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The work described in this thesis is concerned with three areas 

relating to nucleophilic reactions of nove-!- polyfluorinated alkenes-.--

a) Very highly strained fluorinated epoxides have been 

synthesised from bicyclic internal alkenes using Ca(OC1) 2 . These 

molecules display an almost unprecedented thermal and chemical 

stabi 1 ity. 

b) Aromatic bifunctional nucleophiles have been reacted with a 

variety of perfluorinated alkenes and cycloalkenes to give high 

yielding heterocyclic compounds. These are discussed within a 

mechanistic framework which may rationalise the product structures. 

c) Additions of fluoride ion from CsF and TAS-F to fluorinated 

alkenes in a suitable solvent are shown to yield long-lived 

fluorocarbanions. N.m.r. observations indicate the systems are uholly 

in the form of the respective anions and are essentially static on the 

n.m.r. timescale. Competition experiments for a deficiency of CsF are 

available and can render useful information on F- affinities. The 13c 
19 and F n.m.r. spectra of the anions display unusual chemical shift 

and coupling constant phenomena. The n.m.r. spectra are unchanged over 

a wide temperature range but at a distinct threshold temperature line 

broadening occurs. This is indicative of the onset of F- exchange on 

the n.m.r. timescale, is specific to the M~C- system and, therefore, 

is a guide to the carbanion stabilities. High yielding trapping 

reactions with simple electrophiles are described but, in some cases 

F- donation from the carbanion is preferred. This competing reaction 

is found for particular electrophiles and above the threshold exchange 

temperature as determined by n.m.r. 
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CHAPTER ONE 

GENERAL INTRODUCTION 

Before the last ~orld nar there were relatively few 

organic compounds containing fluorine available and 

corre-s-pondingly little was known aoout-their chemisTry. The 

greatest stimulus to fluorine chemistry occurred during the 

war, in the atomic bomb project,
1 

because compounds 

containing a significant degree of fluorine were found to be 

indispensable as thermally and chemically stable lubricants 

etc. in the uranium isotope enrichment process. In the 

following years, fluorinated materials have realised an 

increasingly diverse application in polymer technology, 

medicine, and as agricultural chemicals. Academics also 

found the study of organofluorine chemistry a stimulating 

occupation because there emerged a whole new novel area of 

organic chemistry built around the fluorine atom rather than 

the hydrogen atom. It has also been possible 2 to define a so 

called "mirror image" relationship between the reactions of 

unsaturated fluorocarbons and hydrocarbons and between the 

role of the fluoride ion versus the proton. In addition, as 

a result of the unusual electronic and structural 

requirements of polyfluorinated organic compounds, it has 

often been possible to confer stability on normally 

transient intermediates eg. radicals, carbocations, 

carbanions, aromatic valence isomers etc. ,and clearly an 

understanding of these species is of great importance. 

This thesis is concerned with a study of a variety 

of nucleophilic reactions of fluorinated alkenes and the 



utility of these processes in the synthesis of new 

fluorinated heterocyclic molecules. The reactions are 

thought to occur via the intermediacy of carbanionic species 

and a substantial part of this work has been devoted to the 

study and characterisation of some particularly long lived 

members of this class. A basic introduction to a number of 

relevant areas of fluorine chemistry will be made but 

justifiable emphasis will be placed on the formation of 

heterocyclic compounds from fluorinated alkenes using 

bifunctional nucleophiles and the generation, study and 

subsequent reactions of fluorinated carbanions. 
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FLUORINATED ALKENES 

If hydrogen bonded to an unsaturated site is 

replaced by fluorine several processes resulting in loss of 

the double bond, eg. l . . 3 d d" . t" 4 
po ymer1sat1on an 1mer1sa 1on , 

become energetically more favourable. Most sriking are 

thermochemical data relating to ring opening reactions of 

substituted cyclobutenes, in which the preference for the 

butadiene structure in the parent compound is reversed on 

total substitution by fluorine.
5 

FC-CF 
~ p '\_ Li.H=ll.7 kcal/mol 

CF 2 CF 2 

Li.H:-::-8 kcal/mol 

It appears, therefore, that relative to 

perfluoroalkyl, fluorine substitution in some way 

significantly destabilises a ~-system. 

At first sight this may appear unusual, in that 

fluorine withdraws charge inductively along the a-framework 

it is bonded to. A competing effect, however, is return of 

electron density to the v-sytem through the fluorine lone 

6 pairs. This would be expected to be a significant effect 

for substituents such as fluorine with filled non-bonding 

orbitals of a similar size to the carbon p-orbital. 

o~ .. 
c~F 

0 
-Ia +I1T 



With perfluoroalkyl substituents the situation is 

not complicated by IIT effects and only inductive withdrawal 

is in operation. 

·-I a 

Clearly, the replacement of fluorine by a 

Rerfluoroalkyl group in a multiple bonded system would be 

expected to reduce the overall energy. With acetylenes, 

where the effects are most pronounced, fluorine directly 

attached to the unsaturated carbon confers remarkable 

instability whereas similar perfluoroalkyl substituted 

compounds are highly stable. 

7 
eg. 

F-C===C-F NEVER ISOLATED 

F-C===C-H DANGEROUSLY EXPLOSIVE 

CF
3

-c===C-CF
3 

STABLE 
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For an unsymmetrically substituted polyfluorinatecl 

alkene there are two orientations in which the nucleophile 

can form a bond with the substrate, to produce one of the 

two available negatively charged intermediates. 

eg. Nuc + CF
3

CF=CF
2 

( 1 ) 

Nuc-CF
2

-CFCF
3 

+ Nuc-CF(CF
3

}-CF
2 

(2) (3) 

One approach to explaining the observed orientation 

is to consider the relative stabilities of the intermediates 

involved. 8 It will be shown later that, in general, fluorine 

substitution directly on a centre of negative charge may 

even be destabilising, relative to hydrogen, whereas 

fluorine substitution adjacent to a carbanion centre is 

always strongly stabilising. 

~ - .. 
c--c~F c~F 

strongLy stabilising potentially destabilising 

From these effects it may be directly deduced that 

nucleophilic attack on a polyfluorinated alkene will take 

place at the least substituted end of the molecule, to 

generate carbanions with the minimum number of a-fluorine 

substituents. ie. (2) is favoured over {3) in the above 

example. 

Similarly, a reactivity order may also be deduced 

for nucleophilic attack in which increasing perfluoroalkyl 
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2 substitution at one of the sp carbons leads to greater 

ability to support a negative charge. ie. reactivity 

increases with increasing stability of the intermediate 

anion. 

--------increasing-reactivity------~ 

------------increasing stability----~~--.~ 

This order is well established experimentally, 9 in that 

perfluoroisobutene (4) is readily attacked by neutral 

10 
methanol, hexafluoropropene (1) requires the presence of a 

1 1 base and tetrafluoroethylene (5) only reacts in the 

9 12 presence of a strong base or at elevated pressures. It is 

worthwhile to add a note of caution here, in that, although 

the reactivity data given above is probably an accurate 

representation, all too frequently the effects of solubility 

etc. are not taken into account. 

CNDO calculations 13 have been performed on alkenes 

(1), (4) and (5) and the resulting initial state electron 

distributions, shown below, may also be used to rationalise 

the reactivity order and regioselectivity. 
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-0.163 .. 0.311 

F""'- /F 
+0.419 +0.026 

'c;~- ~:---c/ 

/ "" -0.159 +0.617 
F"' ( 1 ) :c" -F 

F F 

-0.203 

-0.163 +0.659 
F'-.., /CF 3 -0.208 

+0.520 -0.263 

F~C (4) C~CF3 
For example, the most reactive alkene, (4), contains a vinyl 

carbon with the greatest ground state positive charge and, 

therefore, provides the greatest attraction to the incoming 

nucleophile. 

However, the former approach, based on carbanion 

stability becomes less convincing in rationalising relative 

reactivities of, for example, (1) and (6) where the relative 

stabilising influences of similar units are considered. 

CF2 CFCF
3 

+ Nuc 
( 1 ) 

CF 3 CF CFCF
3 

+ Nuc 
(6) 

Nuc-cF2 -cFCF
3 (7) 

Nuc-cF(CF
3

)-CFCF 3 {8) 

etc. 

etc. 

Fluorine and perfluoroalkyl substituents have been clearly 

14 
shown to exert similar influences when adjacent to a 

negative centre, and so the groups Nuc-cF(CF
3
)- and Nuc-cF2~ 

in intermediates (7) and (8) should confer similar 

stability. Nevertheless, alkenes with the configuration 

15 
CF2 CFRf' such as (1), have been clearly demonstrated to 



be more reactive than those ~ith the RfCF: CFRf structure, 

such as (6). 

An alternative frontier orbital approach, ~ith more 

~eneral applicability, h~D been advanced recently by workers 

in these laboratories.
16 

In this initial state 

rationalisation the LUUO of the alkene interacts with a 

filled orbital on the nucleophile to form a new bond. 

El . b . l , . l . 17 d ectronegat1ve su st1tuents ower oro1ta energ1es an , 

consequently, perfluoroalkyl groups will have the overall 

effect of lowering the alkene LUMO energy. As we have shown 

earlier, the electronic nature of a fluorine atom bonded to 

an 11nsaturated site is ambiguous and so the LUMO energy is 

likely to be dominated by the number of perfluoroalkyl 

groups. However, CF2· ~(CF3 ) 2 is a much more reactive olefin 

than CF3cF· ~FCF3 even though both possess two CF3 

substituents and it is necessary, therefore, to assume the 

disposition of the perfluoroalkyl groups is important. 

Perfluoroalkyl groups on the same side of the double bond 

reinforce each other, and on opposite sides of the 

unsaturation oppose each other. This is manifested in the 

relative coefficients of the frontier orbitals and, for the 

LUMO, these are enhanced for the least substituted terminus 

of an unsymmetrically substituted alkene. 

eg. LUMO 

It is now easy to rationalise why less symmetrical and more 

polarised olefins are more reactive to nucleophiles than 

symmetrically substituted derivatives. 
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Possible products from nucleophilic attack on a 

The intermediate carbanion (A) derived from 

nucleophilic attack on a fluorinated alkene may react 

further in three main ways, as shown below:--

1) combination with an electrophile, such as a 

proton, to yield the overall addition product (B), 

2) elimination of fluoride ion from an initially 

vinylic site to give the overall substitution product (C) 

or 3) elimination of fluoride ion from an initially 

allylic site to produce the alternative substitution product 

(D); a sequence sometimes known as substitution with 

rearrangement or "SN2
1

" •• 

Preference for any one of the three schemes above 

will depend on numerous factors, including the lifetime of 

the anionic intermediate {A), the potency and availability 

of any electophile, on steric requirements and solvent 

effects etc. 

There is difficulty in assigning mechanistic 
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preference as a result of the huge variety of reaction 

conditions documented in the literature9 . However, addition 

of H-Nuc (sequence 1, E=H) appears to be favoured for the 

simpler, less electron deficient fluorinated alkenes where 

the derived carbanions are more basic. By the same token, 

olefin precursors to more stable and correspondingly less 

basic ~~ions exhibit a greater propensity for substitution 

processes. 

In the reaction between 1-(2-tetrahydrofuryl)-

pentafluoropropene (9) with ethoxides in the relevant 

alcohol as solvent 18 the dominant product (10) was 

unsaturated, a feature of the strongly basic conditions 

employed. 

room temp. C)---cF CFCF3 

0 T 
C)---c--cF CF 2 

0 OR (11) 

Absence of the alternative unsaturated material (11) via 

elimination of an allylic fluorine is a common observation9 

for trifluoromethyl groups when the products are highly 

reactive terminal difluoromethylene compounds. 

R Et 

%(10) 70 29 13 98 

%(12) 12 7 1 0 



The proportion of addition product (12) increases 

with decreasing ability of the group R to donate electrons, 

and is consistent with reduced availability of the alcoholic 

proton. An alternative explanation is that the more 

electronegative -OR substituents in the intermediate 

carbanion do not efficiently assist fluoride ejection. 

o-f -
y--cFCF3 

0 OR 

l I 
0-rF-cFHCF3 

0 OR (12) 

Similar observations have been made for reactions with 

hexafluoropropene (1) and perfluoroisobutene (4).
19 

Para-substituted-phenylpentafluoropropenes20 undergo 

more substitution reactions with ethanolic ethoxide when the 

phenyl residue contains a more electron donating 

para-substituent, again indicating internal promotion of 

fluoride ion elimination. 

(2)) 

Nucleophilic substitution of vinyl fluorine (process 

9 
is often preferred to the alternative allylic 

displacement (process (3)). where generation of the product 

with the maximum stabilising perfluoroalkyl substituents 

results. 



1.2 

l.B. c Some illustrative recent nucleophiRic reactions of 

The literature relating to nucleophilic processes 

in fluoro--olefin reactions has, in the past, been 

h . 1 di d d ll b k 2 · 21 · 22 d ex aust1ve y stu e an exce ent oo s an review 

· 1 23 - 28 · 1 b l Th f h. art1c es are ava1 a e. e purpose o t 1s section is 

to provide some simple examples of this reaction type while, 

at the same time, concentrating on very recent (mostly after 

1982) publications. 

i) Oxygen Nucleophiles Cyclic alkene (13) reacted 

with methanol and ethanol in the presence of potassium 

hydroxide to yield the unsaturated ethers (14) and (15) 29 

via displacement of vinylic fluorine. 

~F3 KOH/ROH 

~ R=Me,Et 
{13) 

R=Me {14) 

R'-'Et (15) 

Similarly, dodecafluorocycloheptene (16) afforded the 

corresponding vinyl ether {17) by treatment with ethanolic 

potassium hydroxide. 30 

KOH I EtOH 

{16) 

An analogous acyclic alkene, z-perfluoro-2-pentene (18) 

however, gave a mixture of products derived from attack 

solely at the 2-position, but with both allylic and vinylic 
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fluorine substitution and partial loss of the stereochemical 

31 integrity of the double bond. 

ROH 
/F 

:c 
F 

/ -c- ·OR 

""-c F 
E/Z 2 5 

'cF 
E/Z 3 

The observed regioselectivity is puzzling in view of the 

fact that the electronic environments of the unsaturated 

carbons and of the derived carbanions are strikingly alike. 

ii} Nitrogen nucleophiles Although less studied 

than alkoxide reactions there is a growing literature on the 

reactions of amines with fluorinated alkenes. The 

possibility of dehydrofluorination of the adducts and of 

further reaction of more activated molecules frequently 

enables the formation of relatively complex products and 

product mixtures. 

32 Decafluorocyclohexene (19) reacted with 

dimethylamine and pyrrolidine in the absence of added base 

to yield the enamine products (20) and (21) respectively. 

G ~~RR~'_.;.;N..:;.;;..H __ -+ 

(19) 

0-NRR' R=R'=Me (20) NRR'=o (21) 

The greater nucleophilicity of nitrogen compared with oxygen 

in this context often renders the presence of an additional 

base unnecessary. Aniline reacted slowly with (19) to 

produce a disubstituted compound (22) formed via initial 

vinylic displacement and 1,4-dehydrofluorination. 



~-~PhNH2~~ V i)-vinylic F-
( 1 9 ) ii ) ·-HF ( 1 , 4) 

14 

GJ=Ph 
(?.3) 

~NPh 
(?.?.) 

The resulting azadiene {23) is particularly susceptible to 

further attack and gives the di-adduct (22) by a second 

substitution for vinyl fluorine. The highly branched hexamer 

33 
of tetrafluoroethylene (24) reacts with a variety of 

amines to give good yields of ketenimines (25) via initial 

attack at the reactive terminal CF2 group followed by an 

unusual elimination of an alkyl fluoride residue. 

Rf 
""-c CF 
/ 2 

R£ {24) 

Rr=(CF3CF 2 ) 2CF3C­

R£=(CF3CF2)CF3CF-

iii) Carbon nucleophiles 

via 

Rf 
'-...C C NR 

/ 
R£ (25) 

R:::Me,Et,Ph.NH2 . 

-RF 

Perfluoroisobutene {4) 

has been reported to react with sulphur ylid {26) by 

displacement of one of the labile vinylic fluorines to leave 

a new perfluoroalkyl-substitutued ylid {27). 34 

) (CF3)2C CC~02Et 

(27) 71% ~Me2 

A similar process has also been observed for 
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hexafluoropropene (1) with the diphenylacetonitrile 

carbanion (28).
35 

CF CF:- ~CF 
3 :J. 

( 1 ) 

P_~2£::-.CN_ fl~l/NaOH 
10-15.C/DMF 

CF 
3

cF.=:cFCPh
2

CN 

79% 

36 An- e-:Kce-l-1-e-n-t--pap-e-:r-hy- -I-s-h-ikawa -and -c-o-wo-rkers---- concerns- the-

reactions of perfluoro-2-methyl-2-pentene (29) with 

organomagnesium reagents, in which products (30,31) derived 

from both substitution processes are observed. Formation of 

the unstable terminal CF
2 

derivative (31) is rationalised 

in terms of the assisted fluoride ion removal by a well 

positioned metal residue in the transition state. 

via 

RMgX/-45 to +23·c~(CF) C CRC F 
Et

2
o 3 2 2 5 

+ 

(30) 

CF 3 h---<::FR(C2 F5 ) 

CF 2 (31} 

Support for this process is available from studies 

on the product ratios (30):(31) for different alkyl groups 

(R). in which greater electron release from the group 

localises more electron density on the -C(CF
3

)
2 

position and 

makes the metal more "metallic". This then favours formation 

of the isomer (31) formed by the above elimination pathway. 

iv) Other nucleophiles Sulphur substitution at a 

double bond favours attack at the opposite olefin terminus 

as the resulting anionic intermediate is mesomerically 
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stabilised. 

Such activation, coupled with the high nucleophilicity of 

thiols, often leads to the formation of polysubstituted 

products in the reactions of sulphur nucleophiles with 

fluorinated alkenes. 

37 
Ishikawa and Maruta reported the action of 

aromatic thiols with hexafluoropropene dimer (29) and 

observed a multitude of products, some of wpich appeared to 

have arisen from the diene skeleton shown below. 

-RSF 
~--

R 
S-------F 

CF 3 ... / \ 
/c......._ /CF 2 

CF3 ""-c==C/ 

I \ 

The authors postulate an unprecedented 1,4-

elimination of a sulphenyl fluoride to account for the 

occurence of these species. This mechanism has been 

contested, however, in the recent literature38 and a more 

likely alternative suggested. 

(CF3 ) 2C C(SR)-cF CF2 
+ 

RSSR 



17 

~!FUNCTIONAL NUCLEOPHILE§ 

When a nucleophile containing two reactive sites is 

employed with a fluorinated alkene and undergoes an initial 

substitution process, the possibility arises that the 

remaining terminus may attack the new unsaturation thus 

effecting cyclisation. 

- -~'\ / 
eg.Nuc Nuc ? c. C 

........____... /' ' Fq...> F 

I / 
Nuc-C'- C -~-~ 

\ jl 'F 
Nuc _/ 

etc . 

The initial step may involve both vinylic or allylic 

fluorine substitution to generate the intermediate 

unsaturation, and the cyclisation step may occur at this 

functionality by any of the substitution or addition 

mechanisms described in section l.B.a. Clearly, for 

heteronucleophiles this methodology offers a simple route to 

relatively complex fluorinated heterocyclic skeletons. These 

are frequently very desirable molecules because they are 

known to exhibit extremely high biocidal activity
39

·
40 

and 

indeed, in the past few years there has been an explosion in 

the patent literature relating to the use of fluorinated 

heterocyclic compounds as agrochemicals. 39-
46 

When compared 

with the wealth of literature now available on simple 

nucleophile induced reactions of fluorinated alkenes there 

are relatively few reports on the use of bifunctional 

nucleophiles. The purpose of the remaining part of this 

section is to review progress in this area to date. 
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1.C.a Fluorinated a!kenes ~ith simple diheteronu~J~~~hiles 

A large paper by England 

12 and co-workers concerning the reactions of a wide number 

of polyhydric alcohols and phenols, amines and amides with 

tetrafluoroethylene was published in 1960. The reactions of 
-- ~ 

alcohols and thiols were conducted under a pressure of about 

2.5 atm. and a temperature of 60-lOo·c in the presence of a 

small amount of metallic sodium. Almost exclusively, 

products derived from addition of H-XR (X=O,S etc.) to {5) 

at all available sites on the nucleophile. 

eg. ~OH+ 
HOV 

CF 2=cF2 Na, dioxan 

{S) DMF 

OCF2C~H 
I 

CF 2HcF2o 
58% 

Similar reactions with bifunctional amines lead to cyclic 

amidines via intermediate imidoyl fluorides, eg.(32), as 

shown below for ethylenediamine, 

-addition-+ 

CH..-N~ 
I 2 ~C-CF H 
CH2 / 2 

'N 

-F 
{vinylic) 

H 

ii) Hexafluoropropene (1) 

NH2CH2c~2NHCF2CF2H 

-HF 

1 
N~CFCF2H {32) 

We have previously shown 

that higher fluorinated alkenes undergo initial substitution 

processes rather than addition which destroys the 

unsaturation. Thus, simple monohydric difunctional 

nucleophiles such as dials etc. are more disposed to undergo 
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cyclisation. In a similar manner to (5), (1) Ireacts r:ith 

difunctional aromatic amines in the absence of added base to 

produce imidoyl fluorides, 47 eg.(33). and heterocyclisation 

via this reactive intermediate may occur easily with the 

second nucleophile. {Table 1 gives some other reactions of 

difunctional aromatic amines with {1}.) 

XH 
+ 

NH 
2 

y 

TABLE 1 

CF 2::CFCF3 
( 1 ) 

XH OCX" ~ ~ I hCCHFCF3 
N CFCHFCF 3 Nf 

y (33) y X=O,NH 
Y=Me, Cl. F 
49-78% 

Difunctional aromatic amines 
47 with hexafluoropropene (1) 

(1) + ~XH~ __ D_M~F--~ 

( 1) + DMF 

(1) + DMF 

~C--cHFCF3 N;;.-- I cerx 
X=O 29% 

NH 88% 

=c--cHFCF 
/ . 3 

H
2

NH 56% 

48 This type of process has also been reported for 

ethanolamine which gave the expected oxazoline in good 

yield. Reactions with polyols, such as glycerin, 49 in the 

absence of base, afforded products occuring via addition 
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processes. When an amino-thiol. eg. (34), is employed, 

however, the high nucleophilicity of thiols favours simple 

addition of an S-H unit across the double bond over the 

precedented imidoyl fluoride mechanism
47 

(1) -}- ~NH2 

~SH 
(34) 

56% 

oln a reaction between (1) and para-aminophenol where 

a competition between -NH
2 

and -OH for (1) exists, with no 

possibility for cyclisation, the product derives from attack 

exclusively by the amino group and this allows us to define 

a reactivity order for heteronucleophiles with (1). 

(1) + 

ArSH > ArNH2 > ArOH 

decreasing 

(for (1), with no base) 

reactivity 

DMF 
various T 

N-cyclisation 

Ht 
NZ tF 

y-CHFCF3 
NH 

c,........... 
II 

'I ......-JH 
0 

N CFCFHCF
3 

CONH 
2 

0-cyclisation 

~ 1 (i 
rYN""-(-~HFCF3 
~,Co 

~J 
oc:HC:CHFCF3 
(35) 

The above scheme shows that the reaction between 2-



aminobenzamide and (1) 50 gives two products occuring uia 

nitrogen and oxygen induced cyclisation through imidoyl 

fluoride intermediates. The 0··6 ring closure is followed by 

a novel rearrangement, as shown, to yield the cyanide (35). 

iii) f~rfXuoroisobutene (4l In a similar reaction, 

perfluoroisobutene (4) undergoes exclusive 0-6 cyclisation, 

followed by c-o bond cleavage, to give the relevant 

nitrile50 (36) in high yield. 

DMF/room tem_p~ 

uia 

50 This has been interpreted as an indication that the 

unsaturated carbon in the relevant imidoyl fluoride {37) is 

more electrophilic and the associated increase in reactivity 

then causes reaction only with the more highly donating 

carbamoyl oxygen. This is not very convincing, however, as 

we would expect the imidoyl fluorides from both {1) and (4) 

to be very similar in reactivity when the configurations 

Ar-N=cF-CH{CF
3

)
2 

and Ar-N=cF-CHCFCF
3 

are compared. In any 

event, enhanced reactivity is commonly associated with 

reduced selectivity, not the opposite as claimed. 

The reaction of perfluoroisobutene (4) with a 

variety of other ortho-substituted aniline derivatives has 

51 been reported. With ortho-aminophenols in the presence of 

a high dielectric medium, such as DMF, the benzoxazole 
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derivatives (38) , analogous to the hexafluoropropene 

adducts, are formed in good yield. The reactions are not 

mirrored in ether as solvent, but terminat~ on formation of 

the imidoyl fluorides (39). 

Et O XUCN=cF-CH(CF3 ) 2 
~4) ___ ~~-- -: ___ - _J ------- --­

~ OH 

(39) -H20/Et 2o~ 

D1F 

~N~C--cH{CF3 ) 2 
x~o/ 

(38) 

Y=O X=H,Me,Cl 79-95% 

{39} X=H,Me,Cl 

/I 
X((NHCOCH(CF3 ) 2 

" OH 
(40) X=H,Me,Cl 47% 

Aqueous hydrolysis afforded the readily characterised 2-

hydroxyanilides (40). 

Ortho-phenylenediamine derivatives behaved similarly 

in DMF and benzimidazole derivatives were isolated. 51 

Unusually however, the 4-methyl derivative gave only tarry 

matter even at a low reaction temperature. The benzimidazole 

products eg. {41} differ from most of the other cyclised 

adducts in that they retain an acidic proton, bonded to a 

ring nitrogen and thus may participate in intermolecular 

processes with free electrophiles. The 4-methyl derivative 

(41) will be more nucleophilic through nitrogen than the 

parent and side reactions with this compound are more 

likely. 
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~-->-etc.~ tar. 

2-Thiol derivatives of aniline (42) also reacted with 

perfluoroisobutene (4~ ~o yield the relevant cycllsed 

adducts (43). This is in contrast to the analogous reactions 

of hexafluoropropene {1) which afforded the thioether 

product {44). In view of the known reactivity order, which 

places SH>NH
2

, it is likely that alkene (4) underwent 

vinylic fluorine displacement followed by ring closure and 

dehydrofluorination (Path 1, below) rather than the more 

common pathway via imidoyl fluorides. 

I + 
X'O:NH2 

' SH 
{42) 

CF 2::ccF3Rf 

Rf=CF3 {4) 

Rf=F {1) 

X'():l NH 2 -

' S-CF -CR CF 2 f 3 
(45) Rr=CF 3 . {46) Rr=F 

Path 2 

H+ for (46) 

xyyNH2 

~SCF2CHFCF3 
X=H,Cl {.44) 

X=H,Cl 
(43) 

Preference for the initial substitution process with {4) is 

not surprising given the high stability of anion (45) which 

would tend to reduce its basicity and thus disfavour the 
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addition mechanism observed for (1). 

Under highly basic conditions, achieved by using a 

disodium salt in an aprotic solvent, catechol displaced the 

two vinylic fluorines in (4) to give cyclic ketenacetal (47) 

DMF 
( 47 )_ 
72% 

An unusual reaction between (4) and nitroalkanes has 

52 53 been reported, ' leading to the synthesis of dioxazoles 

(48). The key stage of the reaction is apparently the highly 

novel migration of the perfluoroisobutenoxide anion from the 

nitrogen atom to the carbon atom in the intermediate 

0-perfluoroisobutenylnitrone ether {49). 

{4) + RCH=No2~ {CF
3

)
2

C=cFO-N=cHR ~ 

. ( 49) 0 

~ {CF 3 )
2

c=cFOyH-N=o ~ 
R 

{CF 3 ) 2 C=cFO<(=NOH 
R 

iv) Chlorotrifluoroethylene (50) 

-HF 

Chlorotrifluoroethylene is rather less electron deficient 

than some other fluorinated alkenes and therefore is much 

more sluggish in its reactions with nucleophiles. 

48 Nevertheless, workers from Hoechst reported an oxazoline 

synthesis from this compound with ethanolamine in a similar 

manner to that described for hexafluoropropene. 
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CH Cl /reflux (50) ~ HOCH CH NH,._ c ~·:.).~-·2--------"* 
2 2 ~ 

0-cH / 2 
CHFCl~~ ~ 

'\:N_.....CH2 

70% 

IshikavJa and co--;;7orkc'"R':r; 54 
folmrl thG unassisted 

reactions of (bO) ~ith nucleophlles slo~ and poor yielding, 

but the presence of diethylamine was found to dramatically 

improve the situation. The adduct of (50) and diethylamine~-

2-chloro-1,1,2-trifluoromethyldiethylamine (51), has been 

55 
used as a fluorinating agent for alcohols. and is known as 

the "Yarovenko reagent". 

CF2~=cFCl ~ Et
2

NH 

(50) 

Et
2

N-CF
2

CHClF 

(51) 

Reaction of (51) with a variety of ortho-difunctional 

benzenes containing an -NH
2 

group occurs readily uia the 

intermediacy of (52) to produce heterocycles containing the 

chlorofluoromethyl group. 

egy~NH2 + (51) 

~XH 
X=O,NH,CONH 
Y=H.Me,Cl (54} 

X=S,Y=H -~--via X=S.Y=H 

A similar investigation into the mode of reaction of 2-

aminobenzamide lead to the observation of only a quinazolone 

product ((53),X=CONH-). Unusually therefore, cyclisation 

exclusively through the carbamoyl nitrogen ((52),X=CONH-) 

has occured. As with perfluoroisobutene, nucleophilic attack 
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appears to be initiated by addition of the thiol group of 2-

aminothiophenol derivatives ((54).X=S) and 

dehydrofluorination leaves an unsaturation which the 

residual amino-·group utilises to effect cyclisation. 

Interestingly, (51) appears to behave more like 

perfluoroisobutene than hexafluoropropene and this may be 

Indicative of its high electrophilicity. 

v) Perfluoro-2-me~hylpent-2-ene (a hexafluoropropene 

dimer)(29) The highly electrophilic alkene (29) 

is readily available from hexafluoropropene (1) and its 

reactions with bifunctional nucleophiles have been well 

studied. Ishikawa and co-workers have reported, in a series 

f bl . . 56-58 h f h b"f . l b o pu 1cat1ons, t e use o ort o- 1 unct1ona enzenes 

with triethylamine as base and acetonitrile as solvent. 

Remarkably, it was not until 1981 58 that the significance of 

this system was reported. The normally insoluble alkene (29) 

dissolves in acetonitrile in the presence of triethylamine 

to produce a straw coloured solution with an entirely 

different 19
F n.m.r. which is consistent with the 

perfluoroalkenyl ammonium structure (55). 

(29) 
CF3 /C2F5 'c c 
CF~ "NEt 

3 3 

F 

(55) 

(55) Behaves exactly like an activated form of the precursor 

alkene (29), with Et 3 N making an excellent leaving group. 

In the reactions of ortho-aminophenols with (29) in 

the presence of triethylamine seven membered heterocycles 

(56} were isolated in moderate yield. 



+ ~OH 
X~NH 2 

?..7 

X=H.Me,Cl 41-48% (56) 

Clearly, oxygen has been involved in the initial attack, in 

_contradiction of th~ prevlouBJy described reactivity order. 

Under basic conditions it is easy to rationalise the 

enhanced activity of the oxygen residue as the 0-H proton is 

more acidic than the NH
2 

proton. A possible mechanism 

involves substitution for the very labile Et
3

N group in the 

known complex (55), followed by an F elimination from a 

trifluoromethyl group aided by conjugative assistance from 

the vinyl ether linkage. 

AEt 
(CF ) C c"' 3 

3 2 'c F 
2 5 

( (56), X=H) -HF 

This and related processes have been proposed by the same 

58 
workers to account for the products from reactions of 

(29)/triethylamine with salicy~lic acid 

salicylaldehyde :~ , phthalyl alcohol (57) and ortho-

hydroxyphenethyl alcohol, all of which give 8- and 

9-membered benzoheterocycles containing the 



58 
Per~l~g~Q~J.~~ethylpent-2-ene (29) ~ith oxygen nucleophiles 

(29) 

(29) + 

{29) + 

{29) + ~OH 

xMcHo 

,........c2F5 
Et 3 N/CH 3 CN o:O-C ~ ---~ I ---;.c~F3 

X"'- CHFO·--·CF 
2 

X=H,Cl 50-53% 

The poor yielding reaction between {29)/triethylamine and 

ortho-phenylenediamine57 follows a similar course to give, 

after hydrolysis, the benzodiazepinone (58). 

(29) + o:~ NH2 

"'- NH 
2 

i)DMF room T 
ii) H20 

/.0 

o:NH·-C/"' 
"-cH ( CF 

3
) 

N=C/ 
'c F 

(58) 6% 
2 5 

Catechol reacted57 under similar conditions with {29) to 

produce the cyclic ketal (59) in good yield, whereas under 

more basic conditions disodium catecholate afforded a 

mixture of {60) and a product derived from initial allylic 

fluorine substitution (61). 
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(29) + ~H 
~OH 

Et N/CH CN 
-~3--- "~ ·3· -- -----------9 

room temp. 

(59) 62% 

(29) Et 0 ,o:O- ·CF 
-x:oo~c temp> ' 1 ;:ccF 3 

X "- 0-~~CF(C F ) 
2 5 

(60) X~H.Me 35-44% 

-t 

(61) X=H.Me 20% 

vi) Miscellaneous acyclic alkenes One of the 

hexafluoropropene trimers (62) was reacted with ortho-

aminophenol and ortho-phenylenediamine derivatives in the 

57 absence of base and found to generate interesting 

tetracyclic derivatives (63) and (64) containing two units 

of the nucleophile. 

DMF 

X=H,Me,Cl 20-74% (63) 

(62) + fJ:I NH2 

X "- NH 2 

DMF 

xo=:=c-L~c N~=ox 
C~(CF3 ) 2 'c2F5 

X=H.Me,Cl 17-54% (64) 

For ortho-aminophenol in the absence of added base the amine 

functionality is more reactive and this reacts first by 
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displacement of vinylic fluorine. The final steps in the 

proposed mechanism are 1,4-elimination of HF to yield an 

azadiene which the remaining 0-H then uses to effect 

cyclisation. Most interestingly, since (63) is the sole 

product formed in high yield , the elimination is specific 

to the diene configuration shown and this is probably due to 

hydrogen bonded assistance to the process provided by the 

free 0-H. 

When catechol is employed with alkene (62) two similar 7-

membered heterocyclic compounds (65) and (66) are formed via 

conventional allylic and vinylic fluorine substitutions 

{62) + ~OH 
~OH 

(65) 
34% 

+ 

f'Yo -~~:~: 3 

Vo-c 
' C2F5 

(66) 
8% 

Dmowski and co-workers 59 investigated the reaction 

of 1-phenylpentafluoropropenes {67) with the sodium salts of 

ethyleneglycol and 1,3-propanediol, and observed the 

formation of dioxolanes, eg. (68), as the only cyclic 
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products. They ascribe the absence of any 6-membered ring 

products (69} to unfavourable stereochemical requirements in 

the transition state for the relevant ring closure, 

consistent with the Baldwin rules.
60

·
61 

F 
for attack at Ar.c== 

V
g · ----cFCF 3 

~ {69) 

X 

' X 
endocycLic carbanion 

(unfavourabLe for 6-trig cycLisation) 

or 

0\H~2~ 
c::...._____cFcF

3 

exocycLic carbanion 

~~ \ o __ CH2 

X 0~ / 
CH

2 
(favourabLe for 5-trig cycLisation) X=H,Cl,CF3 ( 68 ) 

26. 12.0 % 

20 
Analogous reactions with ethoxide nucleophiles lead 

exclusively to 1,2-diethoxy derivatives thus lending 

credence to the suggestion of a stereochemical requirement 

in the bifunctional systems. 

The highly branched tetrafluoroethylene hexamer {24) 

33 was reported to react with ethylene diamine via two 

successive vinyl fluorine displacements and a 

dehydrofluorination to generate the heterocycle {70) in 38% 

yield. 
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R n J c- ~CFCF ( ...,4) NH2CH2CH2NH2.----.----.:> 
r ~"'.(? 3 <'· -
1 ~ -

Rr= C(C2 F5 ) 2 CF 3 
Rr'= C(CF3 )(C?.F5 )F 

(70) 

In a similar manner, perfluoro-1-heptene gave oxazoline (71) 

4B 
with ethanolamine, thus confirming the patents claim to a 

general oxazoline synthesis from terminal difluoromethylene 

compounds. 

g;2 + NH2CH2CH20H CH2£l21reflux 

(C5Fll) 

vii) Cyclic alkenes A review8 on the reactions of 

fluorinated cycloalkenes with nucleophiles contained only 

scant reference to any work with bifunctional nucleophiles. 

Subsequently, there have been but a few reports concerning 

the reactions of perfluorocyclo-hexene and -pentene with 

oxygen containing bifunctional nucleophiles by workers from 

Birmingham. 

Perfluorocyclohexene (19) was reacted with 

62 ethyleneglycol in the presence of potassium hydroxide and 

three isomeric cyclic products (72-74) derived from 

combinations of allylic and vinylic fluorine substitutions 

were isolated in roughly equal proportions. The lack of 

selectivity observed in such processes serves to define the 

potential limitations which exist in some heterocyclisation 

syntheses. 
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CH
2

CH2 / ,_ 
0 0 

.1(01:1/g I ycoL, ~ 
Jr®:flux ~ 

(19) (72) 

A 1 b 1 . . 63 . d . . 1 . f ( 19) ater pu 1cat1on cons1 ers s1m1 ar reactions o 

with 2-acetoxyethanol, propane-1,3-diol and butane-·1,4-diol. 

The stoichiometry of the diol could be chosen to maximise 

adducts with either one or two nucleophile units 

incorporated (see Table 3). In most cases the reactions were 

dogged with multitudes of products, from most combinations 

of fluoride displacements, intramolecular and intermolecular 

processes and with very low recoveries. Clearly, these 

should not be regarded as efficient routes to fluorinated 

heterocycles. However, the isolation of such small amounts 

of material from multicomponent mixtures is, in itself, 

praiseworthy. 

An unusual reaction between saturated 1,2-

dichlorodecafluorocyclohexane (75) with ethylene glycol in 

64 the presence of potassium hydroxide has been published in 

which the di~adduct (76) is reported as the sole product. 

The intermediacy of 1-chloroperfluorocyclohexene has been 

demonstrated in this case. 
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Tabl~. PerJFluorocyclohexepe_(t9_j_ ?Lt_b._bifunctional oxygen 

n\H!l<Eloph.i Xes 

(19) + HO(CH 2 ) 30H 

(1:1 mol eq.) 

63 

NaOH 

G
O(CH2 )20Ac

8
0(CH2 ) 20Ac 

+ F I 
- -----~ --

0 0(CH2)20'G 
+ F 

" 
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Pe:rfluo:rocycto~pentene, -hexene -a-nd -heptene have 

been reacted with 1-ethoxy-1-(~-hydroxyethoxy)ethane in the 

presence of sodium hydride. Acid labile acetals (77)
65 

were 

produced which could be hydrolysed to the corresponding 1-

2{hydroxyethoxy)perfluorocycloalkenes (78). Thus this 

procedure has lead more cleanly to some of the intermediates 

in the previous reactions with the simple dials. Cyclisation 

of these compounds under basic conditions afforded 

substituted dioxolanes similar to those isolated by 

D k .59 mows 1 . 

eg. 
---CF-CF 

(CF2)n 2 II + 
. ........_CF-CF 

2 

n=l,2,3 
(19) 

+ 

9CH 2 CH 2 0H 

CH3 9H --~ 

OCH2 CH 3 

YH3 

~CF2:COCH2CH20?H 
{CF2}n II OC2H5 

........_CF2CF . 

n=1.2,3 (77) 

~CF~COCH2cH20H 
<?-base- (CF 2 )n II 

""--. CF2 CF ( 78) 

l.C.b Fluorinated alkenes with active methylene compounds 

An enolate anion is an example of an ambident nucleophile, 

ie. one which can react through one of two possible sites. 
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More importantly, in the context of this Chapter removal of 

a further proton after a nucleophilic substitution process 

may lead to a second enolate and cyclfsation may be 

effected. 

Perfluoroisobutene (4) reacted ~ith malonic ester in 

66 the presence of base to give a mixture of products 

containing the alkylidenemalonic ester (79), the allene (80) 

and the pyran {81). 

( 4) + (ROC0)
2

CH Na +----~~ -~ 

OR 
I 

CF =c--cF=c--c::o 
2 I I 

CF 3 i C02 R 

0 
CF...,/' ............. COR 

1 2 II {81) 

CF3C~ _........cco 2R 

~CF 

-F 

HF- {CF 3 ) 2CHCF=c{C02R) 2 
{79) 

Compounds {80) and {81) are formed as a result of the 

dehydrofluorination of the alkylidenemalonic ester {79) via 

two pathways: with elimination of the vinyl fluorine atom or 

the fluorine atom from a CF
3

-group. 

Workers in these laboratories have been actively 

engaged in a program of research into the novel chemistry of 

highly substituted perfluoroalkylethylenes, 67
•
68 and during 

the last few years a number of publications have emerged 
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concerning the reactions of such alkenes with active 

methylene compounds. Perfluoro-3,4-dimethylhex-3-ene (82), 

the readily available tetrafluoroethylene tetramer, reacted 

with diethylmalonate, acetylacetone and ethylacetoacetate to 

69 yield pyran derivatives (see Table 4). Initial 

substitution for allylic fluorine by carbon of the primary 

enolate followed by ring closure through oxygen of the new 

enolate is the proposed mechanism. 

R l --CH -c-R 2 

II 
0 

+ 

-F 
(allylic) 

(C2F5 )CF3C CCF3 (C2F5 ) 

(82) 

etc. 

Th . . . i . d 70 . h 1s 1nvest1gat on was cont1nue w1t a large number of 

fluorinated-alkenes and -cycloalkenes and products were 

formed via cyclisation through oxygen to give fluorinated 

furan and pyran derivatives. With the least acidic of the 

nucleophiles, diethylmalonate however, the reaction 

underwent a different course to produce conjugated dienes 

(see Table 4). This is thought to be a consequence of the 

relative amount of charge on carbon versus oxygen in the 

releyant enolate. In addition, it is noteworthy that oxygen 

participates in the reaction at all, as reaction through 

carbon is by far the most common event. This may be an 

indication of the hardness of the site C C-F to 

nucleophilic attack 
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versus 

nucLeophiLic attack 

Similar arguments can be used to rationalise the products 

from perfluoro-3-methyl-4,4-diethylpent-2-ene (83), 

perfluoro-3-methylpent-2-ene (84) and perfluorobut-2-ene 

(6), which are displayed in table 4. 

Table 4_ 

Active methylene compounds with F-alkenes and -cycloalkenes 

[70] --CF 
(CF 2 )n II + yH2 COMe 

--CF R 
n=3 n=4(19) 

--CF 

NaH 
tetraglyme 

NaH 

R 1 :::CO~Et, R1:::0Et 42% 
COMe, Me 32% 
C0 2Et, Me 65% 

--C--CR 
(CF2)n II 1/ 

-.............C CMe 
""-o/ 

R:::COMe, n=3,4 38-25% 
C0

2
Et, n=4 31% 

(CF 2 )n II + CH2 (co2Et) 2 
-....CF 

tetraglyme 

n=3 n=4(19) 

n=3,4 12-31% 



(CF 3 )RfC:XfCF3 
Rf=C(C2 F5 ) 2CF 3 

(83) 

39 

NaH + MeCOCH CO- E t, --- - ·- ~ ·-· --
2 2 t~t~aglyme 

26% 

R 

R /CFCF3 
f,r "-) ..., CC0

2
E t 

u ~~ 
Fe, ...... cD1e 

0./ 39% 

14% 

CF
3

CF CFCF3 + CH 2COMe NaH CF 3C -CR 1/ ,, 
CF3C CMe tetraglyme 

{6) 

l.C. c 

NaH 
tetraglyme 

" / 0 
R=COMe 37% 
R=C02Et 57% 

,j CCF 3 
FC-?" "'-cco

2
E t 

I I 27% 
F2c, /COEt 

0 

Other fluorinated electrophiles 

i) Fluoroaromatics Polyfluoroaromatic compounds 

possess labile C-F units which may be displaced by 

nucleophiles in a similar manner to substitutions for vinyl 

fluorine. Clearly, bifunctional nucleophiles may make 

successive Ar-F substitutions at two adjacent positions, to 

yield cyclic products in a way analogous to some of the 

olefin reactions described earlier. The preparation and 

reactions of polyfluorinated -aromatic and -heteroaromatic 

71-74 compounds has been extensively reviewed. 
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For exampl~. h~xaf!uorob~nzene (85) has been 

r~ported to react with ethyleneglycol, ortho-aminoph~nol, 

75 76 ethylenediamine and others in the presence of a mild 

base to yield benzoheteTocyclic compounds containing oxygen 

and nitrog~n. Ketones have also been used77 · 78 
as active 

methylene compounds in the synthesis of benzo-furans and 

77 similar reactions with amides and ureas have been 

reported. 

Table 5 

Some ortho-disubstitution reactions of hexafluorobenzene 

EtOHaq 
-----~ reflux 

pyridine 
reflux 

[77] NaH/8o·c R=Ph,Me,H 
R'=Ph,Me,H 

{85) + RCH
2COR' DMF -cz~ 

0 

CR' 
/ <50% 

(85) + PhCONH
2 

NaH/DMF 
reflux ~N~ 

~)C-Ph 32% 

in 

on 

NaH/DMF 
reflux 

ii) Fluoroepoxides 

~N>c::x 
~NMe 

X=S,O 
both 19% 

A series of papers has appeared 

79-81 the literature, written by Ishikawa and co-workers 

82 the use of hexafluoropropeneoxide (86) as a fluorinated 

electrophile in reactions with bifunctional nucleophiles. 

1,2-Difunctional benzenes, 81 imidazoles, 79 and 1,2-

bifunctional ethanes80 have all been used. Using the latter 



as an example, h~terocyclic compounds are formed from 

reaction of (86) with ethyleneglycol, 2-mercaptoethanol and 

1,2··ethanedithiol respectively. Xsomcar:l.sation of (86) to 

p~ntafluoropropionylfluoride (87) under the influence of a 

strong base results in the formation of side products. 

CF3CF2~0F 
{87) 

iii} Fluorinated imines Imidoyl fluorides have 

already been discussed as reactive intermediates in the 

reactions of bifunctional nucleophiles with fluorinated 

alkenes. Clearly, therefore, bifunctional imines may react 

with bifunctional nucleophiles with displacements of the 

labile fluorines from the N=cF groups to yield heterocyclic 

compounds. This methodology has received considerable 

39-45 . attention from the Bayer Company who have stud1ed the 

reactions of perfluoro-2,5-diaza-2,4-diene {88) with 

bifunctional nucleophiles. 

_/NCF3 
FC 
I 

FC 

'NCF 
3 

{88 ) 

YH 

The resulting trifluoromethyl-substituted heterocycles show 

exciting biocidal activity. 
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NUCLEOPHILES CONTAINING LEAVING GROUPS-

SYNTHESIS OF FLUORINATED EPOXIDES 

l.D.a Introduction 

The reaction between fluorinated alkenes and simple 

nucleophiles has already been discussed (Section l.B) and 

shown to occur uta the intermediacy of carbanionic 

intermediates. In cases where the original nucleophile 

contains a substituent of good leaving group ability, this 

may be displaced by the intermediate carbanion to form a 

cyclic product. 

~~ 

'0 ....... c C + Nuc-L .- v ' 
Nuc '\ Nuc 

'I _ _, ........ , '-----+,.,c c, ----+_..c c......_ 

Such a procedure has been demonstrated for N-chloro and 

-acetoxy benzamide83 with perfluoroisobutene (4) where the 

products are aziridines, eg. (89). 

~ 
~N\(COPh) 

PhCONX (CF3 ) 2C---cF2 
X=Cl,(CF3 ) 2CHCOO-

CO Ph 
I 

l\ 
(CF3 ) 2C-cF2 

(89) 

* 83 84 Potassium be~zohydroxamate, Me 3n-NCOPh, N-chloroamides 

84 and N-(para-nitrobenzenesulphonyloxy)amides also gave 

aziridine products by a similar process. 

In the past, workers in these laboratories have been 

specifically concerned with reactions of this type, 

initiated by oxygen nucleophiles which give rise to oxirane 

products. 
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§5,§6 
There exist many 1routes to fluoro .. epoxides 

87-§9 invoAving hydrogen peroxide, molecular oxygen under 

severe conditions, 90 · 91 p0racids92 and alkylperox!des, 

potassium 
93 permanganate, chlorine in the presence of 

potassium 
94 95 

carbonate, and electrochemical methods. None 

of these processes realised general applicability and were 

often especially poor foJr highly substituted fluorinated 

alkenes. The first nucleophilic epoxidising agents found to 

be active for a wide range of fluorinated alkenes were 

hypohalites, discovered in 1979 by Filyakova and co-

96 workers. They reported the use of a aqueous alkali metal 

hypohalites with a range of co-solvents as epoxidising 

agents for fluorinated alkenes. 

0 
Na0Cl/CH 3~ 'c...,..... 'c­
room temp. .,.... ....._ 

97-102 
Subsequent work extended the number of alkenes and 

solvent systems available to these reagents. Workers in this 

laboratory, and elsewhere, have developed a special interest 

in the chemistry of polyfluorinated alkenes with a high 

degree of alkyl-substitution and/or with a high degree of 

103 strain. They reported the synthesis, using aqueous 

hypochlorite, of some epoxides derived from 

tetrafluoroethylene and perfluorocyclobutene oligomers.The 

novel hydro-derivative {90)(see Table 6), which appears to 

have originated via loss of a pentafluoroethyl group from 

the target epoxide, in fact occured through initial 

displacement of allylic fluorine by the hypochlorite reagent 

{ie. in this case fluoride ion elimination from the 
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intermediate carbanion {91) competed effectively with ring 

closure) 

A 
{C2F5 )cF3c-ccF3 (C2 F5 ) 

-lcl-
(c2F5)cF3c=ccF~~2KF5~}~+~o~c~I~====~(~c~2~F~5~)~c~F~3~c-c~c~Fh3~(~c~2~F~57)~oc~~------lF- (91) 

-~ lF3 
OH CF3CF C(CF3 )-y-ocl 

G-~3 
I ( ~ I -- ' IF ~l 

CF3C~{CF3)-c-o~l I I \:/" 

-Cl 

OH (92) C2F5 {see 

Subsequent hydrolysis of the C-F site followed by 

C2F5 

CF3co2H 
+ 

{90) 
Table 6) 

additional attack by OH on the keto-form of the enolate 

leads to oxyanion intermediate {92). Trifluoroacetic acid 

readily eliminates from {92) to give the observed epoxide 

{90). Reactions of the epoxide products was also contained 

but these will be discussed later in the relevant Chapter. 

Table 6 

Preparation of highly substituted Fluorinated Epoxides 

Condtttons: Na0Cl,H20,CH3CN,room temp. 
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6?.% 

F 

64% 

[98] 

:~ z~o 
y~ 

56-82% 

X X 
X,Y,Z=F or Z.Y~F.X=H,OMe 

(19) 

RfC(CF3 ) CFCF3 

,....o, 
{C2F5 )CF3C---cFCF3 

0 

~-----~ Rf{CF3 )t~FCF3 
{Rf={C2F5 ) 2CF3c~. R£~(C2F5 )cF3CF--) 

,..o, 
RfRfC CF 2 ----------------~ RfRfC~F2 

Lilt ----------~ u$a 
CF 3 CF 3 

,.o, 
(C2F5 )CF~F{C2F5 ) 

[101] RfCF CFCF3 
...... o, 

----------~ RfCF---cFCF 3 
n Rr=CF3 .c2F5 , C3F7 

[102] {CF3 ) 2CFCF CFC3F7 

(CF3 ) 2C C(C2F5 )CF{CF3 ) 2~ 

{{CF3 ) 2CF) 2c CFCF3 
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FLUOROCARBANION~ 

Much of our empirical data derives from kinetic 

acidity measurements, ie. the relative dynamics of the 

following process=·· 

C-H + B 

and this leads to two complications. Firstly, the results 

relate to the transition state for the process and not 

directly to the energies of the carbanionic species. More 

importantly, the degree of internal return, ie. the 

contribution from k_
1 

is difficult to estimate and the 

necessary corrections are often not made. 

i) Fluorine bonded directly to the anionic site 

The kinetic acidities of different haloforms
104 

has 

been determined by deuterium exchange studies and has been 

shown to follow the following series. 

For CHX3 
X=I ~ Br > Cl > F 

These data have been verified by polarographic 

105 measurements and by decarboxylation rates for 

106 
trihaloacetic acids, and the results are-clearly the 

reverse to that expected from halogen inductive effects. The 

extremely high acidifying influences of the higher halogens 

may be attributed to d-orbitat participation, 107 which will 

be absent for fluorine, but it is not clear why this should 
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improve from chlorine to iodine. 

C·-- -,X 

X==Br,I,Cl 

c~--~-~--:.X 

Other factor& ~hf~h ml~§t be con5lderod ere polartsabtltty, 

3 the release of unfavourable repulsions when an sp carbon 

chaf!_ges to an essentJ\aJly sp:). hybridisatio-n-, but this latter-

effect has been estimated 104 as very small. One final factor 

which would also be expected to be hybridisation dependent 

is I -repulsions {see figure below). Clearly, in a planar 
Tr 

2 (sp ) arrangement the destabilisation is at a maximum 

3 whereas in a trigonal (sp ) disposition there is some 

release. 

