl)cyclopentyl]( lZ)-1 ,2,3,3-pentafluoroprop-1-

ene (56) 

No. 12 1-(1 ,2,3,3,3-pentafluoro-Z-prop-1-enyl)cyclopentene (57b) 

No. 13 (lE)-1-cyclopentyl-1-ethoxy-2,3,3,3-tetrafluoroprop-1-ene (75a) and 

( 1Z)-1-cyclopentyl-1-ethoxy-2,3,3,3-tetrafluoroprop-1-ene (75b) 

No. 14 1-cyclopentyl-1-ethoxy-1 ,2,3,3,3-pentafluoropropane (76) 

No. 15 1-cyclopentyl-2,3,3,3-tetrafluoropropan-1-one (77) 

No. 16 1-cyclopentyl-1 ,2,3,3,3-pentafluoro-1-methoxypropane (78) 

No. 17 1-cyclopentyl-2-fluoro-2-trifluoromethyl-4-penten-1-one (79) · 

No. 18 1-cyclopentyl-2-fluoro-2-trifluoromethyl-3,4-pentadien-1-one (85) 

No. 19 1-cyclopentyl-2-fluoro-3-methyl-2-trifluoromethyl-4-penten-1-one 

(86) 

No. 20 cyclopentane carboxylic acid (88) 

No. 21 1-cyclopentyl-3-etheny 1-2-fluoro-3, 7 -dimethyl-2-trifluoromethyl-6-

octen-1-one (92) 

No. 22 1-cyclopent-1-enyl-2-fluoro-3,7 -dimethyl-2-(trifluoromethyl)-3-

vinyloct-6-en-1-one (93) 

Bl 



No. 23 Z-(1-cyclopentyl-2,3,3,3-tetrafluoro-1-propenoxy)methylbenzene (94) 

No. 24 Z-(1-butyl-2,3,3,3-tetrafluoro-1-propenyl)cyclopentane (99) 

No. 25 Z-(1-phenyl-2,3,3,3-tetrafluoro-1-propenyl)cyclopentane (101) 

No. 26 1 ,2-dibromo-1-cyclopenty l-1 ,2,3 ,3 ,3-pentafluoropropane (1 03) 

No. 27 diethyl(2,2,3,4,4,4-hexafluoro-1-methylbutyl)arnine (104) 

No. 28 bis(2,2,3 ,4,4,4-hexafluoro-1-methy lbuty l)ethy I amine (1 05) 

No. 29 tris(2,2,3,4,4,4-hexafluoro-1-methylbutyl)arnine (106) 

No. 30 (2,2,3,4,4,4-hexafluorobutyl)(2,2,3,4,4,4-hexafluoro-l-

methylbuty1)methylarnine (107) 

No. 31 bis(methylethy1)(2,2,3,4,4,4-hexafluoro-1-rnethylbutyl)arnine (108) 

No. 32 (2,2,3,4,4,4-hexafluoro-1, 1-dirnethylbutyl)(2,2,3,4,4,4-hexat1uoro-1-

rnethylbutyl)(rnethylethyl)amine (109) 

No. 33 2-(1,1,2,3,3,3-hexafluoropropyl)-l-methylpyrrolidine (110) 

No. 34 1-(2,2,3,4,4,4-hexafluorobutyl)-2-( 1,1 ,2,3,3 ,3-hexafluoropropyl) 

piperidine (111) 

No. 35 1-(2,2,3,4,4,4-hexafluoro-1-methylbutyl)-2-(1, 1 ,2,3,3,3-hexafluoro 

propy !)piperidine (112) 

No. 36 4-(2,2,3,4,4,4-hexat1uorobutyl)morpholine (113) 

No. 37 4-(2,2,3 ,4,4,4-hexafluorobuty l)-3-( 1,1 ,2,3 ,3 ,3-hexafluoropropy 1) 

mo;pholine · (114) 

No. 38 4-(2,2,3 ,4,4,4-hexafluoro-1-methylbutyl)rnorpholine (115) 

. No. 39 4-(2,2,3,4,4,4-hexafluoro-1-methylbutyl)-3.-(1, 1 ,2,3,3,3-hexafluoro 

propyl)rnorpholine (116) 

No. 40 2,6-bis(l, 1 ,2,3 ,3,3-hexafluoropropyl)-1 ,4-dirnethylpiperazine (117) 

No. 41 1 ,4-dirnethyl-2,3,5-tris(l, 1 ,2,3,3 ,3-hexafluoropropyl)piperazine (118) 

No. 42 1-((22)-2,3,4,4,4-pentafluoro-1-methylbut-2-enyl)-2-(( 12)-1 ,2,3,3,3-

pentafluoroprop-1-eny !)piperidine (119) 
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4. 10 

. 01 
10. JO 

. Ob 

.6) 
15.04 

1 ]0 

i) 25 
1.0 os 

. i7 

100.00 

j ."lass 

170 
t i'l 
112 
1. 71 
1/9 
131 
181 
U4 
!.35 
lai 
139 
!.95 
1. 97 
1 ~9 
200 
20 l 
207 
nJ 
21.5 
219 
2'21 
225 
227 
229 
2lt 
241 
250 
~ s 1 
261 
270 

291 
llO 
llO 

ti':. 

l 71 . 
1 8 l ~ 

2. 22 

.Si 
'lS 
LU 
J. 3!. 
1.. 32 

20. I; 

.71.. 

.•)d. 

.2S 

.57 

. 06 
J. 11 
113 

79 
1.. 04 
. .-n 
. oa 

3.98 
. 06 

1.. !.~ 
l. )) 

. .37 

. 87 
]. 9 l 

.Sl 
2. 04 
s.n 
-.!.6 
LS4 
~. 1!. 

'" 
•. il 

s. ea 
,.s:; 

5.5) 
~ . 5!. 
1. •)5 
s.s::a 

.51 
t.:n 

\ 2:) 
l.S.Jt 

aJ 
l . ~ :; 
2..; 7 
1.. 10 
t s.; 
1.. J 7 

J.n 
' " 
l.H. 
l..H 
2.7.:. 
).'-15 
t. J2 
t ;a 
s . ; ~ 

.1? 

><15 257024 

291 

70656 



Mass 

20 
2< 
25 
26 
27 
28 
29 
J 0 
ll 
]2 
JJ 
JS 
J6 
]7 
l8 
)9 

<0 
41 
<l 
<J 

" <5 
<6 

" <8 

'9 
so 
51 
52 
Sl 

R.el rnt: 

15 
22 

1 00 
8.18 

J8. 6;1 
1.2 75 
7) 98 

2 OJ 
~ . J 7 
0. 76 
0." 
0 19 
0 41 

. ~ l 
'57 

51 6J 
11. ~ J 

lOO. 00 
21 l4 
15. 85 

l <O 
).46 

0 .. 
J Oti 
0 )1 
0 36 
<BB 

15 4 s 
J. 16 

21 95 

C037 222 ( 3 . 78B ) 

Hll'l 

:l:FS 

11')1 

Hl9 127 

t:!6 

M -+ = 198 

198 
198 

...... 

177 199 

·' 196- ( 
M/~~~=~·~l'l~~~~~-4W-~~~~Jll~UU~UWillljW~~~~~~~~~~~L-~-ill~--~~zwe~.-e--~-2-.~2-e--~-2~4=e--r--

Ma.ss 

20 

'S 
26 
27 ,. 
'' ]1 

l2 
JJ 
J< 
JS 
)6 
J 7 
)9 
H 
<0 
<l 
<2 
<J 

" <5 

" "' 
" " 50 
s 1 
52 
SJ 
5< 
ss 
56 
57 
58 
59 
60 
61 
il2 
6] 

6< 
65 
66 

" 69 
70 
?1 

" 7' 

Rel rnc. 

1 15 
l.Jl 
2 5J 

ll 73 

)4 so 
1.2 01 

J JC 
1:2 00 

1 '!.9 
).44 

0. '25 
0. 71 

' s 1 
6.9] 

)1 . .28 
'1-1 9) 

1 B. SO 
,., l4 

) oc 
0. 9 2 

60 

0. 7B 
4. 00 

16.)0 
.2) 79 

2a 
.SJ 

0. B S 
82 
16 

16. 41 
1 7< 

l::i.l4 

1 <B 
.<16 
81 

16.74 
e. 04 

) 0 . ~ 0 
!i 9. t6 
21.15 
72 69 
9.U 
J 4l 

<0 
J 0 

C047F2 461 (7.684) 
11'l6 41 55 

68 

29 67-

%FS 

Mass R.el rnc 

7c: 51 lO 
ii H 26 
78 10. J 5 
7 9 11 J4 
8 l J 5 . 2 ~ 
BJ H.~ 9 
a •! 9 1 ~ 
as ::lS 
Si S. 70 
sa 1.9. oo 
3 9 1 ~ 1 , 

90 SD 
91 2.50 
'12 J 69 
9) 9. 0 9 
9~ ll 0 l 
95 29. q6 
96 ::02.69 
97 28 1.9 
98 . 9) 
99 15. 53 

lOO 25 11..; 
l 01 &6 52 
102 9. 91 
10) 1 J'l 
104 lJ 
tOS 5. 26 
106 l!l 17 
l.'Ji 2). 79 
1 OB ~ 2. i J 
109 100.00 
110 1·0 s 7 
!.ll . ~ li 
1..!.2 7 9 J 

llJ 20. 1: 
1.1-1 '1 70 
llS 7. Ja 
ll ti . 09 
117 J.SS 
1.1 s 1 a. 2-1 
11 9 2 ~ J ~ 
120 o. oa 
Ul ~5 

1:2 2 o. <~a 
12) 75 
12'1 .91 
1~5 11.01 
12ti "'0 09 
1~7 10J.UO 

j Mess 

123 

'" 
1 JO 
lJ!. 
lJ2 
lll 
ll< 
lJS 
lJO 
1]7 

1 J8 
ll9 
14 0 
1·11 
1 ~ 1 
JU 
':.-<4 
H5 
1<15 
Hi 
1<a 
1<9 
!.SU 
151 
!52 
15J 
15<1 
!SS 
150 
157 
158 
15:3 
160 
liil 
lii2 
16) 
lii<l 
lDS 
166 
107 

"' 169 
110 
171 
172 
J1J 

"' 115 
170 

R<d [ne 

Sl.So~ 

93. oa 
9. so 
. os 

ll. 0 1,. ,, 
0 7 ~ 
0. 22 
) • 9.:1 
9. so 

. 22 

.60 
'1. ll 
0. 2<1 
0. 5'2 
1. 9d 

. " 
1 s. 97 

<I. JS 

" 71 

.29 

7 " 
9. 0<1 
l.JO 
a. :n 
0. J .. 
1.76 
4 lJ 
4. a1 

14. !.0 
2J.JS 

2 '0 
0 52 
'I 02 

.82 

. so 
4. as 
0 '5 
a 2o~. 

0. 7 ~ 
. 90 

·'' 
. " 

10 
15 
74 

1 JO 
~ . s 7 

I Mass 

l" 
l7S 
l 79 
1 dO 
\dl 
1:n 
19J 
19< 
13 5 
LdO 
l87 
138 
lB 
190 
191 
192 
19J 
l 94 

195 
l96 
198 
1::18 
199 
100 
201 
2 0 ~ 
20 j 

206 
207 
::008 
:o 9 
21::0 
2ll 
21-1 
215 
HO 
::1s 
2" 
::0 l ~ 

::no 
"' 

Re 1 (ne 

7. 71 
4.9::! 

·'' 
0 jJ 
_.3·1 

. Od 
0. 1-l 

. ua 

. os 
tJ. os 
0. ~5 
u. 10 

. o.; 

. 07 
0. O'S 
0 lU 
U. JB 
l. so 
5.1"l 

so. "l"l 

00 • 5 ~ 
7.Jt! 
0. J8 
0. os 

. OJ 

. 0< 

.Gl 

. 06 

. Od 

. 0] 

. us 
0 os 
0. 08 
0. 1.1 
o ;o 
0. 90 
o. ta 
0. OJ 

. "' . os 
0. 02 
o. Oti 
0. Q6 
0 os 

No. l3 (lE)-! -cyclopentyl-l-ethoxy-2.3,3.3-tetrai:1uoroprop-l-ene (75a) and ( lZ)-1-

cyclopentyl-1-ethoxy-2,3.3,3-tetrafluoroprop-1-ene (75b) 

M·+= 226 

~et5::!32 

87 

J Mass Rel [ne I Ma.ss. R.el I ne I M.iss Re t !.n.C 

77 

" 79 
80 
81 
B2 
aJ .. 
95 
86 
87 
9B 
99 
90 
91 
92 
9l 
95 
97 
9B 
99 

101 
102 
101 
104 
105 
106 
107 
JOB 
109 

22 56 

l " 12.97 

1 " :n 15 

' 17 
15 as 
1.2 JO 

54 
9J 

4. .!.7 
2.16 

l2 Qq 

. 91 
17 28 
l. J 2 
l 18 

11. 84 
65 a 5 
~ . 2 7 
5J9 

21. 95 
} 06 
J 01 
o. sa 
0. 60 

J 0 
67 

4 ~·J 

l5.81 

1)2 
lll 
lJ< 
ll5 
ll6 
1)7 
lJa 
U9 
t<O 
14.1 
142 
·uJ 
14< 
l<S 
1<6 
147 
14B 
1<9 
150 
151 
!52 
15) 
154 
150 
150 
151 
!SS 
159 
liiO 
161 

l. 70 
1.51 

19. so 
s . ~ 9 

lJ. 52 
S OJ 

<9· ,, 
1 ;o 
J. 2S 
Q . ~ "/ 

Q. 70 

0 JO 
.19 ,. 

95 
ss 
99 

. OB 

. 08 

.J7 
0 28 
0 J 7 

2J 1B 
1.1. OJ 
29. l7 

) i6 
4.:n 

29 
. ~ 7 

lBl 
1 ss 
186 
l:Bi 
188 
la9 
190 
131 
19 J 
195 
195 
197 
191 
199 
199 
200 
201 
202 
20) 
204. 
205 
20i 
208 
209 
110 
2.11 
21) 
215 
:!16 
217 

0. 97 
20 ) ) 

1 " 0 Jl 
0. 18 
0 J 6 
0 10 
a. 1.1 

0 15 
0 20 
c. oa 
l ,, 

5 .ll 
ll. 82 

. 01 
0 62 

. so. 

. 08 

. a 8 
0. 12 
0. 20 

15 65 
l. J J 
l. J 2 
0. 13 
0. 28 
0. 2J 
o. Ja 
0. 0 J 
0 .10 

B 11 

55 
56 
57 
sa 
59 
60 
61 
62 
61 ,, 
55 
66 
67 
69 
69 
70 
)J 

72 
7J 
75 

9!1.)1 
. so 

1<:.2q 

. 8< 
2J 

. " 0 H 
9B 

. 06 
J. 2 s 

l6.H 
!.9.72 
77.24 
90. 24 
94. ss 

i.52 
.52 ,, 
. i9 
. 91 

110 
111 

ll.J 
lloi 
115 
116 
117 
!.19 
120 
Ul 

U.J 
12~ 

u.s 
127 
129 
129 
uo 
lll 

1. 0 
2B. os 
2.60 
]. 36 
1 . 5 ~ 
~ . 57 
l.H 
2. 10 

ll 
o. sa 
5. 08 

ll 
1.2i 
0. 26 
J.U 
7.-:'2 
1. 51 

t5.45 
.ll 

5.1.5 

1&2 
!.5] 
164 
155 
166 
!.57 
159 
!69 
1 iO 

·lil 
172 
1 7) 
175 
176 
lii 
113 
179 
130 
!.Sl 
122 

0. 4 9 
0. 79 
0. J 2 

. 0< 
0. JO 
o. sa 

. Ol 
9. 10 

. OJ 
~. 12. 
O.H 
0. 20 
0. •2 
0. '5 

·" 5.JS 
0. ~0 
~jO 

5.':1, 
0.11 

H!? 
211 

.. 2.2) 

o.' 
l. 

0 ·' 
78 . 
15 

0 . 
0. 
0 .I 
0.! 
0 .I 
0 .I 
0. 
0. 
0 .I 
0. 
0 .I 
0. 



Minor Diastereoisomer. 

Major Oiastereoisomer. 