~~21~ ~{)) -~( ~}Q) 
s~C F() ??~ F\) 
:=Jiincreasing~----energy----------

Adolph deduced thermodynamic acidities of substituted 

. h 108 h h . . . n1tromet anes t roug aqueous 10n1sat1on constant 

measurements and discovered that the acidifying influence of 

directly bonded fluorine increased in the order:-

--increasing-acidity~~~ 

Notably, the least acidic compound in the series, HCF{N0
2

)
2 

is the most likely to possess a planar configuration, and 

yet, the corresponding dinitro compound with H instead of F, 

CH2 (N02 ) 2 . is the most acidic in the series:-
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~~~-->=..= -for YCH
2

No
2 
,~~~-- YCHN0

2 
Y::::::N02 > CONH2 > CO?.Et > Cl 

·c'tfecrea.s 1..ng·--a.c td tty~-~~~~-'> 

It should be noted that an alternative explanation for the 

hybridisation dependence of the acidifying influences of 

--- d-f~ectly bonded fluorine has been advanced 109 which ~~--based 

on the supposed unfavourable bond energy change on moving 

3 2 
from sp C--F to sp C---F structures, but the I -effect has 

iT 

received much more support. 

ii) Fluorine or perfluoroalkyl adjacent to the 

carbanion centre When the substituent in 

question is adjacent to the carbanionic site the situation 

is entirely different. d-Orbitat participation and 

I -repuLsions are absent, and potarisibility and steric 
1T 

effects are considerably diminished. The dominant effect 

would, 

indeed, 

respect 

therefore, be expected to be inductive in nature and, 

fluorine is now considerably stabilising with 

110 to hydrogen, and almost certainly the other 

111 halogens. However, in 1950, Roberts and co-workers 

deduced from physical measurements on trifluoromethyl-

substituted aromatic compounds that an .inductive mechanism 

was not sufficient to rationalise their data. They proposed 

an additional resonance effect, subsequently known as 

negative hyperconjugation, which quickly found wide and 

112 popular acceptance. In valence bond terms this is the 

participation of forms such as B in the overall 

stabilisation of anionic molecules possessing an 

electronegative ~-substituent (A). 



F ' -c~ 
{A) 

-119 

F 

The equivalent molecular orbital r0presentation Involves 

interaction of the filled p-orbital on the anionic carbon 

~ 
with 'Q_gth tb~ filled ITC~F and the_ vacant ITC-F o-rbitals of 

d . fl i 113 · 114 If h IT~ . a Jacent uor ne. t e C-F lS heavily involved, 

which would be expected for electroneeative elements such as 

115 ~ 
fluorine, the nett effect is considerable stabilisation. 

MoLecuLar OrbitaL 
~iagram for 
C--cF system 

The quantitative energetic consequences of negative-

hyperconjugation have been readily determined using 

molecular orbital calculations of increasing 

reliability. 116- 119 In the most common model, 116 the 

c 

energies of ~-substituted ethyl anions may be calculated in 

two fixed geometrical configurations, (X) and (Y) below; X, 

in which the C--F bond is ideally situated to participate in 

a hyperconjugative charge transfer and, Y. in which the 

relevant orbitals are orthogonal and cannot mix. Other 



--------

GO 

factors are known to be geomotwy invariant and, therefore, 

the energy difference between the two rotamers is an 

estimate of the ab9olute contw~bution made by negative 

hyperconjugat~on. 

F". "--1--<'H F" H 
/ 

eg. c~ -- _,C ·-H/J o~H H/j 'H H (X) H (Y) 

The programs also generate optimised structures with the 

expected manifestations of negative hyperconjugation, 

namely; i)increased negative charge on fluorine and an 

extended C--F bond
113

•
117 

and, ii)shorter bond between the 

two central carbons and greater electron density. 

In the past, there have been two facts which have 

been used to demonstrate that negative hyperconjugation has 

no significant effect on chemical reactivity. Firstly, mono-

hydro perfluorinated bicycloalkanes (93),(94) and (95), 

synthesised by Tatlow and co-workers 120 were found to be 

h . hl 'd' 121 d . h f h h d bl b d 1g y ac1 1c esp1te t e act t at t e ou e on -no 

bond resonance forms would possess a very unfavourable 

b . d h d . 122 r1 ge ea unsaturat1on. 

(93) (94) (95) 

123 Secondly, kinetic measurements performed in Durham on 

reactions of ammonia with perfluoroalkyl-substituted 
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fluoroaromatics (96) indicate similar reactivity (for eg. 

x~F and CF
3

) and thus, unless hyperconjugative charge 

transfer to ~e•liXuo~oa!ky! is significant then neEative 

hyperconjugation does not make an appreciable cont~ibution. 

63 ? NH ~ 
si.mita.r 63 --~F 63 ------- ~~---9 

3 ra.tes 
for 

X=F,CF
3 
... 

(96) F NH3 
NH

2 
+ 

Since CF
3

H is one of the weakest of all polyfluorinated 

carbon acids hyperconjugative contributions would seem 

unlikely, and classical inductive and field effects seem 

sufficient to explain the data. Nevertheless, Apeliog 117 has 

performed MO calculations on the CFH
2

CH
2 

and CF
3

CH
2

CH
2 

anions which accurately reflect the similar overall 

electronic environments of C(CF
3

)
3

- and CF
3

- indicated by 

the kinetic measurements, but which arise, in his 

calculations, from a similar and significant negative 

hyperconjugation contribution from both CF
3 

and F. 

At present, it seems that negative hyperconjugation 

is an effect which is well supported by molecular orbital 

calculations. However, these are performed on isolated 

molecules (in the 'gas phase') and solvent, counterion 

effects etc. are neglected. The genuine influence of anionic 

hyperconjugation on chemical reactivity can only, therefore, 

be determined by chemical experiments and, to date, much of 

the empirical observations can be rationalised by invoking 

other well established phenomena. 
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The area encompassed by the title of this section is 

far too large to be rigorously discussed in a single thesis 

and, therefore, the discussion l'\s :J.llustrative rather than 

thoroue;h. 

1. F .a Generation of fluorocarbanions 

i) Decarboxylation reactions Carboxylic acids and 

their respective anions readily cleave under the action of 

heat to give products derived from the respective 

carbanions. Thus thermally induced decarboxylation of 

124 
potassium perfluoroalkanoates in the presence of a protic 

solvent leads efficiently to the mono-hydroperfluoroalkane. 

This procedure has been employed in the synthesis of 

deuterium labelled polyfluorocarbons for exchange 

. 125 experiments. 

eg. 

In the absence of a protic solvent, thermolysis leads to 

124 fluorinated alkene products, presumably via fluoride ion 

elimination from the relevant carbanion. 

eg. 

This procedure has been used in the generation of 

fluorinated dienes from the corresponding perfluoro­

diacids.126 

Workers in these laboratories have utilised 

decarboxylation procedures in the synthesis of 
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perfluoroalkyl-aromatic derivatives 127 from iodobenzene and 

have provided evidence against a radical mechanism. 

With acids that give rise, on decarboxylation, to 

particularly stable carbanions, eg. (CF 3 ) 3cco2 H. then loss 

of co
2 

may even occur spontaneously at room temperature and 

the free acid is not readily isolated. 128 

ii} Base induced de-protonations Mono-

hydroperfluorocarbons are particularly strong C-H acids. 

Indeed, nonafluoroisobutane is by far the strongest 

saturated carbon acid so far discovered: its pKa 129 (ca. 11) 

compares favourably with materials with extensive 

a.~-unsaturation, eg. CH 3 {N02 } pKa 11. Consequently, a 

variety of intermediate fluorocarbanions have been generated 

by the action of bases on the relevant hydrogen derivatives. 

The best studied system is (CF3 ) 3CH/Et
3

N for which, although 

no concentration of ionic materials can be detected in 

solution, characteristic reactions of fluorocarbanions are 

130 available. 

reactions 

iii} Nucleophile with perfluorinated alkene 

Nucleophiles react readily with fluorinated alkenes to give 

saturated or unsaturated products via fluorocarbanionic 
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intermediate§ (see section l.B.b). Thi9 procedure is easily 

extended to the generation of fluoroca~banions 90 they may 

be further reacted ~ith a substrate. 

Nuc < ---- --- ~> Nucc ..C· <S · ·substrate·-4 product 

lvHv ~ ~~;~-~~~~~:: 
saturated 
derivatives 

Sou~ces of fluoride ion exhibit 

enhanced nucleophilicity when employed in an certain 

131 
solvents and interact readily with good electrophiles. 

Alkali metal fluorides are cheap and are best employed in 

aprotic solvents where complications due to H+ abstraction 

may be avoided. It is not surprising, therefore, that 

addition of fluoride ion to fluorinated alkenes constitutes 

by far the most convenient and popular method for the 

generation of fluorocarbanions. 

Other nucLeophiLes Alternative nucleophiles to 

fluoride ion have been employed as this leads directly to 

fluorinated molecules with useful functionalities at both 

ends. Workers from Du-Pont have reported the action of 

. 132 133 cyanide,azide,alkoxide,mercaptan and other 

nucleophiles to small fluorinated alkenes, particularly 

tetrafluoroethylene (5), 

_/\ 1\, 
Nuc + CF

2 
CF

2 (5} 

Nuc=CN~N;.RO~RS~Cl 

Nuc--cF2-CF2 products 

and the final products are potentially useful 
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134,135 
molecules. (see Table 6) 

ll.F.b 

significant lif~time and. often, the equilibrium fo~ their 

production lies towards their precursors, so they must be 

generated in the presence of a substrate. This is not the 

case, however, for the highly reactive alkenes 

perfluoroisobutene and perfluoro-2-methylpent-2-eue which 

130,136 form stable complexes with caesium fluoride. These 

are presumed, but not confirmed, to be solutions essentially 

containing the respective carbanions and thus these may be 

generated prior to the addition of the substrate. 

i) Combination with an electrophile 

Non fluorinated etectrophtles (trapping 

reactions) In a similar manner to proton 

capture by a carbanionic intermediate a variety of trapping 

reactions are available with other simple electrophiles (see 

Table 7). 

R C-E 3 
(see Table 7) 

Electrophiles which react in this way include: halogens; 

tropylium cations; alkyl, benzyl, alkanoyl and allyl 

halides; carbon dioxide; sulphenyl and silyl chlorides; 

diazonium salts; simple acids (protonation); and others. 

Illustrative examples are contained in Table 6, and some 

reactions of other non-fluorinated electrophiles are 

discussed in the following text. 



56 

Tab!® 7 

Carbanion. tJtapping react:i.Q¥).13_-q}.th sll.mp].e electrophiles 

Reactants 

RX 

Product, ref 

[130] 
(CF3 ) 3CBr 

[138] 

R=Me,C4H9 ,attyt,benzyL,etc .. 

X=Cl,Br. I 

C02 
!2 

N N-Ph 

Ar-COF 

[140] 

[141] 
( CF 3 ) 3C-N=N-Ph 

(CF3 ) 3C-cOAr [142] 

CF2 CFX/KY C02 
X=F,Cl,COCF3 .oc3F7 
Y=CN-. N;. PhO~ RS etc. 

CF2 CCF3R/CsF 

R=F.CF 3 

0 
II 

RfC02R YCF 2CFXy-Rf [132] 
o_ 

Br 2 (CF3 ) 2C(Br)CF2CF2CF3 
PhCH2Br {CF3 ) 2C(CH2Ph)CF 2CF2CF3 
HCl (CF3 ) 2CHCF 2CF2CF3 [136] 

R'§Cl R'C(CF3 ) 2R [143] 
R'=Me,Et,Ph etc. 
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In most cases the reactions are carried out under 

particularly mild conditions. but in cases where the 

carbanions are very stable, the reaction temperatures are 

137 often raised. 

Epoxides 

aLLyL anion 

_Cs.F -} ---.__,) (CF
3

)
2

CCFC(CF
3

)
2 
-~Cs 

f.1J I 
110'C 

(CF 3 ) 2C CF--y(cF3 ) 2 Me 

Hydrocarban oxiranes are particularly 

reactive towards nucleophiles and readily react with 

carbanions derived from perfluoroisobutene (4) 144 · 145 and 

146 perfluoro-2-methyl-2-pentene (29). In some cases, the 

expected ring opening occurs to give primary alcohol 

products. 

_-o, [145] 

eg. (4) + CsF (CF
3

)
3

CCs+ ___ C_H_2 CH2~ (CF
3

)
3

CCF
2

CH
2

0H 

However, under slightly different conditions {for (29)). 

alternative products are formed by a mechanism involving 

further reaction of the oxyanioQ (97). The key intermediate 

is the vinyl ether {98) which. under the action of a base, 

may divide to yield the observed enolate anion {99) and the 

alkene (100). 
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eg. for hexafluoropropene dimer (29), 

(CF 3 )?.C-~XFC2F5 ? CsF ~----­

(29) 

(CF3 ) 2,cH2CH20~Csv 
c

3
F

7 
(97) 

{29)1 

Cs+ 
-F 

(.---- .. -- --. (CF 
3

) 2c·~CH2cfl;ocFC(CF 3 ) 2 I I 

1 
C3F7 C2F5 

Mercury_ salts Mercurations of perfluorocarbanions 

are easily effected by reaction of the carbanion with a 

147,148 
mercury salt containing a good leaving group. Thus, 

t contact of the perfluoro butyl anion (101) with 

mercury(II)trifluoroacetate or mercury(II)fluoride leads to 

the bis-perfluoroalkylmercurial (102). 

(CF3)3C K?----~~-~~~C~F3C00)2----~ 
(101) or HgF2 

( ( CF 3 ) 3 C) 2Hg 

{102) 

Use of the metal dichloride gives only the mono-

perfluoroalkylmercurial, {CF
3

)
3

C-Hg-Gl, but with the 

perfluoroisopropyl anion {103), full substitution.occurs. 

{CF
3

)
2

CF K+ 

(103) 

DMF/HgC1 2_~~ 

Further evidence of the enhanced nucleophilicity of the less 

stable anion {103) is provided by its ability to substitute 

for the perfluorotbutyl anion {101) in the organo-mercurials 
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(eg. (102)) therns®lves. 
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Sulphur The tr&pp~ne reactions of 

perfluorocarbanion§ ~1th sulphur are complicated by further 

reaction of the perfluoroalkylmercaptide anion ((104),for 

149 
perfluoro-cyclobutene). 

eg. 

(107) 

+ CsF S ~--

a.l~ene {107) 
·~F / 

(104) 1 

[ifs ~--~ 
( 109) ( 108) 

l 
~s~ 

(110) 

S, single electron 
transfer 

,.....--~~:s· 

LiJ ! {I 05) 

~s-s 

~ {106) 

One electron transfer to sulphur affords the sulphur radical 

{105) and leads to the coupled compound (106). 

Alternatively. since sulphur anions are highly nucleophilic, 

further reaction of {104) with the precursor alkene (107) to 

give {108) competes with elimination of 'fluoride ion to 

generate the thioketone (109). Interaction of (109) with 

sulphur afford the novel trithiane {110). 

Michael reactions Nonafluoroisobutene {112) 

participates via its carbanion {101). in base induced 

nucleophilic additions to activated multiple bonds. 150 · 151 
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e g. ( CF
3

) 
3

cH ? E t N -:- CH ~ ~ :CHX · -~ 
3 2 

) (CF
3

)
3

CCH
2
-cH

2
X 

(113) x~cN,CHO [150] ( 112) 

'fhe adducts have been converted into a series of 

perfluoroalkyl···substituted organic compounds through the 

functionalised terminus
152 

(i.e_. group X in (113)). 

Unsaturated perfluortnated etec_t_rophiles 

Otigomeris~tion Reactions In certain cases. the 

carbanion formed by the addition of fluoride ion reacts 

readily with its own precursor alkene as an e!ectrophile and 

the new anion thus formed is capable of further reaction, or 

termination by elimination of fluoride ion. In this way, 

fluoride induced processes can lead to the generation of 

oligomeric materials, and these frequently compete against 

the intended reactions of the fluorocarbanion. 

_/) / I 1-
F + C C --------~ 

/ \J' 
FC--c -substrate--~ 

I I 

) <1 
products 

I I_ 
=C--c 

I : 

~ER1 

-F dimer 

-C~F ~ 
"di.rlter 1anion" ' / c c~ 

/ ' higher otigomers 
etc., etc., 

However, the oligomerisation reactions are, themselves, of 

immense synthetic importance as they allow easy preparation 

of relatively complex, branched, fluorocarbon olefins from 

the cheap simpler alkenes. Oligomerisation reactions of 
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153 
t~trafluoroethyl~ne induced by caesium fluoride; of 

154 
hexafluoropropene induced by fluoride ion and in the 

155 d ..ll b 156 f presence of crown eth0r8, or in uce~ y amin0o; o 

157 fluorinated cliene§ and of cyclic fluorinated 

alkenes 158 · 159 are amongst the wealth of literature 

available for this type of process. The range of oligomers 

and their structures are governed by many factors including 

the nature of the fluoride ion source or nucleophile 

employed, the configuration of the possibl~ products, 

solvent and steric effects. Interestingly, for the cyclic 

fluorinated alkenes the structure of the relevant dimer is 

158 determined by conformational interactions except for 

perfluorocyclobutene where angle strain also becomes 

important. 



_s il'ilp ~ e __ J_l l}O r ina ted a 1 kene_s_ 

CF 2 CF 2 (5) 

Condll'l t ions_ 

CsF/diglyme 
100"C/20psi 

CF3cF:::cF2 
( 1 ) 

KF/CH CN 
room temp. 

( 1 ) 

(105) 

CsF/DMF/Ni tube 

CsF/sulpholan 
125"C 

_ _t; rimer ( 1%) _ 

~ 
~F 

pentamer(54%) 

~ 
~F 

dimer1(86%) 

[153] 

t e t ram.e r-{1 O%J _ 

A~ 
~ 

hexamer(35%) 

~F 
~F [155] 

dimer2(6%) 

trimerl ~2 

-=f'F dimer2(89%) 

'-----(7%) 

dimer1(10%) 

F 

dimer2(10%) 

II F I 
[160] 

trimer(60%} 

dimer (85%) 
[159] 
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t;:;Q-:-.~.t i gomer i sa t_i.,_c;m reactions When two different 

alkenes are introduced to a source of fluoride ion, or an 

alkene is contacted with a carbanion derived from another, 

then co-oligomerisation reactions, in addition to the normal 

oligomerisation reactions are likely. Under conditions of 

kinetic control the more reactive alkene should act as the 

addend and the less reactive alkene should act as receptor. 

In this manner, relative reactivities of fluorinated 

1 hi 1 . . . 1 b d . d 161-163 e ectrop es may, 1n pr1nc1p e. e eterm1ne . 

Therefore, the condensation of perfluoroisobutene (4) and 

hexafluoropropene (1) initiated by fluoride ion produces a 

co-dimer (114) uta attack on the hexafluoropropene double 

t 162 bond by the perfluoro butyl anion (101). 

(CF3 ) 2C CF2 + CF3CFCF2 
KF 
~ 

(4) (1) 

(CF
3

)
3

CCF=cFCF
3 

(114) 

Similarly, carbonyl fluoride may be shown to be a more 

efficient acceptor of fluoride ion than all of the 

f l . d l k . 1 d. f l . b 164 uor1nate a enes, 1nc u 1ng per uoro1so utene. 

However, care must be taken in interpreting results of this 

type as, even under relatively mild conditions, anomalous 

results can obtain.
165 · 166 

The reaction of perfluoroisobutene (4) with 

tetrafluoroethylene (5) follows an unexpected course as the 

intermediate carbanion (115), formed as a result of the 

t 'normal' attack of the perfluoro butyl anion (101) on 

tetrafluoroethylene (5) is sufficiently reactive to effect 

further reaction with another molecule of (4). Hence, the 
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167 major product is the alkene {116). 

CF - :CF (5) 2 2 

(CF3)3C~F2Cr2 

(CF 3 ) 2C X:F 

(116) 

Friedel Crafts reactions A synthetically useful 

procedure has been developed by which highly fluorinated 

aromatic compounds are reacted with fluorocarbanions to give 

relevant perfluoroalkylated aromatic derivatives. The 

reactions are very reminiscent of electrophilic aromatic 

substitution processes by carbocations (or equivalent) and, 

hence, they are known as "negative Friede 1 Crafts 

reactions". 

F 0CF3)2 
0 CF

2
CFCF

3
/KF -F 

via (CF 3 ) 2 CF 

anionic a-complex [168] 

Polysubstituted derivatives are also available by, eg. using 

higher pressures etc., and they exhibit extremely 

interesting behaviour, in that, under photolysis conditions 

relatively long-lived valence isomers 169 of the aromatic 

compound are formed. 



eg. QN 
II 
N 

-:- CF
2

:.::CFCF
3 

( 1 ) 
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iii) Action as a base 

[170] 

Although monohydrofluorocarbons are very strong 

carbon acids, their respective conjugate bases, the 

carbanions, constitute fairly strong bases for initiating 

alternative organic reactions. It is fairly surprising, 

therefore, that such a procedure has not been well utilised 

in the vast area of organic reactions requiring the presence 

of a strong organic base. 

Hatoforms In view of the known ability of the 

perfluorotbutyl anion {101) to substitute (CF
3

)
3
C- for 

halogen~ 71 Dyatkin and co-workers attempted 172 similar 

reactions with a number of geminal polyhalogens, such as 

PhCHCl
2

, PhCCl
3

, Ph
2

CC1
2

, CC1
4 

and CHC1
3

. Only chloroform 

was found to react and, most unusually, induced the 

formation of a perfluorocarbon of atomic constitution 

c
27

F42 . The authors proposed a mechanism which involves 

initial deprotonation of the substrate haloform. 

(CF
3

)
3

C-(101) + CHX
3 

X=I.Br,Cl 



cx3 y (CF3 ) 2C~=cF2 
(4} 

tri.meri.s~ 

66 

-F 
---~--~~~-

vinylic 

trapped anion 

( 117) 

Subsequent participation of two molecules of the alkene {4) 

leads eventually to the acetylenic intermediate {117) where, 

trimerisation affords the c27 F
42 

derivative. Although highly 

complex, none of the steps are without precedent and several 

of the key intermediates, or simple derivatives of them, are 

observed. 

Acetoni.trtte This polar solvent is one of the most 

common in use for fluoride ion reactions and yet, in 1982, 

Postovoi et at 173 reported that, in the presence of the 

t perfluoro butyl anion (101) the molecule underwent 

deprotonation to leave the acetonitrile carbanion (118). 

Products then derived from attack of this species on 

perfluoroisobutene (4), the precursor olefin. 
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(CF
3

)
3
C CH3CN q (CF

3
)
3

CH ? CH
2

CN ~(41~~ (CF3 ) 2c::-:CFCH2CN 

(!Ol)l-(CF3 ) 3 CH 
(101) (118) 

((CF3 ) 2C:...CF) 2C-~N Ca·~ ~~2~;+3C~ <-1_'!.1__. (CF3 ) 2C:-::'CFCHCN 

j 

The result encourages caution in choice of solvent for 

fluorocarbanion reactions, which at the present time are 

frequently operated in solvents such as CH
3

CN, sulpholan and 

DMF. 

iv) De-halogenations An unusual type of reaction 

174-176 which has been reported is the removal of an 

electropositive halogen atom, usually bromine, by the 

t perfluoro butyl anion (101). With dibromomethane derivatives 

containing electronegative substituents the following 

reaction occurred:-

+ Br 2CR2 
R=CF

3
,CN,C0

2
Et 

(CF3 ) 3 C-Br +BrCR 2 
(4) 1 

-- (101) 
(CF3)2C==gFCR2 ( -(CF ) C-B 

Cs+ 3 3 r 
(CF3 ) 2C CCR 2Br 

Vicinal dihalopolyfluoroalkanes, ie. BrCF2CFBrCF3 , 

effectively lose 175 Br 2 under the influence of the 

perfluorotbutyl anion (101), to form hexafluoropropene which 

subsequently co-dimerises with perfluoroisobutene. 
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Unfortunately, an understanding of the chemistry of organic 

177 free radicals has only ju§t begun to take form and, 

therefore, a "blind spot" exists in the minds of much of the 

chemical community. Hence, a number of processes previously 

ascribed to simple 2-electron mechanisms are frequently 

shown to be connected, at least in part, with one electron 

transfer. Reactions of fluorocarbanions which have been 

attributed to one electron transfer include those with ~ 

d . i 1 l h 147,149 fl h d . 178 d 1azon urn sa ts, sup ur, tetra uoro y raz1ne an 

130 
others. An unambiguous example is provided by the 

reaction of the perfluorotbutyl anion {101) with 

triarylmethylhalides, in which e.s.r. evidence is 

- 171 presented. 



CHAPTER TWO 

FLUORINATED EPOXIDES 
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JNTRODUCTION 

2.A.a. R i f i 1 fl ~ d ·~ 82,85 ea.ct ons .o. ~-i!IP e u.orllna.te epox1ues 

-- -- --------
The smaller epoxides are, like their hydrocarbon 

analogues, readily attacked by nucleophiles. Almost 

exclusively, the nucleophiles approach the most substituted 

site which seems unusual as this is the most hindered. 82 · 87 

However, the resulting oxyanion, eg (119), would probably be 

favoured in terms of the relevant C-F bond energies, which 

follow the order:-

CF3 > CF 2 > CF 

---decreasing-c-F-bond-strength------~ 

Thus, CF 2-o will be more stable than the alternative CF
3

CF-o 

f
. . 103 con 1gurat1on. 

_....,.o, 
CF3cF--cF2 

(86) 

+ 

Nuc 

Nuc 
I 

CF3CF----<fF 2 
(119) 0_ 

or 

-F 
Nuc (120) 
I 

CF3CF~F II 
Nuc, - F 1 

- 0 

CF3CF~Nuc I II 
Nuc 0 

Commonly, the oxyanions lose fluoride ion to produce acid 

fluoride, eg. (120), or ketone derivatives. These are 

themselves strong electrophiles and, therefore, 

disubstitution becomes a possibility (see section 1.C.c.ii 

for bifunctional nucleophiles). With fluoride ion as the 
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nucleophile the reaction product is likely to be a carbonyl 

isomer of the starting material. Such rearrangements are 

common for hexafluoropropeneox~de (86) uith fluo~ide 

. 179 180 1on and other reagent§. However, the fluoride ion 

processes which have received the most attention are 

181.182 183 polymerisations and oligomerisations, in which 

intermediate oxyanions (eg. (119)) participate in a sequence 

of nucleophilic reactions with the original epoxide. 

Reactions with ~lectrophiles are notably more 

difficult to initiate and are often only attainable with 

powerful electrophiles such as antimony 

184,185 
pentafluoride. 

2.A.b Reactions of perfluoroalkyl substituted epoxides 

When compared with the wealth of literature 

available for reactions of hexafluoropropeneoxide (86) 82 

there is relatively little information available on the 

chemistry of fluoro-epoxides derived from highly substituted 

internal alkenes. Some examples are shown below.(Table 9) 

This concentrates on fluoride ion induced reactions of 

perfluoroalkyl-substituted epoxides and several facts are 

clear. Firstly, the orientation and mode of nucleophilic 

attack is the same as previously described ie. attack 

occuring at the carbon of the epoxide ring bearing the least 

number of fluorine substituents. However, with molecules 

such as (121)(table 9) with, for example, the structure 

~0 
RfCF~FRf', where the only difference in environment 

between the two carbons are inequivalent Rf-substituents, 

steric effects dominate minor electronic effects, and attack 



Table 9 

)Epoxide 

()o 
(122) 

/0 
CF3CF~FCF3 (123) 

C2F5 0 C2F5 
c---c E/Z 

CF CF 
3 (126) 3 

?1 

i)KF/CH
3

CN/55"C 

i i )r.'loi 

CsF/tetraglyme 
A 

CsF/20"C/solvent 

CsF/diglyme 

BuLi/room temp. 

[98:1 

(CF3 ) 2CFCOF [186] 

+ 
CF 3CF CFCF3 

0 
II 

(CF3 ) 2CFCC2 F5 + [102] 

(CF 3 ) 2c CFC2F5 

[101] 

no reaction 

no reaction [103] 

CsF/200"C CF3CF2~CF3 + CF3 CF CFCF3 
0 

CsF/200"C 



occurs at the least hinderecl end of the epoxide. 

Secondly, increasing perfluoroalkyl $Ub~titution 

confers stability to nucleophilic attack ie. epoxides (122) 

and (123), Pith tWO ring fluorine atoms, rGaCt at 5Q"C ~ith 

KF and 20"C with CsF, whereas the more substituted epoxide 

{124). with only one ring fluorine atom needed far higher 

temperatures for reaction with caesium fluoride. The most 

remarkable change is to a completely substituted system, 

where elimination of a ring fluorine is not available. Here, 

as demonstrated by {125) and (126), extremely high overall 

stability to nucleophilic attack is observed and reaction 

only occurs by cleavage of a carbon-carbon bond. 

o-
1 I F-tr-

withlr!_ng F 
- F 

0 
I II 

F~~ 

I ' 

without 
ring F 

aLkene 

0 
II c 

/'\. 
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~orkers In our laboratories have been interested in 

the reactions of tetraperfluoroalky!ethene epoxides, and it 

hoped 187 that novel carbene processes ~ould be observed. V:JaS 

However, the compounds were both highly inert to fluoride 

ion (see table 9) and extremely resistant to high 

temperatures. ie. (126) was recovered unchanged after 

heating to 53o·c. 103 Clearly. the introduction of further 

ring strain into the epoxide would be useful but Kirk 188 

(these laboratories) was unable to obtain the epoxide of 

perfluorobicyclobutylidene (127) due to extensive hydrolysis 

~ the aqueous reagent. 

[188] LiJG 
(127) 

Other workers from Durham were also interested in 

189 epoxidation procedures for very reactive imine systems 

and they demonstrated the feasability of using anhydrous 

calcium hypochlorite suspended in acetonitrile by 

epoxidation of a tetraperfluoroalkylethene (82). This 

190 approach was first suggested by Coe. 
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2.El.& 

Perfluoro.,bicyclobutylidr.:m!El (127) ancl 

-bicylcopentylidene (12§), obtained by oli~omewisation of 

the parent cyclic alkene§ (see experimental section) r.eacted 

with calcium hypochlorite In acetonitrile, to produce the 

relevant epoxid!Els (129) and (130) along with chlorinated 

side products (131-134). 

LiJLiJ 
(127) 

(optimum yield of (129) 57%) 

(128) 

Ca(OC1) 2~3~C~N--~ room temp. 

(optimum yield of (130) 38%) 

(129)22% 
Cl 

ffTI 
(131)25% 

LJl tiJ 
(133)29% 

0 

{130)20% 

Cl 

(132)10% 
Cl Cl 

(134)6% 

The epoxides (129) and (130) were readily identified by the 

breakdown pattern in their mass spectra. and by their 

striking 19F n.m.r. spectra. The precursor alkenes (127) and 
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(128) give t~o singlets In the CF 2 region wheream their 

epoxides (129} and {130) do not pos~es§ an ave~agcd planar 

structure, but are forced into a 'bent' 9hape by the oxygen 

of the epoxide. Thuo, r0sonances of CF 2 groups close to the 

Fing appear as distinctive AB spin patterns. Similarly, 

structures of the chloro-compounds (131-134) followed simply 

from a consideration of their spectral data. 

Chlorine containing impurities are not normally 

found in epoxidations using aqueous hypochlorite reagents, 

and their presence in this instance is rather curious. 

Compounds (131) and (132) probably arise from nucleophilic 

attack by chloride ion on the alkenes (127) and {128) and 

dichloro-derivatives (133) and {134) appear to result from 

addition of molecular chlorine across the double bond. 

Chloride ion is necessarily found in the reaction mixture as 

it is produced in the epoxidation process and there is 

precedent for reaction of alkene (127) with lithium 

h 1 . d 159 c or 1 e. 

There appears to be a threshold concentration of 

reactants (corresponding to ca. 0.9- 1.0 mmol alkene) 

required before significant by product formation occurs. 

This presumably corresponds to a critical concentration of 

chloride ion in the reaction mixture. Notably, dichloro-

compounds (133) and (134) are always formed in similar 

quantities to mono-chloro adducts (see experimental 

section). A mechanism shown below involving trapping of the 

common intermediate (135) by free chlorine would, therefore, 

seem more likely than addition of Cl
2 

across the double 

bond. 
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n:..o 3' ( 133) 
_4 ( 1_3_4J 
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Reactions of dis~ir9epoxides (129) and (130) 

i) Thermolyses of epoxides (129) ~nd (130)~ 

At the point of acquiring epoxide (129) with its 

inherent enormous ring strain we were extremely optimistic 

of discovering novel thermally induced processes. However, 

(129) withstood thermolyses under static conditions of up to 

300"C for prolonged periods. 

191 The hydrocarbon analogue of (129) isomerised smoothly to 

cyclopentanone derivative (137) at 2oo·c ~ 
lifo\i] __ 2_o_o_·_c_.;;.._S_h ___ ~ 0 0 

(129) 

(130) 

(137) 

Table 10 

Static thermolyses of (129) and (130) 

Time(h) 

11 

2 

5 

5 

Temperature("Ql 

200 

300 

300 

300 

Recovery(%) 

100 

100 

100 

100 



The quite remarkable high thermal stability exhibjted by our 

strained perfluoroalkyl epoxides (129) and (130) has also 

fluorocarbon subatltuents. The moot predominant example is 

the a .. lactone (138), Il 92 Phich is the mont SJtable of 1 ts 

class. 

The mechanism of the special thermal stabilising influence 

of perfluoroalkyl groups to small rings is still not 

entirely clear but, in the course of our work, the effect 

itself has now been well established. 

ii) Caesium fluoride with {129) and (130) 

High temperature reactions with a slight excess of 

active caesium fluoride were attempted in sealed tubes. (see 

Table 11). 

In both cases the threshold temperature for reaction 

was between 150"C and 200"C, but the more reactive epoxide, 

(129), afforded little tractable material at the higher 

temperature. (130) reacted cleanly with CsF at 200"C to give 

monocyclic products perfluorocyclopentene and 

perfluorocyclopentanone, and a mechanism for this process is 

given below. 



(129) 

(129) 

(130) 

(130) 

(130) 

150 16 

200 19 

150 16 

250 14 

200 16 

(130) ~d 139) 

:recove:red,91% 

recovery. lov1 

+ r-F~l ,+ > 18 other 
components 

recovered,96% 

multicomponent 
mixture 

Cleavage of the central c--c bond from the 

intermediate oxyanion (139) to yield a ketone and an olefin 

occurred in a manner identical to other reported 

fl lk 1 h id 102,103 I . l"k 1 h tetraper uoroa y et ene epox es. t 1s 1 e y t at 

a similar process was followed for the other epoxide (129) 

thus giving perfluorocyclobutene and perfluorocyclobutanone. 

Indeed, the alkene was observed in the product mixture, and 

a failure to observe perfluorocyclobutanone for a similar 

103 process has been reported previously for (140), and 

attribued to further reaction of the cyclic ketone with 

fluoride ion. 
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CsF/200"C 

-L>J j 

not observed (141) (127) 

It is quite "remarkable that the very highly strained 

dispiroepoxides (129) and (130) are approximately as 

resistant to nucleophilic attack by fluoride ion as acyclic 

analogue (86)(see Table 9), 103 which also reacted at 2oo·c. 

Complete perfluoroalkyl substitution on an epoxide obviously 

confers substantial resistance to nucleophilic attack and, 

from our observations, extra ring strain does not 

significantly influence this stabilisation. This would be 

consistent with the theory that the kinetic barrier to 

approach of nucleophiles by the non-bonded electron density 

on the fluorine atoms, as opposed to any thermodynamic 

stabilisation of the epoxide, is the dominant effect. 193 

F F 

F F 

F 

F· ~ ·F 
.:~\\ -~· .. 

~NUC 

~ 



§0 

(~~ 2N) 3§Me3§~F2 (142) 

CH 3CN/Jroom temp. 

recov~ry 76% 

Hg/hu..t-room t-emp-. --~recovery --r-oo% 

Ph
3

P.up to 100"C recovery 44% 
+ tar 

Compound (129) was recovered unchanged after contact 

with a soluble fluoride source (142) and after prolonged 

irradiation with a high pressure u.v. source in the presence 

of mercury. 

An unusual result is the rather facile reaction of 

triphenylphosphine with (129). As soon as the reaction 

mixture reached the melting point of the phosphine 

discolouration was evident and, after ca. one hour, 

significant tarring was observed. Presumably, the phosphine 

de-oxygenates the epoxide to form triphenylphosphine oxide 

{the driving force being the formation of the strong P 0 

bond), and the parent alkene (127). Reactivity of 

fluorinated alkenes towards phosphines is well 

194 195 
established; phosphorus ylids are often formed which 

may then react further to produce oligomers (and tars). 

Indeed, a controlled reaction of (127) and 

triphenylphosphine afforded a brown intractable tar on 

warming to the melting point of the solid. 



Ph P 
~3~ 

Ph3P~ ? ~PPh3 .. ~ 

(129) 

[. F~l?.7rFJ Ph3f-_ [~f~l 
(127) 

l 

It is noteworthy that triphenylphosphine, which is 

expected to react through oxygen of the epoxide, has a much 

lower threshold temperature than nucleophiles, such as 

fluoride ion, which attack the carbon atoms. The carbon 

atoms receive the maximum protection from the perfluoroalkyl 

substituents whereas the oxygen atom is somewhat more 

isolated. 

2.B.c Att~m~~~ epoxidations of novel fluorinated alkenes 

and dienes 

i) Hypochlorite with (143) and (144) 

Although aqueous hypochlorite epoxidising agents 

have been well established for olefins with fluorine and 

fluorocarbon substituents, we are unaware of any studies on 

tolerance to other groups such as hydrogen. We have a 

current interest in the chemistry of alkenes (143) and 

(144), so their reaction with hypochlorite reagents was 

attempted. 



Alkene (143) was recovered after st1rrin~ with aqueous 

sodium hypochlorite, calcium hypochlor~te, and calcium 

Alk®ne (144) ~as not affected by contact ~ith anhydrous 

calcium hypochlorxte. Actual recoveries ~ere often lo~ and 

sometimes other products were present but could not be 

obtained pure. However, it is still possible to conclude 

that epoxidations using hypochlorite reagents are not as 

efficient with fluorinated alkenes possessing a vinyl 

hydrogen. 

ii} Attempted epoxidation of the diene (145) 

Diene (145} is available from perfluorocyclobutene 

trimer (146} by reaction with caesium fluoride at elevated 

temperatures (see experimental section). In our hands, 

160 however, yields reported by Taylor were not attained. 

CsF 
300"C 

(146) 

The chemistry of perfluoroalkyl substituted dienes is 

relatively underdeveloped, and whether they behave as a 

conjugated system or as isolated double bonds {forced out of 

co-planarity by bulky Rf-groups) is the subject of some 

debate.
196

·
197 

The epoxidation of (145) was expected to 

prove interesting, in this context, as the degree of 

conjugation in the system might determine the occurrence of 

either a simple epoxide, eg. (149), or a furan derivative, 

eg. (150). Thus (145) was reacted with calcium hypochlorite 
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in acetonitrile in a manner §irnilar to the alkenes described 

earlier. 

OCl 
attach 
site b 

cis (151}or 
trans (152) 

OCl 

site a 

Four major peaks were observed in the g.l.c. of the product 

mixture which were identified as (145), two c12F 18o isomers 

(one major} and a c
12

F
18

o
2 

isomer by mass spectroscopy. The 

major c
12

F
18

o isomer was isolated and assigned the mono-

19 epoxide structure (149) on the basis of its F n.m.r. 

spectrum; two distinct -CF
3 

singlets and complicated -CF
2 

resonances eliminates the symmetrical isomer {150). 



Unfortunately, 

§4. 

( 145)' 1% 
c 12F 1 ~o, 14% 

c 12F 1go2 . 57% 

CR2f1§0 
\.llK! :hllc:Jlll t li it :l. !Eld 
component 

19 
the major product afforded a F n.m.r. 

COl.. 

17% 

spectrum which, by a study of molecular models, could be 

assigned to all three possible c
12

F 18o
2 

isomers; the cis 

{151) and trans (1?2) epoxides, and the epoxytetrahydrofuran 

{153). Compounds (151), (152), and (153) all possess two 

equivalent CF3 groups and two equivalent cyclobutyl rings. 

Therefore, the presence of three overlapping AB resonances 

in the CF 2 region of the n.m.r. spectrum and a singlet in 

the CF
3 

region is consistent with all the structures. It 

would seem likely, however, in view of the unambiguous 

isolation of the mono-epoxide {149), that the unidentified 

c12F 18o2 component derived from it. In addition, the product 

fluorocarbon from the experiment was further reacted with 

calcium hypochlorite and the resulting fluorocarbon examined 

by g.l.c. Complete disappearance of compound (149) and a 

corresponding increase in the height of the c12F
18

o2 peak is 

strong evidence for the assignment of the compound to the di-

epoxide (151,152)(cis or trans). 

2.B.d Other potential nucleophilic epoxidising agents 

In view of the current interest in general syntheses 

of fluorinated epoxides, of which OCl seemed to be the only 

example, we sought to develop other reagents which could act 

in a similar manner. It was thought that pyridine-N-oxide 

and peroxyacid anions were good candidates for oxygen 
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nucleophiles with leaving group substituents, and so 

reactions with fluorinated alkenes (1),(143) and (82) were 

attemptGcl. 

CF CF:::::.CF 
3 2 

( 1 ) 

L= 

CF cF:~~ClH!CF 
3 3 

(143) 

c2F5 (CF3 )C~=C(CF3 )C2F5 
(82) 

Unfortunately, however, {82) was recovered unchanged after 

refluxing with pyridine-N-oxide and stirring with sodium 

peroxybenzoate, or m-chloroperoxybenzoic acid in the 

presence of KOH. Similarly, (143) was unaffected by reaction 

with pyridine-N-oxide and (1) was recovered after contact 

with m-chloroperoxybenzoic acid in the presence of KOH. 

Despite this, Russian workers have been able to 

employ peroxyacids, in the absence of base, as epoxidising 

agents with the highly electrophilic perfluoroisobutene, and 

198 claim that a nucleophilic mechanism is in operation. 

{CF3 )
2
c CF2 

{4) 

ArC0
3

;;.;;.H ___ ~ 
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CHAPTER THREE 

BIFUNCTIQl'lAlL~NUCLEOJP>HilLE§. \JXTH FlUORINATED A]h~E;!:iE_S_ 

Most of the work contained Rn this Chapter concerns 

the reactions of aromatic diheteronucleophiles viz catechol, 

3,4-dimercaptotoluene, ortho-aminophenol and 

ortho-aminothiophenol with fluorinated-alkenes and -

cycloalkenes. However, other nucleophiles are also contained 

and, consequently, this Chapter is structured around the 

type of alkene where the mechanistic information is best 

discussed. 

We found that potassium carbonate in acetonitrile 

was the most effective system for reactions of fluorinated 

alkenes with difunctional aromatic derivatives and was 

commonly used for reactions described in this section. 

Acetonitrile is volatile and miscible with water and could 

be readily eliminated from the reaction mixture but was 

sufficiently polar to enable the reaction to take place. 

Potassium carbonate is a good enough base to avoid addition 

reactions which would destroy the unsaturation and is also 

non-nucleophilic. As will be shown later, the best results 

were obtained with careful control of the stoichiometry 

(nucleophile : alkene= 1 : 1). Unfortunately, a number of 

the products obtained in this section decomposed fairly 

rapidly even if sealed under dry nitrogen and refridgerated. 

In this Chapter identification of products was aided 

by a variety of spectroscopic methods including mass 

spectroscopy, infrared spectroscopy and n.m.r. spectroscopy. 

Most compounds gave molecular ion peaks in their mass 
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spectra, especially in electron impact (positive ion) mode, 

19 
but by far the most instructive technique was F n.m.r 

spectroscopy. 

19 199 f _ _)i:_}:l_,_R_ The :fluorine .. 19 nucleU\G is 100% ab~md.ant and 

almost a§ sensitive as the pwoton. The great difference 

between the two nuclei lies in the range of chemical shifts 

available. The majority of proton signals appear in the 

range 0-lOppm (relative to TMS) whereas, relative to CFC1 3 • 

19 
F resonances occur anywhere between -20 and +200ppm. 

Relatively low field analysis of the 19F nucleus, therefore, 

affords spectra which are sharp and first order. Perhaps the 

most important practical advantage of 19F n.m.r. 

spectroscopy is that normal hydrocarbon etc. solvents and 

standard reagents are 'transparent' to radiation in the 19F 

frequency range and, therefore, crude reaction mixtures may 

be effectively studied. With instruments that are able to 

compute multiple transients then extremely small quantities 

of material can be studied, even down to the level that are 

eluted from an analytical injection into a standard gas 

chromatograph. 

19 Resonances due to F nuclei of -CF
3 

groups appear 

in a different region of the spectrum (typically 60-90ppm) 

to -CF2~ groups (110-140ppm) which, in turn, occur distinct 

from -6F- resonances (170-210ppm). Application of thi6 crude 

picture together with spectral integration and coupling 

constant data yields an enormous amount of information 

concerning molecular structure and forms the basis for much 

of the compound identification contained in this Chapter. 

19 199 Several books on F n.m.r. spectroscopy are available. 



Perfluoro-cyclopentene (154) and -cyclobutene (107) 

react readily with 3,4--d1.mercaptotoluene in the presence of 

potassium carbonate to afford dfthlin products (156) and 

{155), respectively, in good yield. 

CF 2-----GF 
I II 

(CF 2 )n=-CF 

H:VH3 CF ~~.....-SoCH3 {· I ·--~-2go.J .. ~H3CN I 2 II I 
HS ' room temp. (CF2)~S ' 

n:::1 ( 107) 
n=2 (154) 

perfluorocyclobutene n=l (155) 79% 
perfluorocycLopentene n=2 (156) 96% 

An exothermic reaction was noticed immediately the reactants 

were brought into contact. Nevertheless, the reaction 

mixtures were agitated for at least a further 16 hours 

before isolation of the product. The yields of the dithiin 

(156) dropped to 60% when a 50% excess of the alkene (154) 

was employed and this is probably due to the participation 

of intermolecular processes prior to cyclisation. A 

mechanism for the reaction is proposed below:-

~·· 
CF --cF H:OCH3 I 2 II ? I __,_....,.....-__:.F--,--,---o-+ 

{CF2)n-cF HS ' {vinylic) 

n=l (107) 
n=2 (154) 

CF 2--c"9-s -A-CH3 

(~F2>nl<--s~ 
{158) (J 1 

n=l (155), n=2 (156) 

I II--' 
CF 2--c-;:-SJJCH3 

(CF )-{;F /\ ' I 
2 n V HS 

I 2 l's ' 
{CF2 )~F 

{157) 
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After initial displacement of vxnylic fluorine, cycRisation 

is available via two po9~ible anionic intermediates (157) 

and (158). Mesomeric etabll1gatfon through directly bonded 

sulphur favours (158) over alternative (151) in ~hich th0 

negative charge is localised adjacent to fluorine. 

Baldwin60 has defined a set of empirical rules for 

the relative facility of ring forming reactions, the 

physical bases of which lie in the stereochemical 

requirem~nts of the transition state for the ring closure 

process. The 'disfavoured' cases require severe distortions 

of bond angles and distances to achieve the appropriate 

trajectory. In his analysis, ring closure at an sp2 (trig.) 

carbon is preferred for formation of a five membered ring, 

in which the breaking bond is exocyclic (5-exo trig), over 

formation of a six membered ring, in which the breaking bond 

is endocyclic (6-endo trig). 

(60] 

cycLisation -0 
This is supported by ring forming reactions of relevant 

radicals in which thermodynamically disfavoured 5-mernbered 

200 ring products are observed. 

Clearly, formation of the dithiin derivatives (155) 

and (156) through six~membered intermediates (158)(6-endo 

trig cyclisation) is in contradiction to these observations. 
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61 However, Baldwin has achieved disfavoured ring closure 

proces§os for ~ulph~~ nucleophiles and ascribe§ the 

anomalous behaviour of mocond··ro~ elements to two phenomena. 

Larger radii and bond lengths for the lar~er atoms mRy allow 

them to obtain conformatxons whxch are difficult for the 

corresponding first row-elements. Alternatively, overlap of 
--

filled orbitals on the unsaturated carbon with available 

unfilled orbitals on the second row-element may reduce the 

geometric constraint for the pesired ring closure. 

Nuc~~ 

approach 90" approach 109" 

Krespan and England have obtained cyclic sulphides 

similar to (156} by treatment of 1,2-

dichloroperfluorocyclopentene with sulphide ion. 201 

CF 
/ 2 'c--c1 c\? II 
""- /c-c1 

CF
2 

___ K~2.-=-s--~ 

OXIDATION OF (156) 

According to the procedure of Gilman and 

202 
Swayampati, dithiin {156) was treated with boiling nitric 

acid in acetic acid in order to attempt oxidation. 
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(159) 

A low yield of a material with an accurate mass 

corresponding to c12H
6

F6 s
2
o was obtained and presul"ffecl to be 

a mixture of the two sulphoxide derivatives (159) and (160). 

(156) WITH RANEY NICKEt203 

Vinylic di-hydro derivatives of fluorinated cyclic 

alkenes are often only produced in low yield by LiAlH 4 
204 reductions of the parent perfluoro~compounds. Raney 

203 
nickel hydrogenations of sulphides are well precedented 

so we attempted the reaction of this reagent with dithiin 

derivative (156). Following the procedures of Mozingo and co-

205 
workers a mixture of the dithiin (156) and Raney nickel 

was refluxed in ethanol for one hour, 

Raney nickel 
EtOH, reflux 

x~ I + 
CH3o:SH 

:-..... SH 

HC--cF2 
II ' 

He 
__ cF

2 ._cF 
2 

Unfortunately, only a small amount of volatile material was 

formed and the starting material (156) was entirely 

consumed. Raney nickel is stabilised by a strongly alkaline 

medium and it is possible that hydrolysis of (156) was 

effected. 



CF ·~· -- <::F 

I 2 H 
(CF~)~F 

l!'l:-: 1 ( 107) 
n:-:2 (154) 

92 

_K~ co3 c'- <::!i 21£N~~ 
TIOOII) tcsr.~p. 

@lilO cla;r 

Under the usual conditions ortho-aminothiophenol 

reacted with perfluorocyclopentene (154) in a different 

manner to perfluorocyclobutene (107). A virtually 

quantitative yield of an azadiene (161) was obtained in the 

former case, whereas the latter alkene simply afforded an 

intractable tar. Again the reaction appears to have occured 

via the less favoured 6-endo trig cyclisation, although in 

this case nitrogen is the relevant atom and the reasons 

proposed for the similar behaviour of sulphur are not valid. 

(154) 

Hs~l 
H N '-

2 

(vinylic) + 
-F 

( 161 ) ~--H_F~[ ~1 '-' 4....c]._ 

There could be two possible explanations for this 

phenomenon. i) The driving force for !ocalising charge 

adjacent to sulphur is suf~icient to overcome any 

distortions arising from the 6-endo trig cyclisation, even 

though a first-row element promotes the ring formation. 
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ii) Cyclisation thll'our.;h the am:l.no··r;x-oup is 

reversible and, although kin®tically favoured for the 5~ 

As ~ith dimercaptotaluene, an Initial exothero uas 

detected immediately the reagents were brought into contact. 

In this case, however, a cry§ta!line solid was observed to 

form which was subsequently isolated and shown to be di-

adduct (162), occurring via a second intramolecular attack 

by an ortho-aminothiophenol molecule on original 

intermediate (163). 

SHlJ 
(154) + I 

H N '-
2 

-F 
{vinylic) 

K
2
co3 • CH

3
CN 

room temp. 1h 

/cF2~c--s--A 
CF2, ~~.UV (163) 

CF~~ NH 2 

-F I ~-Ar{~H2 )SH 
( v I ny I i c ) ~ 

1 

+ F 

CF / z-c---sAr(o-NH2 ) 
CF2 II 

'-cF .-C-SA r ( o- NH2) 
2 

(162) 

Given the activating influence of directly bonded sulphur in 

intermediate (163) and the known nucleophilicity of the 

original mercaptide nucleophile, formation of the disulphide 

(162) is not surprising. Clearly, the final stage is 

reversible as (162) is not detected in the final product 

after 24 hours reaction time and disappears gradually on 

increasing reaction times. 



ortho-arn!nophenol ? 
. K CO , CH CN ( 1b-1) ~ 0~2~ <~~----- '3'- - ~ ( 162} -} ( 161) 

JJoom temp. 

)Ill El<?.. !lfh([j)'i~_ll§~ IS[ l\§?,__l 
@ 

01J6JJ. 

1 s~ 
b 

2 3§ 2§ 

§ 7 33 

24 97 

t 1 1 d bH 19f a proport ons ca~cu~ate ~ n.m.r. 

b crude mixture not analysed. Isolated yield of (162) 

Also, treatment of disulphide (162) with potassium carbonate 

in acetonitrile at room temperature does not lead to the 

formation of the expected azadiene (161) and, therefore, it 

is very likely that free F is required for conversion of 

(162) to (161). Since the addition of sulphur nucleophiles 

to (163) is a reversible process it is not a large step to 

assume that intramolecular reaction through the amino-group 

within (163) will also be reversible under the same 

conditions. However, when perfluorocyclobutene (107) was 

reacted with ortho-aminothiophenol under conditions mild 

enough to avoid the final 1,4-dehydrofluorination, where the 

product of kinetic control would be expected to dominate, a 

very high yield of six-membered ring product (164) was 

isolated. 

1F2---rr -} HS~ 
CF2---cF NH~ 

(107) 

~3N, Et 20~------~ 
-7§'C to room temp. 

CF 2--c-----1 S~ 
I IAJ 
CF2--c-..N 

I 
( 164) H 95% 
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In this case, it i~ al~o poss!bl® that tri~thylamin® r~act~d 

compound (165)(se~ p 26). 

This would further activate the position opposite the 

sulphur substituent and could lead to adduct (164). 

It is almost certain that, under the former 

conditions, an azadiene (166) analogous to (161). was formed 

but was too reactive with a four-membered ring containing 

exocyclic and endocyclic unsaturations and did not survive. 

hr-sH2lEJ v-N(J 

3.A.c With Catecholl. 

0=:=::J~~F~ 
(166) 

Reactions of cyclic alkenes (107) and (154) with 

tar 

catechol gave five-membered spiro-ketals (167) and (168) in 

contrast to the previously described six-membered adducts. 

CF2~F I II 
(CF2 )~F 

n=l ( 107} 
n.:o2 (154) 

Intermediate carbanion (169) ~ith a Rf 2c~ structure and 
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alternative (170) '.'lith a R C-~·F configunil.tion arta:; 
lf2 

structuTally very ~imila:r. Thus, the ota:roochom~cally 

contain tuo vlnylic fluo:rlnee, whera:;ao alternative 6-

membered products would possess an internal double bond and 
- -- 62 -~-

would most probably be more stable. 

I;I 

CF2~F OJJI 
I II , 

( CF 2) u--c-o 

I 
6-endo trig 

4 
I 2 I I 

CF --cF ... OJJ 
(CF2)n~~o ' 

(169) 

-F 

n n=l 
CF~F ~-_....;;F_""""(167) 

> I I)J o n~2 
(CF )~~/ I ( 168) 

2 n 'o ' 
(170) 

CF ---c....-o)JI 
I 2 II 

(CF2)n--c........_o ' 

(171)n=l 
(172)n=2 

Hence, if thermodynamic control was operating we would 

expect adducts (171) and (172) to dominate. Further evidence 

of the irreversibility of the cyclisation to form the ketals 

(167) and (168) is found in the stability of (168) to 

treatment with potassium fluoride at higher temperatures. 

i) KF. room temp. 
ii)KF. 70'C } 89% recovered (168) 

It is reasonable that for the more conformationally 

mobile ethylene glycol, used under more forcing conditions, 
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selectivity ob~erved in our ~yetems ~ould not be found. This 

could account for the product mixture~ ob~erved by Stephens 

and co-~orker~ (~ae p. 34) vith their ramctionQ of 

clecafluorocyclohexene. In addition, the Birmingham ~orkers 

employed excess of the glycol reagent and in our sy~tems 

this lead to more complicated product mixtures. 

Table 14 

P:roduct____i__Qrmatilon lUersus_ reactant stoichiometry 

Catechol (154) 

1 1 

1 2.2 

1 0.2 

Description of products 

(168} 50%a 

recovered (154) 74%b 
( 168) 40% 

C11H5F702 3% 

C11H5F702 1% 

C16H4F14°2 6 % 

C16H4F15°2 9% 

several solidc 
components 

(unidentified). 

a) isoLated yieLd (no evidence of significant formation of 

side products) b) based on g.L.c./m.s. c) based on t.L.c. 

and n.m.r. 

(168) With acids Ketals are readily hydrolysed to 

ketones by the action of aqueous acids under mild 

Conditions. 206 Thi ~ t f h • i s constAtu es part o t e protect ng 

group procedure' for sensitive carbonyl functions. Typical 

conditions for cleavage of the ketals are refluxing ~ith 2% 

HCl for a few hours. a.~-Unsaturated fluorinated cyclic 

ketones are not readily accessible and it was hoped that 

acid induced hydrolysis of spiro-ketal (168) would be a 
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conv~nient route to perfluorocycliopentenone. 

Remarkably, however, (168) withstood a range of mineral 

. d 206 ( . ac1 s var1ous strengths and different temperatures) and 

207 
Lewis acids. 

recovered (168)100% 
r 

recovered 
/ 

(168) 100% 

recovered 
(168) BF3 .Et 2~ 

85% room temp 
19 days 

SbF 
room ~emp. 

violent reaction. 
no tractable product 

2M HCl, CH
3

CN 2M HCl, CH
3

CN 
60jc. 1h /oo·c. 2h 

0 /CF CF SO% H SO recovered 'c 1 2~~ (168) 
'-.... / ""- CH3 CN, RT 85% 

0 CF2-cF2 6 aays 

(168) 

SbF
5

. arctan 
-78·c to 

room temp. 

rapid tar 
formation. 

Only antimony pentafluoride was able to effect reaction and 

in this case the ketal (168) quickly decomposed to form an 

intractable tar. No formation of the target alkenone was 

detected. 

3.A.d With Ortho-aminopheno! 

Compounds (107) and (154) were treated with ortho-

aminophenol under the usual conditions with the expectation 

that oxygen-nitrogen heterocycles would be formed. 
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Unusually, ho~ever, the reactions terminated after initial 

aromatic ethorg (173) and (R11) re0pectlv~ly. 

_!{,2co3. q~3Qi'L~ 
room temp. 

CF .. ·.{;~O:o~ 
(6F 

2

)·~~ H N ~ 
2 n 2 

-
n=l ( 107) n=l (173) 22% 
n:::2 (154) n=2 (174) 98% 

The 0-H group competed effectively with -NH2 for reaction=at 

the .HXF site, a well established phenomenon for base 

induced nucleophilic processes (see section 1.C). 

Corresponding reactions with the sulphur analogue (ortho-

aminothiophenol) gave cyclic products, so failure of the 

oxygen derivative to cyclise under the same conditions is 

further evidence of the activating influence of sulphur. 

Ethers (173) and (174) decomposed rapidly, even at 

-15'C, presumably through successive reactions initiated by 

the free amino-group. However, immediate treatment of a 

crude reaction mixture containing (174) with triethylamine 

in boiling acetonitrile lead to isolation of cyclised adduct 

(175) in good yield. Assignment to structure (175) was made 

19 by clear evidence of a CF
2

CF
2

CF== group in the F n.m.r. 

13 and C n.m.r. spectra and an unsaturated nitrogen in the 

15N n.m.r. 

_g3 N, CH3~CN~·~=¢ ref lux, Bh 
~F=~-0~ 
(cF2Jn=-C~NN 

n=2 (175) 59% 

The preference for sulphur analogues of (174) to undergo 6-
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endo trig cyclisation hau been discussed earlier, but ~e 

vould have expected (171) to mirror the reactions of 

catechol, au lln both ca•zl?.l~:;~ the flyotern RflFC~ ---'Cr~4}~-~N\Jlc l1s 

being conoidored. Ho~evcr, the conditions employed In the 

present case are entirely different. Clearly, with elevated 

temperatures, (175) could be the product of thermodynamic 

control. Alternatively, with triethylamine as base 

alkenylammonium compounds could have been formed (see 

section 3.A.b). 

+F 

5-exo trig 
-F-(allylic) 

6-endo trig 
-F-(vinylic) 

------) 
-Et 3N. -HF 

Under the same conditions, perfluorocyclobutene derivative 

(173) simply afforded an intractable tar, thus providing 

further evidence of the supposed instability of the 

structure (176). 
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Treatment of (173) uitb eodium hydride as an 

alternative to triethylamine was not successful due to 

Niscellaneous nucleophile9 

Or tho-phenyLenediamine Unlike the previous aromatic 

difunctional derivatives, ortho-phenylenediamine did not 

give any tractable material on reaction with perfluoro-

cyclopentene under the usual conditions. This may be 

understood as it is not possible to remove all residual 

acidic protons by intramoleculaT dehydrofluorination 

processes. Further reaction of the cyclised adducts by 

participation of the ring nitrogens in intermolecular 

nucleophilic processes is therefore likely. 

/CF2CF 

CF2 II 
'cF2 CF 

v 
N-C CF 

I ~CF2 
N=-C-CF

2 
eg. (154) I 

+ (154) etc. 

l 

Benzamidine Benzamidine hydrochloride appeared to react 

smoothly with perfluorocyclopentene (154), in the presence 

of potassium carbonate and acetonitrile, to generate a 

product with a 'clean' 19F n.m.r. spectrum. Unfortunately, 

however, attempts at isolation were thwarted by significant 

tarring of the material on work-up. 
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Jl!, N' · ·diii!e_thj.(l.urea Clearly, one way to avo~cl lintramolecular 

the nitrogen by methyl substitution. Houovor, thlm aA~o 

under the usual conditions, only ntarting material wa§ 

recovered from the reaction between perfluorocyclopentene 
----

and N,N'-dimethylurea. Under more forcing conditions, ie. 

with sodium hydride as base, the only recovered material 

consisted of tarry matt~r. 

0 
I! 

MeNHCNHMe ? 

/CF2CF 

CF2 II 
'cF2 CF 

{154) 
____ N_a_H~·~r~o~o~m~~t_e_m~p~.> tar 

1,2-Ethanedithiol No pure material could be isolated with 

the title reagent and perfluorocyclopentene, reacted in the 

presence of potassium carbonate in acetonitrile, due to 

decomposition of the product with various work-up 

procedures. These include attempted sublimation, vacuum 

distillation, column chromatography etc. Further reactions 

of this nucleophile with perfluorocyclo-olefins were not 

pursued. 

2-Benzimidazolethiol This nucleophile is similar in 

structure to ortho-aminothiophenol with SH and NH groups. 

The reaction with perfluorocyclopentene afforded the adduct 

{177) derived from attack by nitrogen at the opposite carbon 

to the initial sulphur substituent, but by a particularly 



1.03 

dxsfavou:rcad _5_-cando tr:l.e; cycU§ation. 'fn:l.s c<Ould account for 

the lo~ yield obtained, as inte:rmoleculaF proce~§eg m~y have 

intractable mate~ial. 

3.A.f 

Fe- 2 K CO CH CN ~ I 2 CF 2 
+- II 'cF _· -·2- --:.3r'- -- ~3r - I - C· JS·~c:.,?" - J. ~ 

CF o:N CF~ 

Fe / 2 room temp. :--.,. / W ~._.,f 2 'CF ~:~CF,..,_.... 

Conclusions 

2 ~ H I 
intermolecular --F-(vin l) 

proccasses ! Y 

tar~ ~ 
N~ 
~-s-c-~- CF / /' \2 N-C 

( 177) \ ---CF 2 
3% CF2 

The results from this section may be summarised in 

the following scheme, in which:-

.c.ruil.!lOllnds underlined have been isolated, compounds 

not underlined are intermediates. 

The following letters refer to notes and reaction 

conditions as follows:-

a. K2co3 , CH3 CN, room temperature. 

b. Et 3 N, CH3CN, reflux. 

c. Et 3 N, Et 2o. -15"C to room temperature. 

d. 4-methyl. derivative 
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FC· - ·.Clr 

II I ~ 
FC~-~(CJF' ) 

2 lil 

/ ___ _ 

n::.;1 (107) 
n=2 (154) 

/ 
··F-(vinylic) 

/ 
~X=--w~-~F2 (178) = 

~YH FC-(CF2 )n 

aX-O.Y-NH [n-J{~~~~ 
d 

X"S.Y"iH X"S,Y"S X~O.Y=O "" 

-F·-(allylic) -F-(vinylic) 
5-exo trig 6-endo trig 

A. r--e---eF 
II I 

2 

A.r~-..C~~( CF 
2

) n 

a 
:K~ Y=NH n=:::.2. 
(162) 

[step 1] [step 2] 

1 ~ / X--C----cF ~x........,_c/cF lF ~ 
~Y/ '-....(cF2)n ~y·-~-~ -{!F:)n 

aX-0 Y-0 {n-1(167).2(168)l d,ax-s Y-S [n-1(155).2(156)] 

cX.,-J) Y-NH __[n-1 ,164) l 
X=O,Y=NH 

-HF (1,4) 
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A summary of the available information and concluslono are 

Eiven below. 

1. In the aboonco of mny clear driving force for 6·· 

membered rinE formation the gtoroochemicmRly favourad S·-axo 

tri~ cycllsatlon (§top 1) dominates. 

?.. If the initial substituent does not sufficiently 

activate the double bond (eg. intermediate {178), X=O}, then 

the least reactive group, -NH
2

, does not initiate 

cyclisation. 

3. Application of triethylamine at higher 

temperatures to uncyclised adduct {174) leads directly to 

six-membered ring compound (175). This is in contrast to the 

reactions of catechol and indicates that either 

i) the higher temperatures lead to the product of 

thermodynamic control, or 

ii) triethylamine forms an alkenylammonium salt with 

intermediate {174} and this further activates the relevant 

carbon to nucleophilic attack. 

4. Cyclobutene derivatives analogous to {161) and 

(175) are not isolated almost certainly as a result of the 

enhanced reactivity of the more strained system. 

5. With sulphur as the initial substituent {(178), 

X=S,Y:NH or S) the double bond becomes more susceptible to 

nucleophilic attack, as evidenced by 

i) Cyclisation occuring in all cases, including the least 

reactive amino-derivative ((178), x~S.Y=NH2 ) and 

ii) Formation of di-adducts (162) by a reversible attack of 

a second Ar-S-unit. 

6. All the molecules with sulphur as the initial 

substituent afford 6-membered ring compounds uia the less 
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favou~ed 6··endo t?i3 cycll§ation. This could be due to 

i) (tn aLL cases) the activation of the oppo5ite double bond 

carbon by stabilisation of the relevant inte~mediate 

:U.) (for (l'l§), X::§,Y,"§) the ability of second row elements 

(eg. sulphur) to undergo stereochemically less favoured 

cyclisations 
- --- -

iii) (in aLL cases) the possible participation of 

thermodynamic reaction control. This is especially unlikely 

for (1641 which is formed under particularly mild 

conditions. 

iv) (for (164)) the intermediacy of an alkenylammonium 

compound thus further activating the relevant carbon atom. 

7. Bis--amine nucleophiles are particularly 

unsuitable to heterocyclisation syntheses of this type as a 

result of the availability of further intermolecular 

reactions. 
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In this section reactions of alkene~ other than 

perfluoro-cyclopentene and ··cyclobutene uith bifunctional 

(127) and (141) are contained he1re because they b<ehave h1 a 

similar gay to the acyclic alkenes of this study. Reactions 

involving nucleophiles other than catechol were notably less 

successful with these alkenes because, frequently, 

complicated mixtures resulted wpich could not be purified. 

3.B.a 

Various fluorinated alkcnes were reacted with catechol using 

the standard conditions, eg. potassium carbonate and 

acetonitrile at room temperature. The results are summarised 

in table 15. 

Table 15 

Fluorinated alkenes with Catechol 

ALKENE PRODUCTS 

CF 

~o--t~CF2CF3 

V.o fC~F3 
........._c~ 

(179) 49% 'cF3 

+ 2 other c
14

H
4

F
14

o
2 

isomers (total 29%) 



CF 
3 'c~ :CFCF~ 
/ .j 

Rf ( 83) 

N.fr :-: CC1r'3 ( C2JF' 5)? 

l'--LF 
{141) 

{141) 

CF
3

CF CF
2 

( 1 ) 

CFCl--::CF 
2 

{50} 

108 

(127) 

o-~c~ 
'C· 

0 / 
"'-cFCF

3 
( H~O)GGZ 

" (181) 
75% 

The less electron deficient alkenes 

{182) 
38% 

hexafluoropropene (1} and chlorotrifluoroethylene (50) gave 

products derived from addition rather than substitution 

processes. This is well understood as the corresponding 

intermediate carbanions are more basic than higher 

substituted analogues. 
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eg. 

( U14.)X::Cl 

( H32) Xc~CF 
3 

and (1~7) all afforded seven-member~d ring product§. 

i) TFE T¢:9tram_er In the presence of fluoride ion 

this alkene (B~) generates low concentrations of isomers 

208 
(185) and (186) which are very much more reactive than 

their precursor and are preferentially selected by 

nucleophiles. 

eg. with ethytamine in the pr~~ence of CsF 

att mixtures E/Z isomers 

CF3~F:--.. ,......CF 3 "c---cF 
F C2F5 /CF 2 ~~===--, 'FC--c/' 

CF,...... 'c F 
3 (185) 2 5 

reaction rates k
3 

>> k
2 

>> k
1 

CF,.. 'c F 
3 ( 186) 2 5 

NEt 
II 

c2 F5 ,......CF 
'c c 

CF,. 'c F 
3 2 5 

equilibrium concentrations ((82)] >> [(185)] >> [(186)] 

The final product distribution is governed by a combination 

of the relative reactivities of the isomeric alkenes and 

their equilibrium concentrations. 



no 

~hen (82) was reacted with catechol in the presence 

of pota9~ium carbonate the major product derived from the 

parent alkane (82), but minor isomero were observed uhlch 

could not be separated by proparativ0 scalR g.l.c. Clearly, 

(179) occured uta initial displacement of allyltc fluorine 

(no vinyl fluorine) from the ~~f~ site rather than the less 
--

preferred ,~F 3 . Intermediatce (187) is then able to cyclise 

through an 'allowed' 60 7-endo trig process, with loss of 

uinylic fluorine. During this reaction hydrogen fluoride is 

eliminated which then reacts with potassium carbonate to 

give potassium fluoride. The (now) available F is able to 

generate small concentrations of the other isomers (185) and 

(186) which could then lead to alternative cyclic products. 

(82} -F 
~Tvinylic) ( 179 ) 

Confirmation of the participation of the isomers (185) and 

(186) is provided by the result of using lithium carbonate 

as base. Lithium fluoride formed during the major reaction 

is a far poorer source of fluoride ion than potassium 
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fluorlde 209 and, therefore, ~e might expect a reduction in 

the concentrationa of (185) and (186). The ratio of product 

(179) to competing igoillors increases from 1.7 to 3.8 on 

moving to Li~C0 3 as base. 

BASE %[179) ~other: ~11R4E14Q2 ( 179}_;Q_t_her~s. 

K
2
to3 49 29 1.7 

Li
2

Co
3 57 15 3.8 

A product analogous to (179) has been reported for 

210 the reaction of (82) with ethyleneglycol. 

ii) }FE Pentamer (83) (83) Reacted with catechol 

to give compound (180) apparently via primary displacement 

of allylic fluorine and ring closure through substitution 

for uinylic fluorine. However, the loss of allylic fluorine 

in preference to the available uinylic site is slightly 

unusual, especially uhen the unstable terminal 

difluoromethylene intermediate (188) would result. It is 

more likely that preferred intermediate (189) was formed but 

did not cyclise since high energy derivatives (190) and/or 

(191) would have been produced. The fluoride ion available 

in the reaction medium could then have induced a low. 

concentration of the more reactive isomer (188), (see 

previous compound) and ring closure through (188) pulled the 

equilibrium through to product (180). 



O=OH ·} 

OH 

~Uyltc. F 

~ 

-uin.yU.c y 
/ 

F 

-F (vinyLic) 

H p 0 
FC~ I 

"'c--cF 

(191) 
R{ '-cr 

(180) 3 

iii) Perfluorocyclobutene dimer (141) The title 

alkene reacted with catechol under the usual conditions to 

produce seven-membered cyclic adduct {181}. The mechanism 

for this process is unclear. {141) Could have undergone 

substitution for aLLyLic fluorine to give {192) followed by 

cyclisation by displacement of a second aLlyLic fluorine 

(sequence A. scheme below). Alternatively. the uinytic 

fluorine could have been substituted first and the resulting 

alkene isomerised to produce internal alkene (192). It is 

also probable that the other dimer of perfluorocyclobutene 

(127) was generated in the reaction mixture; this isomer is 

- 211 present in all F equilibrated systems involving (141). 

Indeed, reaction of a 1:1 mixture of (127) and (141) with 

catechol afforded a good yield of the adduct (181) as the 

sole product. 



-F 
(utnyU.c) 

I 
OOH 

OH 

J.:l3 

·~ - ----~ 

equal qua.nti~Ctes 
and reacttvltfctef> 

·~f 

(al.!yl.ic) 
(s!cep A) 

~=)> 
<l ("OH ... 1 
[if~ 

( 192) 

-F 

OOH 

OH 

__Q 
/ 0 .QH 

m~ 

{181) 31% 

Taylor has isolated similar adducts using ethyleneglycol 

with the perfluorocyclobutene dimers {127) and {141). 160 

3.B.b With di-1ithio catechol 

In an attempt to avoid saturated adducts with the 

simpler alkenes {1) and (50), the dilithio-derivative of 

catechol was employed in acetonitrile solvent. This was 

generated by the dropwise addition of n butyl lithium at 

-7S"C to catechol in ether, but ether itself was found to be 

a poor solvent for the reaction. 

With the less reactive alkene (50) no tractable 

material could be obtained on several attempts but 
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hexafluoropropena (1) afforded t~o products (193) and (194). 

Conditions: Di .. Lithio catechol. -:- CH
3
CN? aLkene , room tem.p. 

ALKENE 

CF
3

CF::::CF
2 

( 1 ) 

FClC :CF2 
(50) 

PRODUCT 

0 /CF3 'c. -.-=c 
/ \. 

0 F 
0 CF 3 \. / . 

CF-c-H 
/ \. 

0 F 

None isoLated 

(193) 
54% 

(194) 
29% 

The unsaturated cyclic ether (193) resulted from 

successive displacements of vinylic fluorine from the most 

reactive terminus of the olefin. In addition, the 5-exo trig 

cyclisation is preferred over the alternative 6-endo trig 

ring formation. The saturated cyclic ether (194) is formed 

from common intermediate carbanion (195) via proton capture, 

probably from solvent. Small quantities of material 

corresponding to C5 H
2

NF 5 can be observed in the crude 

product liquid by g.l.c./m.s. and are probably due to 

participation of the acetonitrile carbanion. 



0 .. /l 
o-0 -:- CF :~-=cFCF ·- --
0- 2 3 

( 1 ) 

CH CN, room . ·3· .. - -·--·~--------~ 
temp. 

-F-(uin.y'l.ic) 

+ +H (from. 
CH3CN) 

CF· ~..CHFCF 
3 Oo, 

0/ ( 194) 

;iscellaneous Nucleophiles 

i) With TFE tetramer (82) Various nucleophiles 

other than catechol were reacted with (31) but, due to 

either significant tar formation or difficulty in isolation, 

pure products could not be obtained. Table 17 records the 

information. 



CH3CONH~ 

NH 2CONH:). 

NaH,dloxmn room tGmp. 

!) K
2
co

3
• t~traglyme, 33"C 

~ii) K
2
co

3
, THF, reflux 

iii) K2co3 • 1,4-dioxane 

MeNHCONHMe NaH,te~raglyme, room temp. 

~H2 
PhC,NH.HCl K2co3 ,cH3CN, room temp. 

-

multicomponent 
product + (82) 

(82) 100% 

compound tarred 
on '\'!ark-up 

unstable white 
solid + others 

{82) recovered 

{82)20% +number 
of other 
components 

(82)39% + 
complicated 
product mixture 

> 5 compounds 

multicomponent 
product 

This series of results serves to illustrate the considerable 

difficulties that may be found in some heterocyclisation 

methods. 



fluoride induced dlmeriu~tlon ln the mbm®~c® of any 

agitation. Efficient agitation leads wholly to the 

thermodynamic dimer (29), and so very simila! procedures may 

be operated in the synthesis of both isomers. 

CF3CF =cF2 ? CsF/CH3CN 

( 1) 

(CF ) CF. 
~~r_o.;..o.;..m __ t~e_m~p,.__. ~-> ~ 3 2 ~ C ::CFCF 

3 
F ( 196) 

or 

(CF ) c= --cFC F 
3 2 2 5 

(29) 

Compound (196) is an analogue of the cyclic alkenes 

described in section 3.A but no tractable material could be 

isolated on reaction with ortho-aminophenol in ether with 

triethylamine as base. Similar reactions were observed with 

isomer {197) a trimer of tetrafluoroethylene (see 

experimental section). 
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CHAPTER fOUR 

fLU~~QCARBANION§ 

4.A INTRODUCTION 
-

STr1ce the pion-eering work of Miller many years ago 

reactions involving fluorocarbanions have occupied a central 

role in the reactions of unsaturated polyfluoro-compounds. 

Olah and co-workers made a huge contribution to Chemistry 

with their studies relating to long-lived carbocations in 

the hydrocarbon field, 212 but at the onset of our work 

relatively few reports were available on studies of long 

lived carbanions in fluorocarbon systems. The purpose of 

this section is to review progress in this area up to the 

point at which we initiated our work. 

4.A.a Long Lived Carbanions 

i) Ylids 

Probably the largest class of highly fluorinated 

'carbanionic' species which have been directly observed are 

213 ylids. Many have been obtained by the reaction of 

fluorinated alkenes with tertiary phosphines, amines or 

arsines although other methods are available, 

"-.. {) /.F ~. 
c c ¥ + PR 

/ ' 3 

I I 

R P C--cF 3 ( 198) I 



119 

Some examples are contained in Table 18. 

?RECU~SOit 

,.-~cF 

(CF 2) II 
'5:..-~CE 

n= 1,2,3,4 

CF3CF CFCF3 

CF 2Br 2 
+ -[BrCF 2 PPh3 ] Br 

CFBr 3 

YLID 

/~_ 

(C~~~!R3 
eg. R:....:Bu 

CF
3

CF
2

<;-PBu
3 CF3 

,...---.---XPh
3 

F X=N,P 

" (X=As) 

CF2-PPh3 

214 

~15 

216 

217 

218 

219 

In keeping with known factors affecting carbanion 

stability, ylids which would require a fluorine atom a to 

the anionic site are generally not formed by usual methods; 

in the case of phosphorus compounds fluoride ion recombines 

211 with the positive heteroatom to yield fluorophosphoranes. 

Alternative routes to a fluoroylids are available which do 

not produce fluoride ion in the reaction medium.
218

·
219 

With 

heteroatoms such as phosphorus, which are able to expand 

their valence shells, contributions such as (198) greatly 

enhance the stability of the salts. In examples with 

particularly unstable carbanion centres, eg. CF2--PPh3 . the 

alkylidene phosphorane form, eg.(198), is almost certainly 

the dominant contributary structure and the question arises 
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as to ~h~ther such materials should b~ regarded as 

carbanions. Ammonium ylids do not hav~ an availabl~ 

r~sonanc~ ~nt~raction and th~ salts ar~ notably l~ss stable. 

Th~ ylids described in this section often undereo reactions 

typical of fluorocarbanions, they are isolable and may be 

studied by a variety of spectroscopic methods including 
19

F 

n.m.r. 

ii) Other Mesomerically stabilised observable 

fluorocarbanions 

Fluorinated allenes are highly electrophilic and 

react readily with nucleophiles via formation of 

intermediate carbanions (specifically allyl anions). Workers 

from Knunyants' group have reported 137 the interaction of 

caesium fluoride with the tetrakistrifluoromethyl allene 

(199) in diglyme with warming, which leads to the formation 

of the salt (200). 

(CF 3 ) 2C C C{CF 3 ) 2 
(199) 

CsF, diglyme 
35 c 

Cs+ 

) {CF3 ) 2C~i~C(CF3 ) 2 
I 

(200) F 

Attempts to isolate the salt (200) resulted in regeneration 

of the precursor allene. However, (200) was stable in 

solution up to 150"C and could be readily observed by 19F 

n.m.r. 

Recently, the extremely stabilised 

bis(trifluoromethyl)fluorosulphonyl carbanion (201) has been 

claimed220 through both deprotonation of the conjugate C-H 

acid (202) and fluoride addition to terminal 



difluoromethylene compound (203). 

( CF 3 ) 2cxmo~l 

(202) 

CF
2

: T(CF
3

)s0
2

F 

(203) 

CsF 

{­

.. ~ (CJF'3}2CS02F HNR3 

(201) 

equiLibrium whoLty to right 
by n.m.r. with> 1.5 eq. NR

3 

(CF3 ) 2cso2 F Cs+ 

(201) 

equiLibrium whoLLif to right 
by n.m.r. with 1.0 eq. CsF 

Again the carbanion may be quenched with a variety of 

1 t h 'l d 1 b~ obsQrv~d by 19F h' h e ec rop 1 es an a so may v ~ ~ n.m.r. w 1c 

gives a well coupled spectrum. 

Fluorinated heteroaromatic compounds are also highly 

reactive towards nucleophiles and derivatives of 1,2,3-

triazines were shown, by workers from these laboratories, 221 

to form solution stable complexes with caesium fluoride. 

sulpholan 
a-compLex 

room temp. 

(204) 

19F 1 · b d d n.m.r ana ys1s at room temperature gave roa ene 

spectra consistent with the a-complex (204) 

with no evidence of starting material, but also indicative 

of a system undergoing exchange. Cooling to o·c dramatically 

sharpened the spectrum, ie. exchange kinetics were slowed to 

a point where they became insignificant on the n.m.r. 
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timescale. 

The title compounds are knoun to be int~rmedlates in 

the reactions of unsaturated oTganofluorine compounds with 

fluoride ion, a class of reactions now comprising a large 

proportion of the fluorine literature. However, there have 

been only a few reports of direct studies on the 

intermediates even though we have subsequently demonstrated 

that some are readily produced and stored for long periods. 

Table 19 Long-lived perfluorocycloalkylcarbanions222 

Conditions: alkene + CsF/DMF, room temp. 

ALKENE CARBANION 

F ~ (127) 

F 

LiJ [!] 
G- LiJ 

(141) 



1~3 

One of the first reports of direct observation of 

long·-lived perfluoroalkyl carbanions pas produced in these 

222 
laboratories with a variety or perfluorocycloalkene~. A 

mixture of some eJ.ectrophilic cyclic alkenes and ca'"sdnm 

fluoride dissolved in DMF or tetraglyme to produce coloured 

solutions. These were shown by 19F n.m.r. to contain no 

starting material and the spectra were consistent with the 

relevant carbanions (see Table 19). The dissolved carbanions 

could be quenched with a variety of electrophiles to give 

characterisable products with virtually no reversion to 

precursor alkenes. 

In 1981. Russian workers reported the use of 

. 223-225 a-fluoroalkylam1des as new sources of non-hydrated 

fluoride ion. N,N,N' ,N'-Tetramethylformidinium bifluoride 

(205) reacted with fluorinated alkenes 225 by both addition 

of fluoride ion and hydrogen fluoride to the double bond. 

The resulting mixture, therefore, contains both the relevant 

carbanion (206) and its conjugate C-H acid (207). 

[(Me 2 N) 2CH]+HF; + 2~C C~----~ 
(205) 

+"- -/ ' I [(Me
2

N)
2

CH] CF--c + CF--cH 
/ ' / ' (206) (207) 

Carbanion (206) competes for the proton on {207) and the 

system is too dynamic at room temperature to observe the 

discrete species. However, cooling between -50'C and -lOO'C 

leads to resolution, 19 in the F n.m.r., of the resonances 

corresponding to (206) and (207). 



Conditions: (205) ~ alkene, room temp., CH 3CN 

11' CF ' c:-:- :::CFC F \. 3'2 2 5 
(29) 

CCF 
3

) 
2 

c:-,.:::c;F 
2 

(4) 

J?11WlJlJlUCTS. 

H 

(CF3 )~C~-~3F7 ~ (CF3 )
2
t. c 3 F7 

It has been known for some time that 

perfluoroisobutene (4)
130 

and hexafluoropropene dimer 

136 
(29) form stable complexes with caesium fluoride in 

suitable solvents. Curiously, however, spectroscopic studies 

of these materials were not presented in the open 

literature. A report of the 19F n.m.r. of 

CF 2 =c(CF 3 )
2
/CsF/diglyme system is made in a review 

. 1 130 . h. h b d . 1 50 art1c e 1n w 1c a very roa s1ng e resonance at ca. 

ppm (upfield from CFC1
3

) is observed. Since this spectrum is 

also produced by the addition of a deficiency of ·caesium 

fluoride and in the light of our recent studies this clearly 

results from a rapidly exchanging system not containing 

t solely the perfluoro butyl carbanion (101). 

4.A.b TAS-F (208) 

During the course of our ~ork we became aware of a 

similar investigation by ~orkers from Du-Pont using 



trisdimethylmminomulphonium trfmethylsilyldifluoride (~08), 

or TAS-F for short, as a potent eoluble fluoride ion donor. 

saltn, Including tho title compound, ~ArA wAported in 

1976. 226 TAS-F its0lf is readily synthesised by the reaction 

of an ethereal solution of sulphur tetrafluoride with N,N-

dimethyltrlmethylsilylamine, initially at low temperatures. 

The resulting white solid may be stored under dry nitrogen 

in glass apparatus and uDed_as required in acetonitrile 

solution. 

-78'C 

UE_t_2o. 1 > -1s · c~~ 
ii} 25'C 

-78'C 

We have operated the synthesis of TAS-F using this 

procedure on a number of occasions (see experimental 

section) and have found that, for the scale of material (ca. 

5g) we required, the use of a Schlenk tube {for both 

manufacture and storage) facilitates the use of dry nitrogen 

and vacuum essential for the handling of the material. 

TAS-F has been employed ~n halogen exchange 

. 226 l 1 h f (1 ) reactions, as a cata yst n t e group trans er iving 

227-229 polymerisation of acrylate monomers, as a reagent for 

230-235 desilylation reactions and recently with unsaturated 

polyfluoro-compounds. Hiyama and co-~orkers have used TAS-F 



in the de .. si~ylat:ion of t1rH'~uorov:inyl §:!lanes and obtained 

conjugated polymers containing the ~i~luoroacetylene monomer 

. 235 
un:t t. 

CF2~.~lCf§:I.R3 
[235] 

TA§ .. F 

------~-9 ~[ ~( CF _-:; ::CF )~( CF CF) <C~ }-· 

X 21 !J 

SiR3 

Since the start of our work the Du-Pont workers have 

brought out publications on the synthesis and 

characterisation of TAS-·fluorinated allyl and heteroallyl 

compounds,
236 

TAS-fluorinated alkoxides 119 and very recently 

on TAS-fluorocarbanion salts. 237 In the first case, TAS-F 

was added to trifluoromethyl substituted allenes, ketenes, 

y 
thioketenes and isocyanates to produce TAS salts of the 

relevant allyl and heteroallyl derivatives. 236 

Table 21 236 Synthesis of TAS/allyl and heteroallyl salts 

Conditions: electrophile + TAS-F, THF, o·c 

ELECTROPHILE 

{CF3 ) 2C C '{ 

Y=O,S 

Rf-N c==o 
n Rf=CF3 . c3F7 

ANION 

The systems were examined by 19F n.m.r. spectroscopy which 

was used to calculate rotational barriers in the products. 

Carbonyl difluoride was reported to react with 



quality. The trlfluoromethoxida ion ~as sho~n by the 

bonds and an u.nnsnally s.;ho:rt C··O bond. '"fh~§ h8.S been u.sed to 

infer substantial contributions from negative 

hyperconjugation to the crystallographic environment of 

CF
3
-o and constitutes by far the best evidence so far as to 

the structural importance of the effect. 

1.227~ 

~ ---'> 

1.395~ 

Compare:·· 

C-F 1.32~ 

c--o 1.37~ 



The alkaneg ~bleb were used frequently in this study 

are shown in Table 22 (balow) to~ethar with thair method of 

preparation. Most were available through simple 

oltgomerisation procedures, as described in Chapter One. 

Table 22 

ALKENE 

~ources of fluorinated alkenes 1 

(127) 

(141) 

METHOD OF PREPARATION 

~ . pyridine, RT 

. CsF, DMF. 150'C2 

08 

pyridine, 
RT 

2 
, CsF. DMF, 

so·c 

[160] 

[160] 

[160] 

[160] 

2 
~ ,CF3CF CFCF3 . CsF, DMF, [160] 
Lj RT 



.D. --_:c { Clf ) "v- 3-2 

C F fCf )C~ CFCf ?,- 5 ~ 3 ' 3 
( :U:rt) 

Rf (CF 3 )C~-:cFCF 3 
Rf=CCF3 (C2 F5 ) 2 (82) 

(CF3 ) 2C CFC2F5 
(29) 

(CF
3

)
2

CFCF CFCF
3 

(196) 

< j 
,! 

2 
F !J . CF 2c:-~CFCF 3 , C.:;F, ~~~F, 

3 

3 

CF 2 CFCF3 . CH~CN, CsF, RT 
with agitation 

CF 2 :CFCF3 . CH 3CN, CsF, RT 
no agitation 

CF 2 HdCFCF3 . Ni tube, 650"C~ 

[160] 

[15~] -

[238] 

1. Perfluoro-propene, -cyclobutene and -cyclopentene (and 
the fluoroaromatics) are commercially avaiLabLe and are 
routineLy synthesised by technical staff. 

2. Performed by Dr. G. Taylor (these laboratories). 

3. We acknowledge a kind donation by ICI plc (Mond Division) 

~- Perftuoroisobutene (4) is extremeLy toxic by inhalation. 
Rigorous time consuming precautions incLuding complete 
containment in a vacuum line and efficient fumes bood and 
the wearing of breathing apparatus were considered 
essentiaL for the handling of this materiaL. 

We are indebted to Nr. T. F. Holmes for help during this 
experiment. 
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complexes ulth fluorinated alkanes and cae~lum fluoride. 

Virtually none of these observations have been supported by 

spectral observations which could be attributed to the 

respective carbanions. We are now able to report that by 

simply choosing the best solven~ many perfluorocarbanions 

are available. Chambers and Taylor (these laboratories)
160 

obtained observable cyclic fluorocarbanions by stirring the 

alkanes with caesium fluoride in DMF solvent at room 

temperature. In the current investigation, tetraglyme was 

found to be the superior solvent ie. CsF/DMF did not 

generate appreciable concentrations of anion {220) on 

prolonged contact. Simply stirring the alkene precursor with 

dried and ground caesium fluoride in tetraglyme at room 

temperature lead to sometimes total dissolution of the 

normally insoluble starting materials and formation of 

brightly coloured transparent solutions. These could be 

removed, 19 13 studied by F and C n.m.r. and then used for 

further reactions. If care was taken the perfluorocarbanion 

solutions could be stored indefinitely under dry nitrogen 

and used as stock solutions when required. 

160 It is important to note that Taylor has 

demonstrated that, with the most readily available cyclic 

carbanion (209), one molecular portion of caesium fluoride 

is dissolved for each portion of the alkene (127) and all 

the carbanions described In this study afforded clean, well 

coupled, characteristic spectra containing no trace of the 



precursor materials. De can conclude, therefore, that o1th1n 

the limite of detection, the Qytern8 are Dholly ln the form 

of tho roopoctivo mn1ono. Tho opoctroscopic proof and 

trap~ing cxperi8ento of the carbanion structures ullJ hp 

'fab~e 23 Generation and attempted generatiQrr_of caesium 

p~rfluorocarbanions 

Conditions: alkene + CsF ~~m temp_._~ carbanion- Cs+ 
solvent 

solution 

_t;_~_!:_raglyme DMF 

(127) 

tetraglym_~. DMF 

(141) 

t e trag l yme Dl\fF
2 

tetraglyme DMF2 

CARB~~ION 

F 

l~-~J-<~ 

(209) 

F 

[~ 



Cf : :C(CF ) (4) 
? 3 :J. 

c
2 

F 
5 

( CF 
3

) C:--:cFCF 3 t e trag l_ym_e. Dl-1F CH3 CN 

(107-} 

(CF
3

)
2

C ::CFC
2

F
5 

tetraglyme Df.Jf CH
3

CN 

(29) 

CF 3 Rfc:.:-.cFCF 3 (83) tetraglyme CH
3

CN 

Rf=CCF3 (C2 F5 ) 2 

c2F 5 (cF3 )C~~(CF3 )C2 F5 
(82 ) 

2 tetraglyme DMF 

tetraglyme 

1. SoLvents toLerated are underLined. 

(C
2

F
5

)
2

CCF
3 

(;).;).0) 

(CF3 ) 2cc3 F7 
(221) 

CF3 Rfcc2 F5 
(222) 

not formed 

not formed 

2. Systems studied by Dr. G. TayLor see ref.[160]. 

Several observations are worthy of note in this section of 

work:-

a) Under no circumstances have any long~lived a-

fluorocarbanions been formed ~ith the CsF/tetraglyme system 

(or any other F source reported to date). This seems to 

reiterate the known destabilising effect of fluorine bonded 

directly to an anionic centre (see Chapter One). Hence, all 

the perfluorocarbanions described in this section have a 

Rf 3c structure in which a fortuitous combination of 



electronic ~tabilisation and sterlc hindrance to further 

reaction, ie. olieomerisation, are found. 

CJF' . Y"'(Cf ) (CoF)~K .'""--, (CF ) C ~_(4.)_ k 
otigom.ers eg. ) ., .r:»' -~ ~ r ~ 2 ,_- 3 3 "'('~} J 

persistent 

CF :___::cFcF (qs£J --~~---. (CF 3 ) :/~F (1 J k 
otigomers ·- - -> 

?. 3 ~ -· 

( 1 } ~ran.sient 

For (4). K large and k slow 

For (1), K smaller and k faster 

b) Unusually, internal alkenes which are not 

connected to a four-membered ring have never been induced to 

generate significant concentrations of the respective 

carbanions even though they possess favourable tertiary 

structures. Thus compounds {83) and (128) (see Table 23) 

appear unaffected by stirring with caesium fluoride in 

tetraglyme at room temperature. 

It seems likely that, in these cases, the initial 

state energies of the alkenes are sufficiently low (see 

Chapter One) to bias the equilibrium in favour of the 

starting materials. 

E 

initiaL state energies 

CsF 
Alkene 

K 

carba.nion 

carba.ni.on prods. 

Only when the olefins possess vinyl fluorine atoms or small 



rings to raise their Initial energy ~Ill the equilibrium 

favour the required carbanion. 

c) Solvents tolerated by the caeGlum 

perfluorocarbanion na~tn appear very limited and tho reason 

for this is not entirely clear. The two solvents ~hich have 

been successful in this study, tetraglyme and DMF, are 

unfortunately particularly involatile and attempts made to 

isolate cryfitals of high quality from (221), (220) and (209) 

by various methods have not been profitable. Simple cooling 

of solutions of (221), (220), and (209) down to ca. -40"C 

did not produce any solid material. In addition, controlled 

diffusion of a non-solvent (toluene) into a tetraglyme 

solution of (220) only served to regenerate precursor alkene 

(197) and caesium fluoride. 

d) The solution of the perfluorotbutyl carbanion 

(101) was one of the most concentrated of those made in the 

study as evidenced by the short period required to 

accumulate a high quality 13c n.m.r. spectrum. Simply 

cooling the solution to about +15"C lead to the formation of 

needle like crystals which, in time, resulted in almost 

complete solidification of the mixture. Residual solvent 

could be removed by pipette under a nitrogen plume and the 

resulting solid readily re-dissolved in tetraglyme to 

produce an identical carbanion spectrum. The precursor 

alkene (4) is a gas at room temperature (b.p. ca. 5"C) and 

had it been present ~ould have been driven off during the 

procedure described. Since caesium fluoride is almost 

completely insoluble in the solvent and no solid residue was 
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observed in the Jre··dissolution 11e can conclude that this 

constituteD th<21 iBolation oft m .s~qjj.J! perfl.uoroalkyt caesium 

salt ~ith no detectable rovoruion to alkene and cuegiuQ 

fluoride. As far as ue are a~are, this fg the f~rot reported 

case of §uch an observation ~ith a saturated 

perfluorocarbanion. Similar observations have been made with 
~- ~ - - - ~ - ~ 2 2 i 

Meisenheimer complex (204)(see page 121) · which could even 

be isolated as a glass by heating the relevant aromatic 

compound with caesium fluoride ~n the absence of solvent. 

ii) Potassium fluoride 

Potassium fluoride is a poorer fluoride donor than 

caesium fluoride and was only effective in our systems with 

perfluorobicyclobutylidene (127). Notably, the relatively 

readily available alkene (29) did not generate substantial 

concentrations of the respective carbanion (221) with KF in 

both DMF and tetraglyme and in the presence and absence of 

added 18-crown-6 ether. 

iii) Tetrabutylammonium fluoride 

In our search for new soluble fluoride sources which 

would provide different counterions for the 

perfluorocarbanions we occasioned by literature claims that 

commercial tetrabutylammonium fluoride (TBAF) trihydrate 

239 could be 'dried' without significant decomposition. The 

resulting oil was found to be a material of high fluoride 

ion activity in halogen exchange and base induced reactions. 

Clark and co-workers240 even claimed long-lived Meisenheimer 

complexes by fluoride addition from TBAF to activated 

aromatic compounds. 



1'BAF 

239 
Closely followinE the literature procedure, we subjected 

commercial Bu
3

NF.3H
2
o to high vacuum at temperatures between 

40 and 45"C for 24 to 48 hours. In our hands the sample thus 

treated lost a variable proportion of its original weight 

(lit. 239 20%} up to about 50%. Clearly, in these cases 

significant decomposition of the fluoride had occured, most 

probably by the mode reported by Sharma and Fry.~41 

40-70"C nB NF immediate E2~ u4 eLimination 

nBu
4

N+ 

n 
Bu3 N 

[241] CH
3

cH
2

CH=cH
2

j 

Nevertheless, the resulting oils showed high fluoride ion 

activity in the oligomerisation of hexafluoropropene in 

acetonitrile at room temprature to give predominantly 

trimers and higher oligomers. In addition, an immediate 

reaction was noted between alkene (29), which is a stable 

carbanion precursor, and an acetonitrile solution of the 

dried TBAF. The resulting straw coloured solution afforded a 

curiously broad n.m.r. spectrum clearly not containing any 

of the desired carbanion (221). However, reduction of the 

solution volume by application of vacuum lead to 

considerable sharpening of the spectrum which then bore a 

58 
striking resemblance to that reported by Ishikawa for 

alkenylammonium derivative (55}. 
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4§.3 !15.0 79.§ 

CF3 /Cf~~ CF3 
'-c~-:-~--=c / ,-}, 

CF N~t3 
3 

53.9 [b§]{55) 

not formed 

(CF3 ) 2cc3F7 

Compound (55) resulted simply from contact of triethylamine 

in acetonitrile with (29) 58 and it is almost certain, 

therefore, that large amounts of tributylamine in the 

'dried' TBAF lead to the product assigned the structure 

(223). Similar observations were noted for isomeric alkene 

(197) and an unusual spectrum was obtained for 

perfluorocyclobutene. In none of the cases in the study were 

carbanions identified and the reactions of TBAF were not 

persued further. 

Table 24 Reactions between 'anhydrous' TBAF and 

fluorinated alkenes 

ALKENE 

CF 2 CFCF 3. ( 1 ) 

0 (107) 

(CF3 ) 2C CFC2 F5 
(29) 

DESCRIPTION OF REACTION 

Majority of material oligomerised: 
predominant isomer-trimers. 
evidence of (CF3 ) 2C C(C2 F5 )NBu3 in 
solvent. 

unidentified crystalline solid formed. 

Almost quantitative conversion to (223). 

c2 F5 (CF 3 )C CFCF3 n.m.r. spectrum consistent ~ith 
( 197 ) C2 F5 (CF3 )C CCF3~Bu3 ca. 50% 

CF3 (C2 F5 )c C(CF3 )C2 F5 Immediate exothermic reaction but 
(82) only (82) recovered (83%). 



iv) Qi_th 'Jf_A~:-F. As, s;oon ao VIe became avJaJ.re of claims 

f h ~ h ~1 il~ ~ ~ 242 ~ TA~ F ~ :!. l or a Ag ! uor ~e actAVAty !rom H~- anu potent a use 

In polyfluarinated electrophiles ue undertook to generate 

9tudy. IID parallel '\71th this '\7orkoJr:EJ f1rom Du··Pont made a 

similar investigation and published their res,ults very 

- 237 
recently. 

Table 25 Ge~erattgn and attempted generation of stable 

fluorocarbanions usiXliL.!_A~-:-F 

Conditions: Alkene ? TAS-F 

~(127) 

[!] (141) 

(214} 

(128} 

CH CN 
~-~-~r~o-o-m~·¥-e_m_p-.--~ 

PERFLUOROCARBANION 

F 1 

LiJ (209) 

1 

(215} 

(224} 

1 
c2F5 (CF3 )CF~(CF3 )c2F5 (225) 

not formed in our hands 

(C2F5 ) 2ccF3 (220) 

1. Also recently produced by workers from Du-Pont see refs. 
(237 and 243]. 

The mode of action of TAS-F with a fluoride receptor 
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The volat1le trimethy!fluowosilane fra~ment appear§ to act 

as a fluoride ion carrier and is ejected on fluoride 

- -- -..-;-
donation. Compound (Me

2
N)

3
s F . as opposed to the 

hypervalent silicon compound (208)(TAS-F). is not available 

and atte~pts 244 to isolate it have so far been unsuccessful. 

Clearly, on loss of Me
3
SiF, the simple reverse reaction, ie. 

loss of fluoride ion from the substrate, is no longer able 

to take place and this may be partly responsible for the 

claimed high F activity of TAS-F. It is also noteworthy, 

however, that this may negate the application of TAS-F in 

the mass of reactions of synthetic utility which require 

fluoride ion catalysis. 

The generation of caesium perfluorocarbanion salts 

in solution is particularly insensitive to reaction 

stoichiometry. Thus a large excess of either the alkene or 

caesium fluoride does not appear to affect the spectrum as 

the excess material is not soluble in the relevant solution. 

This is not the case with TAS-F and the first observation we 

made was that very broad spectra of the perfluorocarbanions, 

especially for resonances corresponding to ~-positions, were 

19 
generated when the reagent was used in deficiency. The F 

n.m.r. spectra on page 140 show the result of the addition 

of excess TAS-F (upper spectrum) and a deficiency of TAS-F 

(lower spectrum) to hexafluoropropene dimer {29). A clearly 

coupled sharp spectrum is evident in the former case, 

whereas in the latter case coupling is absent and resonances 



1 

a b d 

c 

~-

9====~~~····.·==~~~0==~~~··==~1~ 
tOO 115 ·ppm 



attrjbuted to groups adjacent to charEe are severely 

broadened. Also, uith excens alkene ue were surprised to 

find that all th0 alk~no vas taken up lnto solution. The 

moDt likely explanation for this phenomenon is that rapid 

than a single molecular equivalent of alkene in solution and 

itves the-observed n.m.r. spectrum. 

This could involve some form of bridged fluoride species 

akin to the iodinides isolated recently by Chemists from Du-

p t 
245 

on . 

+ (Me
2

N)
3

S 

(CF 3 ) 3C + (CF 3 )
3

CI 

+ (Me
2

N)
3

S 

[CF
3

) 3 C .... I .... C(CF 3 ) 3 ] 

When experiments are being planned which require a 

deficiency of the fluoride source it is worthwhile to note 

that obvious problems are to be associated with the TAS-F 

salts which are not found with the caesium analogues. 

Addition of excess TAS-F in CH
3

CN, however, leads to 

efficient generation of the perfluorocarbanions and affords 

clean well coupled spectra, as observed with CsF. 

Furthermore. alkene (128) which does not give an appreciable 

concentration of the carbanion {224)(see Table 25) with 

caesium fluoride does do so ~ith TAS-F. We have been unable, 

in repeated attempts ~ith different conditions, to ob§erve 



the perfluorocarbanion (225)(see Table ~5) but the Du-Pont 

23'( 
workers clairnJ this spacicw ~~ formed in a manner 

identical to the othero. One curious feature of th0 n.m.r. 

fluorinated alkenes is that the e~cess TAS-F cannot be 

readily observed in the 19F n.m.r (o 59.2 ppm); the only 

extra resonances in the spectra being broad signals around 

150 ppm or 80ppm. It is possible that any excess TAS-F is 

destroyed in some uay by a catalytic action of the TAS 

perfluorocarbanion salt. 

Attempts at generating a-fluorocarbanions by the 

action of excess TAS-F on cyclic fluorinated alkenes {107) 

and (154) and hexafluoropropene (1) were not successful. 

Only anions (209, 224, and 221} formed via dimerisation of 

the respective olefins were observed in good yield. 

Table 26 TAS-F with (107), (154) and (221) 

room temp. 
Conditions: TAS-F(excess) + alkene 

CH
3

CN 

PRODUCT [(Me 2N) 3S salts] 

F 

ALKENE 

(107) (209) 

{154) (224) 

CF
2 

·cFCF
3 

(1) 

v) With caesium fluo~ide and added reagents 

In view of our observations and spectroscopic 

studies (section 4.B) it ~as felt that the TAS-F reagent 

was, at best, only slightly more potent than conventional 



CsF even though the latter acto in a heterogeneous manner. 

Clearly, any additive Dhich might increase tho solubility of 

CsF in the reaction medium could d~amaticmlliy improve its 

effectiveness in carbanion forming reactions. Firstly, ~e 

attempted to mirror the action of TAS-F itself, using a 

hypervalent silicon anion as the fluoride ion carrier until 

it could be donated to the target electrophile. 

Proposed method 

? -
Cs Me 3 SiF 
more solu~te 
than CsF ? 

Unfortunately, caesium fluoride was found to be unreactive 

to the fluorosilane when heated at 90'C and 125'C in 

tetraglyme for prolonged periods. 

Very late in the current investigation we became 

aware of a commercially available cryptand (226) which, it 

was claimed, 246 aided the solubility of caesium salts in 

numerous solvents and dramatically improved reaction rates. 

Alkene (29) was reacted with caesium fluoride in the 

presence of (226) in CH
3

CN, DMSO, and tetraglyme solvents. 

In all cases, 19F n.m.r. spectra with only a hint of the 

normal coupling but clearly corresponding to the desired 

carbanion (221) were obtained. 

? ( 226) 

Solvents: DnSO, CH
3

CN, tetraglyme 



In the absence of (2~6) 1n tetraglyme a non-exchanging sharp 

1 q d l --¥ n.m.r spectrum may be obtaine albeit over a onger 

period of time. The exten91on of the ranEe of oolvent~ 

available as determined by theoe preliminary investigations 

is potentially of great importance as this opens up ne~ 

avenues for the isolation of high quality crystals from the 

c~esium perfluorocarbanions. 

4.B.c TAS-F with fluoroheteroaromatic compounds 

We have also studied the interaction of TAS-F with 

fluoroheteroaromatic compounds {227-229){see spectra on page 

19 145). Trifluoro-1,3,5-triazine (227) gave a F n.m.r. 

spectrum very similar to the caesium Meisenheimer complex 

{204) observed previously221 in these laboratories. Broad 

resonances are observed at ca. 7 and 56 ppm. corresponding 

to the C-F and CF 2 groups, respectively. The extent of the 

broadening exhibited by this species (also observed for the 

caesium analogue) indicates a measurable rate of exchange, 

presumably through loss of fluoride ion. 

Pentafluoropyridine {228} with TAS-F afforded a 

spectrum similar to starting material except normal coupling 

was absent and the para-resonance was severely broadened. 

This is almost certainly a result of rapid exchange, 

initiated by the soluble fluoride ion, occurring through low 

concentrations of Meisenheimer complex (230). In this case, 

the exchange is probably so rapid that only the affected 

(para) position is severely broadened and the other (ortho 

and meta) positions remain relatively sharp, although 

uncoupled. Attack appears to take place at the most reactive 

para-position and this constitutes a rather neat method of 



I 
0 

N 
QJ~TAs-F 
(229) 

N 

c:Jl~TASf' 
(228) 

0 
(228) 

ppm 

FLUOROHETEROARO~ATXC COMPOUNDS WXTH TAS=W 
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determining such information. 

Tetrafluoropyrimidine (229) afforded a very broad 

spectrum ~hich vao not obviously either a broadened 

representation of (229) or an anionic derivatlvA (231) but 

most likely a balanced average of the two structures. The 

linewidths are similar to the spectrum obtained for 

Meisenheimer complex (204} and, therefore, suggest a similar 

rate of exchange. 