No. 14 l-cyclopentyl-l-ethoxy-l.2,3 .3,3-pentatiuoropropane (7 6) 

M~= 246 

C0<17f2 <171 ( 7.851) 

16l'l 
ss 

"11 
67 

" S7 

%FS 
29 

39 
27 

l,i~~.~.~c 11 ,[1;3 
9

1

1
1 

ss 

26~i, I i ll'l'~ 
6 I 

M/:= 2'e .<1'6 

Mass 

20 
l< 
25 
~ 6 
21 
28 
29 
30 
31 
}l 

33 
J 5 
)6 

31 
38 
J9 
<0 
<l 

" 0 

" <I .. 
<1 

" <9 
so 
11 
12 
ll ,. 
ss 
16 
51 
se 
59 
60 
61 
62 
6J 
6< 
65 
66 
6 7 
68 

6·e 

Rel !rH 

0. J I 
0. 22 
0. 68 
I JS 

20. Ol 
·. 9 66 
52 , a 

. 91 
19 
J• 
08 
2J 

0. 4 9 
1 51 
2 J9 

Jl os 
9.'16 

iJ. ]1 

15. 4 ~ 
.Si 

l.61 
I JJ 
0- 83 
i.) 7 
0. j 2 

" 14. 94 
2 5:? 

u 75 
3 98 

25. 00 
2 ll 

66 
J6 

' " 1. 48 
1 SJ 
2.12 
5 .IS 

2 " l"I.SJ 
ll 06 
71. 71 
2i. 89 

s'e 

I Mass 

69 
. 10 

1l 
72 
7 J 

" ,, 
" 18 
79 
eo 
81 
82 
8J 

" 81 
86 
81 
ea 
89 
91 
92 
93 

·95 
97 
98 
99 

10 l 
102 
10J 
10< 
101 
106 
107 
109 
110 
111 
112 
1lJ 
lU 
115 
ll 7 
118 
119 
120 

C047f2 489 (8.151) 

%FS 

68 
67- .?s ss 

tee 

Rel Inc. 

100 00 
6-61 

.89 

.54 
49 

.27 

.16 
~ 2 . 51 

2.2"1 
z i. 09 

. ~ 9. 
5 00 
4.q) 

J7 
.94 
06 

0 60 
- <9 

" .98 
15. 24 

1. 11 
2.14 

1J. 45 
iO. 92 

J. 59 
19.12 
14.74 
0. BS 

.2< 
0. 45 
0. 24 
0. 21 
0 92 

" 81 
-77 

81 
.62 

03 
l. 99 

4l.BJ 

2 " 
l. 21 
0. SJ 

97 

T 
t2e 

I Mass 

Ul 
1::2 
123 
1l< 
125 
126 
l;i 
128 
U9 
!JO 
Ul 
p2 
lJ) 

lJ" 
lJS 
lJ6 
lJi 
131 
139 
1"(3 
141 
l<l 
143 
1<5 
141 
1<6 

l ~' 
1< a 
1<9 
110 
151 
152 
153 
15< 
151 
156 
151 
158 
15 9 
160 
161 
162 
16) 
164 
165 

js 
1~6 

Rel Int 

. JS 
o.n 
0 59 
0. J s 
l.Ji 
0- 55 

.?4 
?5 

.59 

. 95 
l. 21 
0. 4. 5 
1. 00 
0 80 
0 51 
0. 90 
0 • 9 
0 4:.. 
l 32 
0. 9'1 

87 
0. 26 
0- 20 
J. 66 

18.82 
l. 51 
0. 42 
0. 14 
0.54 
0 .18 
0- 11 
0. l) 
0. ll 
0 0< 
0. )6 

J9 
8- 31 
l. 59 
2.91 
0. 87 
0. Si 
0 27 
0. 39 

-01 
11 

1y 

t61'1 

I Mass 

1'6 7 
169 
169 
170 
171 
172 
li) 

1'" 
liS 
177 
178 
179 
lBO 
181 

.ia2 
183 
185 
181 
187 
188 
189 
191 
193 
1 ?5 
U!i 
198 
199 
lOO 
201 
202 
20< 
l06 
201 
lOB 
20~ 

lll 
211 
219 
:2~ 1 
226 

~:!8 
2<5 
2<1 
.255 

177)
81 

I ' 

tee 

Rel lnt 

0. 16 
IJ.46 
0. 16 
0. )9 
0 !.J 
u 29 
0. 01 
0. 01 
0. OB 
6. 7i 
.H 

0. 9) 
.l' 

6 10 
0. 5" 
0 12 
l. 00 
0. 10 
0. 30 
0 05 
0. 04 

. 0~ 

. 02 
11 

l: E'i 
4. 3S 

. 19 
0. 54 
0. 11) 

0. UJ 
o. o; 
0. Si 
0 . ~ 7 
0. 07 

- OJ 
.22 
-02 
. OJ 
. 06. 

10.16 
).19 
0. J 1 

06 
OB 

o o• 

2El6 

11'l2SI'lS6 

:~s 
I. 

:~e ~4e 

933888 

~-.s 

1'1~2-6~~~~~~~~~~~~~~~~~_w~~~~~~--~~f_s~~t~j_s~-~s~ls~~--,_~~~~-~-
"/" 21:1 46 s·e 1 I'll'! 16e tee 2e6 :::::'?e 

Mass 

20 
24 
25 
26 

" 28 
29 
JO 
)l 

32 
JJ 
J< 
JS 
J6 
]7 

JB 
39 
<0 
4l 
<2 
<J .. 
<I 
46 
n 
<8 
<9 
50 
51 
52 
SJ 
5< 
55 
16 
57 
18 
59 
60 
61 
62 
6J 
6< 
65 
66 

Rel I ne. 

21 
4l 
)6 

9 65 
n 98 
15 02 
ii.5] 

. DB 

" 19 
OJ 

- OJ 
0. 1 i 
0 • 8 
2. 25 
• J6 

41.81 
10 iS 

lOO. 00 
20 BJ 
1]. os 

3 59 

" 73 
.29 
20 

l ll 
4. 69 

l3 15 
2 .li 

21.05 
3. 02 

12 81 
. 07 

12 11 
- 00 
.2) 

1. oa 
.81 

6.25 
l. 89 

16 J< 
10. J 1 

I Mass 

" 68 
69 
10 
1l 

" 13 

" 11 
77 

" 19 
81 
Sl 
8) 

" es 
86 
87 
ie 
89 
90 
91 
92 
9) 

91 
97 
98 
99 

101 
102 
10) 
10< 
106 
107 
108 
109 
Ill 
11.2 
llJ 
114 
115 
lH, 
11' 

Rel Int 

81.14. 
95.61 
16-32 

-04 
00 
9l 

. Oi' 
J9 

8 ::2 
1 a. 6'1 

l <I 
20- 18 
20. )9. 

3.84 
13.16 
9.98 
~. JJ 
0. ,, 

3. 56 
. 99 

9.98 
. 06 

u 9] 
111 
? . J6 

10. B 6 
51.32 

65 
A.25 

lO 8J 
.32 
.-ss 

0- ss 
9i 

.14 
54 

25. 4 4. 
) 0. 70 

.76 
l. 71 
J- 87 

.JS 

.69 

Bl2 

I M39B 

118 
119 
121 
12, 
123 
Ill 
121 
129 
lJO 
lJl 
1J2 
1)3 
ll< 
lJI 
ll 6 
137 
1)8 
U9 
140 
1<l 
1<2 
10 
14< 
1<5 

. 146 
141 
148 
1<9 
150 
151 
112 
153 
15-l 
156 
156 
!Si 
158 
159 
150 
161 
16 ~ 
16J 
lti4 
165 

Rel .Int 

a. 51 
J.S-4 
5. 041 

3B 
1.11 
2. 96 
7. 02 

17 11 
66 
JS 

l 69 
55< 

15 02 
5.95 

16.12 
~ . a 2 

'2- 25 
1.28 
1. 4i 

' j ~ 
0- J 6 
o. se 
0 JJ 

. OB 

.27 

-" 1.4.3 
~ 9 9 
l. 89 
0- 62 
0- 2l 
0. 1 ~ 
0' l'. 

29.39 
1).)8 
J 1.1a 

J< 
.29 

0. 93 
l. J 3 
0. 19 
0. 54 

. 0. 2S 
o. as 

I Mass 

161 
16 8 
169 
1 i 0 
171 
li2 
l7J 
l.1S 
176 
lii 
liB 
l 79 
l'BO 
181 
182 
18) 
185 
186 

. le7 
l B9 
1511 
193 
11? 5 
191 
198 
199 
lOO 
201 
205 
201 
208 
209 
211 
21J 
21S 
2.21 

2~i 

22S 
~] 5 

Rel lnt 

0- J) 

l. 9: 
8. 99 

-" .)9 

. 05 

. oe 

.18 

. 22 
1.6<1 
•. BO 

.21 

.15 

.ll 

.22 

.1) 

16.2] 
0. 91 

.15 
-03 

01 
. 06 
-08 

l 40 
1). 16 
1. JS 
0- 15 
0 11 
0. 03 
J. 16 
0. 3 ~ 
0. 15 
0 .!6 
0-02 
0-06 

.'1'1 
-os 

25 06 
2 71 
0.27 
0-09 

I 
I. 



I9n Mode:CI+ 

No. 15 1-cyclopentyl-2.3 ,3,3-tetrarluoropropan-l-one (ii) 

M-+= 198 

C047'514 ( 8.567) REFIHE 
106 2 7 

:IIFS 

187

1
1r 209 

0 tL 2~7 

M/Z 160 170 186 190 206 210 220 230 

------------------- ;.•------- ---------- +•----------------- ... --------------- -----
Mass Rel rnt I Mass Rel rnt I Mass Rel tnc. I Mass Rel Inc. 

-------------------·------------------·------------------ .. --------------------
so 0 .09 105 a. 19 140 1. 2~ 183 0. 72 
52 59. 70 106 0. os 14.1 . 62 184 0 14 
53 a . 56 107' 1 . 67 142 a . 94 185 0. 17 
ss a 10 108 0 . 82 143 0. 15 187 25. 75 
56 0. 21 109 0 . 83 14<\ . 38 189 3' . 87 
sa .OB 110 0 16 14.9 .38 190 2 .21 
60 .36 111 a 13 150 . 19 191 0. 20 
61 . 27 112 0 . 36 151 1 20 19] 0 . 11 
63 0 . 91 112 0. 30 152 0 . 10 194 0 . 09 
69 0 . 22 1!.4 1 19 15] . 39 196 0. 24 
7a 0 . 23 116 0. JS 154 . ss 198 0 .4.7 
72 0 . 78 117 0 . 20 155 .58 204 3 . 59 
74 0 . 52 120 0 .13 159 . 10 205 0 . 48 
77 0 . 30 121 0 .!.2 160 0 . OB 207 100 . 00 
BO 0. 25 122 0 . 52 161 0. 12 208 9. JB 
81 0. 46 123 0. 47 165 0 . 20 209 16. 60 
82 0. 39 124 0. 22 165 17 210 1 .H 
84 0. sa 125 0. 47 165 . 19 211 0 . 09 
86 1. 31 126' 00 167 0. 19 222 . oa 
a a 0 64 128 0. 91 168 0. 10 224 . 51 
91 0 . 35 130 0 . 25 169 0. 26 226 .45 
93 0 . " 1.)3 0. 10 171 . 27 227 5 27 
94 0. 72 ll4 0 .18 171 . 6_4 228 0 . JO 
95 . as 135 0 . 27 17i . 09 242 0. 09 
96 . 59 136 0 .1) 178 0 . 28 244 2 . 40 
98 0. 34 lJ7 0 34 180 0. 14 24.5 0. 29 

100 1. 29 1)9 0. 87 180 0 25 
102 0 65 ll9 1. 07 181 0. Ji 

------------------- +------------------ +------------------.------- ~------------

Bl3 

\. 
137216 

2-44 

240 



C056F3 387 (6.451) 
1130 

%FS 

39~4_, 
21:0:~9 / ;4s si~ 

il 
s'e M/:!: 40 

Mass Re1 Inc. I Mass 

11~1 

No. 16 l-cyclopenry!-1,2.3,3,3-p::ntafluoro-l-methoxypropane (78) 

M·+= 232 

171 

1 1 

77 §l1 97 1.i1 
127 143 

: i' i 91- .' 1~1 11 ! . 141.~ 1. 1~1 
'I 

1r3 

s·e tee t2e 140 16e tee 

Rel lnt I Mass Rel In:: I Mass Rel !nt 
• ~ • -- •• - - - --- - • - - • - ... - - - - -- - ~ - - - - - - - -- - + - - - - - - -- -- - - -- -- -- • - - -- -- - - • - - • - - - - - - - -

26 1 62 70 l. 67 111 39 0 83 2.52 0 ss 
27 10 . Jl 7l B 79 112 . 42 153 l. 82 
28 s .23 " .34 113 2. as 1.54 0. ES 
29 6 10 7 j . 12 114 1 . J B 155 4 .11 
JO 0 . s 7 74 . 21 115 5. Sl 156 0 .37 
31 2 .9J 7 s J . 31 116 . 0 <J 157 0. 76 
J2 0. )0 76 0 . so 11 i l. ll 158 0 . .; 5 
33 . 01 77 9 sa 118 0. 1S 159 99 
JS 14 78 0. il 119 l . 40 160 . 00 
37 JS 79 6. Jl 120 J . 2J 161 .81 
38 . J3 so . 91 lll B 28 162 0 . 52 
J9 18 .10 81 01 12 ~ 0 71 16J 0. 41 
40 J 98 82 . as lll 1 . 15 164 0 . 12 
41 JO. 81 SJ 4 JS 124 0. 14 l6S J6 
42 7 34 84 . 82 125 . 01 166 0. 10 
4] .JS as . 36 126 0. 60 167 0. JS .. 0. J9 86 76 127 s. 45 16a 0. 17 
4S s 45 B7 0 59 128 1 .27 169 . ao 
46 o. J a aa . 64 129 2. ao 170 . 01 

" 1 . 06 89 . 2J lJO 0 1"6 171 100. 00 ,, 0. 09 90 . 52 131 91 172 6 . " so 10 91 5 60 132 0 98 1 7) 0 as 
51 4 57 92 0 52 1)) 2 .al 174 0 . 06 
52 0. '' 9J 0 . " 1]4 0. JB 1 ;; 0 . 32 
SJ 5. 09 ,. 0 " lJS 0 ·'' liB 0. ., 
5<. 87 95 .55 136 .36 179 0 . ss 
ss .96 96 6S ll 7 . so 180 0 75 
56 . JS 97 . 67 lJS .JS 181 2 . 3 6 
57 .4] '' .69 139 <2 182 0 15 
sa . 16 99 

. " 140 • 02 lBJ 14 . 2< 
59 ·" 100 .. 4.2 141 ., .19 184 l . " 60 0 lB 101 12 . 65 142 0. 63 lBS 0. 16 
61 0. 28 102 1 . 9) 10 20.93 191 0 . 09 
62 0 46 101 1 . 65 "' • .32 192 0 . OB 
6J . ]2 10< 0 .JO 1<5 .2 DO 19) 0. 16 
64 97 105 0 . 45 146 0 19 197 1 .24 
6S 02 106 0. 61 147 1 . 04 198 0. ll 
66 .98 107 .sa 1< a 0. 15 211 0. 61 
67 16 so lOB 0. ii 149 <5 212 20. 93 
68 19 <8 109 12 .06 150 .22 213. 9J 
69 12 0 110 1 . 65 151 . 25 214 16 

-------------·-----·------------------·------------------·--------------------

f:< L1 

352256 

212 

I 
2ee 



M:ijor.Diastereoisomer 

Minor Diastereoisomer 

C053F3 535 (8.917) 
69 

%FS 39 

No. 17 1-cyciopentyi-2-fluoro-2-trifluoromethyl-.:!.-penten-1-one (79) 

·M-+= 238 

97 

41779:::!tl 

'J' 1 ,;Is);, '1' 
M/~~~~~~~=-~·a~~~~~~~t7a~e----~-------~=s~e~----------=2~e~e~--~~--~=2=s~a~----------3==e=e---

Mass 

20 

::n 
28 
2 9 
JO 
ll 
')2 

1l 
J< 
JS 
16 
)1 

J8 
l9 

. '0 

4l 
42 
<J 

" <5 ,, 
,; 
<e 

" so 
51 
52 
SJ 
ss 
56 
51 
59 
60 
51 
62 
6) ,, 
65 
Oii 
61 
69 
10 
71 
72 
7J 
15 
16 

" 1S 

Rel Int 

0 .. 
0 Ol 
0. J 7 
0. 81 

' 90 
18 1<1 

1 e• 
J6 
u ,, 

0. 2 6 
0. 52 
0 OJ 
0. OJ 
0. lJ 

91 
. eo 

4.1. 75 
B SJ 

BD. 00 
9 Sl· 
4.6) 

1>< 
2.16 

.96 

" 19 

" eo 
. 51 

91 
ll 6 7 
19.22 

1 )0 
2 92 
4.)9 

o. :z a 
0. J., 
a. G:z 
l. 7 6 
l. 01 
6 96 
J. a a 

27.8<4 
100.00 

1, . Ji 
1J 

. " 
l.U 

,]6 

90 
.<5 

0. 9J 

C053F3 549 (9. 151 l 
41 

69 

39 

%FS 
67 

I Mass 

90 
i1 
92 
11 
e. 
es 
i6 
!1 
e·e 
as 
90 
9! 
~ 2 
91 
95 

" 9B 
99 

101 
102 
103 
10< 
l.IJS 
106 
107 
109 
110 
111 
llJ 
11< 
1.!.5 
ll6-
11 i' 
ll9 
121 
l2~ 
UJ 
l2<1 
125 
1.:'7 
l.-28 
129 
UO 
Ul 
lJJ 
ll< 
us 
1)6 
l37 
lJ 9 
l4 0 
l4.l 

Rel lnt 

2. ss 
0.60 
2. ii 
0 <2 

0. ]0 
0. i ~ 

. as 

. so 

.e: 
l. 20 

;a 
0. ]2 
0. 79 
• 15 

s~. 1s 
J.-1.) 