The above conclusions are in keeping with the known 

electrophilicities of the aromatics which follow the order 

(227) > (229) > (228). The relevant information is 

summarised by the following scheme in which the lengths of 

the arrows represent the position of the relevant 

equilibria. 

G (228) 
fast 

4..B.d 

"""" stow exchanr;ze >.,., N N 
(204)(Me2N)3S 

~; ~.I 

(227) 

(229) """" (231)(Me2N)3S significant exchan!le ' N N 

~ I 

N.m.r. of long-lived perfluorocarbanion solutions 

19 Some of the peculiarities of the F n.m.r. spectra 

obtained during the TAS-F experiments have already been 

described in the earlier sections but a detailed analysis of 

the carbanion spectra have been reserved for this section. 

There are several features of the spectra which are worthy 



11'( 

of note=·· 

19 13 
i) Firstly, ~e reiter&te that, both F and C 

n.m.r. apectra are sharp (lov llnewidths) and uell coupled, 

indicating a slow (or zero) rate of exchange, and in most 

cases may be confidently assigned to the respective 

carbanions. As an example, the simplest case, the 

--- ;e~fluorotbutyl anion (101) afforded a single sharp singlet 

19 in the F n.m.r. spectrum corresponding to the equivalent 

13 
~CF3 groups, and two C n.m.r. resonances. The high field 

decuplet corresponds to the anionic carbon (coupling to 9 

equivalent fluorines) and the low field quartet (major 

coupling to three equivalent fluorines) to the 

trifluoromethyl carbons. The perfluorotbutyl carbanion 

spectra are presented on page 148. No trace of starting 

materials can be observed in the carbanion solutions even 

with the sensitivity of the instruments at maximum, and 

hence, within the limits of detection the systems are wholly 

within the form of the respective static carbanions. 

Earlier workers in these laboratories discovered 

19 some problems in assigning the F n.m.r. spectra of the 

perfluorocycloalkyl anions (see section 4.A). Firstly, only 

resonances adjacent to the charged site, occuring at lower 

field than other resonances could be unambiguously assigned. 

More importantly, resonances corresponding to the tertiary 

fluorine (from the added fluoride ion) were conspicuously 

absent and this induced the authors to postulate 

dissociation of the carbanions with rapid internal return to 

the same carbon atom. 
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1.51 

0:' c -o-r . . . Sl 

en. for carbanton (~09) 

quality n.m.r. instrument and the re-investigation of the 

spec t r a o f the p e r f 1 u o roc y c l o an :1. on s i n i t :1. a ted o_u r cur r en t-

interest in the area. The perfluorobicyclobutyl carbanion 

(209) has now been studied in depth with high resolution 

spectrometers and the early problems associated with failure 

to observe the added tertiary fluorine have been solved. In 

addition to all others, this nucleus can be clearly observed 

19 in the F n.m.r. spectrum at 133.6 ppm, partially hidden by 

a CF
2 

resonance. Moreover, 13 the C n.m.r. spectrum picks out 

the relevant carbon as a distinct doublet centred on 96.5 

ppm. 

Th "" 19F 13 ~ and C n.m.r. of the perfluorobicyclobutyl anion 

(209) are displayed on pages 149 and 150. 

ii) Counterion/solvent dependence Although there 

are only a few systems available for a comparison of 

counteranions, there appears to be a striking similarity 

19 + between the F n.m.r. spectra of the carbanions with Cs 

and TAS+ cations. Minor concentration dependence of the 

chemical shifts precludes a very accurate comparison but on 

a normal sweep width the spectra of ~lil the 

Rl b h TA~+ d c + perA uorocar anions wit o an s counterions are 

completely indistinguishable. As an example, n.m.r. 

of two isomeric carbanions (221) and (220) are shown on page 

152. 

In the single case where we have been able to 
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observe a pota:::;oium caTbanion, ie. (209), this xs also 

<} <} 
incli9tinguiohable from it§ TAS and C§ analogues. This 

salts are truly ionic !Bolutllon spc<Jcies. i.e. there is a 

minimum of association m·~~ . This is to be contrasted with 

multitudes of other organometallic materials including the 

organolithiums in which a high degree of covalency exists in 

th "" b d. 247 "" on xng. 

iii) Chemical shift and coupling constant 

information 

There exists an unusual and striking trend in the 

chemical shifts observed for all the perfluorinated 

carbanions we have been able to study. Aside from the 

expected upfield resonance for the carbon bearing the 

negative charge, both types of nuclei considered adjacent to 

the charge give resonances at distinctly lower field than 

would be expected. This effect is most pronounced for 

fluorine which may occur more than 30 ppm downfield from a 

neutral molecule position. Full tabulated chemical shift and 

coupling constant data for the carbanions and their 

derivatives are contained in Appendix 1. Examples of this 

effect for different fluorocarbon groups attached to a 

carbanionic carbon are shown below. but it should be noted 

that all the carbanions exhibit the same spectral features. 



133.6 

i 
F 

(:).09} 

1S1 

93.3 

T ~ 
(CF3Cf~) 2CCF3 

108. 

r B_r 
(CF 3CF2 ) 2CCF3 

(221) 

66. 

-r Br 
(CF3 ) 2CcF2CF 2CF3 

-

Other polyfluoro-compounds formally possessing a negative 

charge also display these no~ clearly defined downfield 

shifts to some degree. These include stable nitrogen ylids 

216 . 137 such as (232), allyl an1ons, eg. (200), and observable 

fluoro-Meisenheimer complexes eg. (204). 221 

{232) 

130.7 

F F l 
LiJ LiJ 

[30] 

51.8 

T 
(CF3 ) 2c~~;;C(CF3 ) 2 c 

F 

{200) 

68.3 

f:ie j 
(CF 3 ) 2C~ ~C(CF3 ) 2 

9 
[137] F 

F F <---51 

>< N N 
I\- :1 

F «:_ "_;.A..F <----- 4 
N 

(204) 

F 
~ 
N~ N o = 33 

FA J.LF 
N [221] 

248 The prevailing theory indicates that the presence of 

substituents which donate electronic charge to the local 

environment of a fluorine nucleus increase shielding and 

cause upfield shifts. These, however, were largely 

determined by measurements on aryl fluorides where the 

effects are believed248 to reflect primarily changes in 



fluorine w-electron clen§ity. In cont~ast, some work 

available concerning gubstituent ch0mical shifts (SCS) in 

24e· ·250 aliphatic fluoricl0 sy8temQ indicate a reverse 

substitution dependence, ie. electron donating substituents 

cause deshielding and downfl0ld shifts occur. Studies 

involving phenyl substituted bicyclo[2.2.2]octyl fluorides 

(233) 

cause 

clearly indicate that electron donating substituents 

do~nfielcl shifts in both 19F and, to a lesser 

extent. 13c n.m.r. and also reduce the 1JCF coupling 

constant. 

Substituent chemical shifts and COU:Qling constant changes 

F X=H CH3 NH 2 N(CH3 ) 2 CN N0 2 C(CN) 3 

19F 0 0.09 0.21 0.33 -0.67 -0.75 -0.81 

13c 0 0.02 0.13 0. 18 -0.60 -0.63 -0.64 
(a) 

1 
JCF 0 0.0 -0.2 -0.3 0.9 1.0 1.1 

X 

{233) 

upfieLd increments and Larger coupLing constants are quoted 
positive 

Similar observations were made for metallated 

bicyclo[2.2.2]octyl skeletons249 and in both cases the SCS's 

1 and the substituent dependent JCF changes bore a linear 

relationship to each other. In the metallated derivatives 

{234) the effects described are reasonably pronounced and 

are attributed to hyperconjugative interactions exemplified 

by structures {235) and {236). 
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P'M1e 3 F F F 

Gd1c 3 0 ~ cs }{:;,; §H!e 3 (~34) ? ( 235) (236) 

§n~1e 3 ,L 

X X x· 

In our systems the downfield shifts observed for 

po~;t tions f3~~to the charge are d_ramatic and-, by analegy- v1i th 

the above study represent a very high concentration of 

charge localised at the /3-fluorine nucleus. In fluorinated 

137 
anionic molecules such as (200), where mesomeric 

stabilisation spreads the formal charge over two carbon 

atoms the /3-downfield shift is clearly present but of a 

reduced magnitude. It is also noteworthy that without 

exception in our systems the /3-position experiences a 

1 
significant reduction in the value of the JCF coupling 

constant when compared to neutral models. 

Some cou:Qling constant data for sim:Qle Qerfluoroalkyl anions 

1 
JCF 

276 285 
263 

2!5 I 2r6 r 2!0 
260 264 

car ban tons 
T l i 

(CF 3 ) 2C--cF2CF2cF3 (CF3cF2 ) 2c--cF3 (CF3 ) 3C 
bromo-

2~8 2J3 l 2~8 1 2J2 2~7 derivatives (101) 

(221) 273 287 (220) 

The mechanism by which the charge is transmitted to the 

/3-position (or by which the chemical shifts are affected) 

could be inductive, through space or hyperconjugative and it 

is likely that a more systematic study will be required in 

order to clearly define the relevant contributions. However, 

if the primary method of electron delocalisation were 
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inductive we would expect the spectra to display a steadily 

decreaaing shift difference (on moving from derivative to 

carbanion) as 81tes further removed from the charg0 ~ere 

considered. This is clearly not the case as, at lGa~t for 

some of the carbanions, there is a hint of alternation of 

chemical shift changes rapidly attenuated by distance from 

the charge. 

plcarbanion) ~ o(brominated derivative) 

+ve vaLues indicate downfield increments from brominated 

derivatives to carbanion. 

19 F n.m.r. 

ppm. 

13 
C n.m.r. 

+9 -26 +6 -1 0 

Similar phenomena are common
251 

for conjugated sytems where 

alternate carbon atoms constitute nodal points on the 

relevant molecular orbital, but it is not clear if this 

could be extended to saturated sytems. 

A further trend which is recognised on inspection of 

the spectra of the acyclic carbanions is that shift 

positions for the anionic carbon and adjacent 

trifluoromethyl groups vary smoothly with the number of 

~-fluorine atoms (see Table 27). Both the 
13c (supposedly 

19 
representing the degree of localised charge) and the F 

chemical shifts of the adjacent trifluoromethyl groups 

increase with the total number of ~-fluorine atoms. The 

degree of anionic hyperconjugation will depend on this 
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figure and, theTrefore, it i§ KhitH'l <lJUite tccmpting to use this 

information to support a significant contribution from 

negative hyperconjugation. Thio 1m certainly not a firm 

conclusion and further ~ork will be neceooary to establish 

the true origins of the shift phenomena. 

--

Table 27 Var:i_atllon of chemical shll:ft data 11ith number 

of §-fluorine atoms 

PARAMETER ~ NUMBEJt_Q_F_ J}··FLUORINES(CARBANION)
1 

6 7 g 9 

13c o(C) 36.2 37.0 40.7 
(220) (221) (101) 

T9f"6ccF
3
c) 

-----
36.7 2 39.9 42.4 45.7 
(225) (220) (221) (101) 

41.5 2 
(237) 

1- Refer to Tables 23 and 24 for a list of carbanions. 

2- See reference [237] for compounds (225) and 

iv) Variable temperature behaviour 

Most of the perfluorocarbanion salt solutions 

19 described in section 4.B.b. have been studied by F n.m.r. 

spectroscopy at various temperatures. Cooling the solutions 

as low as the solvent systems will tolerate (about -45'C for 

tetraglyme and acetonitrile) has no detectable effect on the 

perfluorocarbanion spectra and, in the case of the 

perfluorobicyclobutyl carbanion {in DMF) this could be taken 

160 as low as -so·c with no apparent change. 

In view of this and the fact that the spectra are well 

coupled it is clear that, within the defined temperature 

range, exchange processes are either absent or too slow on 
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the n.m.r. timescale to be detected. Heating the sample, 

however, leads to broadening of the signals and m losm of 

coupling at a temperature uhicb fg concentration dependant 

<} c, 19 
and specific to the individual U C oy~tem. The F n.m.r. 

spectrum of Cs~ (CF3 } 2~c3F7 at various temperatures is shown 

on pages 162 and 163. By observation of the cae§ium 

perfluorocarbanion solutions it may be seen that, at this 

threshold temperature, regeneration of caesium fluoride and 

the precursor alkene begins to take place. Thqs, the line 

broadening is in fact an indication that exchange processes 

~ '- / .~ ~ - ' _ _./ of the type M ,.C--c_f ,:- ~ M F ,c-~-, have become 

significantly fast on the n.m.r. timescale and the threshold 

temperature at which this takes place is a guide to the 

perfluorocarbanion salt solution stability. This type of 

information may potentially be used to compare the effect of 

counterions and alkene electrophilicities in a manner not 

previously available. In addition, the temperature above 

which reactions involving the carbanions may be complicated 

by other processes may be determined and the information 

used synthetically (see next section}. 

The data were acquired by measuring the linewidths 

of a single resonance 19 in the F n.m.r. spectrum adjacent 

(~} to the anionic centre with s· or 1o·c temperature 

increments. A graph of line~idth us temperature ~as plotted 

and two distinct lines could be drawn through the points. 

One line spanned a temperature range prior to the exchange 

temperature and was approximately straight and parallel to 

the x~axis, indicating a static sytem. Above the threshold 

temperature the line climbed steeply and the intersection of 

the two lines could simply be read off on the x~axis to 
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1~1'dllle 23_ ]!J))lJf e §J)IHD ll <ill \c !EliTlpe§.lr&_\t 1lJl. rr e ~ ft ([JJ rr:...£:~K<e lhlffi~® lCE-JI'§l>_tr: (;)_ ~ g e g 

PERFLUOROCA~EAI~X~N COUN'li'lE~)LIDN~ §OJLVEHT TlEhiJPllEllif:\ 'll'liJtlli_E _ un 
F 

-()> 2 r_iJ ~--G (209) C:il tetJrae;\ymc 343\ 

" K<¢> m.1F 3131 

.. TA§+ CH3CN 3322 

(CF
3

) 2cc3 F7 
(221) Cs 

v 
t~EJtraglymcs 3332- 3373 

.. Cs v 
DMSO (3002 

Cs 
v 

tetraglyme 4 <3002 

.. Cs + CH3CN 4 <3002 

" TAS+ CH3CN )3502 

(C2F5 ) 2CCF3 (220) Cs 
+ 

tetraglyme 3292 3273 

TAS+ CH3CN )3502 

CF3RfC-<::F2CF3 (222) Cs 
+ 

tetraglyme >35o5 ·
2 

Rf"" CCF3 (c2F5 ) 2 

" TAS+ CH3CN 31o5
·
2 

{215) Cs + 
tetraglyme 3346 · 2 

F F {224) 

measured over the range 300-350K 

1. Performed by Dr. G. Taylor, see ref.[160] 

2. Determined for CF3 resonance. 

3. Determined for CF2 resonance. 

4. With ca. 1 mol. equivalent of cryptand (226) added. 

5. Peculiar lineshapes on graph. Results only approximate. 

6. Diluted x20 with solvent and re-run with identical 

results. 
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determine the threshold temperature. In general, the points 

linearly vhereas for the TAS aalto the graph vam oooevhat 

curved. ThlA m~y he a result of ~lmpler exchange kinetics 

for the heteroeeneous fluoride source than for the 

homogeneous source. It is noteworthy that, in contrast to 

the caesium salts, the TAS derivatives do not lose from 

solution either alkene or any solid material even well above 

the exchange threshold temperature. Full details are 

presented in the experimental section but the threshold 

temperatures are contained in Table 28, above and a typical 

graph is shown on page 164. 

In order to make firm conclusions concerning the 

effect of solvent, counterion etc. on carbanion stability 

more data with, if necessary, low temperature studies on 

more transient species will be needed. It should be stressed 

that this technique is not necessarily restricted to the 

perfluorocarbanion salts stable at room temperature but 

potentially is available to many others. 

From our data we can conclude that Cs+ 

perfluorocarbanion salts are more solution stable than their 

+ TAS analogues except for the acyclic carbanions (221) and 

(220). It is noteworthy that the caesium salt of (224) is 

not available and forms with difficulty for (222)(probably 

+ through steric restrictions). TheTAS salt of (224) and the 

caesium salt of (222) are remarkably resistent to exchange 

and it may be that salts that are difficult to form are, 

once obtained somehow stabilised. 

We can conclude also that for caesium carbanion 

salts solvent sytems other than tetraglyme, available with 
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tho u?>e of cryptand (236), aFe not particularly effective 

and undcr~o exchange below rooru temperatuFe. 

Neg we are able to directly observe fluorocarbanions 

in solution that are es9ent1ally static on the n.m.r. 

timescale by simple means, the possibility arises for 

competition experiments between precursor alkenes and a 

deficiency of caesium fluoride to be performed. Providing 

the solubility of the two alkenes is similar, the ratio of 

the n.m.r. integration for the respective carbanions in 

solution is a measure of the equilibrium between the two 

species. Other methods for the analysis of the mixture could 

include g.l.c. of the residual lower alkene layer or 

efficient quenching of the upper layer with electrophiles 

followed by g.l.c. assay. A competition experiment conducted 

with a deficiency of TAS-F does not work in the same manner 

as the Cs? case because, as described previously, severe 

broadening of the resonances occurs and more than 1 

molecular equivalent of alkene is consumed by the soluble 

fluoride. However, if two electrophilic fluorinated alkenes 

are agitiated with caesium fluoride for prolonged periods 

and then stood for some time to allow the non-dissolved 

material to settle the experiments work well. Simple 

19 analysis of the solvent layer by F n.m.r. may be readily 

conducted at different times and the spectra obtained are 

sharp and are distinguished readily. 
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Tabl® 29 

Conditions: ~mo! alk®n® A ~ xmol &lkene B, xmol CsF room 
t®mp. 

C~F5 (cF3 )C~FCF3 6 (197) 

{CF3 ) 2C CFC2 F5 CF3RfC CFCF3 {83) 

Rf= C(CF3 ) 2c2 F5 

45 
48 
47 

5 
35 
33 

98 
98 
98 

100 
100 
100 

14 

55 
52 
53 

95 
65 
67 

2 
2 
2 

0 
0 
0 

86 

0.3 
7 
30 

0.3 
7 
30 

0.3 
7 
30 

0.3 
7 
30 

0.3 

In view of the changes occuring on further agitation 

of the mixture containing perfluorobicyclobutylidene (127) 

and hexafluoropropene dimer {29), it is clear that full 

equilibration can take up to a week to take place. This 

could only be the case with systems in which fluoride 

exchange is extremely sJow. From the results we have at the 

present, it seems that perfluorobicyclobutylidene {127) is 

very reactive and dominates carbanion mixtures initially. 

Over a long period of time the full equilibrium is 

established in which the proportion of the bicyclobutyl 

anion is reduced but still in the majority. Therefore, not 

only does the alkene (127) undergo a fast reaction with 

caesium fluoride but the derived carbanion is also 
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thermodynamically more stable than its competitors in the 

study. The less st~ained bicyclic alkene (2X4) is 

particu~arly ineffective and ~he anion derived from bulky 

alkene (83) cannot be ob§erve~ at all. 

only. 

~e have u~ilised the results in a qualitative manner 

252 However, other workers have expressed considerable 

interest in such experiments to deduce important 

thermochemical information but have great difficulty in 

obtaining the data because they use the soluble TAS-F 

source. 

4.B.f Reactions of long-lived fluorocarbanion~ 

i} Trapping ~eactions 

Combination with electrophiles is a reaction type 

already well established for fluorocarbanions (see Chapter 

One). As far as could be established most of the persistent 

carbanions in the present study underwent quantitative 

conversion to the 'trapped' adducts on treatment at room 

temperature with suitable electrophiles. The only exceptions 

were carbanions (215} and (222} in which either the 

carbanionic centres were too difficult to approach by the 

bulky electrophiles or introduction of a bulky substituent 

to the relevant site would constitute unacceptable extra 

steric strain. 
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1 . :·"~r --1~ :J 
{209) 

(CF3 ) 2cc3 F7 
(221) 

(C
2

F
5

) 2CcF
3 

(220) 

(CF 3 )c (101) 

CF3Rrc--cF2CF 3 (222) 

Rf"" CCF3 (C2F5 ) 2 
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ADQJ.!Gl 

IF X l!J ----l__i] 

(CF3 )C~X 
}f. 

CF3R£C--cF 2CF3 
target 

1. Performed by Dr. G. Taylor, see 

~)L-~~ .. fl.U)lJ~!HIJ: LlE (ADIJJJIQJ'j_ 

Br· {X:-<B:r).t 
2 

Br 2 (no reaction) 1 

Cl 2 (X==Cl} 1 

Br
2

(X=Br), Mei(X=Me) 

CH2=cHCH2 I(X=CH
2

CH=cH
2

) 

PhCH
2

Br(X=CH
2

Ph) 

Br
2

(X=Br), Mel(X=Me) 

CH 2=cHCH 2 I(X=CH2CH=cH2 ) 

Br
2

(X=Br) 

Br 2 (no reaction). 

Cl 2 (no reaction), 

Mei(no reaction), 

H20(unidentified 
reaction) . 

reference (160] 

With (222) and (215) 160 no reaction could be detected with 

160 bromine but (215) afforded the expected adduct uith 

chlorine. Carbanion (222) reacted with boron trifluoride 

etherate to regenerate its p~ursor alkene (83) as did the 

less crowded anion (221}. Clearly, BF3 .Et 2o is a better 

fluoride acceptor than the fluorinated alkenes. 



169 

Although simpl~ reaction~. the5e represent ~xtr~mely 

clean route~ to compound9 of interest. Functiona!isation of 

a large saturated perfluorocarbon olth non--fluorinated 

groupo such as alkyl, alkAnyl, aryl etc. may b~ routinely 

performed and the materials are precurgors to industrial 

products. 

ii) R~actio~s uith fluor!natecl el~ctrophiles 

We decided to ascertain how the bulkier stabJe 

fluorocarbanions behaved in some reactions with fluorinated 

alkenes (co-oligomerisations) and with fluorinated aromatic 

and heteroaromatic compounds (negative Friedel Crafts 

reactions). Although well established
253 

for transient 

fluorocarbanions, such as the perfluoroisopropyl anion, 

there is a current interest in introducing larger inert 

substituents, especially into fluorinated aromatic 

compounds. These products constitute ideal sytems for 

valence isomer study (see Chapter One) and, with 1,2-

dinitrogen heteroaromatics, for photolytic elimination of 

nitrogen to yield observable cyclobutadienes and azetes. 

For the following reactions the most available 

carbanion (221) was used. 

(221) with tetrafluoropyridazine The caesium salt 

of (221) generated in the usual manner was reacted with 

tetrafluoropyridazine at room temperature. A good yield of 

the mono-alkylated product (238) was formed but only a hint 

{g.l.c./ms) of any bis-alkylated material could be detected. 

Repeated attempts using different temperatures (20"C, 60"C, 

lOO"C, and 120"C) and reaction times between 3 days and 3 
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weeks (see experimental section) ~Gro made to isolate a biB -

perfluoroalkylated compound ~lthout gucce99. It ~me finally 

readily, or a §Olubility problem ~as associated oith furthGr 

reaction of (238). 

G
-

n 
N 

Cs+ 

+ (CF
3

) 2cc
3

F
7 

{221) 

tetraglyme 
room temp., 36h. 

(221) with trifluoro-1,3,5-triazine 

83% 

(238) 

N 
F II 

N 

In a similar 

experiment, with the more electrophilic sym-triazine {227) 

no detectable formation of adducts could be detected. This 

rather unusual obervation may be explained by the presence 

of the known Meisenheimer complex {204), detected by 19F 

n.m.r. of the crude reaction mixture. ie. F-transfer from 

{221) to {227) was dominant and further reaction involving 

the aromatic nucleus {227) prevented. 

Cs+ 

{CF
3

)
2
cc

3
F

7 
{221) 

tetraglyme 
room temp. 

(221) with perfluorocyclopentene (154) 

{204) 

+ 

The title 

alkene (154) was reacted at room temperature with the 

carbanion {221) and, in addition to the alkenes (29) and 

{154) and alkylated material (239), perfluoro-

bicyclopentylidene {128) was also observed. 



Cs? 

(CF
3

) 2cc
3

F
7 

(221) 

tetrat;lyme 
~-~ ~ ---~~~----;> 

room temp. 
(154) v (CF3 ) 2C~FC2F5 

(29) 

for product 
yieLds see 
page 172. 

·} f5\. inil;)Or -.} 

c
11

F
20 

isomer 

-{- ( 12§) 

In a controlled experiment, caesium fluoride (dried 

and ground) did not react with perfluorocyclopentene {154) 

in tetraglyme even at 70"C for 36 hours. Thus, in the right 

circumstances, the long-lived fluorocarbanion solutions can 

act as potent sources of fluoride ion. This would also 

explain the observation of the Meisenheimer complex {204) in 

the reaction between {221) and trifluoro-1,3,5-triazine. 

Table 31 Some reactions of fluorocarbanions as F Sources 

CARBANION SUBSTRATE PRODUCT(S] REF. 

{CF3 ) 2 CF RgCl HFP oligomers, RgF 254 

{CF 3 ) 2C~~;/C(CF3 ) 2 Ph~Cl (CF 3 ) 2c=c=c(CF 3 ) 2 . PhgF 137 
c {200) I 

F 

/"".. CH3~Cl /'... 
CH

3
gF N N w"' N 221 

~Fv {204) ~F~ 
-} 

-::;~ 

(227) N N 

Similar observations have been made with the 

perfluoroisopropyl anion and acid chlorides in which only 

hexafluoropropene oligomers and the acid fluoride was 

isolated. 254 Also, the tetrakistrifluoromethylallyl anion 
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reacted with benzoyl chloride to regenerate the allene (200) 

and benzoyl fluoride, even though other electrophiles 

reacted in the usual manneT. 137 It, therefore, appears that 

acid chlorides are particularly susceptible to attack by 

fluoride but not by perfluoTocarbanions and this may be due 

to the particularly 'hard' nature of the site. 

Therefore. there are potentially two factors which 

may govern. in a long~lived fluorocarbanion/electrophile 

reaction. whether alkylation or fluoride ion transfer 

occurs: a)the hardness of the electrophilic site . 

b)the temperature of the reaction relative to the 

threshold temperature for the exchange process 

In an attempt to investigate the latter phenomenon 

the reaction between perfluorocyclopentene {154) and the 

perfluoro-2-methylpentyl carbanion {221) was re-tried at a 

temperature above its known exchange threshold, with a 

catalytic amount of carbanion. 

{221) + {154) 

STOICHIOMETRY TEMP. 
("C) 

{154):(221) 

1 1 25 

1 10 1 70 

10 1 70 

1. sma.tl. a.111ount of 

starting materiats 
{154) + {29) + 

TIME CONVERSION 
(H) (%) 

36 >90 

36 ca. 20 

36 60 

F-cyctopentene 
dimer 

{128) + (239) 
atk.ytated 
product 

PRODUCT DISTRIBUTION 

(239) (138) 

1 0.6 

1 3.0 

1 3.0 

sol. vent hindered reaction. 



Under th0se conditions a complete reversal of the product 

distribution is effected and the product derived from 

fluoride ion donation dominated. Under identical conditions 

caesium fluoride Is completaly unraacttva te. (154) is 

recovered quantitatively. Similarly, at so·c the carbanion 

(221) affords a !ower yield of the simple trapped compound 

(240) with benzyl bromide and starting alkene (29) and 

benzyl fluoride are observed. 

[at 20'C 
100%] 

(CF3 ) 2C CFC2 F5 (29) 

~H2C(CF3 ) 2 
(80%)(240) C3F7 

Even at room temperature, however, acetyl chloride 

reacts with (221) to afford mainly precursor alkene (29) and 

acetyl fluoride thus confirming the previous observations 

concerning acid halides. 

iii) Attempted one-elctron transfer reactions 

Russian workers have claimed (see Chapter One) 

interesting one-electron transfer processes are induced in 

perfluorocarbanions by triarylmethylhalides. However, the 

perfluoro-3-methylpent-3-yl anion (220) gave only precursor 

alkene {197} on treatment with triphenylmethylchloride at 

room temperature. 

Cs+ 

(C2F5)2CCF3 (220) ~3CC1, tetraglyme; C2F5(CF3)C CFCF3 
room temp. 

(197) 



l ~~ 4. 

Attempts at one-electron oxidation of the carbanions (221) 

and (222) by leacl tetraacetate did not appa~ently generate 

or (221) by cyclic voltaillmetry did not provide evidence for 

any electric potential for the oxidation or reduction of 

(~~1) ffithin the constraints of the §Olvent. One-electron 

transfer attempts were, therefore, discontinued. 

(CF 3 ) 2cc3 F7 0 (221) CF 3RfC-::CFCF 3 (222) 

Rf= C(CF3 ) 2 C2 F5 

4.B.g Conclusions on perfluoroalkyl carbanions 

Fluorocarbanionic species have been postulated as 

intermediates in a huge variety of organofluorine reactions. 

For the first time a whole range of persistent 

fluorocarbanions have been generated using CsF and TAS-F and 

observed by n.m.r. spectroscopy. These studies indicate that 

the carbanion solutions contain solely the carbanion (with 

no detectable concentration of other material) which are 

essentially static species on the n.m.r. timescale. Curious 

low field chemical shifts for sites adjacent (~) to the 

charge and small primary ( 1JCF) coupling constants are 

clearly identified. These now well defined and particularly 

large effects appear to be consistent with a significant 

degree of charge at the ~-position but we are unable to 

explain a commonly found slight upfield shift at the 

~-position. Variable temperature studies indicate a 

temperature at which exchange processes involving 

elimination of fluoride ion become significantly fast to be 

observed by the n.m.r. experiment. These are characteristic 
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-?· .. 
of the M C system and provide um ~ith a ne~ and novel 

method for the determination of ca~banion/counterion 

employed Tilth mixture§ nf tTio alkanes and tho partition of 

carbanions in the solvent layer, as determined by 
19

F 

n.m.r., is an excellent ~ay of ascertaining the position of 

the relevant equilibrium. A time dependent study of such 

experiments may also be able to yield useful kinetic 

information. With minor exceptions that~are easily 

rationalised the carbanion solutions alkylate traditional 

electrophiles quantitatively to produce potentially useful 

adducts. Alkylation reactions are also available ~ith 

unsaturated fluorinated electrophiles such as 

fluoroheteroaromatics and fluorinated alkenes. With 

trifluoro-1,3,5-triazine and perfluorocyclopentene there is 

clear evidence of a competing transfer of fluoride ion from 

the carbanion. This phenomenon is found to occur when the 

electrophile is a particularly hard site or, alternatively, 

above the threshold temperature for the exchange process as 

determined by n.m.r. 



EXPERIMENTAL 
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IN§J!Jl~J!E.JENT AT liON 

N.r.J.TI<1.. sxg;cctf'2',.~~ Standard fluorine and proton sp~ctra were 

recorded on a Varian B-260L spectrom~ter op~rating at 56.4 and 60 

lYlliz respectively. Carbon Bp::actra uere aqcuired on a Bruker WH-·360 

spectrometer operating at 90.6 WHz and high resolution/variable 

temperature spectra were recorded (by the author) on a Bruker AC250 

operating at 62.9 fJIHz (for 13c) and 235.3 f.ffiz (for 19F). Chemfcal 

shifts of 13c and 1H signals are quoted in ppm relative to external 

(IVJ:e) 4Si reference with downfield taken as positive. Chemical shifts 

of 19F signals are quoted in ppm relative to external CFC13 

reference with upfielcl taken as positive. 

Infrared SP?Ctra.-- Infrared spectra were recorded on a 

Perkin Elmer 457 grating i.r. spectrophotometer using KBr discs 

(solid samples) or as thin films between KBr plates {liquids). 

Gaseous samples were condensed into a cylindrical cell with KBr 

windows. 

~ss spectra.-- Mass spectra of pure materials were 

recorded on a VG 7070E spectrometer with electron impact, chemical 

ionisation and negative ionisation modes· as appropriate, or on a MS9 

spectrometer with electron impact ionisation. G.l.c. mass spectra 

were recorded on a VG Micromass 12B spectrometer fitted with a Pye 

104 gas chromatograph (packed columns) or a VG 7070£ spectrometer 

equipped with a capillary column gas chromatograph (25m fused silica 

column with Ovl coating). 

Ele~ntal analyses.~ Carbon, hydrogen and nitrogen 

analyses were obtained using a Perkin Elmer 240 elemental analyser. 

Analysis for halogens was performed as described in the 



255 
literature. 

J.Tr 

Gas lliquil1jl_ch:rra:r.m.tag:rrffiPhli~ aoo£J.Ry~J.-~.· · Quantitative 

analysis was obt:>JjnAd using a Varian aerograph model 9?.0 cquipp<2d 

with a gas density balance detector. Other gas liquid 

chromatographic analyses were carried out using Pye 104 (packed 

column), Pye GCD (packed column). and Hewlett Packard 5890A (Ovl 

coated fused silica capillary column) gas chromatographs equipped 

~ith flame ionisation detectors. Preparative g.l.c. was performed on 

a Varian aerograph model 920 (packed column) with a Cathodometer 

detector. Column packings most commonly used are Col. 0 (5% or 10% 

silicone gum rubber) and Col. K (20% Krytox fluid). 

fractional distillations.-- Fractional distillation of 

product mixtures was carried out on a Fischer Spaltrohr MMM 202 

concentric tube system. 

REAGENTS AND SOL VENTS 

Unless otherwise stated, reagents were used as supplied. 

Solvents were predried by standard methods and stored over molecular 

seive (type 4A) under dry nitrogen. A current of dry nitrogen was 

maintained for removal of sovent with an air tight syringe. 



CHAPTER FIVE 

EXPERIMENTAL TO CHAPTER TWO 

FLUORINATED EPOXIDES 



Typically, perfluorocyclobutene (107)(74g, 457mmol) was 

transferred in vacuo to a rotofLo tube cooled in liquid air, 

precharged with pyridine (2.4g, 30mmol). The mixture was agitated in 

a shaker at room temperature for ca. 24h. and then volatile material 

(53g) was transferred in vacuo to a cold trap, washed with water 

(2x50ml), dried (P2o
5 ) and further transferred under vacuum to a 

cold trap. Distillation (Fischer Spaltrohr, 50 theoretical plates) 

afforded the dimers (127) and (141), b.p. 80-85'C, 30g, 41% 

and trimer (146) b.p. 145-148'C, 18.5g, 25%, identified by 

a comparison 19 of mass spectra (number 57) and F n.m.r. (number 61) 

spectra with literature data. 160 

The dimers could be separated by preparative scale g.l.c.(Col. 0) to 

give analytical samples of (127) and {141), identified by comparison 

19 of i.r. (numbers 1 and 2) and F n.m.r. spectra (numbers 1 and 2) 

. h 1' d 160 w1t 1terature ata. 

Other reactions, conducted in the same manner, to maximise the 

production of either dimers or trimer, are detaiLed in the foLLowing 

tabLe. 

(107) Pyridine time Yield dimers Yield trimer 

(g. mmol) (g. mmol) (h.) {%) (%) 

for dimers (127) and (141) 

74, 457 2.4, 30 24 41 25 

34, 209 0.8. 10 18 38 
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5.4, 68 15 14 45 

2.9, 37 15 9 44 

A Carius tube was charged with caesium fluoride (6.3g, 

41.4mmol) and sulpholan (20ml) and the mixture degassed by the 

application of vacuum. Perfluorocyclopentene (154)(17.0g, 80.2mmol) 

was transferred in vacuo to the vessel which was cooled in liquid 

air. The mixture was then heated at 125'C with agitation for 20h. 

Volatile material (16.0g) was transferred in vacuo to a cold trap 

and subsequently distilled, the fraction collected at 120'-130'C 

corresponding to the dimer (128)(15.8g, 93%) by a comparison of 19F 

n.m.r. data (number 3) with literature data. 160 

A similar reaction with alkene (154)(18.0g, 84.9mmol), 

caesium fluoride (7.6g, 49.9mmol) in sulpholan (20ml) for 16h. at 

125'C gave the desired dimer {128){14g, 78%). 

5.3 Epoxidation of perfluorobicyclopentylidene(128) 

A mixture of the alkene (128)(3.1g, 7.3mmol), calcium 

hypochlorite (1.8g, 12.6mmol) and acetonitrile (6ml) was stirred at 

room temperature for 36h. Volatile material was transferred in vacuo 

to a cold trap and the resulting lower layer (1.8g) found (by 

g.l.c., Col. 0) to be a mixture of four major components. 

Preparative scale g.l.c. (Col. 0) afforded:-

(a) starting material (128)(13%), identified by 19F n.m.r. 

(number 3), 
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(b) ~JfJLi,MJro- fL.il. -~J.gpJ_rr([)l« ll{). (1] .ll{) .11. ]~OOO'll12JLPO}( 20%) 

(Found: C, 27.6; f. 69.3. c
10

F
16

o requires: C, 27.3; F,69.1%); 

m/z (N. I.) 439.SSS9. CWf'lCJO Tequir<Els r.{ 4:39.9693; mass s~ctrum 

numberS 9, 10; n. m. T • Sp8C t !'Wil number 7; :L i:' • 8pec t rum number 7, 

(c) pzrf~~ro-~=«g"-ch~OV""([)lCMC[opzn~M[]cMC~~~-1-ene(t3~ 

(10%)(Found: _c. 27.3. c10F15cl _requires: C,_27.3%); mass spectrum 

number 11: n.m.r. spectrum number 8. i.r. spectrum number 8, 

and a compound identified as 

{d) 1,1 '-dichtoroperftuorobicyctopentyt(134)(6%) by 

consideration of mass spectral and 19F n.m.r. data, and by 

comparison with the analogous compound 1,1'-dichloro-

perfluorobicyclobutyl {131). mass spectrum number 12; n.m.r. 

spectrum number 9. 

A similar reaction with (128)(8.4g, 19.8mmol), calcium 

hypochlorite (5.7g, 40mmol) and acetonitrile (31ml) conducted at 

room temperature for 72h. yielded a lower layer (3.3g) which was 

then shown (g.l.c., Col. 0) to be the epoxide (130)(>98% pure)(38%) 

by a comparison of 19F n.m.r. (number 7) with an authentic sample. 

5.4 Epoxidation of P?rfluorobicyclobutylidene[127) 

A mixture of the alkene (127)(4.2g, 13.0mmol), calcium 

hypochlorite (3.4g, 23.5mmol) and acetonitrile (6ml) was stirred at 

room temperature for 120h. Volatile material was transferred in 

uacuo to a cold trap and the resulting lower layer (3.4g) purified 

by preparative scale g.l.c. (Col. 0, 100'C stepwise to 150'C) to 

yield:-

(a) perfl.uoro-9-oom.rllispiro(3. 0.3.1 ]rumane [129){22%) 

(Found: C, 27.9; F, 66.7. c
8

F12o requires: C, 28.2; F, 67.0%); 

mass spectrum number 6; n.m.r. spectrum number 4; i.r. spectrum 
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number 4, 

57.7; Cl. HLO%); mass s;pect:rum number?; n.111.r. ::::p~ctrnm xm.mber 5; 

i.r. spectrum number 5, 

[133](29%)(Found: C. 28.2; F, 57.6; Cl, 12.1. c8F
11

c1 requires: C, 

28.2; F. 61.4; Cl, 10.4%); mass spectrum number 8; n.m.r. spectrum 

number 6; i.r. spectrum number 6. 

Other reactions conducted as before are summarised in the 

following table;-

ALKENE ( 127) Ca{OC1) 2 CH3CN TIME {129) {131) (133) 

(g. mmol) (g, mmol) (ml) (h.) __(_%J _[%]_ (%) 

0.26,0.80 0.17,1.18 0.8 48 24 16 21 

1.05,3.24 0.71,4.97 2.0 36 20 19 19 

2.13,6.57 1.71,11.9 10 48 52 4 2 

4.23,13.1 3.36,23.5 6 120 22 25 29 

2.60,8.00 2.10,14.6 60 72 20 3 

4.95,15.3 4.40,30.3 25 48 57 

yieLds were measured by n.m.r. integration and g.L.c. 

5.5 Static thermolyses of dispiro-epoxides (129] and 11301 

5.5.1 Pyrolyses of (129} 

The epoxide {129}(0.05g, 0.15mmol), contained in a capillary 

tube, was heated in a furnace at 200"C for 11h. The product liquid 

(0.05g) was found to be single component (g.l.c., Col. 0) and 

identified as starting material (129){100% recovery) by a comparison 

19 of a F n.m.r. spectrum ~ith an authentic sample (n.m.r. spectrum 



numb:cr 4) 

The epoxide (130)(0.05g, O.llmmol), contained in a capillary 

tube was heated in a furnace at 3oo·c. The product liquid (0.05g) 

was identified as pure starting material (130)(100% recovery) by a 

comparison -of a 19F n.m.r. spectrum with an authentic sample (n.m.r. 

spectrum number 7). 

5.6.1 Epoxide (129] 

The title epoxide (129)(1.0g, 2.9rnmol} and caesium fluoride 

(0.44g, 2.9mmol}. contained in an evacuated sealed tube were heated 

at 150"C for 16h. Volatile material (0.94g) was transferred in vacuo 

to a cold trap, found to be single component (g.l.c .. Col. 0) and 

confirmed to be starting material {129)(94% recovery) by a 

· f 19F d i . h h . 1 comparison o n.m.r. an .r. spectra w1t an aut ent1c samp e 

(n.m.r. spectrum number 4, i.r. spectrum number 4). 

In a second reaction, conducted as before, with {129) 

{0.94g, 2.8mmol) and caesium fluoride (0.46g, 3.0mmol) heated at 

2oo·c for 19h., volatile material (0.74g) v~s found (g.l.c., Col. 0) 

to contain )20 components. Four of the major constituents gave mass 

spectra corresponding to perfluorocyclobutene (107)(mass spectrum 

number 13}, tuo c8F12 isomers and starting material {129)(mass 

spectrum number 6). No material could be obtained pure and the 

reaction was not persued further. 
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The title epoxide (130)(2.lg, 4.8mmol) and caesium fluoride 

(0.64g, 4.2mmol), contained in a sealed, evacuat0d, glass tube were 

heated at 150"C for 16h. Volatile materi~J (~ .. Op;) wa_s transfened in 

vacuo to a cold trap. shown (g.l.c., Col 0) to consist of one 

component and identified as starting material (130)(95% recovered) 

by a comparison of g.l.c. retention times and i.r. spectra (number 

7). 

Similarly, with (130)(2.0g, 4.5mmol), caesium fluoride 

{0.62g. 4.1mmol) heated at 200"C for 16h, volatile material (1.6g) 

was identified as mixture of perfluorocyclopentene (154)(83%) and 

perfluorocylopentanone (57%) by a comparison of i.r., 19F n.m.r. and 

mass spectral data with an authentic sample (for 154) and literature 

256 
data (for perfluorocyclopentanone). 

Mixture of (154) and (perfluorocyclopentanone) (i.r. 

spectrum number 10) 

(154) (mass spectrum number 14. n.m.r. spectrum number 10, 

i.r. spectrum number 11) 

(perfluorocyclopentanone) (mass spectrum number 15, n.m.r. 

spectrum number 11) 

A third reaction conducted similarly with (130) (0.20g, 

0.45mmol) and caesium fluoride (0.56g, 3.7mmol). heated at 250"C for 

14h. gave volatile material (0.14g) and was subsequently shown 

(g.l.c., Col. 0) to be multicomponent. The reaction was not p~rsued 

further. 

5.7 ~iscellaneous reactions of dispiroepoxides (129) and (130) 

5.7._1 Attempted photolysis of {129) 

The title compound (129)(0.81g, 2.4mmol) vrcts contained in a 
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quartz tube with a trace amount of mercury and subjected to u.v. 

radiation from a high pre5sure gource for 16h. The resulting 

recovery) by a compa1r~::::.on of 19F n.r.1.r. spectl'a {numbeT 4) \Tith an 

authentic sample. 

5.7. 2 Epnxide [11.29] \Tii th triphenyli phosphine 

A mixture of the epoxide {129)(0.8lg, 2.4mmol) and 

triphenylphosphine (0.3g ,l.lmmol) was contained in a sealed glass 

vessel and heated to lOO'C for ca. lh. A residual colourless liquid 

(0.36g) was removed and found to be starting material (44% recovery) 

by a comparison of 19F n.m.r. spectra (number 4). An intractable tar 

remained and was not pYrsued further. 

5.7.3 Alkene (127] with triphenylphosphine 

A mixture of alkene {127)(0.2g, 0.62mmol) and 

triphenylphosphine (0.24g, 0.92mrnol) was heated with a hot air 

blower until the phospine melted. Immediate tarring was observed 

and, after ca. 0.2h no residual liquid was observed. 

5. 7.4 Epoxide {129) with TAS-F (200} 

Epoxide {129){0.25g, 0.74mmol) was stirred with a solution 

of TAS-F (208)(0.32g, l.lmmol) in acetonitrile (1.5 ml) at room 

temperature for 24h. The lower layer (0.19g) was removed and found 

19 ( F n.m.r., number 4) to be (129)(76% recovered). 

5.8 

5.8.1 

Attempted epoxidations of noveli alkenes and dienes 

trans-2-Hydroheptafluoro-2-butene (143] 

a) With aqueous sodium hypochlorite.~ A mixture of the 

alkene {143)(7.3g, 39.8mmol), sodium hypochlorite solution (41ml of 



1.2S 

10%, 10~~o~) ~1d ~cetonitrR~8 (?.Oml} ~B§ agitated in a sealed glass 

tnh;a 8\t lfOOifl tGrtipG!r'atulr'c li'oll" 41h. li'~:Kceos e;ao (2. 5g) >Jas; allm·1ed to 

<?Jlilt®r a flexible gas rosel\'vo:l.E' m1d ~;mo lld!o!lltllfie:dl as steurting 

ffi8.tc;:rr:l.aJ. (31~ Jrc:rconrouy) by a CCCCl~ilpan\oou of :1.. r. GJpectJra {nUi";)b(")r J.:).) 

rli th autlhenUc matell":l.SJ.A. R®FTL?.inin.g volatUo n~aterial 1ms transferred 

in vacuo to a cold trap to give a tt·m phase system t'lhich 11as 

ruanuaU.y separated. The lowe:r layell' v.;as found to be water and the 

upper layer shovin (g.l.c., Col. 0) to be an acetonitrile solution of 

volatile fluorocarbon species with mass spectra (number 16) 

corresponding to starting material (143), and C4F70H3 , C4F7Hcl2 

isomers. 

b) ~ith calicium hypochlorlite.-- A mixture of the alkene 

{143)(0.9g, 4.9mmol), calcium hypochlorite {1.07g, 7.4mmol} and 

acetonitrile (2.5ml) was contained in a sealed glass vessel and 

agitated at room temperature for 24h. and for a further 24h. at 

60'C. Volatile material was transferred in vacuo to a cold trap and 

found (g.l.c., Col. K) to be mainly solvent and two other major 

components identified by a consideration of mass spectra as starting 

material (143)(mass spectrum number 16) and a C4F6HO isomer. The 

mixture could not be purified and was not pvrsued further. 

c) With calcium hypochlorite and a phase transfer 

catalyst.== As for (a) with the alkene (143)(3.4g, 18.7mmol), 

cetavlon (0.13g, 4.3mmol), calcium hypochlorite (2.!g, 14.5mmol) and 

acetonitrile (5rnl). Recove~ed volatile material ~s shown by 

i.r.(number 12) to be a solution (in ~CN) of starting material 

(143) and a small amount of an unidentified product. 



1.06 

1144] with ~Rei~~ h~~hli~~~~e 

A mixture of alkene (144HO.§Op;, 3.4mmoR), ea.lcium 

room temperature for 48h. The lorJer layer (0. 71g) was removed and 

shown to be (144)(89% recovered). 

5.8.3 Diene (145] from perfluorocyclohutene tri~r (146] 

A nickel tube was charged with a source of fluoride ion 

which was then dried under vacuum with heating. After cooling in 

liquid air, the perfLuorocycLobutene trimer (146) was transferred in 

vacuo to the tube which was sealed and heated, with agitation, for 

the required period. Volatile material was transferred in vacuo to a 

cold trap and investigated by g.l.c. (Col. 0) and 19F n.m.r., and 

found to contain starting material (146} ar.d the desired diene (145) 

by a comparison of 19F n.m.r. spectra (numbers 61 and 12) with 

literature data. 160 Distillation (Fischer Spaltrohr. 50 theoretical 

plates) afforded diene (146), b.p. 134-136"C ca.90% pure by g.l.c. 

{Col. 0). 

Reactions conducted are detaiLed in the foLLowing tabLe:-

{146) F source (g. mmol) temp. time diene (145) trimer 

(g. mmol) ("C) (h.) (%) (%) 

12.0. 24.7 CsF 7.0. 46.1 ~30 30 29 16 

17.0, 34.9 CsF 12.0, 78.9 330 28 28 12 

13.7, 28.2 KF 2.8, 48.2 300 28 59 30 

8.3, 17.1 KF 1.2, 20.7 300 24 57 29 

YieLds based on g.L.c.traces 
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A mixture o~ th~ cli~n~ (1~5)(3.34g, 6.9rrrnol), calcium 

:room temperature foit 5 dayG. Volatlil~ materl'la~ {3.2g) vm.s 

transferred in vacuo to a cold trap and shovm (p;.l. c., Col. 0) to 

consist of five components, identxfied by mass spectroscopy to be 

starting material (145)(7% recove:red)(by a comparison with 

literature data), lGO two c
12

F
18

o isomers (14% and ca.17% (containing 

a small amount of an unidentified comound)) and a c12F18o2 isome; 

(57%). One of the c12F18o isomers (a) and the c12F18o2 isomer (b) 

were isolated by preparative scale g.l.c. (Col. 0), and identified 

as:-

(a) the oono-epaxide {149}(14%) m/z (E.I) 432.9466. c12F18o 

requires M+-cF3 432.9709; mass spectrum number 18; n.m.r. spectra 

number 13; i.r. spectrum number 14, 

and (b) either the cis (151) or trans (152} diepoxides (57%) 

m/z (E.I.) 448.9476. c
12

F
18

o
2 

requires M+-cF
3 

448.9658; 348.9968. 

c12F18o2 requires M+-c
3

F
7 

348.9722; mass spectrum number 19; n.m.r. 

spectra number 14; i.r. spectrum number 15, 

on the basis of n.m.r. and mass spectral data. The compounds were 

pure by g.l.c. on a variety of column packings (and on a capillary 

column) but gave variable elemental analyses. 

The crude liquid from the above (5.8.4) experiment was 

stirred further with calcium hypochlorite (1.7g, 11.7mmol) in 

acetonitrile (12ml) for 72h. at room temperature and analysed by 

g.l.c. The peak due to the mono-epoxide (149) had disappeared and 

that due to the di-epoxide (152) was enhanced by a similar amount. 
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5.9.11 

(82)(5.2g, Bmmol), pyrid.inc-N-o:dde (L6g, 16.8mmol) and 

acetonitrile (4ml) was stirred under reflux for 140h. Volatile 

material was transferred in vacuo to a cold trap and the lower layer 

(1.6g) was found to be pure starting material (82)(31% recovered) by 

a comparison of g.l.c. retention times (Col. 0) and 19F n.m.r. 

spectra (number l5). 

b) Trans-2-hydroheptafluorobut-2-ene (14~.-- A mixture of 

(143)(3.2g, 17.6mmol), pyridine-N-oxide (1.8g, 18.9mmol) and ether 

(5ml) was contained in a sealed glass vessel and agitated at room 

temperature for 308h. Volatile material (7g) was transferred in 

vacuo to a cold trap and found {glc/ms, number 16) to contain 

starting material (143) as the only fluorocarbon material. 

5.9.2 Attempted epoxidations using peroxyacids 

a) Perfluoro-3,4-dimethylhex-3-ene {82) qith sodium 

peroxybenzoate.-- A mixture of (82)(5.5g, 13.8mmol), 

aqueous sodium peroxybenzoate (5ml, 15mmol eq.) and acetonotrile 

(5ml) was stirred at room temperature for 48h. The lower layer 

(4.4g) was removed and shown (g.l.c., capillary column) to consist 

of one major component (>90%) subsequently identified as starting 

material (82){72% recovered) by a comparison of 19F n.m.r. (number 

15) with authentic material. 

b) (82) with pnttasium m-chloroperoxybenzoate.-- A mixture 

of {82){2.0g, 5.0mmol), m-chloroperoxybenzoic acid {1.2g, 7.6mmol), 

water (lOml) and acetonitrile (3ml) was stirred at room temperature 
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for 3 days. The lower layer (1.9g) was removed and shown by g. l.c. 

19 (Col. 0) and F n.m.r. (number 15) to be pure starting material 

(§2)(95% !GC~VO!Gd). 

A similar reaction conducted in the absence of potassium 

hydroxide yielded only starting material (82)(100% recovery). 

c) Hexafluoropropene [1] ~ith potassium 

m-chloroP?roxy~nzoate Conducted as for (5.9.2.b) with 

equimolar proportions of (1), m-chloroperoxybenzoic acid and 

potassium hydroxide only starting material (good recovery) was 

isolated. 



CHAPTER SIX 

EXPERIMENTAL TO CHAPTER THREE 

BIFUNCTIONAL NUCLEOPHILES ~ITH FLUORINATED ALKENES 



~--JL ~m.m·101ll J\Wirt!!~nrnm:c;-" ft.«»r,' 10~ft'U10u:.~UOillt§.ll._m:J.r.(cR~(IJ)~:ll\llll.eg, 

When then the fluoTiltl:l.ted alkenes 'i7~rre perrfluorocyclo~ntene 

{154) and perf luorocyclobutene (X07) 'rotoflo' tubes i7ere 

pre-charged with the appropriate solvent and reagents and the tube 

was then cooled in liquid air. The relevant aiken~ was subsequently 

transferred in vacuo to the vessel which ~r.as then sealed and warmed 

to room temperature. Agitations were effected using a slowly 

rotating arm or a standard shaking machine, as appropriate. 

With more volatile fluorocarbon alkenes such as 

hexafluoropropene {1) 'Carius' tubes were employed as above. 

Liquid fluorinated alkenes were stirred magnetically in 

conventional glass apparatus. 

6.2 3,4-Dimercaptotoluene ~ith P?rfluorocyclobutene (107) 

A mixture of the alkene {107)(2.0g, 12.3mmol). 

3,4-dimercaptotoluene {1.7g, 10.8mmol), potassium carbonate (2.2g, 

16.0mmol) and acetonitrile {150ml). contained in a sealed glass 

vessel, was agitated at room .temperature for 24h. Water {150m!) was 

added and the product extracted with ether {2x100ml) which was dried 

and evapc.• rated (rotary evap1o·rator) to yield a solid (3.5g}. 

Sublimation in vacuo afforded:-

3.~-[3"-methylbenzo]-7,7.~.8-~et~fiuoro-2.5-di&hiob!cyclo!~.2.0)oct 

-1-ene (155]{2.4g, 79%) m.p. 109-111"C (Found: C, 47.2; H. 2.1; F, 

27,7. c11H6F4s2 requires: C, 47.5: H. 2.2; F. 27.3%}; mass spectrum 

number 21: n.m.r. spectra num~r 16; i.r. 9pectrum number 17. 



a) &1J.lllllalll<alf aBn~Ulllt!(:g"Ut»ft _mH'frE!n:a J[ll51cJ iBll1l~L<rllHhlloJl..·~ A 

mixture of the aRkene (154)(5.5g, 25.~nol), 3,4-aimercaptotoluene 

acetonitrile (X70ml), contained in a sealed glass vessel, was 

agitated at room temperature fo:r 24h. Solve:nt was evap.o rated 

(rotary evaporator), after filtration, to leave an yellow solid 

(8.0g) which was subsequently shown to be:­

~~{3'-methyl}benzo-7,7,8"8"9"9-hexafJ_uoro-2"5-di~hiobicyclo(4.3.0) 

non-1-ene [155](96%) m.p. 53-54"C (Found: C. 44.0; H, 1.6; F, 35.2. 

c12H6F6s2 requires: C, 43.9; H, 1.8; F. 34.T~); mass spectrum number 

22; n.m.r. spectra number 17; i.r. spectrum number 18. 

b) ~ith excess alkene (154].-- A similar reaction with a 

3:2 ratio of alkene {154) to 3,4-dimercaptotoluene produced a crude 

brown solid containing (t.l.c., silica, 60/80 petrol eluent) one 

major and two minor components. Sublimation in vacuo afforded a 

solid shown to be the desired dithiin (156)(3.4g, 60%)(as yellow 

crystallites m.p. 55-55.5"C) by comparison of 19F n.m.r. spectra 

with authentic material (number 17). 

6.4 Dithiin (156) with nitric acid 

Nitric acid (0.22rnl, 2M, 0.44mmol) was added dropwise to a 

stirred solution of the dithiin {156)(0.20g, 0.61mmol) in acetic 

acid (1.5ml). A further portion of acid (0.20ml) was added and the 

mixture refluxed for 3h. Water (5ml) was added and the solid thus 

formed {0.082g) was filtered and found ( 19F n.m.r.) to contain a 

small amount {10%) of starting material {156)(n.m.r. spectra number 

17). Recrystallisation (OC14) afforded a mixture assigned to the 

twopossible suLphoxides {159) and (160)(0.05g, 23%). m/z (E.I.) 
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+ 343.9776. c12H6F6s2
o requires M 343.9764; mass spectrum number 23; 

n.m.r. spectra number 1§; i.r. spectrum number 19. 

A solution of the dithi.in (156)(2.§g, §.5nunol) in ethanol 

(25ml) was added dropv:ise to a refluxing mixture of Raney nickel 

(23g) in ethanol {120ml) and heated for a further lh. A small 

portion of volatile material was transferred to a cold trap with a 

stream of nitrogen and shown to by 1H and 19F n.m.r. to contain more 

than one component. The mixture could not be separated and was not 

pursued further. 

6.6 Ortho-aminothiophenol ~ith perfluorocyclobutene {107~ 

A mixture of ortho-aminothiophenol (6.7g, 53.6mmol), 

triethylamine (6.6g, 65.3mmol) and ether (lOOml) was cooled to -78"C 

and connected to a flexible gas reservoir containing 

perfluorocyclobutene (107)(12.5g, 77.lmmol). After stirring for lh. 

the mixture was warmed to room temperature and stirred for a further 

Sh. Ether was partially removed in vacuo and the residue was cooled 

to -15"C and the solid product was collected, washed with water and 

then sublimed in vacuo to give a green solid (2.4g, 18%) identified 

as:-

3,4-benzo-7.7.8,8-tetrafluoro-2-aza-5-thiobtcyclo(4.2.0)oct-1-ene 

(164) (Found: C, 48.8; H, 2.0; N, 5.3. c10H5F4SN requires: C. 48.6; 

H. 2.0; N, 5.7%); mass spectrum number 24; n.m.r. spectra number 

19: i.r. spectrum number 20 

Water (250ml) was added to the remaining solution and the 

ether layer was removed and dried (MgS04). Evap'© ration of solvent 

in vacuo yielded a solid (10.8g) shown ( 19F n.m.r·., by comparison 



with previous material ( 164}, (number 19) to be the thia?_acyctohexene 

(164)(>95% pure)(total yield >95%). 

In a separate li"eaction \'lith p:Otl::'_ssium carbof'..ate as base 

conducted at room temperature for 1.5h. no tractable material could 

be isolated. 

6.7 Ortho-aminothiophenol ~ith P?rfliuorocycliopentene [154) 

a) Quenched alftey a Ghort P?Fioo.·~· A mixture of the alkene 

(154)(5.0g, 23.6mmol), ortho-aminothiophenol (3.0g, 24mmol). 

potassium carbonate (4.5g, 32.6mmol) and acetonitrile (150ml). 

contained in a sealed tube. was agitated at room temperature. A 

crystalline solid was observed to form immediately but agitation was 

continued for ca. lh. Solid material was filtered, extracted with 

ether, which was then dried (MgS04) and evaporated to yield a solid 

(4.0g). Sublimation in vacuo of a portion gave a yellow powder 

(l.Og) )95% pure by n.m.r. and t.l.c. subsequently identified as 

1.2-bis(2'-aminothiophenoxy)-3,3,4,4,5,5-hexafluorocyclapentene 

~ {10% isolated) m.p. 120"C; rnlz (E.I.) 422.0261. c17H12N2S2F6 
+ requires M 422.0348; mass spectrum number 27; n.m.r. spectra number 

21; i.r. spectrum number 22. 

Variable analysis was obtained for this material but its 

purity was >95% by n.m.r. and t.l.c. 

b) Allowed to proceed for 24 hours.-- As in (a) with alkene 

(154)(4.7g, 22.2mmol), ortho-aminothiophenol (2.8g, 22.4mmol), 

potassium carbonate (4.6g, 33.3mmol) and acetonitrile (150ml) at 

room temperature for 24h. Water {200ml) was added and the product 

extracted with ether (2 X 200ml}, dried (MgS0
4

) and the solvent 



evapa:rated in vacuo to leave a yellow solid (6.0g) shom1 by n.m. r. 

to be a s~ngle product (97%). §ub~imation of a small portion 

afforded:·· 

J_e~__ill&lU m.p. 120-12X"C (Found: C, 49.0; H, 1.6; N, 5.3. c11H4F5NS 

requires: C, 47.7; H, 1.5; N, 5.1%); mass spectrum number ~~S.26; 

n.m.r. spectra number 20: i.r. spectrum number 21. 

c) foir inteJrffiOOj.act.~ Urum~ .. o- As for (a) conducted at room 

temperature for 2h. The mixture was analysed (by n.m.r. 

spectroscopy) after the addition of water and extraction with ether, 

and found to contain the dithioether (162)(38%)( 19F n.m.r., number 

21) and the thiazoLe (161)(~~)( 19F n.m.r., number 20) in addition 

to some small amounts of other unidentified components. 

As for (a) conducted at room temperature for 8h. The mixture 

was analysed by n.m.r spectroscopy after the addition of water and 

extraction with ether and shown to contain the dithioether 

(162)(7%)(n.m.r. spectra number 21), the thiazoLe (161)(33%)(n.m.r. 

spectra number 20) and other unidentified resonances. 

6.8 Catechol with perfluorocyclobutene (107) 

A mixture of the alkene (107)(10.2g, 62.9mmol). catechol 

(6.9g, 63mmol), potassium carbonate (llg, BOmmol) and acetonitrile 

(200ml) contained in a sealed glass vessel was agitated at room 

temperature for 48h. After filtration of solids and solvent 

evap.oration a brown oil (14g) remained which was transferred in 

uacuo to a cold trap and found (g.l.c., Col. 0) to contain one major 

component and a number of unidentified components in small 

quantities. Purification by preparative scale g.l.c. (Col. 0) 



mixture of the alkene (154)(16.0g, 'l5.5mmol), catechol (7.95g, 

'12. 2rnmol), potassium carbonate ( 13. 86g, 100. 4mmol) and ace toni t:rile 

(200ml) contained in a sealed glass vessel VlaS agitated at room 

temperature for 24h. Solid material was filtered and the solvent was 

evaporated to leave a yellow oil (19.3g). Volatile material was 

transferred in vacuo to a cold trap and identified as:-

1-spirohexafltwrocyclopent-2-enyl-3,~-henzo-2,5-dioxacyclopentane 

(168)(50%) (Found: C, 46.8; H. 1.4; F,40.1. c11H4F6o2 requires: C, 

46.8; H, 1.4; F, 40.4%); mass spectrum number 29; n.m.r. spectra 

number 22; i.r. spectrum number 24. 

b} With excess alkene (154).-- A mixture of the alkene 

{154){9.4g, 44.3mmol), catechol (2.20g, 20mmol), potassium carbonate 

(4.60g, 33.3mmol) and acetonitrile (30ml) contained in a sealed 

glass tube was agitated at room temperature for 48h. Excess gas 

(7.0g) was allowed to expand into an evacuated space and found to be 

19 starting material (154)(74% recovered) by a comparison of F n.m.r. 

(number 10) and i.r. (number 11) spectra ~ith an authentic sample. 

Water (150ml) was added to the :residue and the lower layer (5.0g) 

thus formed was removed. Volatile material {4.9g) uas transferred in 

vacuo to a cold trap and found (g.l.c., Col. 0) to be a mixture of 

several components. f4ass spectroscopy identified the spiro-ketaL 



(168)(40%)(mass spectrum number 29), tv.ro c11H5F7o2 components (3% 

and 1%), a c16H
4

F14o2 
component (6%) and a c16H5F15o2 component 

(9%). Only the spiro-ketal. ( 163) could b<=; 1.solated pure: and the 

l!lixture t'Jas not p!!Tsued further. 

fold excess of catechol and potassium carbonate gave a small 

quantity of a multicomponent (t.l.c., Et2o eluent) white solid which 

could not be purified and was not pursued further. 

Spiro-ketal [163} uith acids 

a) 1Ji th mineral\ acids.·--· A mixture of the spi.ro-k.etal. 

(168)(0.52g, 1.8mmol), hydrochloric acid (2M, 4ml} and acetonitrile 

(2ml), contained in a sealed glass vessel, was agitated for lh. at 

60'C and for a further 2h. at lOO'C. The mixture was cooled and the 

lower layer (0.56g) removed and found (g.l.c., Col. 0} to be single 

component and identified by a comparison of g.l.c. retention time 

19 and F n.m.r. spectra (number 22) as starting material (100% 

recovered). 

Similarly, (168) was recovered (85%) after stirring with 

excess sulphuric acid (50%) at room temperature for 144h. 

b) With strong Lewis acids.- Prolonged stirring \'lith boron 

trifluoride etherate (excess) gave only starting material (85% 

recovered). 

Neat excess antimony pentafluoride reacted violently on 

contact with (168) to give an intractable tarry material. 
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An a:rcton (CF2ClCfC12 ) solution of antimony pentafluoride 

was mixed at -78 · C vd th the spiro·-k.e tat (168) a..rsd VJarm~d slm1ly to 

room temp(B:ratun~, upon r1h1lch the m:bt:ture slor1ly tarred and! -rm.s not 

&ira-ketal 0~1 with J~~ssi"QJIQ Huowide 

A mixture of the spiro-ketal (168)(0.98g, 3.5mmol), 

potassium fluoride (0.38g, 6.7mmol) and tetraglyme {2ml) was stirred 

at room temperature for 72h. and for a further lh. at 70"C. The 

resulting mixture was found ( 19F n.m.r. ,) to contain starting 

material (168)(89%)(n.m.r. spectra number 22) and an unidentified 

component ( 11%). 

Ortho-aminophenol with perfluorocyclobutene (1071 

A mixture of the alkene (107)(4.8g, 29.6mmol), 

ortho-aminophenol (3.5g, 32.1mmol). potassium carbonate (6.5g, 

47.lmmol) and acetonitrile {200ml). contained in a sealed glass 

tube, was agitated at room temperature for 24h. Water (200m!) was 

added and the lower layer (10.2g) removed. Mild heating at ca. 

lOmmHg left a viscous oil (4.0g) from which a white solid {1.6g) 

sublimed in vacuo. This was subsequently identified as:-

ortho-2,3,3,4,4=pentafluorocyclobut-1-eneoxyaniline (173}(22%) 

{Found: C, 48.1; H, 2.4; N, 5.6. CroH6F
5

No requires: C, 47.8; H. 

2.4; N, 5.6%); mass spectrum number 30; n.m.r. spectra number 23; 

i.r. spectrum number 25. 

6.13 Ortho-aminophenol with parfliuorocycloP?ntene (154] 

A mixture of the alkene (154)(5.5g, 25.9mmol), 

ortho-aminophenol (2.8g, 25.7mmol), potassium carbonate (5.8g, 

42.0mmol) and acetonitrile (200ml). contained in a sealed glass 



tube, vms agitated. at :room temperatUJre for 2.5 h. Vlate:r (300ml) was 

added nnd the lov1er layer thus foJrmed ( U. Op;) n~mn>ved and found ( 
19

F 

n.::n.r.. 2lnde;.l.c., Col. 0) to contain solvent,staxtilr.g;LE .. terial 

brxeif application of high vacuum and then the remaining vo!,atUe 

material was transferred in oo.cuo to a cold trap and found (g. l. c .. 

Col. 0) to be single component, identified. as:-

(98%)based on COn$Umed perfluo:rocyclopentene); mass spectrum number 

31; n.m.r. spectra number 24; i.r. spectrum number 26. 

This material rapidly decomposed on standing at room temperature in 

air and therefore elemental analysis was unavailable, but could be 

used immediately in a further reaction .. 

Ether [173) ~ith triethylamine 

The ether {173) formed in a separate reaction with 

ortho-aminophenol (3.4g, 31.2mmol), potassium carbonate (8.0g, 

57.9mmol), perfluorocyclobutene (107)(4.5g, 27.8mmol) and 

acetonitrile, conducted as before (6.12) was refluxed in 

acetonitrile (200ml) in the presence of triethylamine (3.0g, 

29.7mmol). Solvent was evap,clrated in vacuo to leave an intractable 

19 tar (7.8g) with a very complicated F n.m.r. spectrum. 

Ether (174) ~ith t~iethylamine 

The ether (174) from a separate reaction with 

ortho-aminophenol (5.lg, 46.7mmol) and perfluorocyclopentene (154) 

(9.7g, 45.8mmol) carried out under conditions identical to previous 

experiments (6.13), was refluxed with triethylamine (5.0g, 49.5mmol) 

in acetonitrile (200m1) for 7h. Water (300ml) was added and the 



iS9 

product extracted VJith ether (2x200ml). After drying U·1gS04) and 

evap'o.ration of solvent a bro~ solid remained. Sublimation in uacuo 

affm:·decl a cm11pouund identified as:-

~i~~- {~75](7.0g, 59% based on consumed perfluorocyclopentene), a 

white solid m.p. 103-104"C (~~om OC1 4) ~Found: C. 50.9; H, 1.2; N, 

5.5; F, 36.0. c
11H4F5

No requires: C. 50.6; H, 1.5; N, 5.4; F, 

36.4%); mass spectrum number 32; n.m.r. spectra number 25; i.r. 

spectrum number 27. 

Ether [173) ~ith sodium hydride 

Ether (173) was reacted with one molar equivalent of sodium 

hydride in acetonitrile at room temperature but only gave an 

intractable black tar which was not p~rsued further. 

Ortho-phenylenediamine ~ith perfluorocycloP?ntene [154) 

A mixture of the alkene {154)(4.8g, 22.6mrnol), 

ortho-phenylenediamine (2.8g, 25.9mrnol), potassium carbonate (7.lg, 

51.4rnrnol) and acetonitrile (200rnl), contained in a sealed glass 

vessel, was agitated at room temperature for 24h. Water (200ml) was 

added and the product extracted with ether (2x150rnl), dried (MgS0
4

) 

and the solvent evap•orated in vacuo to leave a black intractable 

tar which was not parsued further. 

Benzamidine hydrochloride oith ~rfluorgcyclopentene !154) 

A mixture of the alkene (154)(8.5g, 40.1mmol), benzamidine 

hydrochloride (5.0g, 32.1mrnol), potassium carbonate (16.3g, 118rnmol) 

and acetonitrile (lOOml) was agitated in a sealed glass vessel for 

24h. at room temperature. The crude material gave only a few well 

resolved resonances in a 19F n.m.r. spectrum. Solvent 'r.as removed 
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(rotary evapo.rator) and an attempt to transfer volatile material to 

a cold trap failed due to severe tarring of the material. 

A mixture of the alkene (154)(5.6g, 26.1mmol), 

N,N'-dimcthylurea (2.75g, 31.3mmol). potassium carbonate (5.6g, 

40.6mmol) and acetonitrile (250ml), contained in a sealed glass 

vessel, was agitated at room_ temperature for 23h. Water (250ml) was 
.;-: 

added with much effervessence (presence of volatile material) and 

19 the diminishing lower layer (0.9g) was removed and found ( F 

n.m.r .. number 10) to be starting material {16% recovered). 

In a similar reaction with sodium hydride as base, conducted 

at -15'C for 3h. only v. volatile fluorocarbon products, presumed to 

be starting material. were produced on the addition of water. 

Ethanedithiol gith perfluorocyclopentene (154) 

A mixture of the alkene (1S4){4.7g, 22.2mmol), ethanedithiol 

(2.25g, 23.9mmol). potassium carbonate (6.8g, 49.3mmol) and 

acetonitrile (80ml), contained in a sealed glass vessel, was 

agitated at room temperature for 48h. The resulting mixture was 

filtered and the solvent evapc:>rated in vacuo to leave a straw 

coloured oil (4.4g). A small amount (0.03g) of material was 

transferred in vacuo to a cold trap and found (g.l.c .. Col. 0) to 

contain two components which were not pursued further. The residual 

solid was found (t.l.c .. silica plate, ether eluent) to contain two 

major components which could not be obtained pure by chromatography 

on silica (ether eluent). 

A similar reaction ~s performed and a sublimation of the 



soAtcl liesiduo att~mptecl. No ~~te?i&! could bz isolated. 

hzn:d.midazole· ·:'>.o~hio! (3.7r;, 24. 71Eir1ol}, potassium carbonate {1. 7g, 

55.§rnmol) and acetonitrile {?.OOml), contained in a sealed glass 

vessel, 1·.;as agitated at room Cempcrature for 24h. Water (200ml) was 

added and the product extracted Pith ether (2x200ml), dried (MgS04 ) 

and the solvent. evaporated in vacuo to yield a brown solid (8. Og) 

with a very complicated 19F n.m.r. spectrum. Sublimation in vacuo 

afforded a small amount of a white solid (0.2g) shovnn (by 19F and 1H 

n. m. r., and t .1. c.) to be >95% pure and identified as:-

;J, ~-benzo-2,5-dtomx.-H-ali.a-Z.ll7 .8,8, 9. 9-he:uafl.l!.Wrotri.cycl.o[~ .0.7 .o6
· 

10)nona-1,6-die~ (177)(3%); m/z 322.0028. c
12

H
4
N

2
SF

6 
requires: M+ 

322.0000. mass spectrum number 33; n.m.r. spectra number 26; i.r. 

spectrum number 28. 

Good combustion anaLysis coutd not be obtained on this materiat 

aLthough other spectroscopic techniques demonstrated it was more 

than 95% pure. 

Catechol \Ji th P?rHuoro-3,4--dimsthylhex-3-ene (82) 

a) With ru>tassium cru-oonate as base.- A mixture of 

catechol (2.95g, 26.8mmol). the alkene (82) (11.50g, 28.8mmol), 

potassium carbonate (6.77g, 49.0mmol) and acetonitrile (70rnl) \r.as 

stirred at room temperature for SSh. Water (150ml) \vas added and the 

lower layer thus formed removed. Volatile material (9.5g) was 

transferred in vacuo to a cold trap and found (g.l.c., COl. 0) to be 

a mixture of three components; all c14H
4

F
14

o
2 

isomers (by mass 

spectroscopy). The major product was isolated by preparative scale 
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g.l.c. (Col. K) and shmm to be:-

6" 7-benzo-2, 3, ~-1/;ri.strifiuoro::le thyl-2-:P?ntafhwroe thyl.--1, 5--df.oxacJJcl 

ohept-3-en? -~]79)(49%) (Found: C, 36.2; H, 0.7. c14H4F14o2 requires: 

C, 3S.8; H, 0.9%); mass spectrum number 34; n.m.r. spectra number 

27; i.r. spectrum number 29. 

The two minor products were formed in a total yield of 29% 

but neither could be obtained pure and they were not p rsued 

further. 

b) Uith lithium carbonate as base.-- A mixture of the 

alkene (82)(10.3g, 25.7mmol), lithium carbonate (4.lg, 55.5mmol), 

catechol (2.8g, 25.5mmol) and acetonitrile (250ml) was stirred at 

room temperature for 72h. Solid material was filtered and the 

solvent evap.O.rated. Acetone (3ml) was added (to dissolve remaining 

lithium carbonate) and the lower layer thus formed (9g) was removed 

and found (mass spectroscopy/g.l.c., Col. 0) to contain the 

dioxepene (179)(57%)(mass spectrum number 34) and the two other 

c
14H4F14o2 

isomers (approximately similar quantity, total yield 15%) 

6.23 Catechol ~ith perfluoro-3,4-dimethyl-4-ethylhex-2-ene (83) 

A mixture of the alkene (83)(13.9g, 27.8mmol), potassium 

carbonate (6.4g, 46.4mmol), catechol (2.8g, 25.5mmol) and 

acetonitrile {70ml) was stirred at room temperature for 144h. Water 

(250ml) was added and the lower layer thus formed was removed. 

Volatile material (lO.lg) was transferred in vacuo to a cold trap 

and found (g.l.c., Col. 0) to contain one major (>94%) component 

which was. isolated by preparative scale g.l.c. (Col. 0) and 

subsequently identified as:-

5,6-benzoperfluoro-3-methyl-2-(1'-methyl-1'-ethylpropyl)-

4,7-dioxacyctohept-1-ene (180)(65%) 
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(Found: C. 33.9; H. 0.4; F, 60.4. c16H402F18 requires: C, 33.7; H. 

0.7; F. 60.0%); mass spectrum number 35,36; n.m.r. spectra number 

28; i.r. spectrum number 30. 

Catechol gith perfluorccyclobutylcycRobut-1-ene (141) 

A mixture of catechol (0.34g, 3.lmmol), the alkene 

(141)(1.00g, 3.1mmol), potassium carbonate (0.94g. 6.8mmol) and 

acetonitrile (30ml) was stirred at room temperature for 720h. After 

fi 1 tration of sol ids and evaporation of solvent the remaining oi 1 

was transferred in vacuo to a cold trap to yield a colourless liquid 

(0.38g) subsequently shown to be:-

2-spirohexafluorocyclobutyl-3,4-·tetrafluorocyclobutenyl-6,7-benzo-1, 

5-dioxacyclohept-3-ene (181)(31%) (Found: C. 42.9; H. 1.4; F,47.7. 

c14H4F10o2 requires: C. 42.7; H. 1.0; F. 48.2%); mass spectrum 

number 37; n.m.r. spectra number 29; i.r. spectrum number 31. 

Catechol rrith a mixture of perfluorocyclobutylcyclobut-1-ene 

(141) and perfluorobicyclobutylidene (127} 

In a similar reaction to (6.24) with an equimolar mixture of 

the title alkenes (127) and (141)(5.3g, 16.4mmol). catechol (1.7g, 

15.5mmol). potassium carbonate (4.7g, 34mmol) and acetonitrile 

(120ml) for the shorter time of 72h, after work up as for (6.24). 

volatile material (4.8g) was shown to be pure dioxepene (181)(78%) 

19 by a comparison of g.l.c. retention times and F n.m.r. data 

(number 29) with an authentic sample. 

Catechol with hexafluoropropene (1} 

A mixture of the alkene (1)(5.0g, 33.3mmol). catechol (3.9g, 

35.4mmol). potassium carbonate (6.2g, 44.9mmol) and acetonitrile 

(50ml) contained in a sealed glass vessel was agitated at room 
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temperature for 24h. Water (50ml) was added and the lower layer thus 

formed (10.8g) was removed. Volatile material (6g) was transferred 

in vacuo to a cold trap and shown (g.l.c., Col. 0) to consist of two 

major components, which were isolated by preparative scale g.l.c. 

(Col. 0) and shown to be=·· 

(a) Ortho-1, 1 ,2,3,3,3-h.exafl.uoropropoxyphenol ( 183) (38%) 

(found: C. 41.4; H, 2.b; F. 43.3. c
9H6F

6
o

2 
requires: C. 41.6; H. 

2.3; F. 43.8%); mass spectrum number 39; n.m.r. spectra number 31; 

i.r. spectrum number 33. 

(b) Orthobis-1,1,2,3,3,3-hexafluoropropoxybenzene {182)(16%) 

(Found: C. 35.4; H. 1.3; F. 51.5. c12H6F12o2 requires: C, 35.1; H, 

1.5; F. 55.6%); mass spectrum number 38; n.m.r. spectra number 30; 

i.r. spectrum number 32. 

6.27 Catechol with chlorotrifluoroethylene (50) 

A mixture of the alkene (50)(4.8g, 41.2mmol), catechol 

(4.2g. 38.2mmol) and acetonitrile (90ml) was agitated in a sealed 

glass vessel at room temperature for 48h. Water (250ml) was added 

and the lower layer (12.lg) was removed. Further additions of water 

(2 X 50ml) were made and the final lower layer was separated, 

transferred in vacuo to a cold trap and found to be:-

orthobis-1,1,2-trifluoro-2-chloroethoxybenzene (184)(43%); m/z 342, 

spectra number 32; i.r. spectrum number 34. 

The compound was further purified by preparative scale 

g.l.c. (col. 0) and shown (g.l.c., capillary column) to be pure but 

repeated elemental analyses were unsatisfactory. 
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Di H thio-ca.techol tJHh hexaff hnoTopTOP?llllB __ flll} 

n~utyl lithium in hexane (1.6N, 42ml, 67.2mmol} was added 

dropwise to a stirred solution of catechol (3.7g, 33.6mmol) in dry 

ether (150ml) under nitrogen at ··78·c. After stirring for lh. at 

-78 · C then for 24h. at room temperature the solvent was evap.o rated 

in vacuo to leave the dilithio derivative as a white solid. 

Acetonitrile (lOOm!) was added and a flexible gas reservoir 

containing hexafluoropropene (1)(5.5g, 36.7mmol} was attached. After 

stirring for 48h. at room temperature the solution was filtered and 

the solvent removed by distillation to leave a colourless liquid 

{9g}. Analysis by g.l.c. (Col. 0) indicated the presence of a small 

amount of solvent and four other components, two of them major. 

These were isolated by preparative scale g.l.c. {Col. 0} and shown 

to be:-

(a) 4,5-benzo-(1',1',1',2',3"-pentafluoroethyl)-

1,3-dioxacyclopentane (194)(29%} (Found: C, 45.3; H, 2.8. c
9

H5F
5
o

2 

requires: C, 45.0; H. 2.1%); mass spectrum number 42; n.m.r. spectra 

number 34; i.r. spectrum number 36. 

and (b) 4,5-benzo-2-{1',1".1',4'-tetrafluoroetheno)-

1,3-dioxacyclopentane (193)(54%) (Found: C, 48.8; H, 2.1. c
9

H
4

F4o2 

requires: C, 49.1; H, 1.8%); mass spectrum number 41; n.m.r. spectra 

number 33; i.r. spectrum number 35. 

Dilithio-catechol with chlorotrifluoroethylene (50) 

A flask was charged with catechol (3.65g, 33.2mmol) and dry 

ether {lOOml) and purged with dry nitrogen. ~utyl lithium in hexane 

{41ml of 1.6M, 65.6mmol) was added dropwise at -78·c and the mixture 

was stirred for a 2h. and then for a further 24h. at room 

temperature. Solvent was evap·o.rated to leave the dilithio 
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derivative as a white solid. A flexible gas reservoir containing 

(50)(3.9g, 33.5mmol) was connected and acetonitrile (20ml) admitted 

and the mixture stirred at room temperature for 72h. Volatile 

material (15.6g) was transferred in vacuo to a cold trap and found 

to contain no detectable fluorocarbon material by n.m.r. and g.l.c. 

6.30 - -biher reactions of pell"fluoro-3,4-dimethylhex-3-ene (82) 

a) With acetamide.-- A mixture of the alkene (82)(5.lg, 

12.8mmol), acetamide (0.73g, 12.4mmol), sodium hydride (60% w/w in 

oil, 0.5g, 12.5mmol) and 1,4-dioxan (25ml) was stirred at room 

temperature for 48h. After standing for lh. the lower layer (2.0g) 

was removed and found to be starting material (82)(40% recovered) by 

a comparison of i.r. spectra (number 16) with authentic material. 

Volatile material from the upper layer was transferred in vacuo to a 

cold trap (leaving a significant amount of tarry residue) and shown 

(g.l.c., Col. K) to consist of starting material (82) and solvent 

(by a comparison of g.l.c. retention times). 

A similar reaction with tetraglyme as solvent only gave 

starting material (82) as a tractable product. 

b) With urea.-- A mixture of the alkene (82)(11.7g, 

29.3mmol), urea (2.0g, 33.3mmol), potassium carbonate (3.8g, 

27.5mmol) and tetraglyme (20ml) was stirred at 33"C for 16h. Water 

(50ml) was added to give a three phase system. The lower colourless 

layer (9g) was shown, by comparison of 19F n.m.r. spectra (number 

15) with authentic material to be starting material (77% recovered). 

The middle layer (1.5g) gave a very complicated 19F n.m.r. spectrum 

and was not investigated further. 
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Other similar reactions with potassium carbonate as base 

conducted at various temperatures up to reflux in tetrahydrofuran, 

acetonitrile and 1,4-dioxan az solvent gave starting material and 

tarry residues only. 

c) ~Jth N,N.-dlirnathyiuF~.~ Sodium hydride (60% in oil, 

l.Og, 24.9Tirrilol) was added slowly over 1.5h. to a stirred solution of 

N,N'-dimethylurea (2.3g, 26.lmmol) and {82)(1l.Og, 27.5mmol) in 

tetraglyme (40ml) at o·c. After warming to room temperature and 

further stirring (72h.), water (100ml) was added and the lower layer 

thus formed (11.3g) removed and found to be starting material 

19 (8?.){100% recovered) by a comparison of F n.m.r. spectra (number 

15) with authentic material. 

d) With 1,2-ethanedithiol.~ A mixture of the alkene 

(82}(5.5g, 13.8mmol), potassium carbonate (3.9g, 28.3mmol), 

ethanedithiol {1.1g, 11.7mmol} and acetonitrile (lOOml) was stirred 

at room temperature for 120h. Water {150ml) was added and the white 

spongy solid thus formed was filtered but could not be purified by 

chromatography on silica (ether eluent) and was discarded. A lower 

layer (0.35g) slowly formed from the aqueous medium and after 

transferring to a cold trap in vacuo was shown (g.l.c., Col. 0/mass 

spectroscopy) to consist of solvent and a c
10

H4s
2
F14 isomer in low 

yield. 

e) With ben7~idine hydrochloride.-- A mixture of the 

alkene (82)(9.8g, 24.5mmol), benzamidine hydrochloride (3.7g, 

23.6mmol), potassium carbonate (7.1g, 51.4mmol} and acetonitrile 

(50ml} was stirred at room temperature for 4 days and then at 35'C 

for 72h. Water (100ml) was added and the lower layer removed and 
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transferred tn vacuo to a cold trap to give a yellow oil (8.6g). 

Analysis by g.l.c./mass spectroscopy (Col. 0) confirmed the presence 

of solvent, an unidentified compound (M~329) and two c15N2H4F13 

isomers. Preparative scale g.l.c. (Col. 0) failed to isolate a 

fluorocarbon product due to decomposition during the separation 

process. Benzonitrile was found in the cold traps, identified by a 

comparison of i.r. spectra with authentic material. 

In a similar reaction, chromatography on silica (ether 

eluent) failed to produce pure products. 

f) With ortho-aminophenol.-- A mixture of the alkene 

(82)(4.2g, 10.5mmol), ortho-aminophenol {1.3g, 12.0mmol), potassium 

carbonate {2.6g, 18.8mmol) and acetonitrile (150ml) was stirred at 

room temperature for 120h. Water {150ml) was added and the lower 

layer (5.0g) removed and transferred in vacuo to a cold trap and 

found (g.l.c., Col. 0) to contain starting material (82){identified 

on the basis of g.l.c. retention time)(20% recovered) and a number 

of unidentified components which were not pursued further. 

A mixture of the alkene (82)(5.lg, 12.8mmol), 

ortho-aminophenol (1.4g, 12.9mmol), potassium carbonate (3.7g, 

26.8mmol) and acetonitrile {lOOml) was stirred at room temperature 

for 24h. Water (250ml) was added and three layers were observed to 

19 form. The lower (2g) was found (g.l.c., Col. 0 and F n.m.r. number 

) to be starting material (82){39% recovered) and the middle phase 

(8.3g) exhibited a very complicated 19F n.m.r. spectrum and was not 

.p rsued further. 
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(g) W'1l th 3.4-~:lll\~li"'ca.ptotohnene.--. A mixture of the alkene 

{82)(1.65g, 4.1mmol), 3,4-dimsrcaptotoluene (0.58g, 3.7mmol), 

potassium carbonate (l.Bg, 13mmol) and acetonitrile (100ml) was 

stirred at room temperature for ?.4h. \later (lOOml) was added and the 

lower layer (l.Bg) removed, transferred in vacuo to a cold trap and 

19 found ( F n.m.r.) to be a very complicated mixture from which no 

materia! could be isolated. 

h) With Ortho-aminothiophenol.-- A mixture of the 

ortho-aminothiophenol {1.6g, 12.8mmol), potassium carbonate {2.7g, 

19.6mmol) and ether (200m!) was cooled to -78"C and the alkene 

(82)(5.0g, 12.5mmol) was added slowly with stirring. On warming to 

room temperature and further stirring for 24h., water (250ml) was 

added and the product extracted with ether (2x100ml), dried (MgS0
4

) 

and, after evapoTation of solvent (3.0g of solid) was shown ( 19F 

n.m.r., t.l.c.) to contain at least five components which could not 

be purified. 

i) With benzimidazole-2-thiol.-- A mixture of the alkene 

(82)(4.0g, lO.Ommol), potassium carbonate (2.7g, 19.6mmol), 

benzimidazole-2-thiol (1.64g, 10.9mmol) and acetonitrile (200ml) was 

stirred at room temperature for 48h. Water (200m!) was added and the 

product extracted with ether (2x100ml), dried (MgS04 ), shown by 19F 

n. m. r . spectroscopy to be mu 1 t i component and was not p ·· r sued 

further. 

6.31 Ortho-aminophenol with perfluoro-3-methylpent-2-ene (197) 

A mixture of the alkene (197)(2.4g, 7.9mmol), 

ortho-aminophenol {2.2g, 20.1mmol) and potassium carbonate (6.0g, 



210 

43.4mmol) '~s stirred in acetonitrile at room temperature for 96h. 

After solvent evapr<O ration (rotary evaporator), sublimation in 

vacuo afforded only a small amount of solid (0.3g). Residue was 

found (t.l.c. on silica, dichloromethane eluent) to consist of ca. 7 

components which could not be obtained pure by chromatography on 

silica (dichloromethane eluent). 

A similar reaction with triethylamine as base, ether as 

solvent conducted at -15'C for 12h. gave a similar result. A small 

amount (0.2g) of liquid volatile material was also isolated and 

found (g.l.c., Col. 0) to contain five components two of which could 

be identified as c 12H50NF10 and c 12H
4

0NF9 isomers by mass 

spectroscopy. 

Dimerisation of hexafluoropropene ill 

a) with no agitation, giving kinetic dimer (196).-- A 

Carius tube was charged with caesium fluoride (1.8g, 11.8mmol) and 

acetonitrile (38ml), and hexafluoropropene (1)(17.0g, 113mmol) was 

transferred in vacuo to the tube which was cooled in liquid air. The 

mixture was then stood in the sealed vessel at room temperature for 

16h. (NB. An initiaL exotherm indicated the reLevant dimerisation 

had taken pLace and therefore 16h. is probabLy excessive. Provided 

no agitation is provided, however, none of the aLternative 

thermodynamic dimer (29) is found.). The lower layer (13.6g) was 

removed and found by a consideration of 19F n.m.r. (number 35), i.r. 

(number 37) and mass (number 43) spectra to be the kinetic dimer 

(196)(80%), b.p. 47.5·c. 

A number of simiLar reactions are summarised in the tabLe beLow. 
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(1} CsF ~CN time yield of dimer ( 196) 

(g. mmol) (g. mmol) {ml) (h.) (%) 
. ---------~~----- --

... __ 
17.0, 113 1.8, 11.8 38 16 80 

6.0, 40 0.5. 3.3 10 24 50 

30.0, 200 2.6, 17.1 75 24 77 

b) uith. agitation, giving thennmil,IVlru!lic dimer (29].- In 

reactions conducted as for (a) except efficient agitation in a 

rotating arm was provided a good yield of the thermodynamic dimer 

19 (29) could be realised with only minor impurities ( F n.m.r. number 

36, i.r. number 38, mass spectra number 44). b.p. 52.5'C. 

The reactions are summarised in the following table. 

{1) CsF ~CN time yield of dimer (29) 

(g. mmol) (g. mmol) (ml) (h.) (%) 

31. 207 2.4. 16 80 24 95 

40. 266 4.6. 30 120 24 50 

58, 387 5.8, 38 100 22 89 

6.33 Ortho-aminophenol with perfluoro-3-methylpent-2-ene (196) 

In a reaction, conducted as for (6.31) with triethylamine as 

base and ether as solvent no tractable material could be isolated. 
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7. ~ Cnl-dilit1':irisation olf p:erHuorocyclo~nll:en® {1154] and! 

P?rfluorocyclobutene (107) 

-A roto/lo tube was charged with pyridine (2.5g, 31.6mmol) 

and alkenes {154)(25.3g, 119.4mmol) and (107){20.5g, 126.5mmol) were 

transferred in vacuo to the tube which was cooled in liquid air. The 

resulting mixture was agitated in a shaker at room temperature for 

16h. and then volatile material was transferred under vacuum to a 

cold trap, washed with water (2x100ml) and dried (P205 ). The liquid 

was distilled {Fischer Spaltrohr) to yield:-

perfLuorocycLobutene dimers (141) and {127). b.p. 80-85"C, 6.0g 29%. 

and the co-dimer (216), b.p. 98-100"C, 2.0 g, 5%. 

The syntheses of perfluorobicylobutylidene {127), 

perfluorocyclobutylcyclobutene (141), perfluorobicyclopentylidene 

{128), perfluoro-2-methylpent-2-ene (29), and perfluoro-2-methylpent-

3-ene {196) have already been described. 

7.2 Synthesis of trisdimethylaminosulphonium­

trirnethylsilyldifluoride (208) (TAS-F) 

GeneraL procedure.-- A 'rotoflo' tube of the desired volume 

(to contain 0.3 mol. equivalents of SF4 to Me
2

NSiMe
3

) was evacuated 

and the tap was carefully opened to a stream of SF
4 

until the tube 

was full with SF4 gas. One arm of a Schtenk tube was charged with 

dry ether, cooled in liquid air, and the SF
4 

was transferred in 

vacuo to the vessel. The apparatus was allowed to fill with dry 

nitrogen and warmed to -78"C (acetone/drycold). A pressure 
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equalising droping funnel containing N.N-dimethyltrimethylsilylamine 

(241)(3 x molar quantity to SF4 ) was connected to the apparatus 

against a countercurrent of dry nitrogen and the silylamine was 

added dropwise (over ca. ?.h) to the stirred solution and the 

resulting mixture further stirred at -78"C for ca. 2h. Care must be 

taken when adding the silylamine as overzealous additions cause the 

temperature of the ether solution to rise and significant 

interference to the reaction may occur. The flask was then warmed to 

room temperature and stirring was continued under dry nitrogen for 

ca. three days. A white precipitate slowly formed from the ether 

solution which was filtered on to the Schlenk scinter under nitrogen 

simply by inverting the Schlenk tube and reducing the pressure 

slightly in the opposite arm. This was found to be the desired 

19 1 product (208) by a comparison of F n.m.r. and H n.m.r. (number 

49) with literature data, 228 and by a consideration of 13c n.m.r. 

data (not reported in the literature)(number 49). 

TAS-F may be stored supported on the Schlenk scinter for 

prolonged periods provided moisture is rigorously excluded. 

Reactions conducted as above are detailed in the foLLowing table:-

sHylamine (241) SF4 
(g. mmol) (g. mmol) 

10.0, 85.5 2.9, 26.9 

10.0, 85.5 2.3, 21.3 

10.0, 85.5 3.0. 27.8 

10.0, 85.5 2.2. 20.3 

Yields based on SF
4 

consumed. 

ether 

( g) 

21 

26 

35 

30 

Yield of (208) 

{%) 

55 

85 

63 
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Use of TA§:-F All manipulations of TAS-F are made using 

ba~ed ~nd nitrogen filled apparatus and a countercurrent of dry 

nitrogen is maintained when the apparatus is open to the atmosphere. 

A portion of the solid on the scinter of the Schlenk tube was caused 

to fall into the side arm of the Schlenk tube and dry acetonitrile 

was added to dissolve it. The resulting solution was removed and 

then residLtal so-lvent was pumped off. The weight of TAS-F use-d was 

calculated by difference and, thus, by the final volume of the 

acetonitrile solution removed the exact concentration of TAS-F could 

be determined. 

7.3 Synthesis of perfluoroisobutene (4) 

Important Note Pefluoroisobutene is extremely toxic by 

inhalation (lc50 t 0.2 ppm for 0.5h.). 257 All manipulations with (4) ra 

should be made with a well ventilated fumes hood and the wearing of 

breathing apparatus is advised. 

In the course of this experiment, the above conditions were 

met and, in addition, all volatile material was contained in a 

vacuum line or apparatus backed up with cold traps. The author 

gratefully acknowledges the help of Mr. T. F. Holmes during this 

experiment. 

Hexafluoropropene (1) was passed through a nickel tube (bore 

2 em, length 30 em) previously flushed with nitrogen and maintained 

at 750"C. The flow rate was preset at 10 ml/minute and maintained 

for 5h. The products (estimate 20g) were collected in a cold trap 

and subsequently transferred in vacuo to a distillation column. The 

base of the column was brought up to o·c and the hexafluoropropene 

allowed to distill (condensed by an acetone drycold trap) over a 

period of lh. The remaining material (7.3g) was transferred in vacuo 

to a cold trap and found, by comparison of i.r. spectra .(number 40) 
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with literature data258 to be perfluoroisobutene (4) (n.m.r. spectra 

number 38). 

ALKEl"ffi 
--

CsF SOL~ TIME b N.M.R. 
0 (N-)g,mmol g, ffiiTIOl ml days number 

1. (127} 0.5, 1.5 0.3, 1.9 0.5 3 54 

2. (141) 1. 7' 5.2 0.7, 4.6 4 3 54 

3. ( 127) 0.7, 2.1 0.5, 3.3 (DMF) 1. 0 3 54 

4. (214) 2.3. 4.4 0.9, 5.9 3 14 53 

5. (216) 0.8, 2.1 0.7, 4.6 2 9 56 

6. {4) 5.3, 26.5 4.2, 27.7 7 3 50 

7. {29) 2.5, 8.3 1.9, 12.5 5 4 51 

8. (29) 6.0, 20.0 4.0, 26.3 20 4 51 

9. (29) 3.2. 10.6 1.9, 12.5 (DMF)3.0 5 not formed 

10. (29) 2.4. 8.0 1. 1' 7.2 (DMS0)4.0 2 51 c 

11. {29) 2.2. 7.3 1.8, 11.8 (CH3CN)2.3 4 not formed 

12. {197) 2.7, 8.9 1.5, 10.0 4 4 52 

13. (197) 1.0, 3.3 0.6, 3.9 1.5 2 52 

14. {197) 1.5, 5.0 2.4, 15.7 (CH3CN)3.0 3 not formed 

15. ( 197) 0.20, 0.66 0.12, 0. 78 (DMF)0.5 5 not formed 

16. (83) 4.5, 9.0 1. 7' 11.2 5 11 60 

17. {83) 4.5, 9.0 2.0, 13.2 5 9 60 

18. {82) 5.2, 13.0 4.9, 32.2 5 5 not formed 

19. {128) 1.9, 4.5 0.8, 5.3 3 4 not for·med 

a. TetragLyme soLvent if not stated. 
b. Spectra tabuLated in Appendix 4. 
c. Gave spectrum simiLar to number 51, but coupLing was absent and 

sLight tine broadening present. 
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Genera.t proced,ure .-~ Unless otherwise stated, the alkene 

was stirred vigorously with well dried and ground caesium fluoride 

(approximate molar equivalent) in the required solvent for over 24h. 

Commonly a deficiency of solvent was employed so that the resulting 

solutions were as concentrated as possible. The mixture was then 

stood for ca. 0.5h to leave unreacted caesium fluoride and alkene to 
--

settle as a lower layer and the transparent coloured homogeneous 

upper layer was removed by pipette and placed in an n.m.r. tube. The 

solutions could be stored at room temperature for at least a year 

19 without detectable ( F n.m.r.) change, provided moisture was 

rigorously excluded. Quantities of solvent, caesium fluoride and 

alkene; approximate reaction times employed and references to n.m.r. 

spectra for the generation and attempted generation of 

fluorocarbanions are given above. Table 23, page 131 contains the 

structures of the respective alkenes and carbanions. 

7.5 Attempted crystal growth of caesium perfluorocarbanions 

a) The perfluoro-3-rnethylpent-3-yl anion (220).- A 

solution of the title carbanion as its caesium salt in tetraglyme 

(see N~ll, section 7.4) was placed in a small dry sample tube and 

subsequently enclosed in a sealed vessel containing toluene. The 

toluene was allowed to diffuse over a period of ca. 7 days into the 

tetraglyme solution which then produced a crusty layer on the 

surface. The soid material was isolated, found to be insoluble in 

tetraglyme and presumed to be caesium fluoride. 

Simply cooling a solution of the carbanion {220){see N~ll, 

7.4) to -40"C produced no evidence of any solid species. 

b) The perfluoro-2-methylpent-2-yl anion (221).- Cooling a 

solution of the title carbanion {221)(see N~7. 7.4) to -40"C did not 
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cause solid material to form. 

t c) TI1e p;erJth1oJro butyl anion 001) .·- · Cooling the solution 

of the title carbanion (101)(see N~6. 7.4) to about +15'C (cold 

water) caused rapid growth of large needles which, in about 2 

minutes, caused almost complete solidification of the mixture. 
-

Warming the resulting mixture under the hot tap caused complete re-

dissolution of the matter in ca. 10 seconds. This process could be 

repeated many times. 

On one occasion, the sealed tube was broken and the solid 

isolated by pipetting residual solvent under a nitrogen plume. After 

standing at room temperature for about 0.5h, tetraglyme was added 

19 which readily re-dissolved the solid to give a F n.m.r. spectrum 

(number 50) indistinguishable from the carbanion (101). 

7.6 Attempted syntheses of potassium perfluorocarbanions 

a) With perfluoro-2-methylpent-2-ene (29).-- A mixture of 

the alkene (29)(2.0g, 6.7mmol), potassium fluoride (0.5g, 8.6mmol) 

and tetraglyme (2ml) was stirred vigorously under nitrogen for 7 

days. After standing for a further 0.5h the solvent layer was 

19 removed and found ( F n.m.r.) to contain no detectable 

concentration of fluorocarbon. 

b) With perfluoro-3-methylpent-2-ene (197).-- A similar 

reaction to (7.6.a) was performed with (197)(0.93g, 3.1mmol), 

potassium fluoride (2.3g, 39.7mmol) and DMF(10ml). No detectable 

19 
( F n.m.r.) concentration of fluorocarbon material was observed in 

the solvent . 

c) With perfluoro-2-methylpent-2-ene {29) and added 

18-crown-6 ether.-- A mixture of (29)(3.0g, 10.0mmol). 

potassium fluoride (0.5g, 8.6mmol), acetonitrile (6ml) and 
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18-crovm-6 ether (1.9g, 7.2mmol} were mixed at room temperature. The 

mixture immediately heated to ca. so·c and, after cooling to room 

19 
temperature, the solvent layer 1ms reoved and found ( F n.m.r.) to 

contain no detectable concentration of fluorocarbon. 

GeneraL procedure for drying TBAF.3H~.-- Commercial 

terabutylammonium fluoride trihydrate {Aldrich) was placed in a dry 

flask and heated with stirring for 48h at 40- 45·c under O.Olmm Hg. 

During this time the sample had liquefied into a straw coloured 

syrup and lost a proportion of its weight between 22% and 47%. In 

the following reactions the original weight of the trihydrate and 

the final weight are quoted. If the sample was divided for separate 

reactions the quoted weights are reduced in proportion. 

a) With perfluoro-2-methylpent-2-ene (29).-- 'Dried' 

tetrabutylammonium fluoride (trihydrate: 3.7g, 11.7mmol; final: 

3.08g) in acetonitrile (10ml) was mixed with {29) {2.1g, 7mmol) and 

stirred at room temperayture for 1h. The resulting homogeneous 

19 solution was removed and found to give a broadened F n.m.r. 

spectrum. Dry nitrogen was blown across the solution surface for 3h. 

and the resulting mixture found ( 19F n.m.r.) to contain the 

perfluoroalkenylammonium derivative {223) as the only detectable 

species, by comparison of the spectrum (see page 137) with 

literature values58 for analogous triethylammonium derivative (55). 

b) With perfluoro-3-methylpent-2-ene (197).-- Alkene 

(197)(3.16g, 10.5mmol) was added to a solution in acetonitrile (5ml) 

of 'dried' tetrabutylammonium fluoride {trihydrate: 3.5g, 11.1mmol; 

final: 2.8g) and stirred for 1h. at room temperature. The residual 
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19 solution was studied by F n.m.r. and found to contain resonances 

tentatively assigned to perfluoroalkenylarnmonium derivative (242) oF 

48.5(3F, m, a), 54.3(3F, br., b), 84.0{3F, s, d) and 106.6{2F. q, 

c), along with other unassigned signals ( 40%). 

In a similar experiment with (197)(0.54g, 1.8mmol), 'dried' 

tetrabutylammonium fluoride (trihydrate: l.lg, 3.4mmol; final: 

19 0.56g) and tetraglyme (3.4g) the resulting F n.m.r. was 

complicated but contained resonances as observed above. 

c) With hexafluoropropene (1}.-- Hexafluoropropene 

(1)(8.8g, 58.7mmol) was admitted to a gas reservoir which was 

subsequently connected to a flask containing stirred 'dried' 

tetrabutylammonium fluoride {trihydrate: 4.6g, 14.6mmol; final: 

3.8g) and acetonitrile (8ml). After 4 days remaining gas (2.4g) was 

confirmed to be starting material (1)(27% recovered) by a comparison 

of i.r. spectra with authentic material. From the remainder, 

volatile material was transferred in vacuo to a cold trap and the 

resulting lower layer (5.2g) removed and found (g.l.c./mass 

spectroscopy) to contain mainly (C9F18) trimers with a trace of 

(C12F24) tetrameric products. 

d) With perluoro-3,4-dimethylhex-3-ene (82).-- 'Dried' 

tetrabutylammonium fluoride (trihydrate: 4.6g, 14.6mmol: final: 

3.8g) in acetonitrile (8ml) was added to the title alkene (82)(6.0g, 

15.0mmol). The resulting mixture heated immediately to boiling and, 
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after cooling to room temperature was stirred for a further 24h. No 

· ·f· · · f fl b ld b~ d~t~ctod by 19F s1gn1 1cant quant1t1es o uorocar on cou ~ ~ ~ v 

n.m.r. in the upper layer. Volatile material was transferred in 

vacuo to a cold trap and the resulting lower lay<?.!" (5g) was r~m.wed 

and found to be (82)(83% recovered) by a comparison of 
19

F n.m.r. 

spectra with authentic material. 

e) With perluorocyclobutene (107].-- A flexible gas 

reservior containing perluorocyclobutene (107)(9.5g, 58.6mmol) was 

connected to a flask containing a stirred solution of 'dried' 

tetrabutylammonium fluoride (trihydrate: 1.5g, 4.8mmol; final: 1.2g) 

in acetonitrile (50ml). After 3 days volatile material was 

transferred in vacuo to a cold trap and found (g.l.c., Col. 0) to 

contain only solvent. Residual material was found to be a 

crystalline solid which could not be identified. 

oF {CD3CN) 120.1{4F, d, J 34Hz) and 138.3 {2F, t, 34Hz). 

oH {CD3COCD3 ) signals between 0.9 and 3.2 ppm, unassigned. 