0. '"' 
., . 90 
0.75 
o eo 
0. lJ 

. 0. J ~ 
0. 17 
0. 48 
1.)7 
0 17 
0. l8 
0 81 
c J 1 
0. 47 
o.u 
0. 22 
o. SJ 
2. 52 
0. 89 

J6 
.. .ll 

0. 20 
0 . .96 
0 . .27 
o .1 e 
0 .l.J 
0 J l 
0. )"' 
0. os 
0. 20 
0. ll 
o.n 
0. 3 2 
0. 4 5 
0. 4..2 

I Mass 

H9 
150 
15 l 
15:! 
151 
15< 
155· 
150 
137 
159 
161 
16:! 
ltiJ 
1.64 
165 
i.67 
lOB 
lti9 
lil 

liJ 
115 
176 
lii 
li'i 
178 
119 
131 
18.:! 
lBJ 
18 s 
lil 
liS 
191 
191 
191 
195 
195 
191 
19! 
199 
200 
201 
:!0.:! 
20J 
2 0~ 
205 
207 

0.06 
0., 1 

0. 19 
0. 10 
0. ~0 
0 75 
0. 21 
a .... 
0. Oi 
Q. I, 
0 OJ 
0. 10 
0 . ~ , 

0. lS 
0 ... 2 
0.~9 

0.0!? 
·o. 1; 
0. 10 
0. ll 
0. 16 
0.05 
a. 1a 
1.17 
0. 07 
0. 15 

a."'' 
0 06 
O.J2 
0. 2 4. 

0.09 
0. lJ 
0. 19 
0. 0] 
0 06 
0.09 
0. Col 
0. 14 
a. :a 
,c. os 
0. 10 
0.05 
0. 04 
o. "a 
0. 15 
0. SJ 
0. lJ 
0. 54 
0. 0~ 
0. Oi 
0. 02 
0. ll 
0.09 

f Mass 

209 
2{)9 

.210 
211 
2lJ 
214 
21.5 
217 
lli 
219 
220 
'" 

:.Js 
2:!6 
2J i 
2J9 
.240 
2<1 
2C~ 

2<3 

'" 2<5 
2•1 
2<9 
251 
255 
256 
257 
2 59 
260 
261 
162 
265 
269 
2'11 
211 
171 
279 
291 
2BS 
:?Si 
299 
.llO 

Re.l lnt. 

0. OJ 
0. 0~ 
0. 0.2 
0. 06 
a. oJ 
0. 02 
0. 02 
0 11 
0. 1) 

. 0< 
0. 09 

.92 
0. JS . 
0. 21 
0 O< 
0 .·oJ 
a. 01 
0. Ol 

. 02 

. 02 

. DJ 
0. 02 
0. 0) 
0. l 7 

.75 
0. ?0 
0. 1 ~ 
0. 02 
0. 01 

. 01 

. Ol 
0. 02 
0 02 
0. 01 
0. Ql 
0. 01 
0. 02 
0. 1. 

0 01 
0 07• 
0. 02 
0. 01 

··a. a 1 
0 01 

. 02 

. 01 
0. 0:? 
0. 01 
0. 01 
0 0'1 

0. 02 
0. 0 l 

!277952 

is~~:;a s 1~~'i ~~~ ] 7 9sil) ~ ; 9 
M/~~~~~~~-s~·~e~W-~~~~--~~~~0-e--~----~-------1~s~·=e~--------~----=:;~e~e~------~------~2~s~e=--

Mas·s 

20 
2< 
25 
26 
n 
23 
29 
JO 
}1 

JJ 
l1 
J• 
JS 
J6 
11 
Ja 
19 
•o 
<l 
<l 
4l 

" <5 
<6 

" <8 
<9 
so 
51 
Sl 
SJ 
5< 
ss 
56 
Si 
58 
59 
60 
til 

R.el [ne 

. so 

.<1 
0. 9 8 
ii. 09 

16 ~ l 
8.17 
s.] 7 
0 <9 
ll. os 
l. 5::2 

.ss 
0 ll 
0.11 

0 " 
J<J 
a. 09 

ss ~s 
11 J 0 

lOO 00 
a 99 
2.58 

. 90 
01 

0 •. 4..J 
1.12 
0 .lJ 
0. 15 
2 oa 
9 J8 

62 
9.17 
1..38 

10. 2 6' 
. 22 

7.4.:5 
1 51 

. 14 so 
os 

0. 7 6 

I Mass 

62 
i1 ,. 
65 
56 
67 
58 
o9 
10 
7l 
12 
7l 

" 15 
n 
78 
79 
ao 
Sl 

'' Sl ,, 
35 
86 
31 
98 
ea 
9l 

" 91 
95 
9i 
98 
99 

101 
ta2 
!.OJ 
lD< 
105 

R,d i.nc. 

90 
.15 
01 

10. 10 
5.7i 

Jl.U 
6. 09 

91. OJ 
4.7S 
l. L 7 
0 so 
0. 9 J 
0. 26 

. ~ s 
1. J 9 
4.Sl 

. OJ 

J6 
96 

o .. a 
. 02 
.11 

. " 
<5 

. 32 

. 77 
0. J 5 

01 
9 62 

20.) 5 
l. 2\ 
0 16 

11 
o .1 e 
0. 59 

0. --
0. )l 

B 15 

J Mass 

106 
.lOi 

109 
110 
l.ll 
112 
1l.J 
llolo 
115 
1.16 
l.l 7 
!.19 
uo 
121 
1 ~, 

J:J 
125 
1.n 
129 
uo 
Ul 

lJJ 
us 
U1 
U9 
141 
1"2 
li~,J 

1<5 
li~,i 

14.9 
150 
15 l 
l.SJ 
J.S:5 
LSi 
13 9 
16'0 

Rel rn.::. 

ll 
. 19 
01 

0 so 
l. 4-S 
0. ll 
0. "6 
0. 2., 
o ea 
0. lJ 
0 29 
0. 52 
0. 15 
0. 06 
0. 19 
a. l.; 
0., 1 

o. 9 e 
-. i6 
0 os 
0. J l 
0. l.2 
0. J J 
0. lS 
1. 00 
0. JO 
0. a6 
0. 09 
0 os 
0 --
0 '' 
0. so 
0 10 
0. !.0 
0. 07 
0. 10 
2. 90 

0. !.9 

J Mass 

151 
162 
15] 
lti5 
15i 
169 
!. 70 
li'l 
1 i ~ 

lii 
l i9 
179 
18!. 
l.82 
19.J 
li< 
!.SS. 
189 
190 
!.95 
1.97 
199 
200 
201 
20J 
209 
211 
217 
218 
ll9 

2.J8 
2J9 
253 

Rel !ne. 

0. 4] 

0. 08 
0. os 
0. OJ 
a. u 

.oa 

. os 

. 0< 

. Ol 

. 0< 

. os 

. )0' 

.<5 

. 89 

.19 
21 

0. 01 
0. 01 
0. 02 
.a. 04 
0. 06 
0. lJ 
0. 32 
0 96 
0. 06 
0. OJ 
0. ll 
o. a~ 
0. DJ. 
0. 0' 
0. 2 6 

0 " 
0. 07 

• 0. 25 
0 .lJ 
0. QC 

1. 



t.;036 596 ( 9.934) 
41 ss 

67 
%FS 

S7 

--.~~~;--- ~~~- ~~~-- -i-~~~;.-- ~~l-~~~--- j" ~~;; -- -;~i- ~~~-- -i-~~;~--- ~~l- ~~~- ----
------------------- .. ------------------ ... ------------------ ... ---------------------

20 
21 
l< 
26 
27 
:a 
29 
ll 
Jl 
]} 

JS 
J7 
)9 

H 
42 
4) 

44 
45 

'" <7 

27 
04 

. 77 

. 90 
2 0. ~ 9 
10. 10 

29 
). JJ 
a. 6J 

0 " 0 27 
5.)4 

67 06 
100.00 

10 )9 
10 7 B 
•. )4. 

0. 31 
0. )4 

0. ~0 
ll. s J 
15 59 
17 65 
29 ao 

lOO 
101 
102 
10) 
105 
107 
109 
110 
lll 
111 
llJ 
114. 
115 
116 
ll7 
119 
1..20 
1~ 1_ 
:..22 
lll 
ll4 
us 

.2] 

65 
1.17 

1 u 
ll 

4. 98 
.o. =.o 
a. 67 
1. OB 
l. 99 

26 
l 40 
0. 57 
0. 91 

157 
158 

0 " 
l. 04. 
0. 77 
0 5<\ 
0 54. 

. 09 

. 86 
;a 

0. )5 
. <5 
.l5 

0. 86 
0. 40 
a. 19 
.ll 
. 94 

0. 75 
).]8 

25 
.94 
47 
57 

. ]7 

210 
2ll 
2J.2 
2H 
1:..5 
21D 
ll7 
217 
219 
221 
22l 
224 
227 
2:7 
22 8 
"229 
2] l· 
2]2 

. 04 

. 06 

. 09 
J6 

1.. 26 
"'-. 39 
7. 55 
2. 87 
l. S9 
0 l 7 
0. 08 
0. OJ 
0. 04 
0. OJ 
0 04 
0. Cl 

. os 

. 02 
G. 04. 
0. os 
a. 63 

.ss 
6. ]i 

0- 24 
. 02 

sJ·· 
65 
67 
69 
70 
7! 

" 7) 

75 
77 
79 
Bl 
9] 
84 
as 
S7 
SB 
B9 
9> 
92 
9) 
95 
97 
9B 
99 

M = 236 

6. 27 
1·2. 4.5 
Sl. 37 

lOO. 00 
ll. 13 

l . 59~ 
0. 56 

. lB 
7.!.ii 
7 75 

.27 
4..95 
-L SJ 
0. 74. 
1..1.6 
5. 96 
7 .16 
6. 86 

' 2? 
l. 04 

.5.2 

. S6 
lOO 00 

J. S:! 
4.. 60 

112 
UJ 
u~ 

us 
lJ6 
U7 
1)3 
lJ9 
140 
141 
1<2 
10 
144 
14.5 
1.40 
147 
1<9 
149 
150 
151 
152 
l.SJ 
lS< 
!.SS 
156 

l. ~ s 
L51 
O.H 
0. 2'7 
a. 34 
l. ]7 

5.76 
Ll6 
0. 90 

-0. J3 
0. 13 
0. lS 
0. 39 
l. 1 ~ 
111 
•. )a 

).19 
2. J] 

Ol 
0. 59 
0. 59 
o . .;o 
0. ss 
O.H 
•J.2J 

ias 
13'1 
18 i 
189 

.189 
190 
191 
192 
19< 
19< 
195 
197 
197 
199 
199 
201 
201 
201 
20) 
l04 
205 
201 
207 
209 
209 

0. l3 
0. 75 
0. 75 
l. Ol 
0. so 
O.L! 
0. li 
0. 9) 
J. 30 
2 :Jo 
0. 30 
l.U 
0. ~ 1 
l. 24 
0. 53 
0. 16 
0. )2 
1..:.2 
O.H 
a. to 
0 09 
J. 53 
l. 59 
0. la 
0 09 

2<7 
249 
250 
25.2 
25-1 
25 s 
lSS 
251 
257 
2sa 
267 
2il 
217 
29) 
23~ 

235 
237 
]05 
llJ 
JiS 
420 
<J 2 

0. 
0 . 
0. 
0. 
0. 
0 . 
0 . 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0 . 
0 . 

. 0 . 
0. 
0. 
0.' 
0.' 

so 
51 
SJ 
ss 
s• 
57 
59 
61 

L. 54 
."91 

2 06 
l. 91 

115 
.12'7 
128 
129 
llO 
l.H 

15.18 
2.57 
0. 97 
0. 4.5 
0. 54 
l. )5 
2. JS 
2 }0 

J. 09 
1. 19 
o. Sl 
0.4.7 
0. iiJ 

15 9 
liiO 
161 
162 
lQJ 
164 
165 
166 
16.7 
168 
169 
l 70 
171 
l 72 
1 7} 
l 74 
175 
17 6 
l 77 
178 
179 
180 
181 
18] 
lBJ 
us 

.57 

.59 
45 

. 20 

2.)~ 

23) 
2J s 
2)6 
2)'7 

23 9 
240 
.24.1 
2U 
245 

. 01 . - - - - - -- -~ . -- -- --- . - --: --. ---- - -- - ---. --- . -- ----- - - - ----. ---... ----. -. 

Ion Mode:CI+ 

. OJ 
.2B 0. 03 

No. 19 l-~yclopencyl-2-f1uoro-3-methyl-2-trifluoromethyl-4-penten-l-one (86) 

M-+:: 252 

C052F1Cl 511 (8.517) 
Hll1l 

S7 

--- ~-----.----- -~- -·-- --------------- -·-- -------------- ----~--- --- .;~·:-:--;=-.----- -.· •• 

Mass 

54 
ss 
56 
sa 
59 
60 
61 
62 
6 J 
65 
66 
67 
68 
69 
70 
71 
72 
7) 

74 
75 
76 
77 
7B 
79 
80 
Bl 
82 
9} 
94 
35 
96 
37 
se 
39 
90 
91 
92 
9 J 
94 
95 
97 
98 
99 

lOO 
.!.01 
J..OZ 
l-04. 

ael rnt 

o s; 
"'. 79 

19 
J6. 49 

1 4 7 
1. 99 
l. 15 
0 10 
0. <\) 

21 
J 2 

l. 20 
1 81 
J. 79 
J. SJ 

.'-19 

. 90 
0 l7 
1. 65 
2. J 6 
0. 44 
a 11 
0. )5 
0. 28 
0.% 
l. 0] 
2. 26 
0. J 7 
1 97 
s. 04 
J 4..] 

0. 76 
0.77 
0 57 
0.) 7 
0. 54 
0. 20 

. 07 

. 0 2 

. 35 
1.00. 00 

'7. 91 
l.. ss 
l. 2 2 
0. 25 

. 90 

" 

I ."1ass 

105 
106 
107 
108 
109 
110 
111 

-1.12 
1ll 
114 
1.15 
ll5 
118 
118 
119 
121 
121 
l2J 
l1J 
lH 
us 
126 
:!.27 
128 
129 
lJO 
lJl 
lJ 2 
lJ] 
lJ4 
us 
lJ6 
ll7 
U3 
ll9 

-140 
140 
141 
l<J 

_l·-43 
144 
145 
l-\6 
1·0 
148 
149 
lSO 

Rel !nr: 

JB 
. 09 
.72 

0. 80 
l. 00 
0. ]4 

0. :iO 
. os 
.64 

7. oa 

0. 59 
0. 2l 
O.H 
0. 61 
0. 29 
0. 54 
0. 4.7 
0. 3J 
0 16 
a. a a 
0. 57 
0. JS 
0. 20 
0. 22 
0. 2) 
0 .. 
J. 93 
0./4 
Q .. 26 
0. 57 
0. 52 
0. 64 
0 J 7· 

.Q. 57 
0. 75 
0. 56 
0. 68 
0. s l 
1 ll 
1..]7 
0. ;) 
0. )4 

0. 55 
0. 59 
0.19 
2.7) 
0. 19 

I Mass 

151 
152 
l5J 
154 
155 
156 
157 
158 
159 
160 
151 
162 
16) 
15) 
Ui~ 

155 
167 
16.3 
169 
170 
l7l 

. l 7J 
174 
17< 
175 
177 
177 
179 
180 
1.31 
192 
lB< 
L3< 
·us 
196 

.137 
199 
139 
190 
191 
192 
192 
19) 
195 
195 
196 
197 

Rel !ne: 

l.H 
0. 70 
0 ... 2 
·a. 28 
. 0 19 
0. )4 
0. 16 
0. 24 
a. so 
0. J4 

.J. 02 
0. 62 

. 9S 
9. J 2 
2. 0) 
2. l2 
B.22 
l. ]Q 

0.) 2 
o. J a 
0. 4.0 

. 0. 50 
0. 16 
0 27 
0. 52 
3 . .1.5 

' <9 
4...)9 
).3] 

2.13 
. ag 

l. 02 
l. J 9 
0. 40 

. 0 l 

. J 7 

. )8 
0. Ja 
0. JO 
0 < 2 
0. 40 
0. 27 
o. ao 
l. lJ 
2. as 
' 90 

I Mass itel rnr: 

!..99 
199 
200 
202 
202 

"20J 
204 
205 
206 
207 
208 
lOB 
209 
210 
212 
2!.) 
2lS 
215 
216 
~11 

213 
219 
220 
222 
22J 
11< 

. 229 
2)0 
231 
2)2 
2)] 

~J 4 
235 
2) 6 ,.. 
2SO 
2 51 
2S2 
25) 
254.. 
264 
267 
25a 
269 
270 
271 
272 

1. 56 
0. 4..0 
0. -\) 
0. 11 
0. ll 
0. Si 
0. 12 
0. 10 
0. !..~ 

0. ]7 
0. 20 
a. 20 
0. 50 
a. 59 
0. 97 
a. a; 

. 97 
2. 58 
0. 25 
1 60 
0. 10 
4. 49 
0. 25 
0. 22 
0 09 
0. 24. 
0. 25 
l. 4.4 
). 4.] 