7 8 Ge i and ed Of TAS+ __ ._ nerat on attempt generation 

perfluorocarbanion and Meisenheimer complex solutions 

{a) General procedure.-- Unless otherwise stated, a 

calculated slight excess of a known concentration of TAS-F in CH3CN 

(see 7.2) was added in an air tight syringe to the required alkene 

or fluoroaromatic in a predried n.m.r. tube. After shaking for 10 

minutes at room temperature the resulting solution was examined by 

19 F n.m.r. spectroscopy. The solutions could be stored for weeks at 

room temperature provided moisture was rigorously excluded but some 

decomposition was sometimes observed after this period. The details 

are tabulated below. Refer to table 25, page 138 for a list of 

alkenes and carbanions. 
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~Allro:.:'IA'fXC 'fA&· f. ~9'1 KOTffi 

(number)g. mmol g. mmol ml 

(196) 0.30, 1.0 0.20, 0.7 1.2 deficiency of TAS-F 
n. itt. i'. see page 140 

(196) 0.55, 1.8 0.36, 1.3 r:::a 
;)I deficiency of TAS-F 

n.m.r. as above 

( 196) 0.35, 1.2 0.60, 2.1 0.5 n.m.r. number 51 

(29) 0.15, 0.50 o.:w. 1.1 0.5 -R.Iil.r. -number 51 

(197) 0.19, 0.63 0.30, 1.1 0.5 n.m.r. number 52 

(!27~0.16, 0.49 0.16, 0.58 0.5 n.m.r. number 54 
(141 

(83) 0.51, 1.0 0.37, 1.3 0.8 n.m.r. number 60 

(128) 0.38, 0.90 0.60, 2.1 0.6 n.m.r. number 55 

(227) 0.15, 1.1 0.40, 1.5 0.7 n.m.r. number 57 
see page 140 

{228) 0.19, 1.2 0.49, 1.8 0.3 n.m.r. number 58 
see page 140 

{229) 0.2. 1.3 0.44, 1.6 0.5 n.m.r. number 59 
see page 140 

b) With perfluoro-3,4-dimethylhex-3-ene (82).-- A mixture 

of (82)(0.67g, 1.6mmol), TAS-F(0.3g, 1.1mmol) in acetonitrile 

(0.5ml) was shaken in an n.m.r. tube for 2h. at room temperature and 

19 two layers remained. The lower layer (0.2g) was shown ( F n.m.r. 

number 15) to be {82}(30% recovery) and the upper layer gave only a 

19 broad signal in the F n.m.r. spectrum at 81.3 ppm. 

In a similar reaction with {B2}{0.22g, 0.55mmol}, 

TAS-F(0.3g, 1.1mmol) and acetonitrile {0.5ml) in which the alkene 

was added dropwise to the fluoride, the alkene was seen to boil on 

contact with the liquid. the resulting homogeneous solution was 

19 studied by F n.m.r. oF 82.5(br.), 146.9(br.) and 148.9(br.). 

A reaction conducted as above at o·c gave a similar 

spectrum. 



222 

a) with hexafXuoropYopene [l).-- A flask was charged with a 

solution of TAS-F(0.45g, 1.6mmol) in acetonitrile (l.lml). 

Hexafluoropropene (1)(0.16g,l.lmmol) was transferred in vacuo to the 

flask cooled in liquid air and the resulting mixture stirred at room 

temperature for lh. Analysis by 19F n.m.r. confirmed the presence of 

~the perfluoro~2-m·ethytpent-2--yL anion (221 )(n. m. r. spectr-a number 

51) and small amounts of TAS-F decomposition products. 

b) With perfluorocyclobutene (107).~- In a reaction 

conducted as for 7.9.a'with perfluorocyclobutene (107)(0.12g, 

0.74mmol). TAS-F(0.48g, 1.7mmol) and acetonitrile (l.Oml) the 

product mixture was shown ( 19F n.m.r.) to contain the 

perfLuorobicycLobutyL anion (209)(n.m.r. number 54) and TAS-F 

decomposition products. 

c) With perfluorocyclopentene (154).-- In a reaction 

conducted as for 7.9.a. with perfluorocyclopentene (154)(0.15g, 

0.7lmmol). TAS-F(0.46g, 1.7mmol) and acetonitrile {lml) the product 

mixture was shown ( 19F n.m.r.) to contain the perfLuorobicycLopentyL 

anion (224)(n.m.r. number 55) and TAS-F decomposition products. 

Synthesis of trimethylfluorosilane 

A flask equipped with a mechanical stirrer, a water cooled 

condenser and a back up trap cooled in liquid air, was charged with 

dry potassium fluoride (22.0g, 0.38mol). trimethylchlorosilane (35g) 

and sulpholan (76g). The mixture was stirred under reflux for 12h. 

and the volatile material in the cold trap (5.3g) was found, by a 

comparison of 19F and 1H n.m.r. and i.r. spectra with literature 

259 data, to be the desired trimethyLfLuorosiLane. 
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oF 159.3 (decupLet, J 7.3Hz); 6H -0.6(d, J 7.6Hz); 

<>1 
1020(br.), 910, 852 and 755 em. 

v 2979, 
max 

A Carius tube was charged with caesium fluoride (3.1g, 

20.3mmol) and tetraglyme (25ml). Trimethylfluorosilane (1.9g, 

20.7mmol) was transferred in vacuo to the tube cooled in liquid air 

which was sealed and heated at go·c for 24h. Solid material (3.3g) 

was filtered under nitrogen and shown to be caesium fluoride. The 

19 residual solution was found ( F n.m.r.) to contain only the 

fluorosilane by comparison with authentic material. 

In a similar reaction with caesium fluoride (3.0g, 

19.7mmol), tetraglyme (18ml) and trimethylfluorosilane (1.6g, 

17.4mmol) heated in a steel autoclave at 125"C for 3 days an 

identical result was obtained. 

7.12 Generation of fluorocarbanions using cryptand (226} 

GeneraL procedure.-- A mixture of the alkene (29), caesium 

fluoride, cryptand (226) and solvent were stirred at room 

temperature for ca. 24h. After allowing to stand for 0.5h .. the 

coloured upper layer was removed and examined by 19F n.m.r. All the 

spectra corresponded to the carbanions as contained in Appendix 1. 

except coupling was virtually absent and slight line broadening was 

evident. Quantities are contained in the table below. 

ALKENE (29) CsF (226) SOLVENT,ml 
g. mmol g. mmol g, mmol 

1.8, 6.0 1.0, 6.6 1.9, 5.9 DMSO, 2.5 

2.0, 6.7 0.9, 5.9 2.1, 6.5 tetraglyme, 3 

1.3, 4.3 0.7, 4.6 1.3, 4.0 ~CN. 3 
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GeneraL procedure.--, Unless otherwise stated, homogeneous 

fluorocarbanion solutions (see sections 7.4, 7.8, and 7.12) 

contained in pre-dried n.m.r. tubes were placed in the pre-shimmed 

Bruker AC?50 (235MHz) instrument and the spectra accumulated at lO"C 

intervals above ambient temperature. 0.5h. Equilibration time was 

allowed before the spectral aquisition. The peak widths (Hz) at half 

height (Av1/2) were measured for resonances adjacent to the charge 

centre and a graph of temperature us Avl/2 plotted. Refer to table 

23, page 131 for a list of fluorocarbanions. 

CA.RBANION OOUNTERION SOLVENT etc. 1B4PERATITRE il.vl/2 !Hz) 
(K} 

Cs+ 
CF3 CF2 

(221) tetraglyme 297 46.5 67.5 
313 46.5 69.5 
323 45.5 69.1 
333 53.9 69.5 
343 100.4 88.1 
348 151.8 106.8 

TAS+ 
CF3 CF2 

(221) CH3CN 297 46.5 58.8 
313 46.5 66.1 
323 46.7 66.7 
333 46.5 68.1 
343 46.0 66.7 
348 46.0 66.7 

(221) Cs+ DMSO 300 48.6 
310 79.8 CF 
320 194.6 3 
330 603.1 
340 

(221} Cs+ tetraglyme,(226) 302 64.2 
312 79.7 
322 121.6 CF3 332 227.5 
343 495 

(221) Cs+ CH3CN, {226) 297 39.9 
307 58.0 
317 128.7 CF 
327 357.0 3 
337 644.2 
347 
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c::/ 
CF3 CF2 

(220) tetraglyme 297 55.3 33.7 
313 55.3 32.8 
323 60.5 34.8 
333 84.2 61.2 
343 156.7 103.3 
348 195.8 123.4 

CF3 CF2 
(220} TAS( CH3CN 297 52.3 31.0 

313 53.8 31.0 
323 __ 53.8 - 3-1.8 
333 56.3 34.3 
343 56.3 32.3 
348 53.8 32.2 

(209) Cs+ tetraglyme 295 89.9 
305 89.9 
315 91.1 
325 90.9 

CF2 335 91.9 
345 96.2 
350 105.5 
355 113.0 
360 130.9 

(209) TAS-F ~a'{ 296 89.6 
306 93.3 
316 94.3 
326 96.7 CF2 
336 106.6 
342 117.9 
348 136.8 
352 161.9 

(215) Cs+ tetraglyme 294 67.5 
314 59.9 
324 67.5 

CF2 334 73.2 
344 99.8 
348 116.9 

(215) Cs+ tetraglyme 297 74.6 
as above but diLuted x 20 307 73.6 

317 75.6 
CF2 327 75.6 

337 87.2 
347 104.7 
352 130.5 

(215) TAS+ CH3Q'{ 297 69.5 
307 76.5 
317 79.8 CF2 
327 92.9 
337 116.2 
347 169.1 
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(222) Cs? tetraglyme 297 65.6 
307 Gl.O 
317 60.0 
327 57.0 CF3 
337 56.2 
347 55.1 
352 57.0 

(222) TAS? ~CN 297 69.7 
307 77.8 
317 84.3 

CF_3_ 327 105.4 
337 141.8 
347 220.3 

(224) TAS+ CH3CN 297 84.3 
307 84.3 
317 86.2 CF2 
327 89.4 
337 92.3 
347 91.3 



GeneraL procedur~.-- A small quantity of dry caesium 

fluoride was carefully introduced into a dry n.m.r. tube and 

carefully weighed. Equal molar quantities of each alkene 

corresponding to the amount of caesium fluoride were carefully 

introduced into the tube by syringe. Tetraglyme (1ml per 0.8g CsF) 
-

was added to the tube and the resulting mixture agitated efficiently 

f h · d · S · 1 19F 1 . f h l or t e requ1re tlme. 1mp e n.m.r. ana ys1s o t e so vent 

layer afforded the ratio of the carbanions in solution. Refer to 

table 23, page 131 for a list of alkenes and carbanions. 

ALKENE & 
g, mmol 

(29) 
0.102. 0.34 

(29) 
0.069, 0.23 

(197) 
0.087, 0.29 

(29) 
0.078, 0.26 

(29) 
0.086, 0.28 

ALKENE !! 
g. mmol 

(197) 
0.102, 0.34 

(127) 
0.097, 0.30 

(127) 
0.123. 0.38 

{214) 
0.136, 0.26 

(83) 
0.145, 0.29 

CsF TETRAGLYME TIOOE CARBANIONS 
g. mmol ml days %A %B 

0.0507, 0.33 0.6 0.3 45 
7 48 
30 47 

0.0337, 0.22 0.35 0.3 5 
7 35 
30 33 

0.0432, 0.28 0.50 0.3 14 

0.0348, 0.23 0.35 0.3 98 
7 98 
30 98 

0.0429, 0.28 0.50 0.3 100 
7 100 
30 100 

Trapping reactions of fluorocarbanions 

55 
52 
53 

95 
65 
67 

86 

2 
2 
2 

0 
0 
0 

GeneraL procedure.-- To a homogeneous solution containing 

the caesium perfluorocarbanion(see section 7.4) an excess of the 



electrophile was added and the resulting mixture was shaken manually 

for 0.5h. A lower liquid layer and a white solid immediately 

separated from the mixture \'thich was allowed to settle for 0.5h. The 

lower liquid layer (usually pure even at this stage) was removed 

with a pipette, washed with water and transferred in vacuo to a cold 

trap and found to contain the trapped species with no detectable 

1 l £ . . . Th l . d b 19
1';'-eve o _ -1mpur1 t1es. e upper --ayer was exam1ne y • n.m. r. 

spectroscopy and, unless otherwise stated, no fluorocarbon material 

could be detected even with the sensitivity of the machine at 

maximum. Thus within the limits of detection the trapping reactions 

were quantitative. 

a) Reactions with bromine 

i) With the perfluoro-2-methylpent-2-yl anion 

(221).--yielded perfluoro-2-methyl-2-bromopentane pure by g.l.c. 

(capillary column) by a comparison of spectra with literature 

data, 136 mass spectrum number 46; n.m.r. spectra number 39; i.r. 

spectrum number 41. 

ii) With the perfluoro-3-methylpent-3-yl anion (220).--

yielded perfluoro-3-methyl-3-bromopentane pure by g.l.c. (capillary 

column, 35"C) (Found: F. 61.0; Br. 20.6. c6F13Br requires: F. 61.9; 

Br. 20.0); mass spectrum number 55,56; n.m.r. spectra number 46; 

i.r. spectrum number 48. 

iii) With the perfluoro-2-methylpropr2-yl anion (101).~ 

yielded perfluoro-2-bromo-2-methylpropane by a comparison of 19F 

n.m.r. spectrum (number 47) with literature data. 199 



iv) Ohh ~rfhJIOTr<Ol-3\,-4l-&:ii~U:hy!--4-etlh.vlhex-3-·yll mti<Oln 

.(P.2}. -· - gave no reaction at all. The 19F n. m. r. spectrum 

corresponding to (222)(number 60) could be observed in saturated 

b!'orrdn(c) solution even 1·11 th slight warming. 

b) Reactions of ~thyll iodide 

i) Wli.th the P?rfiuoro '2-methylpent-2-vl anion [220.­

yielded 2-methylperfLuoro-2-methyipentane (Found: C, 25.2; H. 1.0. 

C7H3F13 requires: C, 25.2; H. 0.9); mass spectrum number 47; n.m.r. 

spectra number 40; i.r. spectrum number 42. 

ii) With the perf_luoro-3-methylpent-3-yl anion 

{220).~ielded 3-methytperftuoro-3-methytpentane (Found: C. 25.3; 

H, 0.7; F, 74.3. c~3F13 requires: C, 25.2; H. 0.9; F. 73.9); mass 

spectrum number 54; n.m.r. spectra number 45; i.r. spectrum number 

47. 

iii) With the perfluoro-3,4-dimethyl-4-ethylhex-3-yl anion 

(222}.-- gave no detectable reaction. The 19F n.m.r. corresponding 

to (222)(number 60) was unchanged by the addition of methyl iodide 

and warming to so·c. 

c) Allyl iodide with the perfluoro-2-methylpent-2-yl anion 

(221).-- yielded 2-prop-2-enyiperfiuoro-2-methylpentane (Found: C, 

29.7; H. 1.1; F,69.0. c9H5F13 requires: C, 30.0; H. 1.4; F, 68.6); 

mass spectrum number 48; n.m.r. spectra number 41; i.r. spectrum 

number 43. 

d) Benzyl bromide with the perfluoro-2-methylpent-2-yl anion 

(221).-- yielded 2-benzyLperfLuoro-2-methyLpentane pure by 
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g.l.c.(capillary column, 70"C) by a comparison of spectra with 

1 . d 136 b 49 b 1terature ata, mass spectrum num er ; n.m.r. spectra num er 

42; i.r. spectrum number 44. 

anion (2221.-- gave no detectable reaction after ca. lh. 

Reactions with borontrifluoride diethyletherate 

a) With the perfluoro-2-methylpent-2-yl anion [221).--

Excess boron trifluoride diethyletherate was added to a solution of 

the title carbanion as its caesium salt in tetraglyme. The resulting 

lower layer was washed with water, was shown to contain only one 

component (g.l.c., capillary column) and was found to be 

perfLuoro-2-methyLpent-2-ene (29) by a comparison of 19F n.m.r. 

spectra (number 36) with authentic material. 

b) With the perfluoro-3,4-dimethyl-4-ethylhex-3-yl anion 

(222).-- In a reaction conducted as for 7.16.a. the resulting lower 

layer was shown to be a single component and confirmed as 

perfLuoro-3,4-dimethyt-4-ethyLhex-3-ene (83) by a comparison of 19F 

n.m.r. data with authentic material. 

The Perfluoro-2-methylpent-2-yl anion (221) with 

tetrafluoropyridazine 

A solution of the perfluoro-2-methylpent-2-yl anion (29), 

formed by stirring a mixture of caesium fluoride (6.2g, 41mmol), 

perfluoro-2-methylpent-2-ene (29)(8.0g, 26.7mmol) and tetraglyme 

(19ml) at room temperature for 48h (until no liquid lower layer was 

evident), was added to tetrafluoropyridazine (243){2.0g, 13.lmmol) 

and the resulting mixture stirred at room temperature for 72h. 
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Volatile material (6.3g) was transferred in vacuo to a cold trap 

with heating and shown (g.l.c., Col.O) to consist of three 

components. These were shovm (mass spectroscopy, g.l.c.) to be 

perfl.uoro··2··methylpenl1:-·?.-ene (29){29%)(rnass spectra number 44), 

tetraftuoropyridazine (243)(35% recovered)(by a comparison of g.l.c. 

retention times) and a c10N2F16 isomer. This was isolated by 

preparative scale g.l.c. (Col. 0) and identified as 

perftuoro-4-(2'-methylpent-Z-yl)pyridazine (238)(83% based on 

consumed (243)) (Found: C, 26.3; N, 6.6; F,67.7. c10F16N2 requires: 

C, 26.6; N, 6.2; F. 67.2); mass spectrum number 52,53; n.m.r. 

spectra number 44; i.r. spectrum number 46. 

Similar reactions were conducted. The table below summarises 

the information. 

CARBANION 

(29) 
g, rnrnol 

CsF 
g,rnrnol 

8.0,26.7 6.2,40.8 

8.2,27.3 6.3,41.4 

8.2,27.3 6.3,41.4 

2.4. 8.0 1.2. 7.9 

tetraglyme g, mmol 
ml 

19 2.0,13.1 

20 1.8,11.8 

20 1.8,11.8 

5 0.7, 4.6 

a. Recovered materiaL 

·c h. % 

20 72 29 

20 500 23 

100 144 49 

50 48 19 

7. 18 The perf luoro-2-methylpent-2-yl anion (221) with 

trifluoro-1.3,5-triazine {227) 

35 

34 

51 

23 

Trifluoro-1,3,5-triazine (0.6g, 4.4rnrnol) was added to a 

% 

83 

71 

89 

solution of the perfluoro-2-methylpent-2-yl anion (221), formed by 

stirring a mixture of perfluoro-2-methylpent-2-ene (29) (5.1g, 

17.0rnmol) and caesium fluoride (2.5g, 16.4rnmol) in tetraglyrne 



(30ml), and the resulting mixture stirred at room temperature for 7 

d Anal . by 19F f' d h f M . nhe' ays. ys1s n.m.r. con 1rme t e presence o ~~etse tmer 

compLex (204)(n.m.r. spectrum number 57), carbanion (221)(n.m.r. 

spectrum number 51) and perfluoro-2-methylpent-2-ene (29)(n.m.r. 

spectrum number 36). Volatile material (3.5g) was transferred in 

vacuo to a cold trap and shown by a comparison of g.l.c. retention 

times-to contain only (29) and (227). 

7.19 )he perfluoro-2-methylpent-2-yl anion (221) with 

perfluorocyclopentene (154) 

Perfluorocyclopentene {154}(5.0g, 23.5mmol) was added to a a 

solution of the perfluoro-2-methylpent-2-yl anion (221), formed by 

stirring a mixture of perfluoro-2-methylpent-2-ene (29)(6.0g, 

20.0mmol) and caesium fluoride (3.1g, 20.4mmol) in tetraglyme 

(20ml). and the resulting mixture was stirred at room temperature 

for 4 days. Volatile material (8.2g) was transferred in vacuo to a 

cold trap with warming and shown to contain several components. 

These were identified as perftuoro-2-methytpent-2-ene (29)(30%) by a 

comarison of mass spectra (number 44) with authentic material, 

perfLuorocycLopentene (154)(5% recovered) by a comparison of mass 

spectra (number 14) with authentic material, c10F16 . and two c
11

F20 

isomers. Preparative scale g.l.c. (Col. 0) isolated the c10F
16 

isomer and the major c11F20 component and these were identified as:-

(a) perfLuorobicycLopentyLidene {128)(22% based on consumed 

(154)) (Found: C. 28.4. Calc. for c10F
16

: C, 28.3): by a comparison 

of spectra with authentic material. mass spectrum number 4,5; n.m.r. 

spectra number 3; i.r. spectrum number 3. 

and (b) perfluoro-(2'-methylpent-2~yi)-cyclopentene (239) 

{32% based on consumed {154)) (Found: C, 25.5; F. 74.7. c11F20 
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requires: C, 25.8; F. 74.2); mass spectrum number 50,51; n.m.r. 

spectra number 43; i.r. spectrum number 45. 

Other similar reactions conducted at different temperatures 

are summarised below:-

CARBA.~IOO 

(29) 
g, mmol 

CsF 
g,mmol 

tetraglyme g, mmol 
ml 

6.0,20.0 3.1,20.4 20 5.0,23.5 

0.72,2.4 0.36,2.4 1.5 4.6,21. 7 

0.72,2.4 0.36,2.4 6.5 7.0,33.0 

-

1DIP. TIME [154) YIELD OF 

·c h. ~ (239).(128) 
g g 

20 96 5 3.7 2.1 

70 24 83 0.27 0.80 

70 72 59 0.77 2.3 

7.20 The perfluoro-2-methylpent-2-yl anion (221) with 

benzylbromide at so·g 

A flask was charged with benzylbromide (2.5g, 14.7mmol) and 

heated with stirring to so·c. A solution of the perfluoro-2-

methylpent-2-yl anion (221), formed by stirring a mixture of 

perfluoro-2-methylpent-2-ene (29)(3.8g, 12.7mmol) and caesium 

fluoride (1.95g, 12.8mmol} in tetraglyme (8ml) at room temperature 

for 48h., was added slowly and stirring continued for ca. 10 

minutes. The lower layer (5.3g) thus formed was removed and shown 

19 
( F n.m.r.) to contain 2-benzyLperfLuoro-2-methyLpentane (n.m.r. 

number 42) and perfLuoro-2-methyLpent-2-ene (29)(n.m.r. number 36} 

in the ratio 8:2. The upper layer was shown to contain 

benzylfluoride oF 207.6 by comparison of 19F n.m.r spectra with 

l . d 199 1terature ata. 

7.21 The perfluoro-2-methylpent-2-yl anion (221) with 

acetyl chloride 
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In a reaction conducted according to the general procedure 

tn 7.15. excess acetylchloride Wa!> added to the perfluoro-2-

methylpent-2-yl anion (221) in tetraglyme. The mixture exothermed 

and, upon coo ling, the 1 ower layer was removed and shmm to be 

perftuoro-2-methytpent-3-ene {29) by a comparison of 19
F n.m.r. 

spectra with authentic material (n.m.r. number 36). the upper layer 

19 was shown ( -F n.m.r.} to contain acetyLftuoride oF -49 by a 

. f 19F · h 1· d 260 comparison o n.m.r. spectrum w1t 1terature ata. 

Reactions of lead tetraacetate 

Excess lead tetraacetate was added to solutions of the 

perfluoro-3,4-dimethyl-4-ethylhex-3-yl anion (222) and perfluoro-2-

methylpent-2-yl anion (22l){see section 7.4) and the resulting 

solutions stirred for lh. at room temperature. In both cases, 19F 

n.m.r. analysis of the solutions afforded spectra which could not be 

assigned. No residual carbanion (222) or {221), or alkenes (83) or 

{29) could be detected. 

Reactions of triphenylmethylchloride 

Excess triphenylmethylchloride was added to a solution of 

the perfluoro-3-methylpent-3-yl anion {220) in tetraglyme (see 

section 7.4) and the resulting mixture stirred at room temperature 

for 1h. Volatile material was transferred in vacuo to a cold trap 

and shown to be perfLuoro-3-methytpent-2-ene {197) by a comparison 

19 of F n.m.r. spectra {number 37) with authentic material. 

Cyclic voltammetry of the perfluoro-2-methylpent-2-vl 

carbanion 

Tetraethylammonium tetrafluoroborate {0.15g, 0.69mmol), made 

by mixing hot aqueous solutions of sodium tetrafluoroborate {3.1g, 



28mmol) and tetraethylammonium bromide (5.5g, 26.2mmol). followed by 

recrystallisation (2xMeOH) and drying, was dissolved in tetraglyme 

(lOml) with warming. A solution of the perfluoro-2-methylpent-2-yl 

carbanion (221)(see section 7.4)(ca. O.lml, 1M) Nas added and the 

resulting solution shaken until homogeneous. The cyclic voltammogram 

was recorded (50 mV/s) but no clear oxidation or reduction potential 
~ 

(-4 to +4 V) could be observed. 
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1. Perfluorobicyclobutylidene (127) 

2. Perf luorocyclobu tylcyclobut·-1-ene ( 141) 

3. Perfluorobicyclopentylidene (128) 

4. Perfluoro-9-oxadispiro[3.0.3.1]nonane (129) 
-

5. Perfluoro~ 1·-( 1 '-chlorocyclobuty 1 )cyclobu t-1-ene ( 131) 

6. 1,1'-Dichloroperfluorobicyclobutyl (133) 

7. Perfluoro-11-oxadispiro[4.0.4.l]undecane (130) 

8. Perfluoro-1-(1'-chlorocyclopentyl)cyclopent-1-ene (132) 

9. 1,1'-dichloroperfluorobicyclopentyl {134) 

10. Perfluorocyclopentene (154) 

11. Perfluorocyclopentanone 

12. Diene ( 145) 

13. Epoxide (149) 

14. Diepoxide (151) or (152) 

15. Perfluoro-3,4-dimethylhex-3-ene (82) 

16. 3,4-(3'-Methylbenzo)-7,7,8,8-tetrafluoro-2,5-dithiobicyclo[4.2.0 

Joct-1-ene {155) 

17. 3,4-{3'-Methylbenzo)-7,7,8,8,9,9-hexafluoro-2,5-dithiobicyclo 

[4.3.0Jnon-1-ene (155) 

18. Sul.phoxi.des (159) and {160) 

19. 3,4-Benzo-7,7,8,8,-tetrafluoro-2-aza-5-thiobicyclo[4.2.0] 

oct-1-ene (164) 

20. 3,4-Benzo-7,7,8,8,9-pentafluoro-2-aza-5-thiobicyclo[4.3.0] 

non-1-ene (164) 

21. 1.2-Bis(2'-aminothiophenoxy)-3,3,4,4,5,5-hexafluorocyclopentene 

(162) 

21a. 1-Spirotetrafluorocyclobutenyl-3,4-benzo-2,5-dioxacyclopentane 

(167) 
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22. 1 ~Spi rohexaf l uorocyc lopen t-2' ·-eny l-3, 4-benzo-2, 5-

dioxacyclopentane (168) 

23. Ortho-2,3,3,4,4-pentafluorocyclobut-1-enoxyaniline (173) 

24. Ortho-2,3,3,4,4,5,5-heptafluorocyclopent-·1-enoxyaniline (174} 

25. 3,4-Benzo-7,7,8,8,9-pentafluoro-2-oxa-5-azabicyclo[4.3.0] 

nona-·1,5-diene (175) 

26. 3,4-Benzo-2,5-diaza-11-thio-7,7,8,8,9,9-hexafluorotricyclo 

[4.0.7.o6 · 10]nona-1,6-diene (177) 

27. 6,7-Benzo-2,3,4-tristrifluoromethyl-2-pentafluoroethyl-1,5-

dioxacyclohept-3-ene (179) 

28. 5,6-Benzo-3-methyl-2-(1'-methyl-1'-ethylpropyl}-4,7-

dioxacyclohept-1-ene (180) 

29. 2-Spirohexafluorocyclobutyl-3,4-tetrafluorocyclobutenyl 

6,7-benzo-1,5-dioxacyclohept-1-ene (181) 

30. Orthobis-1,1,2,3,3,3-hexafluoropropoxybenzene (182) 

31. Ortho-1,1.2,3,3,3-hexafluoropropoxyphenol (183} 

32. Orthobis-1,1.2-trifluoro-2-chloroethoxybenzene (184} 

33. 4,5-Benzo-2-{1',1' ,1' ,4'-tetrafluoroethenyl}-1,3-

dioxacyclopentane (193} 

34. 4,5-Benzo-2-(1',1' ,1' ,2' ,3'-pentafluoroethyl)-1,3-

dioxacyclopentane (194} 

35. Perfluoro-4-methylpent-2-ene (196} 

36. Perfluoro-2-methylpent-2-ene (29} 

37. Perfluoro-3-methylpent-2-ene (197) 

38. Perfluoroisobutene (4) 

39. 2-Bromoperfluoro-2-methylpentane 

40. 2-Methylperfluoro-2-methylpentane 

41. 2-Prop-2'-enylperfluoro-2-methylpentane 

42. 2-Benzylperfluoro-2-methylpentane 

43. Perfluoro-1-(2'-methylpent-2'-yl)cyclopentene (239} 
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45. 

46. 

47. 

48. 

49. 

- 50. 

51. 

52. 

53. 

54. 

55. 

56. 

57. 
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Perf luoro-4-(2 '-methylpent··2' --yl )pyridazine (238) 

3-Methylperfluoro-3-methylpentane 

3-Bromoperfluoro-3-methylpentane 

2-Bromoperfluoro-2-methylpropane 

Perfluorocyclobutene {107) 

Trisdimethylaminosulphonium trimethylsilyldifluoride {208) 

Perfluorotbutyl anion {101) 

Perfluoro-2-methylpent-2-yl anion (221) 

Perfluoro-3-methylpent-3-yl anion (220) 

Perfluorobicyclohexyl anion {215) 

Perfluorobicyclobutyl anion {209) 

Perfluorobicyclopentyl anion (224) 

Perfluorocyclopentylcyclobutyl anion (217) 

Trifluoro-1,3,5-triazine in TAS-F (204) 

58. Tetrafluoropyridazine (229) in TAS-F 

59. Pentafluoropyridine (228) in TAS-F 

60. Perfluoro-3,4-dimethyl-4-ethyl hex-3-yl anion (228) 

61. Perfluoro-1,2-bis(cyclobutyl)cyclobutene 

N.m.r. of liquid products were, unless stated otherwise recorded 

neat. Solid materials were run as chloroform-d solutions except for the 

fluorocarbanions and Meisenheimer complexes which were taken in 

tetraglyme (caesium salts) or acetonitrile (TAS salts), unless otherwise 

stated. Reference compounds were used externally. 
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ft.K.R. SPECTRA NUKBER 35 

b d 

(CF3 ) 2 CF ............ c --~F ( 196) 
CF_ ........_ 

CF
3 

a. 

Che•tcal abUt llul ttpltclty Integral Asstgn .. ent 

19F 73.7 dd Jac 20Hz 3 a 

Jae 5Hz 

79.9 dd J 3 b 

J 

161.1 m 
' c 

162.2 dq Jed 40Hz 1 e 

Jea 5Hz 

191.8 dm Jde 40Hz 1 d 

19F 

N.K.R. SPECTRA NUMBER 36 

b 
CF

3 

" 
~F/ 

3 

Che•ical shift 

60.2 

62.8 

c 

m 

dq 

e c 

/CF2CF3 

c 

" F d 

IJad 33Hz 

Jab 9Hz 

86.4 m(•hacr 
100.5 broad 

119.6 qd Jeb 20Hz 

Jed 5Hz 

(29) 

Integral Aastgn•ent 

3 b 

3 a 

3 c ~ 
1 d 

2 e 



19F 

19F 

N.M.R. SPECTRA NUMBER 37 

t f g F 

CF3CF2 / ( 197) 'c ---c 
/ ~ "-cF 

3 CF3 j 
h. 

Che•lcal shift Nul tiplici ty 

60. I m 

70. I q J jh 14Hz 

87.8 m 

96.3 broad 

115.0 dq Jgt 30Hz 

Jgh 14Hz 

m b d 
CF3CF2 /CF3 

'c=c· 

Che•ical shift 

61.3 

69.3 

86.2 

93.2 

111.3 

/ ""'-CF3 c 
F e 

Multiplict ty 

m 

m 

m 

qt Jec 25Hz 

Jeb 3Hz 

m 

( 197) 

Integral Assignment 

3 h 

3 ' 
3 

1 ' 
19F 

2 g 

Integral Asstgn•ent 

3 c 

3 d 

3 a 

e 

2 b 

N.M.R. SPECTRA NU~BER 38 

Chemical shift 

59. I 

a 
CF b 

3...__C=CF2 (4) 
~ 

CF
3 

llCul tipl ftci tv 

I 
ddd ( AA1, BB1 

coupling constants 
dtfftcu~t to determine 

Inter;p:·al 

6 

64.0 m 2 

hexafluoropropene lmpurlty <5% 

Ass~gnoent 

a 

b ~ w 



19F 

13c 

N.~.R. SPECTRA NUMBER 39 

a 
CF

3 Br 
.......,_I c d 

C-CF "' /b 2--CF2--CF 

CF
3 

3 

~!l!!l!c!!l !!Mf!. IIJ.!hiRUS<i tx 

66.4 s 

82.3 s 

106.8 m 

123.7 m 

57.5 t of septets 

2 27Hz JCF ca. 
B.,C 

108.3 the:... 
I 

JCF 273Hz 

2 
JCF 37Hz 

112. 1 tt 
1 

JCF 273Hz 

2 
JCF 33Hz 

116.7 qt 
1 

JCF 288Hz 

2 
JCF 34Hz 

119.5 1 
q JCF 28BIIz 

Integral 

6 

3 

2 

2 

Assignment 

a 

e IH 

c 

d 
i9F 

b 

d 

c 

e 

... 

N.~.R. SPECTRA NUMBER 40 

Chemical 

2.0 

69.2 

82.7 

111.8 

124.7 

a 
CF f 

3 CH ........_, 3 c 1 cJl 
C-CF ' e /b 2-' -CF2-CIF 

CF
3 

3 

I 

shift Mul tt121!~d tll: 

s 

t J 11Hz 
1 ac 

t J 11Hz 
'ec 

m 

m 

llllll1tegr.ml. A&sftgn:<>el:l~ 

~ 
6 a 

3 e 

2 d 

2 c 



~.~.R. SPECTRA NU~RER 42 
~.g.n. SPECTRA ~U~ER 41 

a 

I .. c g b 
CF I H2CH=CH 3 2 

" c d C-CF e /b 2-- CF2--CF 

CF
3 

3 

o- e Ct3/F3 
CH2C\ 

CF
2 

b 
, I 
' CF2·-.._CF d 

c 3 

( 240) 

Cheoicllll shUt rluhipl~citv Jrntegii"RA Ass!~t:rooent 

~ecic&l shift t:Iultill!licitJt: Integral Assignment 

Ill 3.2 broad 2 e ~ 
CJl 

IH 6.9 broad 5 Ar·. H 

19F 59.7 t. t Jab IlHz 6 a 

jac IlHz 

19F 65.0 t Jac II Hz 6 a 77.9 t 
idb 

13Hz 3 d 

82.0 t Jed 14Hz 3 e 103. I m 2 b 

108.6 q Jca IlHz 2 c 120. I m 2 c 

124.7 m 2 d 



N.M.R. SPECTRA NU~BER 44 
N.I.R. SPECTRA NUMBER 43 

a ' I 
., d 

f CF CF b a 

CF---- ~ I 3 c -·CF-CF (239} 2 ~C--~--CF2 2 3 l / CF3 
CF2-..._ h 

CF
2 

Y
e c\3/CF~ 

N C 
!N ""'- ~F c d :r--CIF 2-- CIF 3 

I 

f 

(238) 

Che•tcal 8hlft lllult1pllc1 ty Integral Asslgnme.!!t Chemical shift Mul Upl hct tl[ ][ntegll"l!l! Ass; h:;rru:nenl 

19F 63.0 dt Jde 20Hz 6 d 19F 59.7 m 6 a ~ 
Jdc 10Hz 63.4 m(broadj I e 

O'l 

72.7 m 1 e 82.9 t Jdb 17Hz 3 d 

83.3 t 1ac 
13Hz 3 a 97.7 dd ~fg 32Hz 

broad resonance centred at 107.7, tntegr·ating to 4 F ass!grted 
Jlfe 23Hz 
I to 105.0 m 2 b 

f and h 107.2 m( br·oad) I g 

124.3 m 2 c 124.3 m 2 c 

125.5 d 1ce 18Hz 2 b 

136.0 s 2 g 



IH 

19F 

N.N.R. SPECTRA NUMBER 45 

a b 
CF3-CF CF-CF3 

2-..........c/ 2 
C-CH e 

bF3 3 

d 

Cheaical shift OOul qpltci tv 

1.8 s(broad) 

68.0 m 

81.5 m 

113.8 m 

Integral Assignment !9F 

e 

3 d t3c 

6 a 

4 b 

N.~.R. SPECTRA NU~BER 46 

Chemical shift 

63.9 

77.9 

107.5 

72? 

Ill. 5 

117.5 

120.3 

a : 

Cfj'"-~f lc. ...... cF- Cf3 
2-....Jc-l!h· 2 

d 
ICFJ d 

i 
Mul tipllici ty 

I 
I 

septet Jda 7Hz 

q Jad 7Hz 

m 

m 

1 
tq I JCF 270Hz 

2 
· JCF 40Hz 
I u qt 1 JCF 281Hz 
I 
2 
!JCF 38Hz 
1 q ·JcF 287Hz 

Integral Assignment 

3 d ~ 
6 a 

.oft b 

c 

b 

a 

d 



ft,K.R, SPECTRA NUMBER 47 

a CF 
CF3 / 3 

'c-Br 
I 
CF3 

Che•l~al 11hU't ll\1_1 t t.~l ld t y Irrtegral 

19F 68.3 8 

lf.K.R. SPECTRA MUKBER 48 

a b 

r2 CF 

II (107) 

CF2 CF 

Che•tcal sbtft Kul t hltcl ty Integral 

l9F 125. I m 4 

136.3 m 2 

A~~ 1Kl!l!len t 

Ill 

a 

l9F 

I3c 

Assign•ent 

a 

b 

N.M.R. SPECTRA NUMRER 49 

Chemical 

0. 1 

2.7 

59.1 

1.0 

37. l 

01 ... 

( ( CH3) 21'f) 3S 
b c 

(C~3 ) 3SftF2-
I 
I 

I 
shift Jllultii!RtcfttJ: 

I 

s 

s 

s 

11 
q 

11

JCH 430Hz 

q , JCH 517Hz 

or TAS-F 
(208) 

inltegir!!l_ 

9 

6 

ll.ssftJ~tn•el!llt 

b 

a 

~ 
c 

b 

a 



N.JC.R. SPECTRA NUMBER 51 

ft ••• R. SPECTRA NUMBER 50 

Cl 

CF a 
3............_~/cF3 

I 
CF

3 

Cs+ ( 101) 

CF31 
""-- b c d~ IZ! 

Cs+ ..... TAS+ C-- CF -- C -- Clr 
/ 2 12 3 

(221) CF3 

Ch••lcal sbHt: Multlpl1c1ty Integral Assignment 

I 
lnltegral Asstgn11111ent Cbe111ical shift Nul til! I. &cilt:ll 

I 

19F 45.8 s 
19F 42.4 t t 

fac 
19Hz 6 a 

~ 
.ifad 6Hz 

(.!) 
a 

t3c 40.7 2 
decuplet JCF 39Hz 

127.8 1 
q JCF 264Hz 

81.1 t fee 10Hz 3 e 

92.8 m 2 c 

I 

b 

a 
126.2 m 2 d 

See n.m.r. number 47 for model 
I3c 37.0 m I b I 

I 

107.5 t 
1 
IJcF 296Hz d 

116.6 u q ;JCF 286Hz e 

118.0 1 
t t ;JCF 255Hz c 

I 
2 

JCF 32Hz 

128.4 1 q IJCF 263Hz a 

See n.m.r. number· 39 for mO:de t 



N.K.R. SPECTRA NUKBER 52 

C1 b 
CFJ-CF CF_cFJ 

2'-...~/ 2 
I 

Cs+/TAS+ 
CF

3 
d (220) 

Che•ical shift Kul tip I ici ty InteR:ral Assil!:nment 

19F 39.9 m 3 d 

84.6 s 6 a 

93.3 q Jbd 19Hz 4 b 

t3c 36.2 2 octet JCF 36Hz c 

119.0 tq 1 
JCF 250Hz b 

2 
JCF 37Hz 

121. 0 qt 
1 

JCF 250Hz a 

2 
JCF 37Hz 

131.0 1 
d q JCF 260Hz 

See n.m.r. number 46 for model 

19F 

13c 

N.K.R. SPECTRA NUMBER 53 

b e 

CF2 I /CF2 
a / ""- c d ""-f 
CF

2 
CF lc- Cf

2 I I I I 
CF2 CF2 'CF2 /f2 

"---cr( I "'- cJF2 

I 

Chemical shift 

T 166.0 s(bro~d) 

Cs-o-/TAS+ 

(215) 

Integral As,.ignmean~ 

c 
g 

signals between 101 and 1~9. Integrating to 20 F. unassigned. 

33.9 

94.9 

118.7 

broad I 

dpente
1
t 

1 
JCF 

2 
JCF 

1 
JCF 

196Hz 

29Hz 

244Hz 

signals between 101 and 
I 

1(3. unassigned 

I 
See n.m.r·. number 62 for i"odel 

d 

c 

e 



R.I.R. SPEctRA RQJBER 54 

b e 

a _..........eF2.. c d /eF2 f 
eF -"er--e- 'er 2

'er/ 'er/ 
2 

2 2 

Cs+/TAS+ 

{209} 

Che•tcal shift lui tlplict ty Integral 

19F 87.2 dm Jec 47Hz 4 

124.4 and 128.2 AB J 218Hz 4 

(low field limb d Jbc 31Hz 

high field lt•b m all J ca. 10Hz) 

124.8 s 2 

128.7 and 134.0 AB J 218Hz 2 

(lorv field ltllb s 

high field It mb m all J ca. 10Hz) 

133.6 broad m I 

13c 52.2 s 

96.6 d 1 
JCF 233Hz 

signals centred at 113.3, over tapping tripl.ets, J ca. 

corresponding to a, b. e and f 

121.1 t 
1 

JCF 284Hz 4 

See n.ll.r. nuMber 63 for modet 

Assignment 

e 

b 

f 

a 19F 

c 

c 

c 

293Hz. 

e 

N.M.R. SPECTRA NUMBER 55 

a 
cr I eF 

---- 2 / 2-cJF CF 2 '\,. . 2 

I e--e~ I 
CF2 -CF/ f"cJF-Ci!'2 

2 2 

Che•ical shift Mul thll ftccUy 
I 

I 
80.5 d 1 J 29Hz 

TAS+ 

(224} 

Integll'al 

4 

~ ,..... 

Aes:lglllllleJilht 

Ill 

signals between 107 and lfS, tntegrattng to 14 F, unassigned. 



19F 

13c 

N.M.R. SPECTRA NUMBER 56 

b e 
CF CF f 

m / 2,c_ d / :z-cF2 
cF

2 
c--cF 1 

'cF/ "cF .--cF2 
2 2 

(11.) 

Cs+ (217) 

h h. 
CF CF ,..__ l 

g / 2'-. t J_-' 2 CF2 (b) 
CF2 CF-C I 

'cF / 'cF-CF2 
2 2 

Cbe•ical shUt Multiplicity 

81.8 

89.4 

stgnals between 117 and 138. unasstgned 

1:4 ratio of anton (a) to (b) 

52.4 

47.6 

99.7 

s(broad) 

s(broad) 

1 
d JCF 270Hz 

stgnals between 105 and 145 unasstgned 

(spectrum too notsy to obserue stgnal i) 

See n.m.r. number 6~ for models 

Integral 

4 

4 

19F 

Assignment 

c 

k 

c 

k 

d 
19F 

N.M.R. SPECTRA NUMBER 57 

a 

~ 
Ill I w 

~-~vb 
IIJ1 

Che•ical shift l!fulttJHcllltw 

7.0 uer·y braod 

I uery ~road 51.7 

N.JQ.R. SPECTRA NUMBER 58i 

(229) ~ 
lll F j 
~ 

I 

TAS+ 

(204} 

+ TAS-F 

Chemical shift Kul ti~liclltw 

52.0 I 
uery 9road 

70.3 uery ~road 

152.7 uery broad 

187.2 uery broad 

Integral AssirtmlllileiiH 

2 a 

2 b 

~ 

Integ~ral Assht!!!)llltant 

2 



N.K.R. SPECTRA NUMBER 59 

b 

(228) 0 : 
" 

tn TAS-f...-CH
3

CN 

Che•ical shift lllul tipltci tY Integral Assignment 

19F 

!9F 92.0 sttghtly broad 2 a 

157.6 very broad I b 

164.7 sltghtly broad 2 c 

l'LJI.R. SPECTRA NUJIBER 60 

CIL 

CF
3 ,_ b c 

C--CF--CF 
/ 2 3 

,..---c........._ 
Cs+ (225) Cf2 I CF2 e 

I CF \ 
CF3 d 3 CF3 f 

Che•ical shift lllul tiplici ty Integral Assignment 

19F 43.0 m 3 a 
19F 

54.3 m 3 d 

70.3 q 1ca 
12Hz 3 c 

77.8 q 1 rd 11Hz 6 

79.0 broad 2 b 

106.0 m 4 e 

M.N.R. SPECTRA NUMBER 61 

a d 
CF --CF -- c===c --CF-- CF 

I 2 I I I l I 
2 

cF
2
-- CF 2 

b 
CCF2-, -CF2 CF

2
--cF

2 

Ches1lcaR shift OOuRtillllH~ Xnt<aiii:Jrali 

112.5 s 4 

127.0 and 133.0 AB J 234Hz 8 

130.3 onri 134. I AB J 228Hz 4 

180.0 s 2 

l'l.lll.liL SPECTRA NUMBER 62 I [ref. 160 J 
I 

CF2 / "-._a 
Jlh· Cf

2 
1/ ' CF2 CF c cn:-

2 I I I I 
CF2 CF2 1 

CIF2 CJF2 
""'-.. / I 

./ .... 
"- Cf CF2 2 

Chemical shHt OOult11DHdt1r Integll"ali 

79.9 s(brooid) I 
I 

slgnals between 110 and l45 I • unasstgned 

.l'..ooftn:!lllm<SID\t 

c 

a 

b 

d 

~ 
OJ w 

ll.9El1IJ%llt=><Cillt 

Ill 



N.III.R. SPECTRA NUIIIIIER 64 [See ref. 160] 

N.K.R. SPECTRA NUMBER 63 [See ref. 160) 

b e 

b e 
CF CIF'- f 

a. ,./"' 2 .... c d / 2 CIF'., 
cF 'c--. cF I .. 

2 _...........-, ...... 
'cF2 llr · 'cF2'CF2 

CF CF 
a. ./ 2' c d / 2-..,J 
CF

2 
CF-- C _....CF

2 ....... / , ............... / 
CF

2 
Br CF

2 

Che•!cal shtft llful tipltct ty Integral AsslgnmenL 

h ' v.. a 
CF2 l j CF2---CIF' 

e / ............ . / I 2 CF CIF'-' -C 
2 'cF~ B~ "-cF2C11''2 

19F AB J 220Hz 122.1 and 108.4 4 e 
Chemical shift OOuhtplficHy 

I 
illltegll"6l.i Assfi!J!:Illc:l<al!llt 

126.3 m 

130.7 and 125.5 AB J 230Hz 

4 

2 
19F 106.3 par-t of AB J 248Hz 

' 

b 

e 
k ~ 

107. 'l par·t of AB J 215Hz b 
131.1 8 2 a 

135. 1 s f 
168.3 m c 

164.2 m d 

168. 1 s 
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APPENDIX 2 

1 Perfluorobicyclobutylidene (127) 

2 Perfluorocyclobutylcyclobut-1-ene (141) 

3 Perfluorobicyclopnetylidene (128) 

4 Perfluoro-9-oxadispiro[3.0.3.1]nonane (129) 

5- -Perf luoro--I-(-1-'-"""ch-lorocycTooutyl JcycTobut-1-ene ( 131) 

6 1,1 '-Dichloroperfluorobicyclobutyl (133) 

7 Perfluoro-11-oxadispiro[4.0.4.1]undecane (130) 

8 Perfluoro-1-(1'-chlorocyclopentyl)cyclopent-1-ene (132) 

9 Perfluorocyclobutene (107) 

10 Perfluorocyclopentene (154) and perfluorocyclopentanone 

11 Perfluorocyclopentene (154) 

12 Trans-2-hydroheptafluorobut-2-ene (143) 

13 Diene (145) 

14 Epoxide (149) 

15 Diepoxide (151) or (152) 

16 Perfluoro-3,4-dimethylhex-3-ene (82) 

17 3,4-(3'-Methylbenzo)-7,7,8,8-tetrafluoro-2,5-dithiobicyclo 

[4.2.0]oct-1-ene (155) 

18 3,4-(3'-Methylbenzo)-7,7,8,8,9,9-hexafluoro-2,5-dithiobicyclo 

[4.3.0]non-1-ene (155) 

19 Sutphoxides (159} and (160) 

20 3,4-Benzo-7,7,8,8,-tetrafluoro-2-aza-5-thiobicyclo[4.2.0] 

oct-1-ene (164) 

21 3,4-Benzo-7,7,8,8,9-pentafluoro-2-aza-5-thiobicyclo[4.3.0] 

non-1-ene (164) 

22 1,2-Bis(2'-arninothiophenoxy)-3,3,4,4,5,5-hexafluorocyclpentene 

(162) 

23 1-Spirotetrafluorocyclobutenyl-3,4-benzo-2,5-dioxacyclopentane 
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(167) 

24 1-Spirohexafluorocyclopent-2'-enyl-3,4-benzo-2,5-

dioxacyclopentane (168) 

25 Ortho-2,3,3,4,4-pentafluorocyclobut-1-enoxyaniline (173) 

26 Ortho-2,3,3,4,4,5,5-heptafluorocyclopent-1-enoxyaniline (174) 

27 3,4-Benzo-7,7,8,8,9-pentafluoro-2-oxa-5-azabicyclo[4.3.0] 

nona-1~5-afene (175) 

28 3,4-Benzo-2,5-diaza-11-thio-7,7,8,8,9,9-hexafluorotricyclo 

[4.0.7.o6 · 10]nona-1,6-diene (177) 

29 6,7-Benzo-2,3,4-tristrifluoromethyl-2-pentafluoroethyl-1,5-

dioxacyclohept-3-ene (179) 

30 5,6-Benzo-3-methyl-2-(1'-methyl-1'-ethylpropyl)-4,7-

dioxacyclohept-1-ene (180) 

31 2-Spirohexafluorocyclobutyl-3,4-tetrafluorobutenyl-6,7-benzo 

1,5-dioxacyclohept-3-ene (181) 

32 Orthobis-1,1,2,3,3,3-hexafluoropropoxybenzene (182) 

33 Ortho-1,1,2,3,3,3-hexafluoropropoxyphenol (183) 

34 Orthobis-1,1.2-trifluoro-2-chloroethoxybenzene (184) 

35 4,5-Benzo-2-(1',1' ,1',4'-tetrafluoroethenyl)-1,3-

dioxacyclopentane (193) 

36 4,5-Benzo-2-(1',1',1',2' ,3'-pentafluoroethyl}-1,3-

dioxacyclopentane (194) 

37 Perfluoro-4-methylpent-2-ene (196) 

38 Perfluoro-2-methylpent-2-ene (29) 

39 Perfluoro-3-methylpent-2-ene (197) 

40 Perfluoroisobutene (4) 

41 2-Bromoperfluoro-2-methylpentane 

42 2-Methylperfluoro-2-methylpentane 

43 2-Prop-2'-enylperfluoro-2-methylpentane 

44 2-Benzylperfluoro-2-methylpentane 
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45 Perfluoro-1-(2'-methylpent-2'-yl)cyclopentene (239) 

46 Perfluoro-4-(2'-methylpent-2'-yl)pyridazine (238) 

47 3-Methylperfluoro-3-methylpentane 

48 3-Bromoperfluoro-3-methylpentane 
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1. Perfluorobicyclobutylidene (127) 

2. Perfluorocyclobutylcyclobut-1-ene (141) (EI) 

3. Perfluorocyclobutylcyclobut-1-ene (141) (CI) 

4. Perfluorobicyclopentylidene (128) (EI) 

5. PerJluor9bicy_clnpentylidene -(128}-(NI) 

6. Perfluoro-9-oxadispiro[3.0.3.1]nonane (129) 

7. Perfluoro-1-(1'-chlorocyclobutyl)cyclobut-1-ene (131) 

8. 1,1'-Dichloroperfluorobicyclobutyl (133) 

9. Perfluoro-11-oxadispiro[4.0.4.1]undecane (130) (EI) 

10. Perfluoro-11-oxadispiro[4.0.4.1]undecane (130) (NI) 

11. Perfluoro-1-(1 '-chlorocyclopentyl)cyclopent-1-ene {132) 

12. 1,1'-dichloroperfluorobicyclopentyl {134) 

13. Perfluorocyclobutene {107) 

14. Perfluorocyclopentene {154) 

15. Perfluorocyclopentanone 

16. Trans-2-hydroheptafluorobut-2-ene 

17. Diene (145) 

18. Epoxide (149) 

19. Diepoxide {151) or (152) 

20. Perfluoro-3,4-dirnethylhex-3-ene (82) (NI) 

21. 3,4-(3'-Methylbenzo)-7,7,8,B-tetrafluoro-2,5-dithiobicyclo[4.2.0] 

oct-1-ene {155) 

22. 3,4-(3'-Methylbenzo)-7,7,8,8,9,9-hexafluoro-2,5-dithiobicyclo 

[4.3.0]non-1-ene {155) {CI) 

23. Sul.phoxides {159) and {160) 

24. 3,4-Benzo-7,7,8,8,-tetrafluoro-2-aza-5-thiobicyclo[4.2.0] 

oct-1-ene (164) 

25. 3,4-Benzo-7,7,8,8,9-pentafluoro-2-aza-5-thiobicyclo[4.3.0] 
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non-1-ene {164) (EI) 

26. 3,4-Benzo-7,7,8,8,9-pentafluoro-2-aza-5-thiobicyclo[4.3.0] 

non-1-ene {164} (CI} 

27. 1,2-Bis(2'-aminothiophenoxy)-3,3,4,4,5,5-hexafluorocyclopentene 

(162) 

28. 1-Spirotetrafluorocyclobutenyl-3,4-benzo-2,5-dioxacyclopentane 

(167) 

29. 1-Spirohexafluorocyclopent-2'-enyl-3,4-benzo-2,5-

dioxacyclopentane (168} 

30. Ortho-2, 3, 3, 4, 4-pentaf luorocyclobut··1-enoxyani 1 ine ( 173} 

31. Ortho-2,3,3,4,4,5,5-heptafluorocyclopent-1-enoxyaniline (174) 

32. 3,4-Benzo-7,7,8,8,9-pentafluoro-2-oxa-5-azabicyclo[4.3.0] 

nona-1,5-diene (175) 

33. 3,4-Benzo-2,5-diaza-11-thio-7,7,8,8,9,9-hexafluorotricyclo 

[4.0.7.o6 · 10]nona-1,6-diene (177) 

34. 6,7-Benzo-2,3,4-tristrifluoromethyl-2-pentafluoroethyl-1,5-

dioxacyclohept-3-ene (179) 

35. 5,6-Benzo-3-methyl-2-(1'-methyl-1'-ethylpropyl}-4,7-

dioxacyclohept-1-ene (180) (EI) 

36. 5,6-Benzo-3-methyl-2-(1'-methyl-1'-ethylpropyl}-4,7-

dioxacyclohept-1-ene (180) (CI) 

37. 2-Spirohexafluorocyclobutyl-3,4-tetrafluorocyclobutenyl 

6,7-benzo-1,5-dioxacyclohept-3-ene (181) 

38. Ortho-1,1,2,3,3,3-hexafluoropropoxyphenol (183) 

39. Orthobis-1,1,2,3,3,3-hexafluoropropoxybenzene {182) 

40. Orthobis-1,1,2-trifluoro-2-chloroethoxybenzene (184) 

41. 4,5-Benzo-2-(1' ,1' ,1' ,4'-tetrafluoroethenyl)-1,3-

dioxacyclopentane (193} 

42. 4.5-Benzo-2-(1' ,1' ,1' ,2' ,3'-pentafluoroethyl)-1.3-

dioxacyclopentane (194} 
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43. Perfluoro-4-methylpent-2-ene (196) 

44. Perfluoro-2-methylpent-2-ene (29) 

45. Perfluoro-3-methylpent-2-ene (197) 

46. 2-Bromoperfluoro-2-methylpentane 

47. 2-Methylperfluoro-2-methylpentane 

48. 2-Prop-2'-enylperfluoror,2-methylpentane 

49. 2-Benzylperfluoro-2-methylpentane 

50. Perfluoro-1-(2'-methylpent-2'-yl)cyclopentene (239) (EI) 

51. Perfluoro-1-(2'-methylpent-2'-yl)cyclopentene (239) (NI) 

52. Perfluoro-4-{2'-methylpent-2'-yl)pyridazine (238) (CI) 

53. Perfluoro-4-(2'-methylpent-2'-yl)pyridazine (238) (EI) 

54. 3-Methylperfluoro-3-methylpentane 

55. 3-Bromoperfluoro-3-methylpentane (EI) 

56. 3-Bromoperfluoro-3-methylpentane (NI) 
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ABS09X 34 
CAL:CAl.P4 

A·BAYLIFF E.I./1-BU C.I. 
STA: 

~ 
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~~ ~~ 
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1 4 

s~ 

1 5 
2 

1 4 
S3 

1 '7 

IJJ, I l J I n It 
188 

MASS ;~HT MASS :/.HT. 
BASE BASE 

26.~891 2.50 12~ .0844 17 ~58 
'27 • .::::?4.1 :.> 1 •..J.:..- 125. 1025 2.86 
:!B • 1030 54.90 1 3 t .019'2 8. 4:3 
2B. t ~~? 4 2.86 136.0704 2 + :;'? 
2!3.'7990 C' .... , .... , 

137.0666 .2. :-;o ._, . ..__..__ 

:3() .8667 13. ()8 143.0699 1 79 
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.37~ 1069 1 tfj/ 145.0964 l ·5? 
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114 1016 8.08 
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.f \,.) ~ 1105 1 .()7 
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lOO. 9''60 :] :14 :.!76~-0914 1 43 
105 .()13:,9 l) ~ ~3B 30~) • .l490 ~:; ~ 9 .·5 
106. ()839 l .86 3::'4 . l353 1 tO:' 
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1 .t '? ~ 1.)';~~,; 7 l :·:. 37 
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28-AUG-·86 
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1>1 

t;:l 

-&!> 
61 

N 
61 
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ABSIZI9X 33 
CALlCRLP4 

~ 1/ll 

282 

A. BAYLIFF E. I, /l"BU c. 1, 
STA: 2 28·-·AUG··SG 

1145 

~--~,----------------------- ----------------------------------------------34_55 ______ _ 

1 s - -- -~ ----- --

I 
I 
I 
I 
I 3 s 
I 

2 s I 
I S9 2~ 
I 
I 
I 
I 6 
I 

f 
1 4 

I 

141 I 

I I 

I I l I I 

Hie 280 300 

MASS ;~HT, 

BASE 

67.1167 1.45 
69.0163 2J 6..tl 
69.95~:3 0.63 
71.0305 :~ .. iJ/' 
79,0041 0~51 
81.020::' 0.85 
83.1081 0.71 
85 .. 1174 1.02 

116.9750 0.37 
12~1.9916 1.1"7 
130.9350 0.54 
155.01:21 :j .. 1~ 
156.0033 0.31 
174.0161 0,94 
186.0302 0.91_ 
205.0:31? 2.73 
217.0506 0.31 
224.0428 7 .?0 _. 

225 .. 0658 o. 71 
236.0595 0.5.L 
:255.0731 :; • 0·1 
305.1341 3 •. ;s 
30.6. 1 ~:.~. J 0.34 
3~'4 • .! :119 0. 6~~ 
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ABS09X 38 
CAL:CRLP4 

A.BAYLIFF E.J./1-BU C,J, 
STA: 

. I 1:: 

283 

-------~~--- ------·~----

4i3 

28 

2~ 
• 

.1 II j ,, 

s~ 

I I .d, 

MASS 

9;3 

. ,l I~ 
100 

/.HT. 
!lASE 

26.2866 1.10 
~7.2217 13.54 
?B.1030 20,76 
28.1250 1.63 
28.9673 0.~)3 

2f:l. 9966 2. 29 
30 .. 8642 11 .. 5? 
31.9726 6,35 
3!:1. j 099 1 • 66 
38.0542 1.70 
38.9746 8.08 
39.8169 1.16 
3S'. 8755 1 • 30 
40.9595 18.62 
42.0581 11.67 
43~0688 0.67 
43.1274 43.63 
44.0967 3.82 
44.1675 1. 36 
47.0557 ~'\.16 

48.9404 1.00 
49.8804 2.83 
55.1147 1.90 
5~).1?33 0 .. 53 
5)'.15!J7 1~36 

58.1250 0.67 
62.0361 1.50 
66.0815 
68.0249 
69.0015 
74.1064 
78.0056 
79 .. 907~i 
80.9817 
81.9680 
84.011~, 

85.0539 
87.0339 

5 .. j :.:.:1 

1. 90 
13.44 

4.:22 
1. 26 
0.40 
(),90 
2.56 
1.46 
5.:29 
2.00 

112 

1 7 

.I 11 

MASS 

1>3 

!I 

/.HT. 
BASE" 

111.0('11 1..36 
112.0607 3.36 
113.0324 ().47 
116.0719 100,00 
117~0778 ~ .. ?6 
118.0397 34.05 
124.i115 0.8() 

131fi0294 l./'3 
131 t)')864 25 .. 54 
13-4.0153 16.10 
135.0:358 0.43 
136 .. 02'7'-4 3,J6 
143,-080~~ o .. ":,? 

147 .. 04/5 :t'i-',63 
148.0461 ().76 
149.0153 4,"/S' 
155~1164 0.57 
163.0146 9.31 
16~5.0263 ·.7 .. 4C 
1C>7~055J 1~1:1 

18h.1053 0.93 
21?.1093 3.?7' 
:•67,1502 (),<;>() 

28t,,1434 0.4:-' 
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93.0617 
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-
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36 ·7'" oso:· o ~ :·-s<~ 
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MASS :Y.HT. PEAK MASS %HT, PEAK 
BASE NO. BASE NO. 

.28 .. 06 21 .. 22 36 155.97 2.25 71 
2t1. 96 0.71 37 158.91 1 .oo 72 
30.84 3. 11 38 166.90 4.25 73 
31 + 9~l 4 . 18 39 170.80 15.01 74 
36.09 0.64 40 171 .91 0.82 75 
4~) + 13 0 .. 54 41 172.89 4,97 76 
49,84 0.68 42 173.95 ().86 77 
:.~8.·;1,-s 0.64 4:3 175.08 0.43 78 
68.89 2'7' ~ 76 '14 177.92 ?.25 79 
74.02 0 .. :57 45 178.92 0.46 80 
130.82 0.43 46 179.87 "2.89 l31 
!J 4 ,9() 7 t ~j() 47 180.93 0.68 !3) 

d6 +~$9 2· 2'? 48 185 + 17'5 ?~8? 8:1 
89,(31 !. ,1)0 49 186.98 0.50 84 
'..'~--~ t 97 8,.0/ ::;o 189.88 2.11 85 
'?9 4> sn "29 <" '}7 51 V?l .91 0.82 86 

100.94 o. ?j 52 19~1 • 96 0.82 s;; 
10~).(>() 4 .-;c:· 

'} ~--,J 53 193.88 0.54 88 
108.88 5"75 54 201 .85 4.68 89 
11o.as l .!M I::'" I::' 

,J,J 202.93 0.46 90 
li:l t97 0.68 ~i6 203.93 1 .82 91 
j , .. , 
. ' ' .oo ?.40 57 204, ?:~ /t] .39 ·?2 
117, ''I/ 0.50 58 205.94 5+22 '?3 
lJG.c":·j J. ' 18 59 2vfJ. 88 ~') .•J4 '?q 
1.20. H'.l OtCf: 60 21'.>. 'i'O 0 .'96 95 
1.::4, r):l J ~ 0~.7 61 216 ,96 '?.93 96 
l,f..0~92 ·:;}-58 62 21 / • ?8 0.64 
135~9t~ 3;. ?-..~ 63 220.90 24.44 
l :3Y. 8'l 3 + <_?3 64 22:L . c;~~ J. .:...·-) 

.... .!.' 

141 . q'2 1 .. ,-.;•;· 6~.i 222.91. 
., 

• 'i'O 
l-4:.-.~~~f/ 2.8..:.> 66 )2J .c;·) (),:3;:: 
146' 9?. l +96 f.J;) 232.86 0.57 
1.4?.94 0 ··16 6B 235.'!'1 4. 72 
14H .!')7 I j fo\-s ~i 6'? 23.0,.9'1 0~54 
.I . 4. 9~'; 4 :~ t 1.1~ .. _; 70 :239.84 100.00 

7 
~ ?1-0 " --==--

.~l 

-··-.. 

2 1 

2 'i 

2 3:1 

I~ II. I I. I I I. II Lk lL I. 
2e9 

MASS i::HT. 
BASE 

240.80 6.75 
241 9'' . ~ 32.08 
242.96 2.97 
251 .93 4 3'> . ~ 
25~.96 0.39 
253.95 1 .39 
254 ,<;·g 5.9? 
:•56. 01 0.46 
258.88 1 .:54 
266.9'7 :l .Ol 
2/0,85 19.97 
271 .91 1 .64 
272.88 6+4? 
273.98 0.46 
'2.1?. 91 2. 8~--~ 
27~' .90 0,89 
285.95 :l .29 
289.87 0.82 
301\,86 2.22 
308.85 3.04 
310.83 0.96 
320.87 c· ,_;, 11 
..121 gc 

• ,J 0.50 
.32:2.89 1 .61 
33? .so 2.68 
341 .?9 0.8Y 



ABCP03 0 
cru,s LIB 8 21-AUG-86 

llis€l 

-~--~------------------~~------~------------~~-. 
(>) 1~ 
® 1 ® 

PEAl( 
NO. 

2 

9 
fl) 
1. l 
12 
13 
14 
-it;;" 
.1. ,J 

LJ 
l } 

·Ia.-:' 
:.: . . J 

.-)0 

31. 

MASS 

::8.06 
:'8.94 
-~8. '1'7 
.50. tl4 
3"1..95 
36.()9 
.,>, .. 01 

39tH4 
-Hj.<;>) 

4..:~ .. o·? 
49.84 
.',8- tl. 
i~.Y.B~5 

?ll t 0! 
'30 ,. ~~ 4 

8<1, 96 
~:'6. 94 
q_:·. 'i1 
99 .. 85 

-~- oo .. ·Jo 
1. o:.'. 'It 
1. 04 .. s>n 
108.8/ 
l. 1)9 ~ :3-;1 

l l (). '!:" 

lt::.:J· ... 9H 

'l .16 .. '99 
I,.,., 9•-! 

I.Hl.Y'l 
1.:'0. '?0 
!. :.~.(.1 ~ 02 
1.24. 9~) 
t26. 7)4 

::HT. 
BASE 

.32. 73 
0~38 

0.46 
3.24 
.~. 72 

0.88 
1 • .l3 
::-61 
tj ~ ,3 4 

0. BE! 
0.?2 

61. 01. 
;).84 

0.88 
41- 4'? 

l .3- 4'? 
3. 4 1? 

9'.::, .oo 
2. ~j :.~ 

0 + 9:.? 
0.8f.l 

1. t !) :~; 

l0.34 
.l ~ J:t }; 

I. ,,,;A 
.!.. 24 

1.0 + :.~4 

0 <· ~;'{ 

8.19 

1 ,, ?I:. 

36 
37 
38 
.39 
40 
41 
4':> 
43 
44 
4~:~ 

4,~ 

47 
48 
49 
50 
51 

5t) 

57 
58 
~5.9 

60 
61 
6:.: 

MASS ';:HT. 
BASE 

130.91 8.3::' 
134,S'5 2.31 
t35.99 (),9'7 
136."'4 0.84 
1:39.1:14 2.06 
l4[,Y.3 •i.63 
142.9~3 1.81 
14,',. 90 ·;. 48 
148.86 ' . .!.52 
1.54.9-;' 1.3.91 
t:s-:-;. 96 o. 88 
1 !"j8. 89 tl. 70 
I. 60. 89 ~ , 9:'1 
l .~):~~ "9:::_~ 0 t ~.)9 

Lo~1~'?2 fJ~46 

166.·"~; I .01 
lt,t.< .. 9:~ 0.50 
l/'0.87 4~~~~j 

1?2.94 I. .. !:"J:::.~ 

l/3,'~8 1.18 
1.74.?:5 7.02 
1~7 5.96 0.55 
J./6,91 4.83 
l7"? t 94 ,._\. 4-4 
J.7H.iN O.f.lO 
1·:·'9 .. 9-~-: 0 .. Bf$ 
I.BO .. q6 0 .. '7'? 
1W5.'i''7 ~·.•n"l 

l\J{, .. 'i-4 0 • H-4 
180.90 0~-·'12 
:L 8~} ~ cpo 0 -t> \.~:,.) 

19".-! .. ~.)5 () .. ::;!~: 

:l.~I:S.B./ J.l)().tJt.) 

1.94,0:[ 4.37 
t <?5 ~ 9() 64.45 

PEAK 
NO. 

71 
72 

76 
?7 
78 
79 
80 
B:l 
f.l2 
8:3 
134 
8~:i 

8f., 
87 
t18 
89 
90 
9:1 
92 
'?::J 
(?4 

'?6 

100 
1.'.)1 
!.02 
10.5 
104 
105 

2 

MASS /.HT. 
BASE 

1'1'6.94 3.36 
197.89 10.08 
198.93 0.'}6 
201.93 1.1.3 
'204.97 l6.60 
205.98 :L.85 
207.88 0.59 
::08.91 1?.1.0 
~09t92 1 .. 22 
210 .. 90 5.25 
211.9:.2 0.6? 
~~1.6.98 :.'.48• 
::_'17~92 1).5:-_; 
•. ~:2() t 88 .cl .. ::i4 
22?~-96 1 .. 4? 
2::!3 .. 98 t_''l t 97 
224.9J 21·7·~-~ 
-~25.?1 1 ,()9 
226,'i'O 13.66 
227.94 1-.05 
228.89 2.35 
235.98 l 018 
:;:·3.~). 93 :;! '~~9 
',''58. 92 l . 39 
'239.•?1 4.20 
2-'h).9"1 0.63 

'2"J,'i0 1.39 
~~ 4 :~. q 4 0 . 71 
~~43 .. B9 ::2tl·-'+ 
24~';. 94. 1 '60 
::~11.8? 0.67 
:254.'?7 5.29 
255.91 1.60 
257.89 0.76 
258.90 22~56 

PEAl'; 
NO. 

106 
107 
108 
109 
110 
111. 
112 
113 
114 
.115 
116 
117 
11:3 
119 
120 
L'i 
122 
1:23 
124 
125 
126 
l27 
128 
129 
130 
131 
13~: 

1.33 
1.34 

2 4 

MASS 

259.93 
~:60. 88 
261.94 
264S. 99 
270.92 
:272.96 
273.98 
274.90 
275.92 
276.89 
2??.94 
278.86 
280.01 
293 .. 81 
295.79 
296.93 
297.92 
298.'?6 
305.00 
308.89 
30'1'.8"' 
310.~~5 

511.. 95 
324.86 

3='6. 91 
3:2:-·· .94 
·~·:.2B ~ 9~ 

T:)El. 84 

:r.HT. 
BASE 

1.55 
7.39 
0.59 
0.42 
:L. 34 
0.59 
0.55 

15.04 
1.26 
9.83 
2.10 
1.76 
o.::8 

5'? .18 
36.85 
2~44 

'5, 92 
0.46 
0,50 

3?.87 
3.32 

12.06 
0.9_l 
·;> .12 
f) t 71 

0 ~ 5 1J 
·j' 7'? 
1.01 



RB6R 0 
CAULXB 

A. BAYLIFF EY 
sn~: 

9 21-AUG-86 
Ssltl 

lt e 
-·~-~-----------~~-a_~~- ~~~S?~--------------------------------------------------, 
61 
6! 

93 

2 1 3: 1 4 i 

s 

F'EA~; MASS .;~HT ~ F'F. AI\ MASS :~HT. 
NO. Bt•SE NO. BA~:>E 

28 .J. 3 9.46 36 =-~59 J 05 0.8? 
::! 32.()2 :1.96 37 271.06 0.57 
:; 6B.9B 10.39 :~EI ~'.93. 03 0.43 
4 tl9, 9:?. 1.96 39 :;o2. o4 0.4:' c-... 93.o4 4.28 40 321.03 2 .. 50 
6 97 .. ()~J (!.54 H 371.06 1.32 
7 99.93 22.2? 4':> 421..05 2.96 
B 101.00 0.61 43 422. 1() 0.36 
9 108.99 4.39 44 440.07 0.68 

10 112.03 5. ~;3 
l1 t18.99 1. BS' 
1 -, 

'· 124.08 0.71 
1:3 131.00 100.00 
14 1.32.04 3.32 
15 14:~. 05 6.53 
16 149.98 0.50 
17 155.08 0.82 
18 159.00 2.32 
19 162.03 2.82 
20 169.02 0.46 
21 171.03 0.96 
22 174.07 0.57 
23 181.00 2.36 
24 189.97 0.68 
25 193.03 4.25 
26 205.09 1.21 
27 209.03 0.79 
28 212.03 3.00 
29 221.03 1.36 
30 224.07 0.39 
31 231.03 2.50 
32 240.00 0.54 
33 243.02 1. 78 
34 252.02 1.03 
35 255.09 0.82 



RB19X 4 AoBAYUFF NEG 1-BU 10 2?.-JAN-BS 
CAL:CRLN22 STA: 0•43 .,. Vl 

3:18? 

--~-- ----- -~~--

:r.:il 
-

2~ 

4 2 
3;~ 

J I I l I .I I I I I l l 
•'~<i I .. ,. I . . • Wf' .. "I" '1" ... 

lli!8 388 

MASS ZHT. 
BASE 

112.07 0.91 
127.03 1.98 
128.10 5.62 
174.13 0.41 
i78.12 3 ~ 5~) 

186.11 0.66 
190.02 5.49 
19l.05 0.35 
209.07 8.88 
210 .. 0~/ 0"53 
212.08 0.60 
224.12 2 .. 35 
236.09 0.?8 
252 .. 0? 1. 29 
255,09 0.60 
262.08 23c-56 
2b3.13 1.60 
267.05 1.04 
271.04 3.14 
274.06 19. ~!(l 
2~}5 t 07 1.54 
286.07 6.90 
287.06 0.63 
293.05 40.13 
294.07 .:~. 95 
298.04 2.?9 
305.07 12.96 
306.07 1.22 
312.06 10.32 
313.08 o • . 72 
317.07 1.10 
324.10 2.64 
336. 10 15.00 
337.09 1.44 
343.06 2.48 
355.06 6.71 
356.05 0.69 
374.06 100.00 
375. 11 9.16 
376.09 0.41 
386.04 0.69 
393.05 0.66 
412.02 19.17 
4l3.06 1.85 
440.04 6.12 
441.0\6 0.72 



AB18X 81 
CAL:CALP1? 

A·BAYLIFF EI CAP.COL 
STA: 

291 

11 27-FEB-85 
5•10 

-.---------------~~------------------------------------------------------------------------~ 
e.g 
6) 

1\) 
lSI 

lSI 
0 

MASS 

28.11 
30.87 
31.98 
39.80 
44.08 
47.06 
49.85 
55.07 
68.93 
70.92 
/4.02 
77. '76 
80.91 
86.00 
89.85 
9::'.99 
97.97 
99.89 

:100.95 
101.98 
105.03 
108.94 
111.96 
116.98 
118.94 
123.97 
124.99 
128.91 
130.89 
131.95 
132.97 
135.98 
142.94 
147.94 
149.8B 
154.98 
155.99 
161.93 
166.94 
170.88 
173.96 
178.92 

~~HT. 

BASE 

32.31 
7.31 
6,94 
0.9:2 
1.06 
0.137 
3.26 
0.64 

18.75 
0 •. 9/ 
1.84 
9 c-05 
3.17 
0.74 
0.78 
7.12 
0.87 

100.00 
2.71 
1.70 
::>.44 

12.09 
3.12 
6.07 
1.52 

10.16 
0.51 
0.7B 

68.01 
2.34 
0.97 
2.21 
3.54 
1.19 
0.78 

12.82 
0.83 
0.78 
3.08 
0.97 
3.91 
0,87 

21?6 

1 1 

250 sera 

MASS /.HT. 
BASE 

180.90 4.92 
182.94 o. 5c1 
185.94 5.10 
192.90 2.0"? 
199.85 (l,97 
201.89 1. 24 
204.97 9.5b 
208.93 ;:>,07 
213.93 0.64 
216.94 3.63 
21.7.91 0 .. 55 
220.89 9.60 
221.91 0.64 
223.95 2.67 
232.92 0.51 
235.91 3.12 
251.84 (),92 
254t9t 17.74 
255"92 1.24 
266.89 4,()9 
273.91 1.24 
282.87 8.04 
285. 9~~ 1.33 
301.8? 1.06 
304.92 2.25 
332.80 0.60 
3::i4 .83 4.09 
363.84 0.97 
382.84 1.79 
401 .87 0.60 
479.62 2.02 
510.48 8.46 
~ill. .52 1 C'") ."-J,;.... 



AB18X 106 
CAL:CRLP17 

A-BAYLIFF EI CAP.COL 
STA: 

292 

12 27-FEB-85 
Sa4S 

-.-----~--------------------------------------------~ m 
m 1279 

3 s 

100 280 300 400 

MASS /.HT. MASS /.HT. M•c,::'~· ·-~ i l ~ 

BASE BASE T·.r-1 ·,f 

28.11 60.0!:i 160.89 0.94 308.88 3.99 
30.86 11.57 166.99 ~J. 79 310.89 1.41 
31.97 13.14 168 .. 95 7 .74 316.90 3.99 
35.10 1.02 170.91 2.11 :323. '?6 1.1.7 
36.10 1.80 173.99 1.09 324.90 3.75 
39,80 1.80 178.95 2.19 3:U,. 89 2.27 
44.07 1.56 180,91 l .49 :3::'·4 .91 2.2? 

49.85 2.74 1.84.93 1..49 :366.90 1 4 9~.) 

55.07 1.49 185 .. 9:-j 6.10 :374.83 4.46 
68.93 1.00.00 196.89 4.30 3?6.B9 2.27 
69.8? 1. 41 197.93 1. 17 :3B~5. 97 j .0'? 
74.05 2.58 198.89 1.49 404,92 3.B3 
78.96 1.02 201.92 1.02 
80.93 1 .41 204. 9~i 1.6. 2,-', 

84.99 20.?~ 205~94 t.::n 
86.02 1. • 02 208.B'i' j .64 
86.97 /:.,. o:? :'16. 96 10.24 
92.99 10. 16 217.94 0.86 
97.96 2.11 220.89 2.27 
99.88 26.19 224.93 l •· ~jb 

105.01 4. 61 .228 t (t:, 1. 0~.· 
108.91 4.14 235.96 9.46 
110.90 1. 41 236.91 1.33 
111 • 98 2 .. 42 2:~8, B9 (),94 

117.01 13.37 246.92 4,93 
118.95 11.65 247.94 1.33 
124.00 8.37 248.90 1 .. "72 

127.47 1.33 251 .<.90 1.02 
128.92 1,49 254.95 20.02 
130.91 26 .. 82 25:; .. 96 1.88 
131.94 1. 17 258 .'Y2 4.61 
134.94 1.49 260.91 1.5c. 
135.96 3.36 2f.,6 .. 9:.i 9.46 

139.85 0.78 270.87 1.25 
140.94 l ,09 273 .. 95 2.74 

142.9'7 2.81 2?4.90 2.19 
146.95 13.45 2?6.88 1. 17 
147.96 3.60 285.9b =~. 66 
148.90 5.24 286 .. 92 1.80 
149.91 1. 09 28B.90 1.09 
154.97 11.81 304. 9~. 3~L07 

158.88 2.0~ 305.95 2,89 



ABBUT 0 
CAL: LIB 
l! 2 

- (I] 
m -1--

N 
19 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

3 

2~ 

II 

STA: 

---~---

I I 

.:Z8.0.S 
30.8! 
"31 • 95 
4-f.BQ 
62... 0. 
u. 01 
74.10 
eo. 96 
9"3·06 
9-4.08 
99. 'J7 

109.04 
I 11.0-r 
113. II 
12.4.11 
131 .03 
I .of3, 07 
144.10 
I S'J ·II 
161.0J 
I 63.11 

--

s~ 

I 

s. '2. 
13.12 
(.10 

0.928: 
a. S"Or 

I 

6.82. 
3. I 511: 
o. 54k 

100.00 
3.39 
3.18 
0.62 

17.38 
o.S7 
0.98 ... , 

I I." 
o.4S 
o.3&-. 

2J.87 
J.o.q. 

293 

13 25-SEP-86 
!lltl?l 

"~ 
l0BS 

------------

1 2 

1 2 

1 3 

II I I h I I II 

180 150 280 



------ m 
6) 

ABEPX 8 
CAL:CALM312l 

A. BAYLIFF 
STA: 

--

"R 

Ill I 

f'iAf:s ·;:H·~- .. 
\>R<:;f~ 

2t~~':;.'3 ·1, PJ 
3•,} ~(3j 3 .. <;··:;_ 

3l '"'4 4.;. ::_:/ 
39. ,·!'f 4 '-1:;·:,• 

-44. (;(,I 1 (• ()\, 

oD. •J·~ :t r::, t :; 
"?4, ()(: -~.:' -'•4 
8("1 t c;•'. f' ~-.- ::· 

S .. 3.q~·. q~-:~·1..:-

li)~~.1<'• o~tl-.!.. 

l1 :.? " 1) ~-j :l (; •· .! 1) 

113~0i::i 1~--?B 

1:24, iO -_: .. J(l 
1:-~:: .•• 11. (~; :·.\' 
1"3 :1 'i,"•-4 4 t r::j_~_· 

1A3 .. (t8 6{) .. ~:-~~::~ 

155,JG r._,,..:t-'f 

1c"~2 { o~; :! o.::~ to<.~ 

1-£,3 ~-o<;· c..~-_;(,' 

174~10 0 .. 61 
tu~:.:~(.~-7 o .. ~~4 
193.00 4~,-4::) 

1_04.:11 :_ •• ,(, 

69 

I 

-

294 

14 08-AUG-84 
1•30 

_j_ ~ 

"'fS 4095 

1 3 
2 2 

- ------ -----

1 3 

1 2 

I II I I 
100 200 



ABEPX 10 
CRL:CALN30 

;,El_ -

-·- ~ 

~f!J 

II I 

MASS %HT. 
BASE 

28 •. 06 100.00 
28.93 2 .. 25 
30.83 1.66 
31.94 66.89 
34.10 0~27 

39.80 7~-25 

44.09 l. 34 
66.06 0.56 
68.99 8,82 
75.09 0.39 
85.02 1.81 
87.00 0.56 
93,03 7.23 
94.07 0.32 
99,95 9 C:e' 

. t'-J..J 

108.9'7' 0.27 
112.03 1.29 
116.04 4.47 
118.02 1.34 
124.10 0.37 
131.02 43.32 
132.07 1.25 
143.08 3.54 
144.11 0.59 
147.01 31 .11 
148.02 0.98 
148.97 10.04 
149.97 0.46 
162.06 5.57 
181.04 0.85 
193.07 2.03 
197.07 2.10 
199.05 0.61 
212.07 2.03 

A. BAYLIFF 
STA: 

e~ 

295 

ill 

---- - ----

1 8 

S;:t 

1 6 

I I II h 

188 

15 

1 7 

--

1~ 

1 _i JJ 

eJB-RUG-84 
i a 51 

-~---------
1'774 

- - -- -- -

I 
288 



N 
6) 

RBTRRN 0 
CAL:LIB STR: 
)( 2 

6;3 

~- ~--

32 

II I I I I 
se 

HA::~[· 

--~-------.3~-u--

1154 .1i 1.$8 
tiSJ. 12 lB. 3S 
1n.es 4.50 
114.09 5.35 
tt3.o7 t~.eo 
9-4.10 4,86 
91. 07 s. 56 
sz.tH 6.93 
75.10 &.23 
60.99 IJS.2t 
w.11 1.~u~ 
50.87 2.55 
44.14 a.31 
;nl.86 1.70 
3:1.02. U.t2 
JG.SZ 4.01 
u.oo 1.22 

296 

16 25-SEP-86 
0•0 

, '"' 
1/i!lBB 

---- ----

T 1 2 

8;2 
93 

1 2 

180 150 280 



:I·· 
u 

(j) 
0 

c:J 

.e. 
€1) 

N e 

MASS %HT. 
BASE 

.27.23 7.44 
28.11 100.00 
30.8<'> 5.28 
:31.97 25.83 
38.96 5.09 
39.80 17.03 
40.94 12.13 
42.03 6,46 
43.11 20.35 
44.07 3.13 
49.84 2.74 
55.12 5.09 
57 .. 10 4.50 
68.94 93.93 
69.00 2.74 
78.92 2.54 
9~. 9~~ 9.98 
99.84 21.53 

104.99 3.52 
116.95 9.20 
123,94 5.68 
128.88 4.11 
130.88 3.91 
135.98 3.13 
140.90 6.07 
142.9~7 3. 72 
147.95 6.85 
154. 9~j 4.8" 
1~!9,8B 2.94 
16.'),96 4.70 
178.90 6.65 
:!90.85 3.72 
1·;>?.91 ::•. '?4 
'204. 90 4 .::;o 
216.87 :5,48 
:228.84 5.48 
·•4o a·~ 3.72 
;47:8~1 

~:it 48 
259.881 5.u9 
26 . .S.88 27.79 

~o~VLIFF CR?aCOL EX 
~8 

MASS %HT. 
BASE 

278.81 11.74 
285.85 3.52 
290.82 3.91 
297.83 14.48 
309,78 9.59 
316.80 45.21 
317.81 4.31 
328.76 21.33 
335.79 4.89 
347.72 1:1 • 94 
366.70 38.94 
367 .. 75 3.91 
378.68 19.18 
379.69 2.54 
397.68 4.11 
416.63 27.98 
417.62 3.72 
428.57 4.11 
466.48 3.72 

297 

3 7 

2 '7 

17 

4 7 

29-JAN-85 
2p~ 



AB191X SS 
cm.~CRLPn 

~oBAVLI~F CAP.COL EX 
STAs 

~~--------~~------~~------------------~ 

= 

f 

Ql 

8 
MASS %HT. MASS %HT, 

BASE BASE 

27.23 1.67 178.92-- 2·;11 
28.11 25 .. 60 180.90 3.42 
29.00 1.38 182.92 "'") C'C" 

4f'.J.J 

30.86 12.15 185.94 4.07 
31.97 6.40 192.90 3.42 
38.96 1 •. l6 1.97.. 89 1.02 
39.80 4.87 204.91 23.27 
40.94 3.13 205.90 1.09 
42.03 1.96 208.90 0.87 
43.11 6.91 216.93 6.18 
44.08 1.67 223.91 1.82 
49.84 4.65 228.88 1.09 
50,92 1.09 232.91 1.89 
55.12 0.95 235.90 8.29 
57.10 1..38 242.87 4.44 
68.9:3 100.00 244.93 1.38 
69.87 1. .J.ti 247.90 1.24 
70.94 1..53 254.89 19.78 
74.04 4 ,.,...., 

+ . .:... .... 25!::i.93 1.82 
'.77.99 1. ~j3 263.'i'l. 1.24 
78.95 1.09 266.92 10.69 
80.92 t. 96 270.87 1.31 
86.01 1. 6'7 273.94 1. 31 
89.87 1.38 282.87 8.73 
93.00 26.76 283.92 1.09 
97.00 2.33 285.92 4.51 
97 .'?8 1.96 294.92 .., ... ~ ...... ,~ 
99.90 ~-;5.20 301.87 2.98 

100.94 2.il 304.92 10.84 
105.01 :3.78 305.92 0.87 
108.93 3.49 313.89 1. 53 
111.95 1.2.~~9 316.B9 7.93 
:l16.9/ t.t.64 323.90 1. 53 
1:1.8.92 9.3:1. :n2. 90 24.36 
123.96 6.33 33,3 ~ 90 3.42 
128.90 1. 38 3.3::;.(,4 t. ]8 
130.90 14,76 342.90 1..09 
1.31.?6 o.so 351..85 2 ,1]4 
:l35.98 5. 6~) ~154. 89 4.87 
1.40.91 1. 4~~ 363.f:l8 j .::;3 
l42.95 17.16 366.89 :~. <_;>J 
1.47~94 3 .1.:~ 38:;:~. 90 4.~8 
.149.,87 !5. 24 394. 8'? 1.53 
154 .'97 11..85 401.83 10.40 
J.58 •. 9:l '2,0fl 404.8B '.?t62 
161.92 5 .. 02 432~78 9.89 
161.,,93 4 t(s:~.; 482.6? 2.69 ( 
168,90 l(). 18 

18 



AB191X 68 
CRL:CALP17 

N 
61 

61 
8 

~~-MASS ~ 7-HL 
BASE 

28.11 13.51 
29.00 0.78 
:30.86 18.48 
31.97 3.24 
38.96 0.78 
39.80 2.79 
40.94 1.84 
42.03 1.28 
43.11 2.79 
47.05 1. 79 
49.85 8.88 
55.07 J..34 
61.97 0.89 
68.92 92.85 
69.87 0.95 
70.94 6.87 
74.04 4.91 
77.98 16.08 
78.95 0.67 
80.92 3.41 
86.02 0.95 
89.87 3.02_ 
93.00 57.17 
94.03 1.84 
97,00 5.25 
99.91 100.00 

100.94 2.18 
101.97 0.67 
105.01 1.95 
108.93 14.68 
111.95 24.96 
116.97 3.18 
118.9J. 8.04 
120.90 16.47 
123.96 4.86 
127.92 1.17 
130.88 22.28 
131.94 1.06 
135.97 1.06 
136.94 3.29 
142.93 36.07 
143.94 1.62 
149.86 113.76 
150.93 0.89 
154.96 7.15 
158.90 8.65 
161.90 11.39 

I 

.) 

AoBAYLIFF CAPoCOL EI 
STA: 

1 3 

1 1 

2 s 

MASS %HT. 
BASE 

168.8lr 7.15 
170.90 6.42. 
173.95 1.23 
177.91 0.78 
180.89 2.74 
182.94 1.40 
185.95 j • 12 
189.87 3.96 ., 192t95 4.47 

I 196.94 0.95 ~, 

198,90 2.85 
204.93 J.0.66 
205.94 0.78 
208.89 4.02 
211.93 1.23 
220.88 2,85 
223.94 ~i.64 

235.90 2.01 
239.85 4.91 
242.91 j 1. t.l 
243.93 0.84 
248.88 1.17 
251.90 1.17 
254.95 9.16 
255.96 0.95 
267.92 4.47 
270.90 14.01 
271.93 0.95 
273.92 1.56 
282.87 1.68 
286.94 1.12 
292.91 1.95 
298.87 2.90 
301.90 1.17 
304.92 1.06 
317.86 2.18 
320.88 5.08 
323.94 0.95 
332.89 J. .o1 
348.84 6.25 
351.90 1.06 
367.87 1.2B 
370.86 1.28 
398.89 1.17 
417.84 1.23 
448.78 12.0~ 
449.83 1.28 

19 29-JAN-BS 
4o21 

1791 

9 



il 

en 
m 

N 
5) 

300 

ABS04 S R. BAYLIFF NEG. (ARGON) 
CRL:ORLNEG STA: 

'){ 2 

3 2 

3 1 

212 

I I I I I l I l 
288 

MASS /.HT. 
BASE 

174.02 1. 43 
180.97 1.13 
192.01 1 • ()9 
193.01 100,00 
194.03 8.17 
195.0:1 0. :5b 

211.99 l .43 
218. •:;>8 O.B3 
22:3.99 "2. 48 

243.00 1.?8 
~47.02 0.65 
261.99 6.21 
262.98 0.39 
268,9B 0.48 
274 .. 02 2,35 
280.96 5.08 
289.97 0.48 
293.03 4 c-.-, 

t.J..:.. 

~94.05 0.74 
312.03 45.55 
313.0:5 3.6.1 
31 ';>. 03 1-09 
324.05 1.39 
331.00 16. 17 
332 .\)2 l. 4f3 

:~3.9 ~ ~~7 [,35 
:343.01 2.5b 
36:2.03 55.'76 
363.0"; 4./U 
37-4 t 05 1).?4 

381.00 l. 4:1 
400.04 48.id 
401.04 4 • ~~2 
41:2.06 1. 61 
419.01 0."70 
'lc)2. 09 4 '")') 

20 

4 s 

l I I 

2G-·SEP-·86 
llltS2 

2391 

l 

see 



AB102 0 
CAULIB 

A 
(!) 

MABS 

:26.37 
27.30 
29 .. 05 
30.93 
3:2.0:1 
37 .l3 
38.07 
~--~B .. 9S~ 
;·;~· • B'? 
40.•.n 
43.13 
44.08 
45.10 
49.B8 
50~ 9~) 

52.03 
~:".1~~.09 
~j5. ()9 

55 .. 14 
56.05 
57.04 

58.00 
58.9=; 
<>0. 94 
6~'. Ol 
63.01 
63.06 
64.00 
64.09 
65.10 
66.11 
67t98 
60.93 
69.02 

/.HT. 
BASE 

(),47 
2.01 
0.38 
2.42 
0.5~ 
().73 
2.27 
8.59 

0. 9<7 
0.67 
t. o~, 
f.,. 8:1 
3. ~:')8 
6 + ~3~j 
t.f>q 
1.43 
0.67 
0.44 
().41 
0.70 
(),79 
1..34 
0,87 
1..69 
4.28 
1.75 
9.14 
0.~;2 

1 .. 54 
1.78 
1 .28 
0.64 

1 i,. 04 
().38 

A. BAYLIFF EI 
STA: 

MASS 

i8. 88 
70.93 
73.03 
74.05 
75.07 
76.00 
76.08 
77.07 
7B.O~i 

79,()1. 

80.93 
B1.98 
83.02 
f:l4,04 
[:!~ •• 06 
fJ6.06 
87.01 
87.95 
!'18.02 
B8.98 
89.B6 
09.96 
<"i'~ .. oo 
93.00 
94.01 
95"04 
96.04 
97.03 
'?8. 01 
98.97 
99.87 
99.91 

100.91 
100.99 
i 02 .(14 

/.HT. 
BASE 

2.62 
2.18 
0.47 
2.74 

0.87 
;" .83 
4.66 
0.38 
2.:l5 
2.91 
1. 72 
0.9<:-
1.05 
~ t 51 
8.68 
:3.99 
0.41 
4 .. S3 
0.38 
2.45 
0 .. 3:-:-; 
~'. 27 
3.67 
3.26 
0.79 
0.90 
0.61 
0.67 
0.61 
1.16 
0.55 
0.76 
1.16 

MASS 

104.01 
105.02 
.1.05.99 
107.00 
107.98 
108.96 
109.92 
110.93 
111.97 
11:.'. 98 
114.00 
116.96 
11? .. 9::.~ 
1 HI. 92 
119.90 
120.92 
1.21..95 
122.96 
1:23.97 
1.24.95 
126,CJ9 
127.98 
128,91 
130.9:2 
131.96 
132.98 
133.98 
134.99 
136.92 
137.92 
138.90 
139.92 
142.96 
144.97 
145.97 

/.HT, 
BASE 

1.43 
0.67 
7 .. 92 
0.90 
1.43 
2.82 
1.83 
(),38 
0. ~-~2 
0. ~," {., 

0.55 
0~67 

().49 
0.90 
().84 

14.21 
3.23 
1. 11 
4. JO 
1.37 
1.60 
0.79 
(). ~j:~ 
0.32 
0.70 
1.98 
4.05 
0.44 
0.58 
1.48 
1.14 
0.73 
0,32 

301 

MASS 

14b.95 
148.~'3 

149.90 
1 ~:;o. 93 
151.95 
j_~)2.92 

:l53.93 
154 .. 93 
:1.55.92 
156.9:1 
162,93 
j t>3. 96 
164. 9~, 
l{-.::; .. 92 
16B.B8 
J 69 .st. 
l70.f:l8 
1 ?1. 9:1 
1.74.91 
:t.75.91 
176.89 
:t 77. 8~' 
178.85 
1/'l.H:'• 
180.86 
181.89 
182.89 
1.83.91 
184.91 
1B6.91 
188.84 
193.88 
194.89 
195.89 
196.88 

21 

/.HT. 
BASE 

0.41 
1. 34 
0.47 

:~~ • 01 
8.0? 
2.01 
0.99 
().32 
0.87 
1.43 
1. 6{, 
2.42 
0.84 
().55 
(). 5:2 

2 8 

0.84 
:: .. 45 
0. 3~:; 
2 .. ~;o 
3 .. 3~ 
2.42 
0.55 
0.35 
1.08 
1.02 
5.94 
4.34 
0.76 
0.41 
0.32 
1.40 
2.94 

j ~~.i. 3? 
2. 13 

2 6 

MASS 

197.80 
19(? .85 
200.8:, 
'20t~.o,~, 

;·20/ .B2 
:-.~on .. r:~.~ 
20? .. ~~0 
:-?1.0 t 8~~ 

2:1:2.03 
:.~13. nc. 
~.'14.m: 

;.~15.04 

2:1 ~).st.. 
2:lF.HO 

:;HT. 
I;M;C 

0 .. :'9 
0.47 
0 .. 87 

:•.91 
10.9::2 

j_. 5·~·· 

1. j 9 
4.3/ 
() .. 9 ~j 
4.02 
1.40 
0.38 
:1 .. 34 
~:2. 42 
1 • 3·1 

2:.1 6 6 {;{:: \~). 7:~ 

2~~7. D:l 22. ·7·7 
~~:;-~u.·/~? 3.4:1 
2:.)9. ?B 2. 07 
;c~~o.::•q o.44 
231.00 0.73 
232.8::.~ ~~.04 
~'33.G4 1.2.1 
~'3B./B 0.52 
24~~.00 0.3B 
:.~43 .. }7, 1.14 
:~~44.82 15 .. 81 
:24~), B:l 37. '16 
246.B2 5.0'Jl 
~~47 ,81 2 .()1 
:~~~,~~ .. 7'f () ~ 90 

21-AUG-86 
0sf2l 

1800 

MA~3S ;~HT .. 
l~ASE 

260,76 (),9:\ 
2/)2 ~ ?4 5 .. 6~~ 
:2b3. 7~:; {) ~ .~:l 

2{,4. ·?~ {) .. ~:~~:·, 

::.·-/~). 75 0 .. ·/~:. 

~~76.'J:j :3.t.,.~"' 

278. /:·.', :21 .. 0!::; 
~.~;:''}I /t 14.1 G 
:::Go .. 7 J. 1 .. n·,. 
2L>J .. 72 0.55 



AB72X S 
CAL:CALTl 

Cll 
-t9-

MASS 

26.37 
27.30 
28.17 
28.19 
29 .. 02 
29. 0~3 
30.93 
30.95 
32.0:5 
:m.o7 
38.98 
39.88 
40.96 
42.05 
43.08 
43.12 
44.09 
44.12 
45.09 
45.14 
49.88 
50.94 
52.02 
53.07 
55.12 
56.13 
57.11 
57.98 
58.06 
58.93 
58.97 
60.93 
61.98 
62.98 
63.04 

4 

%HT. 
BASE 

0.78 
4.84 
7.35 
1.45 
1. 78 
6.79 
1.06 
3.51 
1.28 
1.67 
8.74 
0.78 

10.08 
1.89 
1.73 
5.40 
3.45 
0.95 
9.19 
1.67 
3.40 
5.46 
1.61 
1.50 
3.62 
4.01 

16.15 
0.67 
1.11 
1.39 
0.50 
1.00 
3.51 
1.17 
8.13 

A. BAYLIFF 
STA: 

MASS 

63.98 
64.06 
65.08 
66.08 
67.06 
68.03 
68.91 
69.00 
69.B5 
69.'18 
?0.94 
71.04 
73.07 
74.07 
75.09 
76.09 
77.08 
78.05 
7'1.0:' 
80.93 
81.02 
81.98 
82.07 
83.02 
83.12 
85.02 
85.12 
86.01 
86.96 
87.89 
87.98 
88.'15 
89.92 
'10.'?8 
91.96 

%HT. 
BASE 

0.56 
1. 34 
2.56 
1.00 
1. 73 
0.67 
9.08 
2.73 
1.56 
1.00 
1.45 
2.12 
2.12 
1. 73 
1.50 
3.45 
6.18 
3.73 
1. ot, 
1. 61 
1. 78 
2.06 
0.95 
0.95 
1.61 
1.00 
1.11 
1.06 
3.17 
l .89 
0.72 
3.29 
l. 34 
1.50 
0.61 

1 9 

MASS 

92.9S, 
93.97 
94.04 
95.00 
95.08 
97.07 
97 • c;6 
98.93 
99.87 

100.96 
104.02 
1.05 .o~· 
105.97 
107.00 
107 .'i'6 
108.94 
109.90 
111.0:5 
112.94 
113.45 
113.96 
116.94 
117.90 
118.90 
119.8B 
120.95 
121.98 
122.99 
123.99 
124.97 
128.92 
131.96 
133.00 
133.99 
135.06 

;~HT. 

BASE 

3.23 
1. 50 
0.84 
2.06 
1.39 
j .67 
0.7:2 
0.84 
1.oo 
0,56 
3.40 
1.50 
2.56 
1. 34 
1 .ll 
1.78 
0.95 
0.89 
1. 6 ~l 
1.61 
1.84 
0.78 
0.61 
0.95 
0.95 
7.35 
1.95 
1.11 
1.28 
1.39 
1.34 
1.00 

1.84 
2.23 

302 

MASS 

137.93 
138.91 
144.98 
145.98 
147 .. 02 
148.92 
149.91 
150.93 
151.95 
152.92 
1.53.93 
154.93 
162.91 
163.91 
164.41 
164.9:3 
166.94 
168.86 
1.75. 94 
176.92 
177.89 
180.90 
181.94 
182.94 
183.94 
193.90 
194.9:! 
195.91 
200.86 
206.92 
207.89 
208.91 
209.88 
210.90 
211.96 

22 

%HT. 
BASE 

4.40 
j .... 7 
1 • 50 
O.B4 
O.B9 

2 s 

38.14 
4.01 
:2.73 
0.84 
3.06 
0.84 
l..50 
:1.34 
4.:.:23 
O.EI? 
1.34 
1.04 
0.89 
1.39 
1.73 
1.17 
O.B4 
1.28 
4.9() 
1. 61 
1.B4 
1.50 
3.29 
0.84 
1.84 
l. 7:3 
4.?6 
0.84 
0.72 
().61 

2 8 

MASS 

21.2.93 
213.94 
214.?7 
2:18.?0 
220.98 
223.04 
2~3 .. 95 
~24.94 

225 .. 96 
226.93 
227 .. 93 
2:~8. 90 
::)~(? .8fJ 
230. 'i'3 
23:1 .. 9~:; 
232. S'6 
~~37.90 
:~3B,r~() 

23?.92 
240.91 
242.<_;>4 
243. ?~:; 
244.96 
24~; ~ C/7 

246. 9.~. 
250 .. 89 
252 .. 95 
253 .. 95 
254.98 
255 .. 96 

25"7 ~ <7~5 
258. ("?3 
259.91 
26(:.91 

_ 4S 

/.HT. 
FlASE 

;:; • 12 
0.84 
1 tl:h·' 
•j .50 
0 .. '?2 
1.06 
() ,.f,l 
3 .. 9~] 
3.4~; 

4.:18 

l. 1 / 
().61 
o .. s)~_._; 

J • 06 
0. E14 
l. ~J(j 
~) .. :1.2 
::.28 
0.7~ 

1 • ()() 

2 .. 4~.-. 
10.30 
9.41 
1,7;>, 
0.6] 
0.61 
0.50 
0. 9~-; 
1.11 
4.:'3 

34. ~'.:-' 
5.96 
;>,, 'i'O 
1. l-/ 

03-JUN-BS 
fihSl 

1 9S 

MASS 

26:'_). 91 
2id. 93 
:-.~ /\ ~} • 0 ~-=; 

~6t~.l?:l 

2?3. C,'l 

274. '12 
2'?~, t '12 
276.92 
":!77. 'f0 
::.:·?~1. <»() 

2/(i.DB 
28()' 9:1 
:~B}. 90 
2BU.93 
::~t:l9 .. "'1 ;,' 

292 .. <?~~i 
=~93.9''"1 

294. <yt.\ 

29~=-=,. 9? 
::_~<16 t 96 
300.Bi' 
306.94 
307.~;>3 

:508. '~2 
309,f:l8 
31:'.''1 
32o.?J 

3:?8. <?.1 
329 .. r:r;· 
~--~:50 t (;I :1 

/.HT. 
BA!": 

0. ~'::.:: 

() t ?<:> 

o. ::;o 
0.84 
() • ~~~ t.~ 

l. Or.. 
:? - /H 
7 .. 1 ~~ 

l. 01.· 
J • ~JO 
0./2 
;;) • ~ .. ·u 
(l, 8S' 

O.B4 

59 f t.3 
10 .. 7~) 
3. q ~:; 
0.72 

:>.01 
7,/4 
l .56 
:l • 9~) 
4.Hl 

1()0.()0 
l ~j. :1 A 



1\1 
151 

AB818 0 
CAL: LIB 

A. BAYLIFF Cl 
STA: 

188 

MASS 

b(l.89 
,~2. 97 
67.01 
(,8. 93 
?0,93 
o~: .. o~5 

1.20./9 

·;•44. 6:1 

?q4 .. ~~) 
:.'(')~: ... 5:1 
~!7t. .. ;:~:' 
30f_: • .tl5 
31~:i.44 

316.43 
317.43 
3:!.4. 44 
327.42 
328.42 
3:"?.3fJ 
330.3B 
342.3El 
343.40 

%HT. 
BASE 

0 .. 2b 
0.26 
0.40 
0.63 
(). :~:· 

O.J? 
()+ 37 
b .. ~~i4 

0 'B'? 
(). 60 
0.29 
(),89 
(),6() 

0.66 
1.47 
().:57 
0.40 
4.44 
0.72 
0.43 
(),37 
7. 7'" 
4.87 
1. 30 
0.49 
0.43 
0.95 

344.39 1.00.00 
:14~;.38 14.17 
346.37 9.68 
347.36 1.3::; 
34B.3B 0,37 
368.36 0.37 
3;'0.36 0.58 
372,:3:3 0.26 

MASS 

373.30 
384.30 
3B~i. 2!~ .. 

:~HT. 