J. 28 
12. 15 

2..U 
0. 76 
o _sa 
0. 51 

2J. 19 
2. 27 

. 9) 

l. :.16 
0. 35 
0. 10 
a. 10 
0 ] 7 

0. 09 
19. 96 

' ;Q 

0. l J 
------------.------------.------------- .. ----------------- --------.-------------

B 16 

12SS76 



Ion Mode:CI+ 

C0390ILC 588 (9.881) 
ti'li'l 

58 u .. 

No. 20 cyclopemane carboxylic acid (88) 

M·+= 114 

132 
1 4 13\ 

. ------ -·-----------.------------------ ~------------------ .. --------------------
Mass Rel I ne Mass Re! !nt I Mass Re! !nt I Mass Rel Int 

------------------ -----------------+------------------+--------------------
50 0 65 9S . 70 146 0. 90 192 0 23 
52 52. 2< 99 . 01 14 7 1 . OB 194 0 56, 
SJ s )9 100 . 61 148 1- 2 7 196 0. l7 
54 ] . so 101 . 59 149 1. J8 198 0 .l7 
ss 20 15 102 1 . DJ 150 1 .17 199 0 .21 
56 12 . 97 10J 0 . 1 B 151 0 .43 lOO 0 . 29 
58 60. 07 108 0. 51 152 0 . 76 202 . 27 
59 5 20 109 . 68 154 0 . 4 7 203 . jS 
60 2. aJ 110 .ll 156 0 ,24 204 0 . )0 
61 1 . 68. 111 ll. as 158 0 JJ 20~ 0 . 29 
62 0 J6 112 2l . oa 158 0 '26 205 0. IS 
6) 1. 59 llJ )4 70 159 0. 65 ;;;os 0. )6 
65 4. 59 114 as. 45 160 0 . 77 210 0 .61 
66 1 . 29 115 J . 09 161 1 . OD 211 0 . 26 
67 8 86 116 i . QJ. 162 0 . 97 2U 0 . 21 
68 18 19 117 0 . " l6J .63 214 0 .JS 
69 15 . 21 118 0 . 48 164 . 72 216 0 . JS 
70 J 52 119 0 . 58 165 . JS 2 1"6 0 .Hi 
71 2 19 120 0 64 167 .0 21 217 0. 16 
72 6 81 122 l . 54 168 0 . 52 219 0. !9 
7J 7 . 46 12J l. 59 169 26 220 0. ll 

" 1. J5 124 0. 62 170 . 2) 222 0. 19 
75 J 7) us 0 . 89- 171 . 54 2.24 0. 11 
77 l . DJ 126 0. 69 l 72 . 62 225 0. Jl 
78 0. 72 12 7 . 27 Ill 

_., 226 0 . 48 
79 0 . 26 128 . 16 114 . ss 227 0 .19 
80 . 21 129 14 . 9) 175 .2B 12S 0 .33 
81 . 94 1)0 23 7J 176 . 64 232 0 . 15 . 
82 14 18 lll 81 '34 177 . 41 2JJ 0. 23 
Bl 2 . 43 lll lOO . 00 !.78 0 . J 7 23 7 0 . 32 
84 35 .07 ll3 9 . 21 179 0 . J4 2 40 0. 18 
as 2 8a 1]4 . 61 l8a 0 . J9 241 0 . 15 
86 8 . 30 1JS . 73 182 0 . SJ 2 42 a 14 
87 0 . 3 7 1J6 . 51 182 0 28 244 0 . 12 
89 3 . a3 1]7 . 95 18J 0 .21 24 J 0. Ja 
91 0 . 61 138 0 . so 186 0. 26 252 0. 23 
9J 0 . 31 13 9 0 .'44 186 a . 48 258 0 34 
94 1 .91 140 a. 46 197 a . 45 266 0 i2 
95 ll .11 l<l 0 . SJ 189 0 . 52 290 0 ~ 09 
97 42 .16 144 a . 14 190 a· 52 
97 2< . 63 145 0 . 68 191 a. 19 

. --- ..... --------.- ~-----.----.------ -----.---.--.---.--- ... --.---.-.----- ... ---

B17 

\ 
68688 



one (92) 

C058F4 Hl78 ( 17 . 835 ) 

1!'JI'l 
69 

41 
Minor Diastereoisomer :tF'S 

-------------------·-------------------------------------·--------··---------· 
Mass Rel lnt / Mass Rel lnt I Mass Rel !nt I Mass i<.el Int 

-------------.---------.----.---------.------------------ .. -----.---.- ... ------
20 
25 
26 
2 7 
28 
29 
JO 
)1 

32 
33 
36 
J 7 
38 
39 
40 
4l 
.,2 
0 
44 
45 
46 
4 7 
49 
50 
51 
52 

. 02 

. 02 

.23 
<78 

. 6:! 

. 12 

.11 
10 
51 

0. os 
0. 02 
0 07 
0 25 
9. 4 7 

. S2 
59.09 

) . Sit 
6.6J 
0. 38 
0. 07 

. 04 

" 03 
0. 20 

81 
Sl 
8J 
84 
85 
86 
87 
88 
as 
90 
5! 
92 
9) 
94 
9S 
96 
'91 
98 

9. JS 
l2 71 

B OS 
0 63 
0. '~ 
0 OB 
0 . .!.3 

08 
23 
09 

1 87 
. 83 

16. 10 
2.75 
1.81 
1 )? 

28. 4.1 
07 

o. as 
0 l.l 
0 . ~, 

0 OB 
0. JO 
0 10 
0 71 
0. 1 i 
2 14 

4J 
20. 83 

4 . J 1 
0. 40 
0 ,, 

0. os 
0. !9 
0. 0) 
0 04 
0. OJ 
0 11 
0. 05 
0. 11 
0. 05 
0. ll 
0. os 
0 23 
0. l i 
0. lJ 
0. 26 
0 .lJ 
0 07 
0 Oi .-
0.01 
0 15 

0. Ql 
0. :a 
0.12 
0 40 
0. 08 
0. 10 
0. QJ 
0. 07 
0 03 
0. 04 

02 
. 07 
. OJ 

0. OJ 
0 .09 
0. 10 
0. Q} 

0. os 
0. 02 
0. 06 
0. 01 
0. OJ 
0. 01 
0. 06 

0 " 0. 12 

59 
60 
61 
62 
6l 

" 65 
66 
67 
68 
69 
70 
71 
71 
7) 

. " 
75 
76 
ii 
78 

ao 
252 
253 
259 
265 
271 
nJ 

M·+= 334 

0 '59 
0 os 
0. ")C 

0. 06 
0. ::2 
0. ll 
:Z.J6 
0 9< 

15. )4 
. 93 

lOO 00 
6. 3 9 
0. S!. 
0. 09 
0. 29 
Q. os 
0. 19 

. os 

. 19 

.Ja 

. 7 J 

.78 

0 o::z 
0. DJ 
0. 02 

. 08 

. 0:! 

;.::a 

130 
131 

l)J 
U4 

274 

261 
291 
292 
:!:9J 

0. 10 
0. 09 
0. 46 
0. 01 
0. 1., 

. 04 
0 54 
0. 4 9 
6. JO 
0. 7} 
0 JJ 
0 .11 
0. 51 
0. 1.0 
0. J 7 
0. DE 
V. ll 
0. 03 
0. 06 
0. 0<11 
0 .lS 
0. J6 

. OJ 

. 01 
0. 01 
0. 29 
o _os 
0. 09 

67 
68 
6l 
70 
71 

" 75 
76 

75 
79 
80 
81 
82 
a) .. 
es 
86 
87 
88 
es 

294 
301 

- 30::! 
)06 
3l6 
~, c 

2162688 

0. !.3 
0. DJ 
0. 75 
0. 09 
0. OJ 
0 .lJ 
0 06 
0. 28 

. 0. 06 
0. 16 
0. 04 
0. 29 
0. 22 
0. 20 
0. 04 
0. !.5 
0. 03 
0 .05 
0. 01 
0. Oi 
0. 03 
0. 2~ 

0. 0!. 
0. os 
0. 01 
0. OJ 
.0. Ol 
0. Oi 

2JJ 
234 
235 
236 
23/ 
DB 
4.)9 
2<0 
2·0 
2"S 
24 6 
2<7 
248 
24.9 
251 

320 
~ )4 

]35 

0 
0 
0 
0. 
o. 
0. 

0. 
0. 
o. 

. 5J 
54 
55 
56 
57 
ss 

1. 02 
0. 46 
5. 78 
1. 4.9 

22 92 
1. 96 
0. 99 
0 09 

99 
100 
.lOl 
10;; 
lDJ 
104 
105 
106 
l07 
108 
109 
110 
lll 
11l 

0. 82 
29 

. 22 
34 
ll 

125 
l)6 
1.3 7 
138 
us 
140 
141 
142 
10 
144 
145 
1<6 
l"ii' 
148 
149 
l.SO 
151 
15:! 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
16-l 
l6S 
Hi6 

0 .1l 
0. lB 
0. 07 
0. 36 
O.OB 
0. lj 
0 lJ 

. !.90 
191 
19::! 
19J 
l':?q 
195 
196 
197 
19e 
199 
200 
~Ol 
202 
20J 
204 
205 
207 
208 
:os 
:no 
211 
~ 12 
2lJ 
214 
::!15 
2::.6 
217 
118 
219 
220 

Q. 04 
0. 16 
0. os 
o.u 
0. os 

.... ----.-.-.- .. ---.------------------ .. -.- .. -------- .. --·.-.-- .. -- .... 

C058F4 1 883 ( 18 . 851 J 
100 

69 3604480 

41 

Major Diastereoisomer 
%FS 

2 1 
.232 

!'J.L_~~~~~~~~~--~~~--~--JL-;~~--~----~~~_.~_[·_/ __ ~~----~----~---=3j1~9!-----~--
M/:Z 1S0 2fl0 .2S0 300 3S0 

I Mass 
---.--------- .. --.- .. ---------------- .. -----.--.-------- -·-.- ----.---.-.-.-.--

J Mass Rel lnr. Rel lnt 
Rel Int I Mass Rel lnt Mass 

-~ .... -·- -·.-. -··· ~ ..... --· ·--- ... -.-- -· --- ·- ---. ·--.- -· ·-·--.-- ·~-.- ----.-- -· . 
. 61 
. i"} 

194 
195 
196 
197 
198 
19 9 
200 
201 
202 
203 
204 
205 
206 
207 
lOB 
209 
210 
2ll 
2!2 
213 
214 
215 
216 
217 
218 
219 
::20 
221 
222 
22) 
224 
::5 
226 
227 
:28 
229 
231 
2J2 

'23 J 
2)< 
23 5 
236 
2)7 
238 
239 
240 
241 
243 
244 
l45 
246 
247 
248 
2,9 

0. 08 
0' 18 
0. 04 
0. 11 
0. 06 
0 09 
0 02 
0.12 
0' 04 
0. 70 
0 12 
0. lS 
0' 02 
0.13 
0 '04 
0. Di 
0. 01 
0.11 
0. 02 
0.10 
0. DJ 
0.11 
0. os 
0. )5 

250 
251 
252 
253 
255 
257 
258 
259 
261 
263 
265 
266 

20 
24 
25 
26 

"' 28 
29 
JO 
)! 

. )2 

33 
36 
)7 

JB 
39 
40 
41 
42 
43 
44 
45 
46 

" <8 
<9 
50 
51 
52 
53 
54 
55 
56 
51 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 ,, 
;2 
.73 

" 75 
n 
78 
79 

. 02 

. 01 
03 
l3 

4.94 
1.23 
J. 7 8 
0. OB 
0' 11 
0. :o 
0. 07 

. 02 

.13 
0' 48 

15 "'5 
s '26 

iS. 6-4 
6 SJ 

12. 16 
0. 4 7 
0 14 
0.10 
0. 65 
a. OJ 
0 '10 

65 
. 27 

1. 60 
1 i. os 

4 74 
68 18 

5. 51 
2 '78 
0. 2 4 
1.74 

0' 17 
2.61 
0. 27 
0 '74 
0. 3 B 
6 68 
2 95 

J6. 82 
10 11 

100. 00 
12:' 3 9 

0 '~0 
o :n 
0. 56 
0 11 
0. 39 
) 78 
0. 61 
4. 40 

80 
81 
82 
83 
a4 
as 
86 
87 
88 
B9 
91 
92 
9) 

94 
95 
97 
98 
99 

100 
).01 
102 
103 
104 
)05 
107 
!OS 
109 
110 
111 
112 
113 
ll4 
115 
116 
111 
118 
119 
121 
121 
lZ;! 
123 
124 
125 
126 
127 
128 
1:!9 
1)0 
131 
132 
lJ3 
13-4 

135 
1]6 

4 ss 
14 43 
4.3. 64 
1~ ?.2 
1.17 
1.14 
0.13 

.25 

.13 
)0 

" .41 
19.43 

. 90 
3. 64 

JS. 00 
2. 30 
0 '76 
0 34 
0 '4 8 
0. 11 
0 68 
0 25 
0. 75 
3.27 

.12 

. 45 
0 29 
0. 45 
0 16 

4 2 
.24 

0 58 
0. 12 
0 20 
0. 21 
0 96 
2 27 

11 5~ 

" . 91 
. 28 
72 

.24 
70 

0 .1 7 
0. 20 
0 '04 
0' 10 
0. 16 

65 
.82 

lJ 18 
. 2~' 09 

.!.Ji 
lJB 
139 
140 
141 
142 
143 
1"44 
14 5 
146 
147 
148 
1<9 
150 
151 
152 
15) 
154 
!SS 
156 
157 
158 
159 
160 
161 
163 
164 
165 
166 
167 
168 
169 
170 
171 
173 
174 
175 
!. 76 
177 
178 
179 
180 
151 
182 
18) 
194 
185 
187 
18 8 
189 
190 
191 
192 
193 

0. 42 
a·. 15 

.36 

. 06 

. 09 

. 08 

. 20 

.11 

. 21 
06 
ll 

.08 

. 2S 

.07 
l? 

.so 
27 

.lS 

. 30 
03 

. 28 
07 
)4 

os 
0. 24 
0. 4 5 
0. 21 
0; 2 3" 
0. os 
0' 4 3 
0. 06 

. 05 

.20 
0. Oi 
0 4 5 
0. 23 
0 25 
0. 06 
0' 44 
0. 21 
0 4S 
0. Oi 
0. 15 
0. 02 
a. oe 
0' 12 
0. os 

02 
. 28 
.17 
04 

.J9 

2 . ~· 
0. 35 
0. os 
o n 
0 .06 
0 07 
0. 02 
0 09 
0. 02 
·o os 
0. 02 
0 os 

2S. 91 
5.51 
2 os 
0. 29 
0. 06 
0' 10 
0. 09 
0. OB 
0' 10 
0. Ol 
0 02 
0 07 
0. Ol 
0 .lO 
0. 02 
0' ll 
0. 02 
0. os 

0. 01 
0. 15 
0. 04 

. 06 

.02 

. 09 

. 02 
0 04 
0. 01 
0. o::. 
0. 09 
0 Ol 

269 
271 
"2 
273 
27< 
275 
2?7 
278 
279 
2 8l 
282 
284 

0. 02 
0.!.) 

0. 02 
0' l-t 
0. 03 
0. 02 
0. 06 
0. 02 
0. 0<11 
0. 06 
0. 01 
0 '04 

2ES 
286 
287 
289 
291 
292 
293 
2gg 
)00 
)01 
j02 
)05 

0 .ll 
0 os 
0. 02 
0. 01 
0. 4 2 
0. 06 
0. OJ 
0. 80 
0. 14 
0. 01 
0. 01 
0. OJ 

)" 
Jl4 
Jl5 
316 
ll9 
320 
321 
3)4. 

JJS 
3 54 

0. 0 
0.2 
0. 0 
Q. 0 
S.l 
0. 8 
0. 0 
0. 
0. 
0. 0 



l-one (93) 

cogs 1 e58 c 17 . 535 ) 
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41 

Minor Diastereoisomer 

- •. -------.-.------ ..... ----------.----- +------------------ ----------- -·- -·-------
."'ass Rel rnc: J. Mass Rel Int I Mass Rel I ne Mass Rel !ne: 

20 
26 
27 
29 
29 
]0 

ll 
J 2 
]] 

JS 
]6 

]7 
]8 
]9 

•O 
<l 
<\2 
<] .. 
• 5 
<\6 
<\7 
•9 
50 
51 
52 
SJ 
54 
ss 
56 
57 
sa 
59 
60 

. 07 

. os 
8. 56 

. 74 
0. 15 
0. J l 
l. 07 
0. 14 
0. ll 
0. 45 
0. 18 
0. ss 

14. J 7 
J. 40 

6). 46 
>1,. 1) 

15. 16 
L. 59 
0. l s 
o. oa 
0. J2 
0. 21 
0. s 9 
) . 84 
l. 00 

1o·. a J 
l. Ei l 

l2 60 
1 17 
1 45 
0. 16 
0.79 
o oa 

. . 
.(\'lajor Diastereoisomer 

a 1 
Bl 
91 
84 
BS 
86 
87 
BB 
B9 
91 
3l 
91 
94 
95 
96 
97 
98 
99 

101 
102 
101 
104 
105 
106 
107 
108 
109 
110 
lll 
112 
llJ 
114 
115 
116 

6 63 

l." 
2. 17 
0. 10 
-2. 78 
0. 27 
0 22 
o oa. 
0. 3l 

lS lO 
l 7 
99 

J. as 
18 .ll 

. as 
l. 06 
0. 20 
0. 45 
) . 84 
o S6 
2. 82 
L. 13 J 

111,.)7 
l. 6 9 
9 ss 
0. 89 
6 00 
0. 79 
0. 60 
0. 1.9 
a. a 9 

0. 19 
4.)) 
1 59 

1] 7 
lJB 
ll9 
14 0 . 
141 
'"2 
141 
144 
14.5 . 
146 
147 
148 
1<9 
150 
15 l 
152 
151 
154 
155 
156 
151 
158 
159 
160 
161 
152 
16) 
164 
165 
166 
167 
168 
169 
l 70 

. C098 1 f361 _ C 17 . 685 ) 
41 

69 

5. 46 
a. as 
0. 51 
0. 18 
l. 2-<1 
0. 81 

. 55 
1. 40 
]. 99 
1 75 

lJ. 58 
. 2. 10 

''1.29 
0.19 
0. 78 
0. 80 
0. 65 
0. 26 

6J· 
.42 

1. 4 8 

0. <tti 
2. 94 
0. 75 
) . 59 
2. 17 
).54 
0. 68· 
0 54 
0.19 
0. 62 
0. 19 
a .'\1 
0. JO 

191 
192 
191 
19• 
195 
195 
1.97 
198 
1.99 
200 
201 
202 
201 
20< 
205 
206 
207 
lOB 
209 

·.HO 
2.!.1 
::!12 
2U 
211.\ 
215 
216 
217 
21.3 
219 
220 
221 
222 
22) 
224 

0. 78 
0 l3 
0. 54 
0. 21 
l.<\4 

0. <1.1 
l. )0 

0. 22 
0. 31 

.22 

.03 
0. 50 

44 49 
7. 48 
'll 

.18 

. 69 

a. SJ 
0. 21 
0. 19 
0. 1~ 
0. 57 
0. 22 
0. 4 9 
0. 29 
D. Sd 
0. 15 
0. so 
0·. l.S 
2.)9 
0. 36 

. 10 

.08 

- - - - - -- - - - - - - -- - - - -?- - - - - - • - • - - - - - - - - -.,.- - - - ~-- - • - - - - - - - - - - ... - - - - - • - - - - - • -- - - - - - -

Mass 

20 
26 
27 
28 
29 
10 
Jl 
12 
11 
15 
16 
17 
18 
J9 
<0 

" 42 
4J .. 
<5 
47 
49 
so 
51 
Sl 
51 

. 54 
55 
56 
57 
58 
59 
60 

Rel !ne 

. 12 ., 
9 80 

21.81 
12. ll 
0.42 
0. J 2 
s. 70 
0 2< 
0 26 
l. OJ 
0 J 7 
1. 00 

21.] 5 
5. 2) 

100. 00 
5. 96 

19.59 
] . 25 
0. )7 

. J8 

.16 
a. 87 

15 
. 23 

14. 91 
2. ]4 

19 ~ ~ 

2. 99 
2. 27 
0. JO 
11< 
0. 16 

I Mass 

82 
81 
8< 
as 
86 
B7 

. 89 

9l 
92 
9) 

" 95 
96 
97 
98 
99 

101 
102 
101 
104 
105 
106 
107 
108 
109 
110 
111 
1ll 
1:!.] 
11• 
115 
116 
117 

Rel Inc 

4 09 
J. 69 
0. 68 
1 40 
0. 28 
0. 19 
l.lJ 

] 6. ss 
3 .. 15 

20.91 

5 " 
22 o8 

) . 07 
1. 99 
0. 4 6 
0. 50 
s. 70 
0 90 
~ . 4 2 
J. a J 

23. J 9 
. 01 

16 .u 
4. 17 

10. 96 
1. a 2 

•o 
.• l 

" . 16 
16 

. 56 
12 0 

! Mass 

1]9 
1<0 
1<1 
1<2 
1<1 
1H 
14 5 
1<6 
1< 7 
148 
1<9 
150 
151 
152 
tSJ 
15<1 • 
lS 5 
156 
157 
!.SB 
159 
160 
161 
16 2 
161 
Ui<l 
16 s 
166 
167 
158 
169 
170 
171. 

Rel Inc. 

. 06 

. 21 

. J4 

. ., 

.7< 

. 67 
3. 70 
2. )8 

45. 61. 
6. 62 
J. 25 
1 01 

. 10 
0. 92 
1.24 
0 56 
1. 16 
a. 91 
] . 40 
"0. 98 

". 79 
l. 51 
6 25 
].)6 

B. 1 J 
1.56 
l. 22 
0. 15 
0. 98 
0. 28 
0. 99 
0. 54 
4 51 

! ."1ass 

.19] 
l.94 
195 
196 
197 
198 
199 
200 
201 1' 

202 
203 
20< 
205 
206 
207 
208 
209 
210 
211 
212 
2lJ 
214 
115 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 

Rel tnr: 

0. 94 
0. 28 
2:Ja 
0 .. 79 

.45 
0. 47 
1.12 
o.n 
s. 19 

.2< 
62. 57 
11 26 

1 98 
0. ]7 

JO 
a6 

1. 18 
0. ss 
0. 41 
0. 43 
0. 90 
0. 25 
0. 70 
0. 41 
o. a: 

'0. 28 
0. 86 
0. 40 
4 1' 
0. 86 
0. 64 
0. 28 
0. 47 

B 19 

61 
62 
51 
64 
65 

" 67 
68 
69 
70 
7l 
72 
71 
7. 
75 
76 
77 
78 
79 
80 

246 
247 
2<8 
2<9 
250 
251 
255 
256 
257 
258 
253 
250 
261 

61 
62 
61 
64 
65 
66 
67 
68 
69 
70 
71 
72 
71 
;, 
75 
76 
77 
78 
79 
80 
81 

24.9 
250 
251 
255 
257 
258 
25 9 
261 
252 
l6J 

M·+; 332 

0. 24. 
0. 18 
0. 94 

. 48 

. 68 

. 10 
14 57 

).4.9 

lOO. 00 
, 4S 

2. 10 
0. 25 
0. ss 
0. ll 
0. 29 
0. 2J 

10. 4.J 
J. 49 

12. so 
J. 53 

0. 59 
0. 42 
0. 16 
0. 30 
0. !.J 
o·. 15 

_0. OB 
0. os 
0. JO 

·a·. 16 
0. 25 
·0. l6 
0. i2 

0. J s 
0. 2] 
l. 25 
0. J s 
9. ;.I 
] . 76 

1.9. ]0 
. 01 

88. 39 
s. 96 

. 95 
0. 20 
0. 96 
0. 17 
0. 4) 

0. J2 
:!.'1.)) 

:t 611. 
19.01 

5. 10 
11. 34 
0. '\ 9 
0. ;ig 
0. 25 
0 20 
0. 59 
0. 45 
0 11 

.42 

. 4l 

. 95 

117 
tlB 
119 
120 
1::!1 
l22 
12] 
12• 
125 
l26 
127 
128 
129 
l.JO 
lJl 
ll2 
ll1 
l.J4 
l.)S 

!.J6 

~ 6 2 
263 
26< 
265 
267 
269 
270 
271 
2'72, 
2'7J 
274 
275 
276 

113 
119 
120 
121 
122 
1·2J 
1H 
!.25 
!.26 
1.27 
128 
129 
lJO 
U1 
1)2 
llJ 
.!.34 
us 
lJ6 
U7 
ua 
l6< 
259 
270 
271 
272 
273 
274 
275 
276 
277 

. lO 

. 01 
ll. 91 
2. 52 

!.5.7J 
64 

J. 14 
.51 
. <0 

0. 29 
. 7.!. 

2. J 7 
. 09 

l. 75 
17.31 

.91 
u .57 
10.6) 

. 20 

.55 
0. 22 
0. 06 

.o. 04 
0 . .!.4 
0. !.0 

. 35 
0. 45 
0. 0'5 
0. os 
0. 16 
0. 15 

] . 65 
20 0) 

4. 36 
) l. 4) 

9. J6 
a. 11 
l. J 2 
o. ao 
0. 57 

. 78 
4.17 

10. 57 
J. 65 
9. 30 
).36 

24. S6 
9. 48 

20. OJ 
17.25 

.os 

0. J9 
o.u 
0. 29 

. ll 
1. os 
0.] l 
0. !.8 
0. 4.0 
1. 12 
0. :29 

1 il 
172 
l"iJ 

175 
176 
177 
l.7a 
179 
iSO 
131 
182 
191 
18< 
:.as ,a, 
U7 
.!.d8 
189 
190 

277 
278 
232 
285 
287 
298 
299 
290 
291 
299 
jQQ 

302 
)Q) 

1.7'2 
1.73 
174 
175 

. 176 
177 
178 
179 
!.80 
181 
132 
13) 
1.34 
185 
136 
!.8?
!.38 
189 
190 
191 
192 
238 
299 
290 
2~1 

291 
299 
lOO 
101 
JO< 
)14 

520192 

LlS 
0. =17 
l. 28 
0.18 
l. 92 
a·. 29 
o. a a 
0.16 
0. 3 2 
0. )9 
IJ. 91 
0. 23 
0 .. 6J 
0. 16 
·l. 51 
0.20 
1. 0.8 
0. 39 
0. 7] 

0. 32 

0. 09 
0. 09 
0. 0) 
o .as 
o. oa 
0.10 
). 25 
0. 60 
o. o; 
.o. )6 

0. 09 
0. 04 
0. 16 

17Sl.il4 

0. 90 
2. 73 
0. 38 

.49 

.65 

. 92 
o. as 
1.0 
0. '\S 
1. 57 
0. ss 
1.21 
0. )6 
0. 97 
0. -n 
2.52 

. 50 

.72 
!.. 1.0 
1_. 54 
0. )6 

0.15 
5.17 
1.08 
O.P 
0. 22 
0. ii-1 
0. !.6 
I). 20 
0' 10 
0. 24 

225 
225 
227 
223 
2::!9 
2JO 
2)1 
232 
2JJ 
21< 
2JS 
216 
2)7 
218 
lJ9 
l<l 
242 
2<J 
2« 
l<S 
104 
105 
106 
)lq 

llS 
)17 
Ha 
J 10 
Jj::! 
'Jll 
)]4 

1<8 

226 
:::n 
223 
229 
210 
2J l 
212 
211 
2)<1 

215 
216 
'4 7 
239 
2<1 

.. 242 
20 

'" 2<5 
H6 
2'1.; 
248 
)15 
H7 
)18 
JJO 
312 
]JJ 
ll< 

• 
0 

.o 

Q. 

0 
0 
0 

------------.-.- ·+------.----.----. ---.------.--.- ... ----.---- ... -.-



No. 23 Z-( 1-cyciopencyi-2.3 ,3 .J-tetrarluoro-l-propenoxy)methylbenzene(94) 

M • .;.= 288 
CD68FS 915 C 15 . 251 ) 
tee 91 x1ee 

CD66F4 812 

.. -.. --:. -- -.:;·-:·:- : : ---.. -.·-:; ------- --=·· - ~ - --- -- ... - -- -. -------- ------ ------- -- .:·. --=·- ~-- - - - - -
Mass 

26 
27 
29 
29 
Ja 
ll 
]2 

JJ 
)1 

JB 
J9 
40 
41 
42 
4) 

" 45 ,, 
" 49 
so 
51 
52 
SJ 
54 
ss 
56 
57 
ss 
59 
60 
01 
52 
5J 
54 
65 
60 
67 
69 
69 
70 
71 
72 

( 13.535) 

Rel tm: 

0 4l 
t.:n 
a. oo 
l. 15 
0 04 
0 .!.9 
0 .'OJ 
0. 0? 
0. 1 i 
O.H 
9. Z2 
1..74 

11. 1.9 
J 90 
0. JQ 
0. 07 
0. Hi 
a 10 
0. lS 
0. lJ 
l. 94 

6 " 
l. 99 
2. 48 
0 <9 
J.SJ 
a. ll 
0. 88 
o. a a 
0. 48 
0. as 
a J J 

86 
.92 
.7] 

44 i.l 

4. 0" 
li. OJ 
l.l s 

-12 45 
a. 96 
0. so 
0. lJ 

J Mass 

7) 

7< 
75 

77 
79 
79 
sa 
81 
82 
Bl 
a• 
ss 
a6 
37 
89 
91 
92 
9J 
94 
95 
97 
98 
99 

lOO 
!.01 
1a2 
10] 
104 
10S 
100 
lOi' 
ta9 
ua 
lll 
112 
l.!J 
114 

115 
116 
117 
119 
12a 

Rel !ne 

0 JJ 
0 59 
1.76 
a 90 
a. 2 ~. 
!.57 

. 16 
a. JS 
1 10 
0. )8 
0. 99 
0. 29 
0. 26 
0. 2J 

Jl 

l.OO . .00 
22. 9<\ 

00 
0. 04· 
a. sa 
4. 02 
0. JO 
0 )4 

0. 17 
1. 2.2 
0.21 
0 . .26 
0. 1.0 
1. .!.5 
a. 24 
0. ~ 1 

.59 
20 
14 

. Ol 

. JO 
0 ll 

.24 

. 07 
20 

.29 
0. 07 

I r-"lass 

121 

llJ 
124 
125 
127 
l2S 
129 
llO 
lll 
1'32 
lJJ 
!.34 
us 
1)6 
Ui 
lJB 
1)9 
t<a 
14.1 
142 
14] 

144 
145 
146 
1"<\ 1 
us 
U.9 . 
!.50 
1S 1 
152 
l5J 
154 
t5S 
15Ci 
157 
1S8 
159 
160 
161 
152 
Hl 
l.54 

R.el rnc 

0. 14 
0. Oi 
0. !.J 
0. 01 
0. 07 
0 56 
0. 28 
0. 2<1 
a. 10 
0. 09 
0 07 

. 21 

. 07 

. 04 
a. u 
0. 21 
0. 04 
a. to 
0. os 
a. 13 
o as 
0. 0<1 

04 
. 09 
. 08 
06 

. 02 
07 

.04 
15 

. OJ 

. OJ 

. OJ 
10 

0 J 7 
0. 1.!. 
0 Oi 
0. 16 
0. 02 

. os 
0 2 

. Ol 

. 01 

I Mass itel !ne 

!.55 
166 
l6i 
to a 
109 
171 
172 
!,iJ 

175 
177 
l73 
li9 
130 
131 
192 
13) 
134 
195 
190 
191 
l.92 
19J 
195_ 
196 
197 
199 
200 
2.01 
20) 
207 
209 
211 
215 
2l7 
219 
ns 
2)7 
239 
2 ~ 5 
Z6a 
167 
2sa 

a. as 
0. a2 
!) . 06 
0. 02 
0. 06 
0. 07 
0. 04 
o .u2 
0. OJ 
0. !.6 
0. 08 

. os 

. OJ 
0 os 
0. 22 
0. 06 
a. 01 
0. 02 
a. 04 
0. 04 
0.10 
0. 01 
0. 01 
0. 02 
0. 04 
0. 09 
a. 02 
0. 02 
0 .01 
0. 01 
0. 'J2 

.01 

. 01 

. 02 
IJ. 01 
0 01 
0. 02 
0. 01 
0. 01 
o. oa 
0. 02 
0. 07 

No. 24 Z·( l-butyl-2,3,3 ,3-tetrat1uoro-l-pro!Jenyl)cyclopencane (99) 

M-+ = 238 

4t77S2e 

tee 68 C066F4 812 ~ 1·1238-4 

~FS 

e 
M/:: 

67- 279482 41 ss teaJ / ~FS 2r~ 
43 7 e -3s 

' !St M./::236 238 24e 
39 

1(53 
·-7e 182 

n9 'J 
,·77 81 135 154 !Be, / 

I ~I .I 1; i~.l .T1~ \f.! 1:F l1f: it~ 1 1 
s·a. tile .tS<:t 200 2Sa 

- - •• - • -- •• - - 4- • - - - - ... - - - - - - - - - - - -- - - - - - ... .; - -- - - - - - - - - ~- .;·_ - - - • - - - - - :;: - - - • -. -- - -- - - -

Mass 

20 
24 
27 
28 

" JO 
ll 
12 
ll 
J 7 
J9 
<1 
42 
43 

" 45 

" 48 
so 
51 
52 
SJ 
54 
ss 
56 
57 
sa 
59 
60 
;] 

52 
6) 

ss 
67 
6a 
69 
7a 
71 
72 
7) 

75 

Rel Int. 

0. 02 
0. 00 

1<1. 54 
. 61 

1~ 34 
0.33 
0 16 
0. 10 
Q. J 1 
0. 20 

Z.J.41 
90 38 
16.4) 
4-0. 64 

. .:.4 
a. 26 
7.77 
0. 19 
l. I 6 
9.b6 

99 
14.04 
a 57 

4S. 21 
) 9. 04 
4 9 00 

2 .J9 
8. 67 
0. 55 

. 04 

.59 

~· lJ 34 
90. 44 

100 00 
70. 1.2 
19 52 

a . ~ 7 
0 97 

)6 
71 

/ Mass 

77 
13 
79 
81 
8! 

" 9) 

" as 
36 
87 
98 
39 
90 
91 
'l 
9] 

95 
95 
36 
97 
99 
99 

101 
102 
103 
10) 
105 
105 
lOi 
10 7 
109 
109 
111 
ll1 
llJ 
llJ 
115 
115 
117 
l1 7 

R.el lnc. 

1 i &l 

7 " 
6. 77 

11. 3S 
lJ. 3.~ 

.27 

. 27 

. 29 

. 26 ,. 

. <6 
l. 54 
2« 

56 
J< 
34 
97 

10. 96 
10. 16 
). 41 

ll. 25 
9.56 
5. 40 
5 28 
o.u 
J. 1-1 
1. o~. 

98 
73 
04 

l :9 

3.98 
I. 91 
s. 00 
<I.Jl 

9l 
5.48 
) . 29 
o· .. 96 
0 SJ 

B20 

I Mass 

'119 
119 
121 
121 
UJ 
l23 
115 
125 
127 
127 
ua 
·129 
11.1 
Ul 
111 

Ul 
lJS 
1.)6 

lJi 
lH 
l-tO 
1<1 
142 
l4.J 
14.5 
147 
H8 
149 
150 
151 
15) 
1',;4 
155 
156 
151 
15 9 
161 
lii2 
l6J 
10~ 

!.65 

Rel !ne:. 

•. 10 
0. 78 

59 
-~..54 l_.,, 
l .. ll 
l. 25 
0. I) 
6. 37 
6.1.? 
l.l.J 
a. 6o 
0. 4 7 
!J. a6 

. ,. 

. 56 
5. 30 
0 47 
l. 2J 

.59 
76 

9 ::.& 
a. 11 
0. 7l 
2. :i6 

.83 

.41 , 
0. 60 
a. 53 

9) 

.77 

.87 

.97 

.12 
06 

5.11 
.4.2 

0. 44 
0. 99 

I Mass 

l~<i 
167 
168 
169 
l/0 
l. 71 
1iJ 
l 75 
1:16 
177 
130 
181 
132 
183 
13< 
18 7 
189 
190 
191 
19 2 
1.9) 
195 
19£ 
197 
198 
1.99 
200 
20) 
204 
.107 

'09 
?.".:.0 
2;.1 
217 
2l3 
213 
~,, 

R.el !ne 

I). so 
.99 

s. 55 
. 97 

0. 20 
0. 0·7 

.29 

. 54 
0. 6-1 
0. 75 

, , 95 
n 41 
16. 3J 

l 5~ 

0. 12 
. Ol 
. 0< 

IJ. 25 
0. 06 
0. 01 
0. 09 

. 18 
'36 
0. 4) 

0. 04 
0. 10 
a. o2· 

lS 
. 04 
• OJ 

2. 14 
0. j{ 

0. Oil 
0. :o 
0. 06 
o. ul 
0 20 
o. ul 
JH 
0. ~ 7 
0. 04 

3ee 



No. 25 Z-(1-phenyl- 2.,3,3,3-tetratluoro-1-propenyl)cyclopentane (101) 

M·+= 258 

C069F1 745 ( 12.418) 

100 
-41 

39 
'· 

%FS 
67 

Ma.ss 

20 
21 
24 
25 
26 
27 
2e 
29 
ll 
J2 
ll 
J6 
).7 

Je 
l9 
40 
<1 

" <J .. 
•s 
46 

" 4e 
4 9 
so 
51 
52 
SJ 
54 
55 
56 
57 
se 
59 
60 
61 
62 
6J 
64 
65 
66 
67 
68 
69 
70 
71 
72 
7l 
7• 
75 
76 
77 
78 

248 
249 
251 
2SJ 
2 s~ 
255 
256 
257 
2s·a 
259 
260 
261 
262 
26J 
264 
265 
266 

91 

146 

146 
' 1"17 

/ 

2 a 

189 
'· 2.29. 259 

/ / 

---··------·-------------·--------- .. --------------------------------·-I ~ass Rel Inc 

l. 39 
0' 

.J7 
~' 86 

16. ss 
~ 2. 61 
1.8 31 
JO. 6J 

5. 72 
0. 6./1 
2 :22 
0 65 

. 91 
45 

i:J. 59 
lJ. 4 7 

100 00 
JJ 10 

6. 25 
l. s ... 

. 25 
75 

. 20 
0. 74 
l. 61 

19 89 
)6. 27 

9. 95 
14.26 

2. 77 
16. 46 
l. 98 
7 4B 
0. 75 
).24 
0. 90 
2. SJ 
o.l6 

l 7. 08 
4. 45 

15.58 
.75 

56 )4 
51 06 
)0 6) 

12 
.08 
. sa 
.l2 

8.98 
15. 40 

e eo 
26. 06 
32 . .) 9 

0. 04 
. 0 .10 
0. 11 

07 
. 09 

0 12 
08 

". 34 
6"1 79 
11 .18 
a 91 
0. os 

. 04 
02 

. 03 
10 

. os 

/ Mass 

79 
80 
81 
82 
8l 
84 
85 
86 
87 
88 
89 
91 
92 
9J 
94 
95 
96 
97 
98 
99 

lOO 
101 
102 
101 
104 
105 
106 
107 
108 
109 
110 
1.11 
112 
ll) 

115 
1~6 
117 
118 
120 
121 
1.2'2 
12J 
lJ.S 
127 
us 
129 
1)0 
ll1 
lll 
13J 
ll4 
us 
11.6 
ll'l 
267 
268 
269 
271 
27'2 
27l 
274 
275 
2'76 
277 
278 
279 
290 
281 
28l 
284 
295 

ReJ. !:lt 

9. 07 
2. ~7 

14 4-4 
2 51 
6 .16 
1 .!..,) 

'J1 
'07 

4.14 
'70 

7,66 
60.56 
10. 12 

2. 79 
J. 4i) 

4.14 

" l. 54 
1.19 
5. 31 
0. 79 

11. BO 
19. 19 

1. BJ 
s 0< 

. J 7 
'18 

24 
.24 
6J 

'50 
.48 
78 

l. 91 
)4. 51 

8.19 
l.J. 91 

4 29 
14.61 

'45 
. 20 
'96 

4. 25 
o\J. 56 
28. 52 
20 '51 

'51 
5' 99 

lJ. 29 
19. 89 

4.69 
. 20 

0. 45 
,)4 

0. lo\ 
0 os 
0 11 
0' 65 
0. 06 
0. OB 
0. 6>! 
a. 06 
0. 06 
0. 06 
0. 04 
0. 06 
0. 04 
0. 04 
0. os 
0. 04 
a 11 

I Mass 

lJB 
139 
1<0 
141 
1.42 
14) 
l44 
146 
146 
147 
148 
149 
151 
151 
152 
15J 
154 
155 
157 
·lSi 
!.59 
159 
160 
161 
!.62 
1 &4 
164 
!.65 
167 
167 
169 
169 
171 
171 
172 
17) 
175 
175 
177 
177 
179 
180 
180 
182 
18) 
134 
185 
186 
187 
198 
189 
190 
190 
191 
286 
287 
288 
289 
291 
292 
291 
295 
296 
297 
298 
299 
lOO 
·JOl 
JOJ 
J09 
llO 

Rel Int 

4. 29 
. 66 

ll.U 
ll. s J 

90 
26 

.ll 
47 .18 
ii 11 
l9. OB 
4. 89 
l. 11 

, , 09 
l). 7J 
s' 72 
J.B1 
2. 20 

69 
5. 4l 
s. 4 8 

20. 69 
25 '70 
14. JS 

5. SJ 
.22 

8. 01 
9. 68 
J. 98 

. 62 
2. 46 

ll. J 6 
20. Oi 
e. eo 
4. )4 

.67 
l. 06 
2. 18 
1. 45 
7. 48 
5. Sl 

. as 

. 52 
22 

. '' 
'04 
.Jl 

1 '09 
0. )4 
1. 56 

.).92 
26. i 6 
79. :J 
J 6-62 

4.36 

a. os 
a. 07 
a. as 
o.oJ 
0 os 
0. 04 
0. 04 
0. 06 
0.02 
a os 
0. os 
0 69 
0. 14 
0. 04 
o. o• 
0. os 
0.04 

Rel. lnt 

193 0. 80 
19l 0. J 7 
195 1"1.00 
196 6. 35 
197 6. 4 J 
198 1. 4) 
1.99 . 54 
201 l. so 
202 . 4. 29 
203 . s: 
20oll l. 9l 
:204 0 82 
206 o. a; 
207 0.97 
208 0. 2 9 
209 6. 60 
210 J. 04 
211 0. 92 
212 0.18 
21J 0. 76 
214 . Jj 
21.5 , 1 4o\ 
21.6 15 49 

·:: 17 6. 87 
218 0. 98 
219 0. 87 
220 O.Jl 
221 0. l9 
2 22 0. 24 
223 0. 'i6 
2:24 0. 15·· 
2.15 0. 11 
2:Z6 0. 08 
227 1j 

228 . 98 
2~9 _10. )9 
230 4 .-Sl 
2J 1 0. 9 J 
:ZJ2 0.15 
23 J 0. 2.!1 
2)<1 0. 18 
2JS o :?7 
23 6 0. 40 
2) 'i J. 91 
2Ja l.l7 
2J 9 1., 
2 40 0. 24 
241 0.28 
24.2 0. 06 
243 1.20 
24<1 0. 20 
245 Q .os 
'2 46 0. 09 
::~ 7 0. l 7 

311' 0.06 
J 15 0 Oo\ 
J 16 0. OJ 
J17 0.06 
Jl9 O.OJ 
32! 0.07 
J22 0 OJ 
J :2] 0. ll 
32 4 0. Oo\ 
333 0.06 
334 0 DJ 
J !5 0. 03 
]41 0.07 
34 2 0. 03 
]59 0. 0] 
J7B O.OJ 

.. -- .. -.-.--.- ... - .... -.-- .. ------ .. --- .... ------.-.-.-.-- ~- ..... --.----.----.---.-. 
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t'\llajor Diastereoisomer 

Mass 

20 
. 24 

25 
25 
l7 
28 
29 
l1 
J 2 
JJ 
JS 
)5 

J 7 
38 
J 9 
40 
41 
4 2 
4l .. 
45 
46 
47 
48 
49 
so 
Sl 
52 
53 

Rel rnt 

a a3 
a 04 
0. 26 
l. 90 
6. JS 
J. JO 
2. 56 
2. oa 
0. 21 
a. oa 
2 :SJ 
J. a a 
2. 30 
4. 16 

27. 95 
7. J4 

54. )6 
18. 72 

l .43 
o. a a 
l. 28 
l. 27 
J 94 
a. J7 
L. 19 
6. S4 

15. 90 
J 91 

u. 49 

Minor Diastereoisomer 

C094 535 ( 1B.584) 

:l!FS 

27 

41 87 
ss~ 

ss 

) Mass R.el tnt ! Mass 

ao 
81 

" 83 
94 
as 
86 
.38 
89 
90 
91 
~3 

95 

97 
99 

101 
102 
103 
105 
105 
107 
108 
109 
L!.O 
111 
11J 
tlS 
ll5 

3 72 
12.] 1 
·a s g 

ll 0 3 
s 29 

15. 26 
7. 21 

u n 
22. 13 

J 24 
7 ]1 

10. 77 
]1 92 

5 54 
u. as 
)0. 77 

JJ. as 
14 tO 
to. J a 
a.JJ 
3 53 
7. 02 

25. 79 
24. 23 

' 74 .q ss 
15 ] 8 
19.)] 

L. 29 

147 
143' 
149 
151 
152 
15 J 
154 
155 
158 
159 

. 160 
151 
15 2 
16 J 
1.54 

165 
166 
167 
168 
J..;g 
170 
171 
172 
17J 
175 
L"il 
179 
180 
131 

C094 558 ( 1B.834) 
1ee 

55 

•"'ass 

20 ,. 
zs 
26 
27 
28 
29 
Jl 
Jl 
JJ 
J s 
J6 
)7 

38 
39 
40 
<1 ,, 
43 
44 
4S 
46 
47 
48 
49 
so 
51 
52 
s J 

54 
ss 
5.6 
57 
59 
6a 
51 
62 
6 J 
64 
65 

67 
69 
70 
71 
72 
7J 
75 
77 
79 
30 
31 
82 
3] 

J61 

Rel rnc. 

.06 

. 07 
0. lJ 
l. 77 
s 32 
2. 21 
2. 3 9 
2. 14 
0 LJ 
1. 17 
2. 59 
) . La 

. "' 
l.% 

.25. 57 
• lS 

Jl. JO 
. 68 
. 54 

a. a 2 
6 3 

. " .54 
21 

. lS 

.97 
18. lJ 

5 H 
)J 21 
13.] 2 
66. 41 

li.OI. 
14 12 
26". 5) 

1. 66 
l. 30 
2 . .!! 7 
7. 79 
s. 20 

)6 . .!!) 
!i. Ll 

54 
4J. 70 

7. 0 1 
9 78 

.11 
a. -14 

2 2. 52 
SJ. -44 
58.02 
ll. so 
14.12 

5. J" 
20 04 

0 04 

No. 26 l,2·dibromo-l-cyclopenryl-l,2.3,3 ,3-pencafluoropropane (103) 

M-+= 360 

P..el !ne. 

0 76 
0. 40 
0. 9] 

tl. 28 
2. S2 
4. 07 
0. 91 
l. 38 

J 2. 82 
2 7 44 

'5..06 
2. OB 
1.76 

23 
. sa 
. 11 
l4 
sa 

1.17 
a. gs 
l. 50 
4 )5 

I Mass 

21 i 
219 
220 
221 
222 
223 
224 
225 
229 
229 
lla 
231 
2JJ 
2JS 
2J 7 
2J8 
239 
2<0 
2H 
24 2 
l<J 

"' 251 

Rel £ne 

),11 

6. JS 
94 
95 

. :.10 

. 25 
15 

o .·u 
0 OJ 
0. 04 
0. 04 
0. 20 
o. SJ 
0. J 5' 
l. 59 
0. !.0 
2 so 
0. l3 
0. 87 
0. 09 

.OJ 

. 06 

. 45 

. 61 

179 

54 
ss 
sr; 
57 
53 
59 
60 
51 
52-
_;] 
os 
55 
57 
58 
69 
70 
7l 
71 
7) 

74 
75 
J5 
77 
79 

199 

~. 0 ~ 
u. 74 

3 30 
15. 25 

1. 91 
15 04 

1- s 1 
2. <tO 

. <l6 

. "S9 
39. <l9 
11.41 
45 .lJ 
]0. 90 
99.49 

9. )6 
7. 40 

.52 

. 21 

. OJ 
t5. za 
9. 23 

) J. ss 
36.-ll 

117 
119 
121 
122 
123 
124 
12S 
12 7 
127 
129 
Ul 
lll 
lll 
us 
1)7 
1.17 
ua 
1)9 
140 
141 
142 
l'l 
145 
146 

259 

2. os 
14.-' I 

1).21 

1.•}7 
.l9 

1 .-. J 
7.2<1 

10. 77· 
12.44 
11..15 

2.75 
. J3 
. 29 
. 6 ~ .. , 

4. 20 
11- 54 

2. 40 
2.21 
0. 52 
0 .60 
5. 15 
o.n 

!.82 
19) 
us 
I. a 7 

139 
191 
192 
19) 
134 
195 
!.97 
199 
200 
201 
202 
20) 
205 
105 
201' 
208 
HO 
212 
21J 
:ns 

79872\l 

0. 42 
a. 5J 
a. 97 
0. il 
0. 91 
2. !.3 
0. 59 
1.. 70 
0. j s 

. 0. 44 
2. 92 

100.00 
3. 04 
l.l!. 
0 .09 
0. 1.4 
o.·:H 
o. oa 
0 .. 37 
0. os 
l.Jl 
1,.. )9 

0. 25 
0. 57 

255 
257 
272 

'" 215 
·no 
271 
278 
nq 
290 
231 
232 
29) 
239 
291 
291 
279 
)01 
J 19 
32!. 
]23 
J)i 
]39 
)41 

1 
a 
0 
.0 
0 
0 

0 
0 
0 

l. 71 
]1 

l8 ,. 
253 
lSS 
257 
259 
261 
262 

0.17 
0. 1-t 

so 77 
so 77 
]. 56 

---------------------------------

55.64 
l2. 44 

) . 4) 

I M.:lSS 

84 
as 
36 
87 
38 
89 
90 
91 
9J 
95 
96 
97 
99 

101 
102 
103 
lOS 
106 
107 
108 
109 
110 
111 
1LJ 
11< 
llS 
116 
117 
119 
121 
1.22 
l2J 
125 
126 
127 
129 
lJO 
lJ1-
lJ2 
ll3 
1J4 
lJS 
116 
1]7 
133 
140 
111 

"2 
143 
1-lS 
us 
1.46 
147 
149 

)52 

Rel !ne I Mass Re! !nt: 

. 97 
13. oS 

L 10 
. 2. J9 

. 4.0 
l 7 75 
3. 71 
•L49 

!.5. 0] 
s-s. ~9 
10 .02 

". sl 
4a 09 
22.7!. 
,.15 
7. 16 
7. 92 

.29 
lJ. jS 
lJ. 9 J 
J 7. -\.0 

. 95 
a. t5 

ll -i9 
J, 25 

13 2 7 
. 50 

l. 74 
L4.] l 
12.50 

,; 
.39 
.lS 

a. :to 
u . . 38 
LJ. J] 

] . 36 
5d 

•!. 71 
~. JS 
-L] 9 

]4 

J. as 
J. a 2 

.49 

.74 

.34 

.]3 ... 

. sa 
30 

1 11 
1 19 
0. 23 

0.) 1 

B22 

149 O.dS 
151 7. 01 
152 L. .31 
1SJ" .25 
154 . so 
ts.s . sa 
157. a. 21 
153 l]. ]6 
159 Ja.l7 
LOO S. 10 
161 3.15 
162 1.] 2 
l6J 1. 4a 
165 ] . 7"2 
155 a. s 1 
167 s 1 
158 . BQ 
Ui9 .52 
171 s. 20 
172 0. 91 
1 7) . 54 
l. 74 .15 
1.75 1.10 
177 5.20 
1.79 61.3] 
180 9. Ei 9 
181 J. 72 
182 0.27 
13J 0.70 
134 0.)) 
185 o. sa 
1.36 0. 20 
1.37 (J. 34 
!.38 . 2<~; 
189 5] 
191 0 50 
192 0. 07 
19) Q 71 
194 0 26 
195 0. J 6 
197 1.16 
199 LOO, 00 
200 6. 54 
201 a. :n 
20 2 Q. lJ 
20) 0 lJ 
205 0. 55 
207 0. 57 
208 . 07 
209 . 09 
HO 0.10 
211 11 
212" . 09 
:nJ a. n 

I Mass 

215 
217 
213 
2U 
220 
221 
222 
22J 
224 
225 
225 
227 
2J 1 
233 
lll 
234 
23 s 
236 
2l 1 
233 
23 9 
240 
240 
241 
242 
2<5 

'" 250 
251 
253 
2S4 
25 7 
2.59 

250 
261 
252 
26] 
274 
275 
276 
277 
279 
280 
281 
232 
23J 
295 
299 
J21 
)37 

J 3 9 
3H 
J sa 
]50 

R~.J. rnc 

0. 59 
l.::ao 
a. 11 

. 20 

.99 
28 

·a o 1 
0. 07 
0. l.l 
0. l2 
0. 06 
a. 09 
0. l1 
0. 1J 
0. 15 
0. t<~; 
0. l) 
0. )0 
0. 4] 
0. 24 
2. 59 

. !.9 
60 

. 36 
0. 20 
0. 25 
0. JS 
0. 04 
0. lJ 
0. u 
0. 04 
0. t7 

so. Ja 
L. dB 

49. 'i2 
2. 99 
0. 10 
0. os 
a. 01 
IJ. os 
o .n 

12. 79 
0. 57 

12 .~21 
0 . .36 
0. 04 

. os 

. 03 

. os 
0. os 
0. l 7 
0. 09 

. 40 

.72 

xS2 536576 



Major Diastereoisomer 

Minor Diastereoisomer 

Minor Diastereoisomer 

tV!ajor Diastereoisomer 

No. 27 diethyl(2.2.3,4,4,4-hexafiuoro-l-m<:thylburyl)arPine (lU<IJ 

M -+ = 251 

C0134F1A 303 ( 5. B58) 

HHl 

%FS 

56 69 72 77 
I iiJ · 
sa sa 

HH 
188 

Hla 120 ------------------- ... ------------------- ... ------------------ ... --------------------
Mass 

27 
29 
29 
JO 
l2 
) 9 
41 
• 2 
4] 

'4 
51 

Rel tnc. 

6 18 
)7,)6 

16. 79 
a. 78 
7. 6 5 
l.J9 
2. 91 

14.96 
l. 58 

15. 52 
7. 0 2' 

C0134F1A 31B (5.167) 
166 

J Mass 

54 
ss 
56 
57 
sa 
59 
69 
70 
71 
72 
77 

Re.l Inc. 

1. 97 
l.D 

11 45 
:> <I.SJ 

: 2. 7'2 
. 1. 41 
. ).51 

7. 16 
'.56 

' 7. s l 
l. 28 

1 a 

I Mass 

32 
84 
85 
98 

lOO 
l.Ol 
109 
122 
l 78 
180 
184 

Re l L:'IC 

. Ol 
l. OJ 

. 2. os 
. 1 • 70 

:-lOO. 00 
· ... a. oa 

·1..26 
. .., 23 
·:2.J2 

4. 27 
2.3) 

I 1'1ass Rel rnc. 

1. 9~ 
206 
208 
209 
220 
2 22 
2J6 
2)1 

250 
25 l 

1. 74 
L.SJ 

21. JS 
.os 
.74 

-L Jl 
)6.76 
J. ;a 
S.H 
6.95 

-----------------··t··--·------------- .. ------------------·--------------------
Mass Rel Inc. Mass Rei tn;: I M&sa R.el tnt. I Mass R~l !nt. 

27 
28 
29 
JO 
41 
<2 
44 
51 
54 

.H 
a a 
•• ... 

.4] 

.98 
a.ss 
l. :3] 

l. 06 

s• 
57 
58 
59 
70 
71 
72 
71 

" 

8. ;\S 
2.55 
l. ]0 

. )2 
5. 95 
2. ]7 

9 92 
. 41 
.17 

as 
96 

lOO 
101 
151 
160 
188 
204 
203 

l.ll 
l.J6 

l.OO. 00 
9.22 
l. 55 
1. a2 
2. OB 
1.2:3 

12.01 

l22 
2)2 
236 
2)7 
250 
251 

2. 55 
4.1J2 

2119 
l. ~a 
2 58 
2. !!] 

:::!0'8 
I 

No. 28 bis(2,2,3 ,4,4,4-hex.afluoro-l-mechylbucyl)echylamine (105) 

M·+= 401 

C0134F3 459 (7.651) 

"'] 
+:S42 56 70 77 

, %FSI ... · 

. 6 11 /1 I 11, 
M/Z 5~ ___________ ~-~!?- __________ 1~_0 __ . 

Mass 

27 

" 29 
JO 
]2 

'' 
" 4] 

" 47 

. sa 
01 

7. 75 
l. 21 
l.H 
l. 91i 
a .. 55 
1..28 

. Bl 
l. 0] 

C0134F3 SBl (8.351) 
Hl6 

%FS 

I Mass Re.l tnt. 

51 
54 
ss 
56 
57 
69 
70 
71 
72 
77 

'2.31. 
l. )'2 
l.) l 
a ss 
1 25 
s. 04 
7. -t 5 
J.3S 
l. 57 
J H 

1 Mass 

95 
9B 
99 

151 
159 
l 78 
202 
206 
lOB 
216 

222. 

2,'20-:1 
2e6 

Rel Int. 

l.lJ 
l. 59 
l. 06 
i.u 
l. 99 
l. 06 
1. 95 
2 2] 
] . 25 
1. 28 

;::se 

251 

f 
250 

! ."'ass 

2<0 
222 
22l 
2S.O 
251 
J s" 
)8l 
)86 

R.el L"'LC. ' 

.J. ;a 
17.·17 
l. J 9 

lOO. 00 
10. 79 ... 

---- .. --.--.---.--- ~.---- .. ------ ... ---.-. ~--.------.-- .. -.----.-------------. 
Mass Rel Int. I Hass Rei tnt. I ."'ass Rel rnt. I Mass Rel Inc ' 

H 
<2 
44 
51 
56 
65 
69 
70 
71 
72 

1 75 
4.]2 
) 80 
2 u 
6. 92 
1 09 
a. 7o 
9.] l 

a 7 
.02 

77 
91 
95 
98 
99· 

101 
109 
151 
15 9 
1.60 

.18 

. 07 

. 60 
2. l1 
1 sa 
1.0 
l. )0 

. 02 
2. La 
l. 22 

178 
1.ao 
202 
206 
208 
216 
220 
222 
22] 
2J 4 

1. 16 
1. O'lo 
J. OJ 
2. s" 
4. 44 

1.11 
5 )] 

26. 72 
1. a 2 
l. 09 

250 
251 
]]4 

]54 
Jsa 
l82 
]86 

400 

lOO 00 
9. 30 
1. 01 
2. i) 
!.. ~ 4 
5. 12 

. 95 
1. ]) 

;::s3;::736 

91136 

598616 

386 
382-:\ 

3342336 

\. 



C0134SOL 
tae 

~FS 

e. 
M/Z420 

583 ( 9. 717) 

450 

l.~st 
44e 46e 

No. 29 tris(2,2,3,4,4,4-hex.afluoro-l-merhylbutyl)amine (106) 

M-+= 551 

48e see 52e 

532 

533 
/ -536 
I lc537 

54e 

5Se 
I 

-.---------------- -·--------.---------- -·----------------- .... -----------------.-... 
Mass Rel rno I Mass Rel rno I Mass Ral rno I Mass itel in: 

------------------- ... ------------------------------------ ... -------------------
26 .]9 57 l. 91 9] l. 75 194 . 56' 
27 '64 59 . 56 95 ; '78 202 ' .]2 
28 . 3] 6] 2 'J 5 97 1. as :106 ], " Jl .lJ 64 . OB 98 l. JJ 2~0 a. " JS . DO 65 .. .. lOO 2. 02 222 26. 64 
16 1 ... 69 42 '29 101 ],)9 221 -, . as 
JB l. 18 70 " . 35 102 1 . 26 2)0 ,,. 
)S l 15 7l 6 02 104 1 . 64 HB 07 
H 2' 22 74 l. 2] 109 5 . 26 2<\9 l. !.0 
42 9 '87 75 '99 111 . iJ ll4 1. J 1 
4l 'os 77 ll '90 115 . 29 l54 2.32 

" '78 78 l '64 118 . 61 J sa l. 79 
<7 . SJ S2 5'" ll9 . 21 J?l l. 58 
so 1 '49 36 1. 21 132 1 '01 400 !.00 . 00 
51 ll 'JJ 89 J. OB lJ9 2 .86 401 ll 

. " 54 2. 85 90 2. 09 151 9. 99, 450 l. 59 
ss 1 . se 9l 4. 21 159 '60 SJ 2 . SJ 
56 2. 95 92 1.21 190 ll 

------------------- .. ----------------- -·----------------- -·--------------------

Mass R.el !ne I Mass· R.el !ne ! Mass Re:l rnc ! Ma.ss R.el I.n:. 
.• -- ~-------- ------ +- -- •. ----.------- -·---------------- --·------------------ --

<\22 0 '01 

I 
·~· 

0 . Cl 

I 
S)) . 52 

I 
551 0' " •J' o .. 06 Sl2 0. lS SJ4 '06 552 0' ll 

436 0. OJ Sll 0 02 SJ!i '<8 
• so L. 59 516 0 '02 537 '08 
•51 0. 20 512 ].51 550 0. 29 

B24 

15488 



No. 30 (2,2.3 ,4,4,4-he:<.afluorobucy 1)(2.2.3 ,4,4,4-he:<.arluoro-1-meu'l ylbutyl)methyl 

amine (107) 

·· Christel 
C0 115Ft 347 (5.784) Cm (J41o350-(268o275•ao0)) 

IOQ-

42 71 

M·+= 373 

222 

'51 57 I OS ~23 354 

25-Jul-208d 
&:an El'!" 

2.:i1aC 

5~ as] 

28·,' I , ~2102.._,1 120 !38!5,,74,75 ~~22018 22• -253?72 32633.,;2r(358372 
i.J 1lc1 ,) .L I , 1 -...,( 1 11 .. 244 / -I JOB ' I / 2l: / 

a-2~0~~.~~~-~c~O-~~ao~~~o~o~-,~270~1~40~~~~60~~~a~o~_~,o~o~2~2~0~2~<o~-'2a~o-J~,g~o~-~Jo~o~J~2~o~.~J~~~i1~60~~Ja~o~-~~~0~4~20-r-~~0~4~6~0~--.~a~o D~e 

Oa.c.~ Eih: &::\MSSL'!NX\CONV\COUSF1 '36-Ju.l-2080 l2;J'i:<U 
S<:.:l.ll.; )<lo7 (5. 78q,) 

iiunct.J.CO: SC.ui ( 1.3: :1'2.01 !i;,I-. 

\SEII 'tiP! 
---------- ----------- ---------------------------------------------------------------

20 a .o:! 77 LB .Ul 0.20 
22 a .a a 7!1 ll.56 lJ2 a. 'ZJ 
::.J a. oo 79 a.as uJ a .06 
H 0.00 ao a .u lH O.!U 
25 0.00 a:z 1. n us a. a6 
:!6 Q.l4 dl 0. j5 tJ 6 a. ~a 
n a 9a a.t a .a1 LJ7 a. a .a 

. 2EI l. Jl iS O.l.!, ua 1; ~a 
H 0.5"2 .i6 0."0 LJ9 a.u 
JO O.U 37 O.l.l 1.40 0.1'1 
31 O.Ja ill! Q .l4 tu a.u 
JJ a. ss 89 a.s.a LU 0.1.8 
H 0.01. 90 . 78 L<loJ 0.06 
35 (} .00 H ~a LH O.ll 
)i:i 0.00 n o.H L~S 0. 19 
]7 0.02 9] 0.3'2 u.& a.ol 
Ja o.oa 9<~. O.Ll U.7 0. 01. 
H 0.~2 95 1.oa t~a .a. as 
~a a. 20 H 0.12 LH 0.01 
u 1.95 97 a.u tsa a. at 
<1.2 l7. 59 98 0.09 1.51. L.:!l:i 
~J 4., 26 H 0.05 1.3 2 a 1~ 
H 9.ci0 1.00 a. sa .l.SJ ll. iJ6 
~s a. s 2 ·tal a 7!1 1.54 ·a.ts 
<~.li o.n 102 1.1..1. ~ss a .1.a 
"'' 0. 75 J.OJ 0. JJ 1.55 t.ao 
'HI 0.05 ta<~. a. 7a t:57 a. 01 
so 0. 25 LOS O.U 1.5.8 tLOl 
Sl 5. 92 ta6 s."o 1.59 O.J5 
52 O.H 1.01 o.n 1.60 0. 06 
SJ 20 toa a .a1 tiil a .ao 
3<1. )) tU'i a. 90 lti2 0.07 
)5 . 98 UO O.ll, 1.5] 0.02 
sa u. 1~ 111 a. a1 t6.:~. a .02 
57 "'75 11.2 ·a.t-1. 1.65 a .08 
sa 91 LU l..Ol 1.50 0. 02 
59 70 1.l4 0.12 157 0.00 
riO a1 1.15 0. 28 t58 a. u 
6.l 01.1 1.15. O.J.a 1.59 0.0] 
cil O.l7 U7 a.07 l70 O.•Ja 
ciJ O.H 113 a. Ja 1.'1L 0.07 

.i" O.i:it U9 0. 2l 1.71 0.06 
ri5 a. 'H ua :!.n t n a .oa 
5ci I). l2 t:!l 0. ii4 l.H O.HI 
51 a. a a tn ·0.11 1.75 0.02 
69 u so t~J a. a" 1.7!i '1.1.2 
10 5 ~ 7 t:!1 a .ll 1. 77 a. t:! 
71. lii riii 1.25 0.08 1.18 a. a-t 
71 t at 1.26 0. u. 1.79 !LOO 
1J a.H t:!7 a. u 1.80 ·Q,IJJ 
H a :!5 us 1).07 tal o.ao 
75 l.:iil 1.29 0. 01. U'l:l O.a6 
16 a . ~.2 uo o.as 1.31 o.au 

·~s.t o.n 
1.85 0.02 
l.S5 O.Oii 
1~1 . a. ua 
t3a t.n 
la9 O.O!i 
tio a. a~ 
tn ~.a a 
191 a. H 
1..94 l.'l'l 
195 0.1.2 
:.36 0.09 
1.~1 a. 01 
L!JI:i a .OD 
L99 a ao 
200 a .02 
2a1 a .oo 
201 L sa 
2oJ a. JL 
204 0.0) 
20ii 2. 96 
101 a. za 
208 0. 2a 
209 0 .U2 
110 0.01 
:!l.l a .aa 
H'l 0.02 
UJ 0.00 
lH 0.00 
:ns a .uo 
Hli 0.00 
111 a .oa 
lH O.a'2 
219 0.00 
1:!0 1..04 
,.,, LilO .aO 
22J ,'j )8 
1:.; a. zs 
225 a.20 
127 O.lU 
22!1 0.00 
1H a .at 
229 a. ao 
ZJO a.01 
111 a .01 
2]2 0.01 
u1 a .ao 
2H· U.Ol 
us a .oa 
1lii 0.01 
2J7 0.00 
J)3 0.02 
1H ll.OO 

B2S 

1.40 
l<l 
H2 
lH 
:1.45 
HQ 
H7 
lU 
lSO 
250 
251 
l52 
25) 

n" 
255 
lSii 
157 

"' 260 
251. 
16.2 
251 
264 
26S 
266. 
2:ia 
210 
271 
1.7'2 
:!7) 
:!H 
275 
:!77 
na 
'219 
180 
23.0 
181 
282 
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No. 34. L-(2,2.3 ,4,.1,i-he.tat1uo~obucyl)-2-( l,l ,2J.J ,3-he:tatluoropropyl)piperidine (111) 
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Appendix C : Mass Spectra 

No. 1 1-adamantany 1-1, 1 ,2,3 ,3 ,3-he;<afluoropropane (36) 
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No. 10 1-(E-pentafluoroprop-2-enyl)cyclopentane (54a) and 1-(Z

pentafluoroprop-2-enyl)cyclopentane (54b) 
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1 ,2,3,3,3-pentafluoroprop-1-ene (55) and 1-[(3S, 1 R)-3-((lZ)-1 ,2,3,3-
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ene (56) 
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No. 19 1-cyclopentyl-2-fluoro-3-methyl-2-trifluoromethyl-4-penten-1-one 

(86) 

No. 20 cyclopentane carboxylic acid (88) 
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No. 23 Z-(1-cyclopenty 1-2,3,3 ,3-tetrat1uoro-l-propenoxy)rnethy !benzene (94) 
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No. 16 1-cyclopentyl- i,2,3,3,J-pentafluoro-l-methoxypropane (78) 
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!'i<J. 20 cyclc~cac:lfle carbo:cy lie acid (S:i) 
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No. 22 1-cyclopent-l-cn;d-2-fiuoro- 3,7 -dimethy\-2-(trif:uorometr.yl)- :J-vin~\oct-5-en-l-one (93) 
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No. 23 ois(:2.,2,;.::. . .::. C.-hexarluoro-l·wethylburyl)ethylam.ine (105) 
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i\o. 36 4-(2.2.3 .d. .4 .4-hexall uorobutyl)morphoiine ( 113) 
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No. 40 2.6-bis( l, l ,2.,.3 ,.3 ,J-hexafluoropropyl)-1.4-dimethyipiperazine (117) 
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Appendix D : X-ray Crystal Structure 
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F!3401 959.3181 771161 <65-41.61 701'21 

F'(34E:l 81921151 1284(71 50281131 ;t~:!l 

f!J"F) s l 10!301 15951131 50101301 53151 



' \. 

Taolc :l Bona lengths IAI ~d angles r•1 for (}(},rv360. 

Nlli·CIJll \.463(3) CliOI·Ctlii·C!l2\ 110.4{21 

Nlli·CI211 1.4681.'31 F1L21J-012l·F'Il'221 105.23091 

Nlli·CIIll !.471!31 Ftl2 l!·Cll2J·Cil31 107.3(21 

Fll2lJ·Cil:::!l 1.366131 F'll'l2J·CI 121-C: 131 108.4121 

FU221-C[l:ll 1.375131 F'tl2lJ·Cll21-CillJ 107.74(19) 

1'113li·CI131 1.383131 F'tl221·Cit'21-Cil tl 110 • .9121 

F\l4U·Cil-41 1.326131 QIJJ-Ctl2l·Cllll 116.2121 

F'll42l·Cfl41 1.339131 F'1131J-Cll3l·Cil21 107.::)1::) 

Fll431-CIHI ! . .132!31 F'tl31l-Cil:JI·C:I~l 107.31:.1 

F(:22!J-C:22J 1.373131 Cti21-Cti31·Cil41 ! \4.9(21 

F!'l'l2l·Ci22l 1.36-1131 F1Uli-Ql4J-F'{lo(31 108.0!21 

F'_f'23Il·Ci231 1.380131 FlH l}-Cil4.1-F11421 106.9121 

Fi2411-C:2<1 t.3Z7{31 F'I\431-C! l41-Fll42l 107.5(21 

F't242l-CI241 1.336131 P"ll4.li-C1l4l·Cil31 110.51'21 

f(243l-Cr.l4l 1.3.3113) P1l43!-Cil4l·C!I31 l\3.8121 

!1'132 ll·Cl3.21 1.363131 F'IH2J·C(I41-Cil31 109.8!21 

F1322l-C!321 1.368131 Ntli-C{2li·C:20J 11~.1!21 

CliOI-Cflll LS:!SlJI Nill·C12li·Ct221 115.0{21 

Cl111·CI121 1.5.36431 C:20J-C!21J·CI'121 11 !.0121 

c: 121-C! 131 1.524141 rtZ221-CI:!21·rt2:UI 105.701191 

C!i31-Cl41 t.5.:7J41 f"I~I-C:22!·ClZ3! 109.5(2) 

CI201·CI2ll 1.5J.ll31 f"f:.21 J..CI22J·CI23J 105.2121 

CI21J-CI221 I.S.&31 m:z:zJ-ct22J-er- 11 110.00( 191 

c::uJ-0231 1.52414) F122li·C:22J-C:211 ttt.iaJ 
C!:!3J-C!241 1.524141 c;:::Jt-C:22J-Cf2tl 114.8121 

CI301-C(311 1.5.32!31 F12J li·023J-CI221 109.3121 

C131i-CI321 1.5.39(3) F't23ll·c:'l31·CI241 \06.1121 

C:32J-Q33) 1.52~"'' C!221·Ci23J-C:241 11·5.3121 

C1331-~133AJ 1.37"2171 1'12<11·02<1·1'12<31 108.1(21 

C133H'13381 1.4311151 F't24lJ-C:24l·F12-421 107.4(21 

CI331-CI341 1.521141 Ft2431-CI241-Jl'l2421 107.JCI 

C1341·Fi34BI 1.247161 P124li-Q24l·Ct231 112.8121 

C!341-1'134Cl 1.250t41 f"l2 43l-C:2 41-Cr.!JJ 111.012) 

Cl341-~l341'1 1.26431 F't2421-C:241-CI231 110.0(21 
"·J 

C1341-1'134EI t.3271141 Nlli·C(31J·CI301 116.9121 

Cl341- Fi:l4AI 1.391151 Ntli..C:311·0321 109.912.) 

C!:J41-Fi3<>01 1.552191 Cl301·C13 li·Cl3:!1 111.2!21 

Fl33AJ·I'133BI 0.506011 F{~2.11-ct32J·Fl32:21 104.971191 

Fl34AJ·~I:l481 1.091191 1'132li·CI321-Cl331 lOS.dC2l 

I'13<BI·I'13<CJ 1.235(91 Ft:322.)·CI:32!-Cf3.31 106.8121 

1'"134CI·I'13401 O.S>47181 1'13211-CIJ21·C!311 110. r61191 

Fl3221·C!:l21-Ci311 110.54(19) 

Cl3li·Nili·C:211 119.531191 C(~I-Ct321-CI311 115.QfZI 

Q3li·Nil!·Cllll 118.171191 1'133AJ-CI~31·~133BI 24.9{-41 

C:21J·Nlli·CI111 118.72(191 F133Al-ct331·Cf341 109.7131 

N!II·Cilli·CilOI ll4.71!ll F133BI-CI331·CI341 96.0151 

Nlli-CI111·Cil21 112 . .3(2) Fl33AJ-C!33J·Ct321 lll.JI31 

F133BI·CI331·CI321 101.2(61 ~34BI..CI3"'1·F"t3401 96.9161 

C!3<>-CI331·C:321 115.81:!1 Fl34Ci·CI:l41-1'13401 37.~31 

~134 BI,Q3<>-1'134C1 59.4151 P(34Fl-CIJ.oll·l'13401 107.71101 

l'i.l4BI·CI341·1'1341'1 115.91141 1"134EI·C1341·1'"!3401 88.0161 

!'13<C1·CI341·1'134Fl 12.3.31131 '1'13...,.1·CI341·Fi3401 14-4.7151 

1'134BI·CI:>41·1'134El t::J.~n ct3.3J·Ct341-P'f34Dl 97.<\141 

Fi340·C!341·f"t3"'El 108.9171 ~133BI·F133Al·CI331 63.0(191 

f"I34Fl·CI341·F'l34£1 19.9021 F13.JN-F13.3BI-0.3.3J 72.\1191 

1'"134SI•CI341·1'134AI 48.;(51 F134BI-FJ3-<I\I·CI341 58.8141 

Fi34CI·Cl34>-Fi34AI 107.01'31 F"13.W·I'13481·1'134C1 132.7161 

rcJ.<FJ-ctJ.oii·I'134AI 86.51101 1'13"-'I·I'134B1·CI341 7'l.7!51 

PI34EI-CI34>-1'1J.W 104.8161 PI3<CI·f134BI·CI341 60.4(-4.) 

F134BI-CI:l4i-CI331 123.2HI F134DI·Fi34CJ-1'13<BII49.0181 

fi34C1·CIJ.oii·CI331 115.5131 F134DI·Fi34Cl·CI341 8B.6J61 

f!3<F1-CI3<1-CI331 111.1!151 !'I34BI·I'134Cl·C:341 60.~(41 

Fl34el..C:341·Cl331 1 1"1.9171 F134Cl·I'134DI·CI341 53.~51 

fl!l<W·CI341-CI331 107.4(3) . 

D3 



TaUie 4. AI\Jsolroplc C!.lsplacemenl parameters tA;x !OJ) for 003rv36G. The a.rl!Mcroplc 

rusplacemcnl f.ac1or e.xponent I.Olkc~ the form: -:ln:o! h2 a·~U 11 • ... • '2 h ·ll a· o· U1, I 

U" 

Nil) 19111 

F\12 !l 46(1) 

F11221 3!(11 

1'11311 3601 

1'11411 51111 

Ft 1-'421 69111 

Fll4.:ll 841:!1 

FT!:!ll 58111 

fi~:!2) 2.311) 

Ft:!JII 4311) 

ft24lJ 451\J 

F"l242) 50[ t) 

F'!243) 761 11 

F\:!2\l 391U 

F"l:!:!'ll ~lll 

C:IOJ 2&11 

Cllll 24111 

Cfl2J 27111 

Ci131 30111 

Cllil 4.31'21 

Ci201 221 11 · 

Ct~tl 22111 

CI2:!J 26111 

C/231 281 H 

Cl241 37121 

C.30) 26(11 

Cf311 21111 

C!321 19411 

C!JJI 26111 

Ct.341 30121 

,i"(Z3AI 26121 

F13JBI 55181 

1'13<W a 1131 

F\:348) 5-4[4) 

F134C) 36121 

1'13401 9316) 

f134El 43141 

rf34F1 Jll41 

U" 

'20111 

21111 

:!Sill 

4i!U 

51111 

52111 

29(11 

24111 

41/11 

31111 

501" 

45111 

~~ll 

371 ll 

38[1) 

30!11 

24111 

21111 

271 [) 

30( 11 

35111 

2601 

221 I) 

29[ I) 

28[ ll 

33111 

27111 

24111 

40121 

67!21 

53131 

981101 

52121 

100161 

83131 

7<151 

67151 

lOCH 141 

U" 

2!! 11 

3::!1 I) 

381 ll 

36111 

4l[l) 

291 I) 

3601 

25{ I) 

23111 

4 !Ill 

53fll 

44111 

23[1) 

221 I) 

15111 

24[ 11 

221 I). 

25( 11 

26{ J)_ 

26lll 

24111 

19lll 

23111 

26( 11 

36121 

22111 

'lltll 

22tll 

2411) 

:!601 

3"~(31 

42161 

J l/21 

28(31 

30121 

43141 

'26{'21 

35151 

U" 

1[11 

31ll 

-9111 

-\Ill 

·15111 

·Sill 

·6111 

4111 

-5111 

9111 

·2811) 

·14111 

·51 !I 

-31 IJ 

7111 

3(1) 

2( 11 

2111 

0(11 

·2111 

·3111 

2111 

Ill I 

'2111 

-Bill 
·1(1) 

·3111 

Ot 11 
... (1) 

·2111 

(){21 

·2151 

·21111 

·16l41 

16/~) 

25HI 

·:!141 

•l<!ollll 

U" 

6111 

611) 

18111 

16111 

ltll 

231 \I 

141 I) 

18111 

2111 

~21 IJ 

2.11!1 

29111 

!51!) 

4111 

j:;lfll 

<!oil] 

7{ I) 

11111 

10!11 

SI I! 

6111 

Sill 

Sill 

13/ l/ 

15111 

Sill 

9111 

Slll 

11111 

JO(ll 

18121 

23151 

2.q/2) 

16<31 

J5(J) 

261~1 

)9(21 

21(4) 

U" 

.·llll 

Sill 

0111 

-12111 

-18111 

-8111 

5(1) 

3111 

3111 

9111 

-19/ll 

··ifll 

3111 

-20111 

10111 

311) 

Dill 

2111 

·5(11 

-~1 11 

OH! 

-1111 

·\Ill 

-4/l} 

·3111 

·Bill 

-1111 

-3111 

·6(11 

-'22121 

8121 

29(51 

-19121 

""""6441 

12!21 

4!51 

-25141 

-121101 

T.:.r.Oie S. Hyelrogo::n coord.J.n..ale:a f.x 1041 and l:aotTop1c CU3pl..acemenl paramelers lA:~ 10 lJ 

for 00Sirv360. 

H/1031 

Hll021 

Hi lOll 

Hfllll 

H(i311 

H/2031 

HJ:!02J 

H/2011 

H12121 

H/2311 

Hi3031 

HIJ02J 

H130ll 

Hi3111 

Ht21 

7580 

753:;.! 

7011 

95501301 

107 .. 01301 

11541 

12012 

11690 

10090(201 

11-430(301 

7128 

7054 

8152 

781(){301 

7970l301 

3395 

4472 

3674 

3871!191 

3920t201 

318 I 

'2120 

'2567 

15801201 

17'2.0(~01 

1771 

1329 

1034 

"2860(201 

ll30(201 

D4 

-955 

-630 

-:29 

1701201 

261()(201 

IO'!'l 
1105 

2097 

10501201 

-6701201 

48 

1155 

761 

15001201 

3070(301 

Uleql 

42 

42 

28 

33 

41 

41 

41 

27 

32 

42 

42 

42 

27 

~ 1191 
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