BASE 

0.4} 
3.0B 
0.5B 
0.49 

303 

23 21-AUG-86 
BaS 

'.:lol4 

1000 

280 308 



AB171 X 9 
CAL:CALPlS 

-6l 
6l 

m 
131 

-

N 
& 

cg 
e 

MASS 

28.10 
30.83 
38.02 
38.94 
45.06 
49.86 
50.93 
51.99 
57,98 
61.98 
62.98 
63.03 
64.06 
6~;.os 

68.91 
69.86 
70.93 
74.0b 
~7 5. 0"7 
76.07 
77.07 
7B.04 
81.97 
83.01 
86,99 
88.01 
88.97 
89.94 
92.98 
94.00 
95.02 
96.01 
97.01 
99.90 

102.00 
103.03 
105.98 
107.00 
107.97 
108.94 
114.02 
118.92 
119.89 
120.95 

LLll 

%HT. 
BASE 

(),42 
1.43 
0,94 
6.16 
2.03 
2 .. 2:l 
1.09 
0.94 
0.46 
(). 5;_l 
0.55 
6.13 
0.02 
1.43 
7.46 
1 '00 
0,'70 
1.24 
1.12 
0.97 
0.42 
0.49 
0.91 
0.39 
1.67 
0.33 
0.58 
0.52 
3.06 
0.79 
2.34 
0.64 
0.39 
0.49 
0.46 
0.33 
0.73 
1. 61 
2. 73 
1.67 
0.91 
0.97 
2.58 
0.79 

A.BAYLIFF EI 
STA: 

-----

.b. a Ll 

MASS 

1?1.9? 
123.99 
124.98 
126.03 
127.02 
.131. 98 
134.01 
137.98 
138,95 
145,01 
145.97 
146.97 
147.95 
151.96 
152.9B 
157.94 
162.94 
163.98 
164.98 
165.99 
168.92 
169.87 
176.96 
177. 9~) 
178,93 
179.91 
180.90 
181.93 
182.96 
183.98 
193.96 
195.95 
196.94 
197.94 
198,91 
200.88 
201.96 
202 .. 98 
207.93 
208.92 
209.91 
213.97 
214.98 
215.99 

-

1 s 

%HT. 
BASE 

1. 76 
0 .. 52 
2 .. 88 
0.58 
0.:39 
0.46 
0.58 
0.33 
0.4;:> 

-

().36 
L~.14 

l.. ~i:: 
0.70 
0.94 
1.06 
0.46 
o.:n 
0.39 
0.88 
1. 21 
0.39 
0.70 
O.B8 
5.92 
0.70 
0.39 
0.30 
0.49 
0.70 
0.91 
0.49 
0.97 
1.85 
3.00 
0.42 
0.82 
0.58 
0.58 
6.71 
1 .12 
1.06 
6.86 

31.86 
3.73 

_2•1'7 

------z 8 

2 s 

1 ..tl t l 

MASS 

225.93 
226.93 
227.92 
228.91 
229.89 
230.94 
245.93 
246.94 
247.95 
248.91 
249.89 
260.97 
262.95 
265.9"7 
271.92 
283.92 
28~i .. 97 
289.91 
291.90 
295.91 
296.93 
297.92 
301.96 
313.88 
315.90 
316.93 
317.92 
333.88 
351,90 
366.93 
371.85 
372.96 
415.00 
434.92 
440.91 
441.93 
454.86 
460.93 
472.89 
493.89 

250 

%HT. 
BASE 

4.95 
4.55 

58.31 
7.68 
:3.06 
0.33 
4.82 

100.00 
34.01 
13.87 
1.46 
0.39 
0.27 
0.42 
0.70 
0.30 
0.46 
0.39 
1. ou 
1.97 
0.42 
0.33 
0.39 
0.55 
3.55 
0.64 
0.46 
0.73 
0.39 
0.52 
0.79 
0.39 
0.30 
0.30 
2.34 
0.61 
0.70 
0.39 
0.33 
0.64 

24 01-NOV-8S 
1•25 

3296 

------

'l 1 I 

see 



AB194X 4 
CRUCRLT31 

AoBRVLIFF EI 
STA: 

25 
_,-------------------------------------------------------~~----------
® 
5I 

MASS 

26.30 
27.23 
28.10 
28.11 
28.97 
30.86 
37.09 
38.04 
38.96 
40.94 
42.04 
43.07 
43.11 
44.08 
44.11 
45.09 
45.14 
49.88 
50.95 
52.03 
54.09 
55.09 
57.05 
58.02 
59.93 
60.97 
62.03 
63.03 
63.08 
64.11 
65.10 
68.92 
69.86 
70.94 
74.08 
75.04 
75.08 
76.08 
77.07 
78.04 
79.95 
80.94 
81.98 
87.00 
88.02 

~T. 

BASE 

2.12 
3.1.8 
2.40 
3.35 
1.34 

12.95 
2.96 
3.96 
9.54 
3.18 
1.23 
1. 79 
3.91 
3.46 
1.00 
7.53 
3.40 

13.34 
4.19 
1. 73 
1.67 
1.95 
1.17 
2.62 
0.84 
1.84 
3.24 
3.24 
8.48 
2.29 
2.90 

17.41 
2.29 
1.06 
5.92 

~.12 
.36 

5,08 
0.61 
1.34 
2.96 
1.73 
5.52 
8.82 
0.95 

tail 

MASS 

88.49 
89.95 
93.01 
94.02 
95.04 
96.04 
98.98 
99.93 

-102.04 
1.04.04 
105.04 
106.03 
107.04 
108.02 
1:1.3.55 
117.04 
117.99 
119. 9b 
122.03 
124.07 
125.02 
126.09 
131.00 
132.03 
133.07 
137.01 
138.05 
138.52 
145.10 
146.04 
149.97 
155.03 
156.02 
157.02 
158.01 
163.03 
164.06 
169.00 
169.96 
175.00 
176.04 
177.02 
181.99 

--183.04--
184.04 

209 

7.HT. MASS /.HT. 
BASE BASE 

2.23 194.05 4.69 
l~o45 195.04 1.95 
4.97 203.01 2.62 
1.67 207.02 0.89 
2.01 208.00 20.93 
0.89 208.99 2.85 
1.17 213.02 1.67 
2.34 214.06 3.18 
2.29 226.02 5.64 
1..62 227.02 12 .. 56 
3.63 228.01 2.12 
2.57 232.03 0.67 
1.56 233.04 3. 74 
7.53 238.99 2.96 
1.84 245.03 1.17 
1. 62 257.02 1.40 
1.17 258.00 2~i.OO 

5.30 259.00 3.07 
1.67 276.0:1 3.12 
2.18 277.01 100.00 

17.75 278.01 15.62 
1. 51 278.98 5.80 
1,40 279.98 1.12 
o.78 297.02 1.40 
o.84 298.01 1.17 
1.40 333.06 4.19 
1.17 335.04 1.56 
3.07 
2.29 
8.15 
o.84 
2.96 
o.67 
0.45 
2.12 
1.06 
·0.95 
2.57 
2.01 
2.85 
3.63 
6.25 
2.06 
3.63 
1.28 

29-JRN-BS 
18•~3 

1792 

4n 



AB194X 10 
CRL:CALT31 

en 
19---

N 
CD 

CD 

MASS 

60.95 
63.04 
67.07 
68.92 
69.00 
71.01 
81.93 
90.94 

107 .9::'! 
124.94 
145.97 
175.95 
176.91 
182.94 
207.87 
213.97 
225.93 
226.92 
238.86 
239.85 
257.91 
258.89 
259.92 
260.93 
275.91. 
276.91 
277.91 
278.91 
279.88 
280.92 
299.98 
303.98 
306.00 
316.00 
317.99 
318.98 
319.97 
332.94 
333.96 
334.95 
335.94 

-·· 

%HT. 
BASE 

1.39 
0.37 
0.37 
0.71 
0.57 
0.31 
0.31 
0.40 
0 .. 54 
0.91 
0.43 
0.23 
0.34 
0.28 
1.34 
0.31 
0.37 
0.77 
0.40 
0.77 
4.09 
0.91 
1. 76 
0.28 
0.26 

27.71 
100.00 
14.21 
5.43 
0.65 
0.28 
0.68 
0.31 

~.40 
f .62 
1.28 
0.97 
0.65 
1.39 
0.43 
0.48 

R.BAVLXFF CI I-BU 
STA: 

186 

26 

2' 7 

29-JAN-85 
1•34 

351!1 

.l 
388 



AB 132 f2J 
CAL: LIB 

)( 2 

MASS :Y.HT. 
BASE 

26.36 1. 41 
27.29 3.36 
28.17 6.46 
32.00 0.67 
37.12 2.08 
38.06 5.45 
38.98 17.28 
39.87 1.41 
40.95 3.56 
42.04 1. 34 
43.12 1.55 
45.09 11.43 
49.87 3.16 
50.94 5.18 
52.01 7.80 
53.07 10.56 
54.10 2.89 
57.02 1. 41 
57.99 2.56 
59.86 1.75 
60.93 1. 41 
62.00 3.03 
62.52 1.82 
63.04 8.54 
64.07 4.84 
65.09 18.09 
66.09 5.18 
67.07 2.15 
68.92 9 .21. 
69.87 3. 77 
70.95 2.42 
75.10 1.08 
76.09 0.87 
77.09 1.01 
78.06 2.15 

A. BAYLIFF EI 
STA: 

MASS :Y.HT. 
BASE 

79.03 0.94 
79.97 51.98 
80.95 1.01 
81.03 13.52 
82.00 2.49 
82.08 0.74 
84.06 1.61 
89.97 2.35 
91.02 5.51 
92.06 5.72 
93.02 1.55 
93.10 29.79 
94.10 2.08 
95.03 2.82 
96.03 4.84 
97.03 14.59 
98.01 5.11 
98.97 2.56 

107.98 3.77 
108.96 1. 75 
109.92 0.74 
121.94 1. 21 
122.97 1. 41 
123.99 47.34 
125.00 100.00 
125.99 10.15 
126.99 4.30 
134.97 1.68 
135.98 3.90 
145.96 1.21 
147.94 1.21 
165.96 1.55 
177.90 0.74 
182.00 1.34 
184.94 2.02 

MASS 

196.92 
197.91 
198.89 
207.91 
208.91 
210.91 
214.96 
215.97 
226.90 
227.90 
228.90 
246.94 
247.95 
248.94 
249.92 
257.91 
276.89 
277.92 
278.90 
296.89 
297.91 
298.90 
310.92 
341.88 
342.93 
361.86 
381.88 
382.94 
421.88 
422.92 

i::HT. 
BASE 

1. 41 
8.34 
1.55 
1.68 
0.87 
1.14 
0.74 
1. 34 
1. 41 
1.48 
0.81 
1.75 
9.89 
1.82 
1.01 
1. 9~; 
1,75 
5.58 
1.55 

22.39 
4.24 
1. 41 
0.87 
4.44 
1.55 
1.68 
3.70 
1.48 
3.97 
1.14 

307 

27 21-AUG-86 
!1hB 

1000 



ABS71 X S 
CRL~Cf!LTS 

A· BAYLIFF 
STA: 

308 

28 
-~----------------------------~----------------------------------------------m 
;>;; 

MASS 

26.37 
27.30 
28.17 
29.89 
30.93 
32.03 
3(.13 
38.08 
39.00 
40.98 
42.07 
43.14 
49.90 
50.98 
52.06 
53.08 
55.13 
60.97 
62.05 
63.10 
64.10 
65.09 
68.95 
70.93 
74.06 
75.08 
76.09 
77.08 
79.93 
91.00 
92.05 
93.05 
95.10 

107.06 
112.00 

XHT. 
BASE 

3.35 
2 .. 26 

14.74 
0.99 
5.97 
3.35 
2.80 

12.30 
3.07 
2.80 
2.08 
5.15 
6.78 
4.34 
6.24 
3.07 
1.54 
2.53 
7.50 

34.36 
35.53 
2.08 
1.36 
2.26 
2.80 
1.45 

15.10 
1.45 
l .63 
1..27 

19.44 
9.04 
0.99 
1.45 

13.38 

MASS XHT, 
BASE 

116.04 2.62 
125.06 1.54 
126.07 6.96 
138.02 0.99 
139.02 5.61 
139.95 3.80 
154.07 1.90 
156.07 1.36 
157.07 1.63 
163.08 14.01. 
164.08 1. 36 
169.01 1.36 
169.99 0.81 
l82.05 6.78 
185.1.0 2.17 
187.09 1.18 
201.01 0.81 
213.08 4.70 
232.09 100.00 
233.11 11..48 
234.10 1.27 

15-NOV-84 
0uS1 

1168 



AB31 0 
CRL.sUB 

A. BAYLIFF EI 
STA! 

8!4 

--- ---

e~ 

9~ 

.I l 1 I J I l .1 

188 

F'E?1~. MI"'SS /..HT. PEAK MASS 
i'!O. BASE NO. 

:1 ':/6. 32 O. T:'. 3t. 154.05 
2 28.13 ?.4B 3-' ' :1.5~1.05 

3 :::2.0"2 () t <J5 38 157.06 
4 38.09 9.42 39 1c2.00 
r::-
,J :F.()() 2.30 40 163.06 
C· 49,90 11'22 41 164.06 
7 50.98 2.16 42 169.02 
8 :::;2 .07 7.62 <13 170.00 
9 53.09 1.76 44 176.08 

10 54.13 0.59 45 182.03 
j 1 62.07 2.70 46 183.0:' 
1.2 63.12 46.06 47 18~1+07 

n 64.11 69.]6 4(1 18?.03 
14 t.)~;. or;· .t,,()j 49 188.04 
15 oo.OB 0.7/ 50 213.06 
16 68.96 0.99 51 232.04 
1/ ?6.0B 5.36 !32 232.91 
18 78.97 ().63 53 234.05 
19 7<? I 90 4.01 54 263.07 
20 90,96 2 .. 12 55 264.09 
21 71 ~. 02 13.47 56 282.06 
22 93.02 3.06 57 282.97 
23 95.08 1 ~")I') 

OLL 58 284.08 
24 104.07 0.72 
?C' 
~-' 107.05 0.68 
26 112 '01 j .98 
27 1.16. 04 4.24 
28 116.54 0.50 
29 123.0~· 0.50 
30 124.02 0.99 
31 126.05 2.48 
32 139.01 4)60 
33 1:'59.96 o:e6 
34 140.99 0.63 
35 143 ,()j 2.:!5 

309 

29 21-AUG-86 
!lla0 

?I ,., 
2 2 1809 

------ -- -- - ----

L ., 1 L l.. l 

Y.HT. 
RASE 

O.b8 
0.50 
0.99 
0.77 
4.60 
Ot50 
2.43 
0.50 
0~59 

4.06 
0.1!5 
1 ...,~, 

t..:.. ....... 

Ot95 
0 ':':~4 
1.13 

96.12 
10.37 

0.99 
5.99 
0.81 

100.00-
12.57 

j ,()8 



ABS00 0 
CAL: LIB 

MASS 

27.21 
~~8. 09 
30.84 
38.03 
:l8.95 
40.91 
'19 .86 
~~·0. 9:' 
51.99 
5:3.06 
54.09 
61.98 
.<.3. 03 
64.06 
65.09 
66.07 
74.02 
75.04 
76.04 
77,99 
78.96 
79.91 
80.95 
90.93 
91.98 
92.96 
95.00 

101.95 
107.96 
l08.92 
126.93 
133.93 
141.91 
142.89 
144.96 
149.84 
151.93 
1.~j2.96 

153.97 
161.90 
1'7'.:.1 .. 92 
180.87 

A. BAYLIFF E. I. 
STA: 

ZHT, MASS /.1-/T, 
BASE BASE 

0.86 181.91 1 .11 
4.46 182.93 3.00 
1.46 183.95 07.03 
1.46 191.90 1 .29 
5.40 199.85 2.83 
1.37 200.89 1.1 :l 
1. 20 201.97 1.37 
1.63 210.89 1.29 
5.57 211.96 8.83 
5.83 ::12.95 1.11 
1.37 230.89 l .63 
1.29 250.88 100.00 
3 .. 51 251.92 10.71 
2.91 252.95 0.86 

17 .:H 
2.66 
1.20 
1.20 
1.11 
1.29 
1.03 

44.56 
3.17 
2.49 
6.60 
7.54 
1.29 
1. 54 

82.60 
6.60 
1.97 
1.46 
8.91 
1.80 
0.94 
0.86 
1.46 
4.97 
3.51 
0.94 
1.37 
2.40 

3!0 

30 18-APR-85 
0•0 

lBBB 

3BB 



- ---- tJQ 

ABS 112JX 0 
CAL:CRLP4 

A.BAYLIFF CRP.COL 
STA: 

1~8 

as 
s~ 

--------

N 
19 

t 

3~ 

~13 

• ~ II .I t •• ~ 

MASS ;~HT, 

BASE 

?.6.28 1.53 
27.22 6.07 
28. J 0 8.bl 
28.98 0 t ~j6 

29.81 0.77 
30.86 2.95 
31.97 1. 71 
3? .10 1.65 
38.04 ~ .. 81 
38.96 24 .. 06 
39.80 o. :5J 
3<.?. st. 1. 42 
40.94 4.36 
42.04 ::.) .. 5? 
44.11 1..45 
49.89 3.?7 
50.96 7.70 
5:.~. 03 14. 13 
53.10 13. 18 
54 t 12 3 7-, .. ·. 
5~:J .10 0.56 
57.09 0,44 
60.98 0,80 
62.04 2.83 
63.09 10.35 
64.1:' 7.25 
6!:;.1 0 65.82 
66.08 7.49 
67.06 0.38 
68.93 3 r::-·7 ,..,. 
74.04 2.03 
75.06 1. 42 
76.05 .1 t 27 
77 .. 05 0.74 
78.02 :.62 
78.98 ~~. 06 
79.93 69.83 
80.98 4.04 
83.05 o. 77 
88.00 0.32 
88.97 0.44 
89.93 1.30 

.L J lr.\. 

100 

MASS /.HT, 
FIASE 

90.99 4.87 
9::'.03 29.93 
93.02 9.82 
?4.03 0.47 
95~07 0.86 
96.07 0.44 
99.92 1.09 

102.04 0.83 
104.07 0.62 
105.04 0.71 
106.0~" o.so 
107.06 0.38 
10[1,04 :?5.:35 
109.01 ~j. 19 
10'i'. 99 0. ~~2 
112, OJ 0.97 
113.04 0.3[1 
115.56 1.45 
119 .0::' 0.44 
119.99 0.27 
1.22.06 o.ne 
124,03 3.16 
125.07 o.b2 
1 =·~ .. 08 1.09 
127.08 0.38 
129.99 o.so 
131.00 0.86 
133.07 0.32 
134.10 0.68 
141.00 0.35 
142.04 o.so 
143.01 3.83 
144.05 0.35 
145.06 1.45 
149.99 2.18 
150~50 0.94 
151.04 1.24 
152.04 1. 47 
153.06 2.03 
154.08 0.56 
155.04 0.53 
156.07 0.47 

311 

31 24-SEP-88 
t::h43 

-~--
::1111 

3331 

---------- ---1--- - -

2 1 

2~ 

IJ, ll . lh b. Jl 
200 

MASS /.HT. 
[iASE 

157.06 0.3::' 
161.()~; 0.44 
1t<'.06 0.44 
163.06 0.35 
164.08 0.56 
165.11 ().59 
169.03 2.03 
171.03 0. :.iO 
172.04 :? • 24 
173.08 1~- 15 
1?5.().6 0.35 
200.03 4.07 
201.06 0.91 
~02.07 1. 47 
203.10 1.18 
211. o~. 2.51 
212.06 1.80 
213.08 0.50 
214.08 1.03 
215.09 1 .09 
230.02 1. 47 
231.04 16.99 
232.06 2.48 
233.11 1.00 
234.08 1.03 
242.06 11.38 
243.06 1.45 
252.07 1 .12 
254.11 1. 4!:'i 
258.06 0.56 
260.01 0.65 
261.04 3.75 
262.06 10.50 
263.08 1. 33 
2?2.()9 1.03 
273.10 0.44 
280.06 0.91 
281.0? 2.12 
282.09 2.89 
300. 10 1.18 
301.07 100.00 
302. 10 21.00 
303.10 1.65 



MASS 

N 
cg 

cg 

26.35 
27.28 
30.91 
37. ll 
38.05 
:313.97 
49.86 
50.93 
5~.00 

53.02 
55.06 
60.93 
61.98 
6:1. \)2 
b4.0!5 
,ss. 92 
70.90 
74,03 
?5.04 
;'6.04 
77.02 
78.01 
78. 9/.> 
80.92 
87. o:.• 
87.99 
89,91 
9.1,97 
92.97 
94.00 
95.04 
98.93 
99,89 

l0l.9H 
104.01 

AB192A 0 
CAL: LIB STFJ: 

- ---

6y3 

I j_ 1 _nj Jl 

7.HT. 
BASE 

0.:31 
0.77 
l. 11 
0.2\.S 
0.74 
3.23 
1.80 

l. :34 
0.4:3 
0. :'9 
0.26 
o. 7t 

10.5? 
:~. ~:~6 

1.. 51 
0.26 
0.77 
2.43 
2. 14 
0.40 

().46 
(),8() 

0,49 
0 ~ "?\:) 
-~~. 00 

:::'.94 
0.51 
0.2:3 
0.51 
0.6() 
0 .::;? 
0.46 

MASS 

104,99 
106,0.1 
106.99 
107,98 
108.91 
t ll. 93 

.I t:L '!'9 
lt5.04 
116.04 
11C>.92 
.117' 9:2 
l22.92 
123.93 
1.:?4. <;>~; 
l25.94 
129.:35 
130.85 
1:31.?0 
132.93 
l33.9::'i 
135.93 
136. 9'2 
137 .Y.l 
1:38 .!39 
142.B'~ 

143,?3 
144,93 
151 '•;>() 

154 .:3Y 
15:-_;. 91 
1 ;)6. '?1 
158.83 
1<'0.06 
161.UfJ 
lo2.?0 

:~HT, 

BASE 

:!.34 
11.96 
2.31 
0.:29 
],()3 

0.46 
0. '14 
(). ~.3 
0.31. 
1.2:1 
o •. H 
0.43 
o. 2'/ 
(),?7 
1. '?1 
2~20 

1.23 
0.69 
2.2B 
Ot 2C,> 
0.26 
0.71 
6.71 
0.~.6 

0.49 
0.54 
l ~ ~:.i4 

1.1:1 

J.,f>f.o 
j ,()() 

0.?7 
() •. 31 
0. 2~? 

1.28 

-- ------

HIS 

Ll _li.J I _l 

lB0 

MASS 

163,90 
.1 \~)4. 92 
.166.89 
l.'\7.87 
1.68.8:::j 
t/,9.84 

l70.fJ4 
1.75.88 
t7o.sc; 
180.84 
:ltlt .84 
1 n:.:~. 86 
HB.87 
104.89 
l!36.B6 
:l87 ~86 
191,84 
19:2.85 
L <;>;3. 8~j 
194.86 
.:'04 .84 
:~05. 83 
206.B4 
~:.~09. 78 

:'10. 78 
::~11..80 
,:_>J;•. Bl 

:•I J.8:2 
;:':t4.B3 
',~~2o .no 

2::.~3~81 

224 '8~J 
.:~3 .1.. 7f) 
"2~Y2 .. 78 

/.HT. 
BASE 

4.03 
0.4? 
0.29 
<). ?l 
l. 5.l 
0. 2<; 
0.31 
1 "::J"? 
0 .::::b 
0.3[ 
0 .. S9 

13.0:5 
1. 03 
0 • .2c<~ 
j. :11 
0.54 
2. B~J 
0.46 
,;1.14 

O,Bf.l 
o. '29 

0.40 
0.29 
0.31 
2 .. o:~ 
1 • (),·, 
o.sn 

1.0<) 
0.29 
.L.Ob 
0.34 
(). ;><; 

2. ll 

312 

32 

-- - - ----

2 2 

1~ 

lJ_l_l II 1 Jl ~ 
288 

MASS 

233.79 
238. '/b 
240.75 
24.1.76 
24~.?8 

~~~43. 79 
:'44 ,H;~ 
~4iS./7 

251.?6 
~~5?. 82 
25H.HO 
:~~~J9. 73 

/.HT, 
BASE 

1.0:3 
0.43 
0.46 

39 t ·.~8 

:~; • cy 1 
0.'?4 
() •. l4 
0.31 
().31 

0.26 
0.29 

260,73 100.00 

-~~/,2. "/<f ~~·,. 48 
2\~;:~.81 0.77 
269. 7? •) • .26 
.. ~~7(). /9 0. :~t) 
·:~71 '":::J::~ 0 .. ::.~t."l 

272.80 0.23 
275.00 0.31 
276,7H 0.43 
·:::: 78' }6 0. ·.:_~\=·i 
2?r:;.~;;:3 o .. Bo 
200.74 ~'~·:.~;.\ 
-~8l."7'/ 0.40 
:28:3, H2 0, :!6 
286.80 0. 4:·1 
:.:;8?. ?t> () • C~6 
·.~8H. 77 () .. ::.~~~·~ 

2'11.?:: t.?u 
~-:~92 .. '?'/ (). :3"? 
294~~:~7 O.Jt 
2<?!~~ + ?"' () t ::.~6 
29t~t?B 0.43 

MASS 

297. /'"7 
29~3. ?;3 
299 t ;;~:.~ 

300.?6 
3o;·:) ~ .7:~~ 

307. 7~:j 
.. ~OB. ?~~j 

:·.IJ l ·6'l 
312./::: 
~11.'~.;'2 

3:1.4.71 
31.5./l 
31././3 
3:21.7:1 
322 t "?0 
~.~23. ~~~\9 

324 .. /::.: 
325~?.1 

;J:~~.lj t 74 
329.63 
330.(,'/ 
33l.c,t) 

3:.14./1 
.3 :-~~) ... ~:, "7 

~\3 .. ~. '?() 

3:l0.MJ 
3.59. 60 
~:\40 .t.}•:f 

341,t_.U 
34?./0 
.346. ;'() 
.~.tl]. 6'.":J 

34H.Ml 

71:1 

/.HT. 
BASE 

II 

() ':3 .l 
0.6::l 
O .. H3 
o .. n 
0.51 

(), :N 
2.. ()i'J 

O .. B:-;; 

0~4..:.. 

l. /1 
o •. ~,o 
0.43 
0,46 
l. 28 
? . ~:<J 
1 ~ ~J.(~ 

0. b~) 
o.:-~1 

1.63 
(),.}} 

0 .. ~):I. 

(). -'ll. 
1 > ~:),;, 

"1. "·.~ .J 
0 .. ~:.'i/ 

Z • .:l4 

0. !~j/ 
(). :-.~9 
(),.'l(l 

() t •. ~ l 

0 ,4\) 

0 .. ::·t 
4.'?-;' 

-

25-SEP-86 
0a0 

100/ZI 

-----

_l 

300 

MASS 

3~i4 t 64 

:16{). 6:~ 

3.~:.:: t 6!~.i 

:.~..:)6 • . :,~ 
J .~·)] • ·~} \~) 

.5/U •• ~() 
3H4 ,f.:\ 

.:IU/,61 

.JS' 1 t :'J::i 
3 (;>:~~ • 1::. () 
.\'!:5. 5B 
:.\\~7. :'.'_;;:~ 

39H •. ~·)o 
40:·5 ~ ::.6 

'104. 5:;-' 
41!:<. ::;J 
41 .~·). ~; .... : 

4'~~4.~j~~ 

.!r,:.::5 ... ~.!. 
428.5B 
443. ~_;:: 
:154 ~ 5 . ..:.:: 
4·;•.A, -1H 

4B3,-'l7 

%HT. 
BASE 

t.oo 
0.4() 
() •. so 
0~4? 

0 t 4() 
1.) t .su 
,) ~ :'.•l 
0 • ._:,,::. 
0.4.:} 

()' .. ~4 

() .. ~() 
l~o2U 

0.34 
0. :·~.~) 
\),-40 

I. .4,;, 
o • .s-:· 

0 •.. l4 
() ~ ~~ ')' 

G.,;;<) 

O.J_4 

0 •• ~ ... ~ 
~~ t '7' l 

o. ,_',', 
1 •• : ,_\ 
(J ~,?'I 

0 ~ ?4 
0 .. -4() 

(). :.14 
0. ~~.I 



AB91 0 
CAUllB 

A·BAVLIFF EJ 
STA: 

313 

33 21-~AUG-86 
9siZI 

-~-----------------------------------------------------~~,1~0~~~~ 61 
(g 

en 
61 

N m 

MASS 

26.36 
27.29 
28.17 
29.02 
29. o~; 
30.'?2 
30.95 
32.02 
37.l3 
38.07 
38.99 
39.82 
39.!38 
40.'77 
42.06 
43.09 
43.13 
44.08 
44.:17 
45.10 
45.15 

4 

:Y.HT, 
BASE 

0.93 
4.28 
3.46 
0.34 

2.79 
o. ~·4 
0. 9:~ 
.l. 91 
2.73 
7.35 
0.37 
0.76 

:t 1 • ?:2 
::·.oo 
0.59 

12.25 
1,0? 
() .4:'i 
I. .2:1 
0 .6~J 

48.97 0.48 
49.8B 6.96 
50 .. 95 4.25 
52.02 1.44 
53.09 1.35 
54.13 0.96 
5:::i.09 0.45 
55.14 11..()4 
56.14 3.66 
57.12 1.3.:32 
58.00 0.31 
58.08 0.73 
59.oo- 0.37 
60. '7'5 t '13 
62.01 2.00 
63.05 6.20 
64.08 4.70 
65.10 O.?~J 

66,()8 0.42 
67.07 3.B6 
68.04 1.4S' 
68.93 4.59 
69,00 B.14 
69.85 3.29 
69.98 2.90 
70.94 0. ;57 
71.05 7.0:1. 
71.99 o. :•s 

S7 

MASS 

72.10 
73.08 
74.08 
75.09 
76.09 
77.08 
7B.Of, 
?9.03 
7C,1 

.. 99 
80.97 
81..05 
82.00 
82.09 
8:3.03 
B3 .13 
f.!4.02 
84.12 
85 .u 
B5. '?8 
86.08 
86.94 
F.I7. 9~j 

DB.87 
88.91 
B9.8B 
90.97 
92. o:~· 
92 .. 90 
~;>3. 05 
93.97 
9~,.07 

95.9B 
96.09 
97.09 
98.07 
98.94 
9~·. 04 
99.89 

100.98 
101.48 
102,02 
103.05 
104.06 
105.05 
J 05.99 
107.()() 
107.09 
10?.97 
108.07 

94 

%HT, 
BASE 

0.42 
1.52 
2. 9~~ 
b.76 
:'i.04 
1.86 
0.62 
J.. 3:• 
0 .. 59 
0~56 

4 .. 53 
0.99 
2.20 
(),7(> 
6.31 
0. 3'' 
1. 9 J 
4.4::: 
:1.21 
0.34 
~L 91 

1. 49 
0.2!3 
().f-37 

7 .6'1 
1.27 
0.2(1 
:3.01 
0.99 

20f92 
4.on 
1.07 
:1 '86 

1 .to 
(),7() 

1. 44 
:3.60 
1 .. .77 
0.82 
6.73 
0.93 
0.76 
1. 46 
4.36 
1.63 
0.65 
0.93 
0.48 

MASS 

108.93 
109,()4 
110.01 
110.93 
11:l.06 
111. 46 
j l1. 9t> 
11?.0'1 
112. '?G 
113.:1:~ 

113.9'7 
l15.(i() 
116.00 
116.?5 
1.1 7. EP~· 
118.~':1 

110.99 
i 1 r,; • 87 
:1.20.42 
120. <7\5 
121.05 
l21.S1 fJ 
.1.22.0B 
123 t j 1 
t23.?7 
:124 ,()';' 
124 .. <";~~ 

J25 .l :1. 
125.97 
126.0B 
12;'.08 
127"96 
128.9:5 
130,88 
131.92 
132.96 
133.9'1 
134.98 
135.0ll 
J 35.98 
136.09 
136.47 
136.96 
137.09 
137,95 
1:58. on 
13B,C/~.) 

139,06 
1:-19. ·;·3 

~HT, 

BASE 

0.37 
2.51. 
1.04 
3.80 
3. 7::.~ 
0.48 
0. 9<; 
0.8;> 
0.3'? 
1.07 
0.37 
().34 
0.62 
0.6!5 
J .5!:.; 
0.34 
0.25 
() ,{,8 
0.34 
0.4? 
0. 6~? 
0.3;' 
0 .4~. 
1. 6~~ 

0.82 
:3.41 
2 ,lJ 
o. s:' 
0.79 
0.70 
4.20 
0.48 
1 .27 
2. 17 
1 .. 21 
3.13 
0.42 
0.62 
3.60 
0.:19 
0. ~.J4 

0.68 
1. 04 
1.. 35 
(),5] 
0.42 
0.96 
0. !'<1 

MASS 

140 .o~. 
i41.0'l 
j 41.95 
14:~. ?6 
14~L96 

145.01 
145.<;>B 
j 4b. \))(_il 

1.47.96 
1413.94 
l4'J.o::; 
149.9"1. 
1~~;0.03 

1~j0.'?1 

151.()(] 
1 !"i1.4:3 
1~:i1 .. S'7 
1 ci3. 13 
1~)4.10 

1~j4. 94 
1~)5.12 

1~j~j.92 

158.91 
159.8:7 
160.92 
161.. 94 
16;!.97 
163. J 0 
16:L ~'7 
165.10 
165.9{, 
1tj6.j() 
l.f.d:.l .. 9~j 
167.10 
l<,e. 90 
l69.BB 
170.9() 
171.91 
J 74 .8'? 
1)'5 .. 98 

17~:;. 'i\S 
1 7~1 .. ()(_i) 

1 ~..,.?. '?6 
17(? .os) 
18:~.97 

183.95 
1BH.?3 

%HT. 
BASE 

o.:w 
().48 
(),.3:[ 

0.56 
(). 4~; 
0.45 
0 • ~:;c/ 
.1 .. 4 t 
O.T5 

,>.56 
0.3:7 

(),(37 

(l, :"i4 
1. 10 
0.51. 
0.3/ 
1 •• :>7 

0.31 
0 .l)!::. 
().34 
4.20 
., r)'"l 
.. ·_t-.; •. ..:... 

0. 4~. 
().56 
0.54 
o .. ~,9 
2.00 
Ot28 
0.31 
0.2a 
0.4;:? 
(). 2~ 
0.8.:::: 

o. 7:3 
0.51 
o. ;··o 
O.!'d 
0. 4~.) 
().?9 
0.51. 
1.24 

0. 3:? 
1.91 
() • . q ·:· 

2 2 

3 3 

MM1S ;(HT. 

BASE 

1<?l..09 0.48 
193.12 0,4:J 
1(?3.(.;)1:.· 1.04 

1 ~·4. •))~j 0. ~i4 
19{,.96 (),42 
197.9::.~ o.?o 
2().1 .92 (': .<;t] 

::o::.s-3 1.04 
20?.i?3 o.4~; 

20El.S1 l :l.lO 
:.~Q9.BB 0.71..• 
21:~.?B ;~.34 

214.97 0.37 
21::~.9B 0.39 

2::0.94 o.-;:.4 
:::-~1 .<?2 r.).o:~ 

222.93 0.82 
.223.95 0.45 
:~25. 94 0 t ~54 
2:?6. 9i ... _l 0. 34 
~27 f (}5 1 .. 46 
232.92 1. .. 21 
233,94 0.45 
239.90 0.54 
240.93 0.87 
241.97 0.6~; 

24;5.97 o.~~J 
:•44.9B 0.48 
245.94 0.65 
?!'jj ,93 0.4:> 
252.95 2.84 
253.96 0.56 
250.96 (),48 
259.91 0.96 
2t,o.9:~ 2.51 
26:1.94 0.39 
:~63.97 3.89 
.264.~'~) 0.56 
270.91 ().82 
271.91 26.33 
;!72.91 3.83 
27:3.92. 1.4:1 
277.93 .1 .. 32 
282.91 1.52 
283,92 0.37 
284,'i'O 0.:31 
;•9!).91 0.42 
296.93 0.68 
2Q9. A.,. ()- or·l 

MAS!' :;;Hl , 
BASE 

30J,<>'4 0,54 
302.93 11.69 
:303.92 2.00 
320.88 1.86 
321.93 100.00 
:~22~("16 15.?"7 
323. 95 ::; t 29 
324.95 0.76 
334.94 (1.48 
3~5.93 0.8? 
~'\40.EJ9 0.73 
3~;'?.89 8.93 
36().92 1.41 
361.9:5 o.:::t. 
463.87 0.65 
~~2~) .. 74 0.54 



314 

A88X 3 Ra BAYUFF E. I 
CRL: CRL Y31 STI'Jg 34 

-,-----------------------------------------------------~------{!) 
lilil 

N 
& 

Gi e 
MASS 

26.30 
27 .. :!3 
28.:11 
30.86 
31.97 
37.09 
38.03 
38.96 
39.80 
40.94 
43. :to 
49.87 
50.94 
52 .. 02 
53.04 
53.07 
54.08 
60,95 
62.01 
63.06 
64.09 
65.10 
68.93 
74.03 
75.05 
76.05 
79.89 
80.96 
83.04 
88.00 
90.95 
91.99 
92.99 
95.05 
96.99 

107.03 
110.97 
116.99 
118.94 
130.94 
136.99 
138.00 
138.95 
139,94 
142.97 
145.02 
154.97 
156.0() 

%.HT,_ 
BASE 

14.56 
5.86 

50,99 
3,27 
<?. 30 
5 .. 25 

23.43 
8 .. 27 
2.76 
4.05 
9.56 

20.76 
29.89 
62.96 

6.80 
3.19 
2.93 
1.98 

10.59 
56 .. 50 
77.17 

4.91 
84.07 

4.39 
7.58 
5.25 

24.72 
1.55 
5.25 
1.46 
2.41 

27.7:5 
5.25 

18.17 
2 ... 84 
1.64 
2.67 
2.93 
8.70 
2.07 
2.41 
2.33 

23.86 
1. 72 
6.46 
2.07 
5.60 
1.38 

l s 

2S8 

MASS %HT. 
BASE 

---- -------
156.99 5.43 
168.93 2.07 
175.99 2.24 
180.89 1.81 
184.98 2.58 
185.95 0.78 
186.98 3.53 
188.94 75. 7:l 
189.92 7.15 
192.94 4 .. 05 
193.97 0.95 
194.?&. 1. 81 
203.95 4.65 
204.94 ~5. 4:3 
20~·. 94 2-33 
206.95 2.33 
212 .. 95 2.76 
224.95 2.41 
225 .. 94 3.01. 
2:34.94 8. 5~'1 
238.88 1.81 
242 .. 90 8.35 
252.93 8.44 
253.96 t5.50 
254 .. 94 3.10 
262 .. 95 11.02 
263.94 1. 46 
272 .. 93 3.10 
274.93 7 .. 33 
284.92 2.15 
292.88 16.45 
293.93 1.64 
302 .. 92 10.77 
~~03. 94 2.33 
312.94 7.58 
331.93 15.59 
332.92 2.33 
350. acl 15.~5 
351.94 2. 7 
352.92 1.81 
362.94 1.55 
400.87 .too.oo 
401.91 14.99 
402.95 1.64 
450.86 2.84 
469.85 24.55 
470.88 4.05 

22-JAN-85 
®c3() 

1181 

4 8 

sea 



N 
c:g 

c:g 

A841X S 
CflL: CRL 1"31 

A. BAYLIFF EI 
sm: 

c 

s~ 

--- ----- -

Ei qs 

1 9 
~1:1 

~~ I hi L• •• lh I d 
9 

MASS %HT. MASS l::HT. 
BASE BASE 

26.30 3.70 118.97 12.35 
27 .. 23 2.93 124.02 1, lR 
28.11 26.37 126.07 0.88 
28.13 0.84 130.98 1 .. 45 
29.00 1.68 138.99 49.54 
30.86 4.12 139.97 3.16 
31.97 5.87 143.01 2 .. 21 
37.09 2.21 145.06 l t 75 
38.04 18.J4 155.01 1. 41 
38.96 4.12 11>8.97 2.48 
39.80 2.59 180.9:~ 1.30 
40.94 4.31 188.95 :29 t :':5 
42.03 2.17 189.94 3.01 
43.10 8.04 j 92 .. 95 1.45 
47.06 0.99 204.95 1 C::',.) ....... ,(,. 

49.87 10.59 210.94 ~-'. 71 
50.94 6.97 2t8.9~i l.. 14 
52 .. 03 12.50 242.89 3.43 
53.04 3.51 254.93 1.26 
53.08 0.84 256.96 o.8o 
54.08 0,84 262.95 2.52 
55.14 0.91 265.94 1.60 
57.07 0.95 284.92 0.57 
60.96 1. 71 286.91 0.69 
62.01 6.71 292.88 0.91 
63.07 51.22 312.95 8.08 
64.10 100.00 313.94 0.95 
65.08 4.99 315.93 1.75 
66.06 0.46 334.91 0.84 
68.94 37.80 362.92 9.41 
74.04 1.49 363.93 1.03 
75.06 5.79 381.88 2.06 
76.05 4.88 412.89 2.21 
79.90 4.19 431.92 4.88 
83.04 2.02 450.88 1.49 
90.95 2.78 500.80 ~.07 
92.00 71.~W 501.86 ,95 
93.02 5.18 550.84 2.40 
95.05 14.29 569.87 10.56 
96,05 0.91 570.90 1.87 
99.90 1.52 

1.00.97 1.98 
107.06 0.46 
111.00 1. 11 

315 

35 22-JAN-85 
®•S2 

2624 

--- --- ---

31~ 58 

I .1. l I 1 I _l 1 
2S0 589 



AB41X 10 
CAL:CALT31 

Ao BAYLIFF Cl 1-BU 
STA: 

316 

36 22-JAN-SS 
1135 

-~--------------------------------------------------------~3~4;~;---l 
""' m 

N 
& 

CD 

MASS 

60.94 
61.96 
63,01 
64.05 
65,06 
66.06 
67.05 
68.02 
68,98 
69.92 
70.89 
70.98 
72.03 
73.03 
74.04 
75.04 
76,03 
77.00 
77.98 
78.94 
79.89 
80.96 
82.02 
83.05 
84.08 
85.09 
86.09 
88.94 
90.93 
91.95 
92.99 
94.03 
95.05 
96.05 
97.04 
98.03 
99.00 

102.99 
103.98 
10:5,03 
106.04 
107.01 

7.HT. 
BASE 

1. !4 
0.53 
b.75 
6.13 
6.11 
5.bl 

43.44 
6.43 

53.55 
16.39 
0.35 

36.75 
2.48 
1.02 
0.47 
1.08 
0.38 
2.95 
1.72 

18.58 
3.51 

19.19 
3.01 

17.09 
3.18 

23.37 
1.90 
0.35 
5.87 

11.71 
5.11 
1.26 
5.02 
1. 31 
4.41 
1.11 
1.67 
lo49 
0.41 
5.64 
0.85 
1.84 

MASS /.HT. MASS 
BASE 

107.98 0.70 163.()5 
108.97 1..72 164.97 
109.91 0.85 168.91 
110.95 1.40 l75. 93 
111.97 2.04 180.83 
112.96 1. .~J5 181.91 
113.07 0.61 Hl2.94 
115.01 0.50 183.96 
117.01 0.44 184.94 
118.92 1.55 186,95 
119.89 0.47 188.90 
119.94 0.35 189.90 
120.94 2.19 190.96 
1.21.99 0.41 192.91 
123.01 1.31 :194.95 
124 .. 97 1.20 196.94 
125.08 0.32 199.89 
125.99 0,44 200.93 
126.97 0.56 201.96 
128.96 0.35 203.95 
130.92 1. 81 204.95 
131.95 0.96 210.90 
132.97 12 .. 27 212.9:t 
133.99 1.78 213.93 
135.01 3 .. 21 214.96 
135.99 0.85 215.96 
136.94 0.35 216.95 
137.02 0.67 218.92 
138.89 9.64 220.89 
139.88 0.99 222.94 
140.95 0.73 227.93 
142.97 0.56 228.91 
145.01 0.64 230.85 
146.06 0.32 231.90 
147.00 0.41 232.92 
148.98 0 .. 56 233.93 
150.94 1.23 234.95 
154.93 0.29 i 236.93 
156.98 0.29 242.89 
158.99 0.35 246.91 
160.93 0.41 248.90 
162.93 0.82 249.87 

1 

7.HT. MASS /.HT. 
BASE FcASE 

0.38 250.91 1.20 412.88 9.11 
(l. 70 251.92 2.83 413.90 1. :1 4 
0.82 252.95 1.43 431.88 !:t. 11 
0.59 253.95 0,';>9 432.94 4.09 
1.49 254.93 0.56 4:~3.93 0.79 
0.99 256.94 0.88 450.89 1.08 
4.91 262.92 0.7:3 451.87 0.44 
0.44 265.94 0 .!'53 4~j8.88 0.26 
0.38 266.92 0.67 462.87 o. 7.<, 
0.50 268.93 0.64 472.91 0.38 
7.45 269.90 2.~4 500.79 3.39 
1 .17 270.91 0.79 501.91 0.56 
0.38 2?2.96 0.58 550.71 13.41 
0.38 274.93 0.85 551.79 2.10 
0.64 280.88 0.56 569.81 23.61 
0.50 ::.~92. 93 0.50 570.88 6.89 
0.58 294.94 0.67 571. 9~::; 1. 14 
1.26 296.94 o.~iB 610.86 (),99 
0.38 298.89 0.47 612.94 0.58 
0.73 306.91 0.56 
1.02 312.89 2.83 
0.96 313.94 0.50 
2.31 315.93 1..17 
0.44 316.93 1 (·05 
1.14 320.89 0.7() 
0.32 324.97 1.96 
0.73 327.02 0.35 
0.96 334.96 0.67 
0.29 342.93 0.41 
0.38 343.92 0.79 
0.29 344.91 4.18 
0.53 345.93 0.91 
1.99 362.87 5.40 
3.21 363.92 0.88 

H:l.46 364.93 1.64 
2.72 365.94 :1.. l.7 
0.99 381.85 1.81 
0.58 382.92 1.02 
1.14 384.94 0.50 
0.53 392.91 0.82 
0.73 393.89 0.38 
0.56 394.91 0.85 



ABCPDS 0 
CALaLXA 

3!7 

37 21-AUG-86 
t:hQ 

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

3 

188 288 388 488 

PEAK MASS %HT, PEAK MASS /.HT. F'EM: MASS :Y.HT. 
NO. BASE NO. BASE NO. BASE 

26~24 0.46 36 126.00 2.90 71 227.90 0.86 
2 28.06 78.13 37 132.92 0.56 72 236.91 0.66 
3 28.94 1.02 38 135.91 3.41 73 237.86 0.61 
4 30.84 1.17 39 137.90 2~24 74 243.90 4.53 
5 31.94 16.48 40 138.88 2.14 75 246.88 1.17 
6 36.09 (). 71 41 148.86 0.66 76 265.81 0,.97 
7 38.03 l .. 27 42 149.85 5.65 77 274.85 5t-34 
8 38.95 1.32 43 150.93 0.92 78 2"/'5 .. ~JIJ 0 .. th~ 
9 39.82 1.17 44 153~94 0.86 79 .293.78 lOO.OO 

10 40.92 2.34 45 154.94 1.98 80 29-4.75 13.73 
11 43.06 1.58 46 157.7'5 0.86 81 ·2Y:::t ~ t35 1.63 
12 44.07 0.76 41 166.89 0.97 B2 ~Ob.84 0 .. 76 

13 49.86 1,"/8 4B 168.89 7 • 1>3 83 324. :n .3 .. 51. 
14 50.92 l.37 49 l69.tl9 6. ~r:~ 84 343.71 1. .27 
l. ~j ~52~ 00 fL :1'? '50 1"?0 .. 9::) 0,7-S f:l5 ·.374. 54 :::; .14 

l c~ ~B.03 0 .. ~jt ~:it 173.94 0.61 :M 37~5. 5.t} 0.6.1. 
17 6:~' 01 7. 07 :::-_;·,:! t•;t;J ~ ~)? 0.8\~ d7 3°3.413 16,94 
H3 64 .o;:; 10 .. 17 53 180.96 0.66 r38 394,46 2,70 
1.9 65 ~ o.~ o .. "/.6 54 181.92 20. t~5 
;:o .~d. '?1. 0.9.7 l::·c-

,,_1,.._1 1.82,9:'.'; 2.:L9 
21 ?4.99 1.12 5b 185.91 J.,98 
22 75.98 6 .. '?2 57 .186.94 1.73 
~·3 ?6.96 0.61 58 187.90 1.68 
24 79.80 :~. 39 59 1'?3.87 11. r~5 
2~5 ~' l ''7'3 8.:3-;> ~,o l'?4 .. '?2 1.3? 
;:t) ?~?. 95 (),?l 61 196.89 4. :l? 
27 94 ~ 92. 1.63 f.'' 0L 197.-;>0 0 .. 66 
28 -~:oq ~ :,::;.4 0,:31 6:3 19?.8? 4. ~;3 
::.:<? 101.93 1,07 64 ::.~03 f 92 0."76 
30 103. "'''9 1 .73 b5 :204ft~9 1. :.\2 
".31 1:1.3.94 1.27 (:}('J 21=;.91 6.36 
3~2 1.1. \:~ .. r:,'o 1. l ~? 6? 216.'?3 1.42 
33 :l19.86 2.03 68 217.91 1.12 
34 1:22~97 0 .. '?2 69 218.89 1 .78 
35 l23.96 2 t :~9 '?0 224.91 3+76 



CD 

AB762X 3 
CAL:CALTl 

28 

1- ----- -

6{3 

52 

j J~ 1 

MMiS ZHT. 
BASE 

26.3} :2.5'7 
27. :~~0 ::,. 81 
28.17 74,91 
28.19 0.68 
29.02 j .26 
29.05 2.66 
30 .'74 ~, .62 
32. 0~.' j ~~. 4~1 

37.:12 1. 13 
:38,06 3,74 
38.98 :=,.99 
39.81 ?.97 
3(.1'. 87 0.86 
40. 9f· 7.07 
4~!' 01 0' ~;j~j> 
4:~. ()~; :>.42 
43.08 1.40 
43.12 13.11 
44.08 0' 7:: 
44.15 0.?2 
45.14 1.26 
49.87 4.23 
50.93 7.34 
52.01 1 7' 30 
53.05 4.01 
54.06 0.<;)5 
54.10 0,63 
55.09 1 '13 
55.1.2 3.96 
5b .12 2.43 
57.04 0.54 
57.10 6.31 
58.02 0.72 
58.97 0.95 
60.92 0.95 

A-BAYLIFF 
STA: 

s::. 

·~ 

-- -----

!: 1~ 

h lt J 
100 

MASS %Hl. 
BASE 

61.98 1.53 
6:01. 0? 9.50 
64.06 16.71 
b5.07 S'. 37 
66.0? 0.95 
,s7 .o6 (),9() 

,',(3, 91 49.73 
-6B .98 3 ~ 2("i 
69.86 0.50 
69.93 1.67 
70,9fl 2.21 
73.01 0 .. 571 

73.03 (). 4~; 
74.02 0.72 
.7~j. 04 4. 14 
7c.',.04 1.40 
77.03 0.9? 
7f3.9:?) 1.94 
7(?.89 9,86 
80.97 2?.52 
8;~. oo 3.11 
8~~. 03 1..22 
83.0(? 1..94 
84.11 1. 04 
85.10 0.95 
90.94 l .53 
91. '1'6 10.77 
92.99 3.96 
94.01 3.06 
95.01 69.14 
96.01 4.86 
96.07 0.59 
97.06 1 .58 
99.85 0.50 

100, 'JO 2.93 

318 

38 04-JUN-85 
0s33 

~·-

2220 

----- -- - ---- ----

4 0 
2 0 

l ~ 1 l 
288 388 408 

MASS ;~HT, MASS /:HT, 
BASE BASE 

105.06 1 .so 2~;8 .84 1.44 
106,98 0.86 259.83 8.47 
107.97 0.81 ::~'60. 84 1. J 7 
108.93 72.03 ;~88. ?t> 0. ~j(l 
109.89 7.70 30B. ?;! ~ ,.,, 

Wtk' 

ll0.94 1.04 309. 7:0· 0.72 
ll2.97 3.20 :~90. 55 0.81 
ll3.99 1.08 409.:.4 36,40 
118.97 1.26 410.5:1. 5. ~~4 
119.94 0."72 411.~:04 0.63 
126.96 O.B1 
128.87 10.72 
129.88 0.59 
l 30.91 1. 71 
13B,94 100.00 
139.92 7.43 
140.?3 0.95 
144.99 1.04 
150.89 10.50 
151.96 0.50 
157.95 1.08 
15fL94 0.77 
160.92 6.31 
162,.96 0.63 
194,89 1.71 
219.82 0 .. 54 
220.86 4.73 
221.63 0.41 
221.89 0.86 
222.94 0.50 
230.88 0.41 
239.87 32.03 
240.87 4.37 
242.88 5.86 
243.89 0.63 



..... 
m 
m 

1\) 
& 

AB761 X 3 
CAL:CALTl 

--

213 6.4 

2 S2 

J~ LLL 

MASS /.Hl. 
BASE 

26.37 2.97 
::.'7 .30 10.4fJ 
2!3.17 ;:~5 .. 60 
28.1'? () .. 4~1 

29.02 1.57 
29.05 1. 04 
30.93 j .07 
32.03 7t96 
37.13 1.43 
:ss. 07 3.95 
38.98 10.87 
39.82 4.07 
39.87 0 .9:! 
40.96 2.32 
42.02 ().56 
42.06 j • 10 
43.08 0.59 
43.12 3.65 
44.09 (). <'>8 
45.1~3 0.68 
47.06 0.36 
48.96 0.65 
49.88 4.42 
~iO. 94 7.33 
52.02 11. 16 
53.06 9.6~j 

54.09 0.98 
55.11 2 .11. 
56.13 1.04 
57.06 0.98 
57.11 1. 84 
58.Q9 (),39 
59.87 0.33 
60.93 0.89 
61.99 2.05 

A. BAYLIFF 
STA: , a___ 

------- - --- -

1 s 

93 

s 

.u L L 
188 

MASS /.HT. 
BASE 

td. 04 11.49 
64,07 35.15 
65.09 13.54 
66.07 1 ,..,.., .. .._...:,_ 

6/',08 0.33 
68.93 15. 17 
69.00 1.1'! 
69.95 o. 6:! 
71.01 o.so 
74.04 o. ~j6 
7:.;. 06 :L .51 
76.06 0.68 
77, O:! 0.27 
77.05 0.50 
7!3.96 j .3:t 
79.43 o. 3<'.• 
79.91 4.60 
80. '16 34.4:! 
B1.99 2.43 
B3,03 1.37 
83.09 0.80 
B~:i. 12 0.42 
90.94 0.56 
91.9? 13.93 
93.02 22.57 
94.04 2.05 
95.04 9.50 
95.10 0.30 
96.04 O.Tl 
97.10 0.50 

100.9~~ 1. 31 
101.99 0.45 
105.06 0.!56 
107.00 0.42 
107.98 0.68 

319 

39 04-JUN-85 
1Zlt33 

3368 

---- ----- - - -

2~ 

2~ 

.l l 
208 300 488 

MAGS ;~HT, MASS %Hl. 
BASE BASE 

108.94 31.24 239.89 19.69 
109.91 10.27 240.91 2 .. O~i 
110.93 0.98 242.94 () .. 45 
111.96 0 .. 45 259.89 33 .. ::;2 
.11.2.95 1.48 260.92 :>:.47 
1 J3. 98 O.:X.9 ::'6:1 ,94 0.33 
114.99 o.~o 30fJ.81 0.33 
118.96 0.42 409.61 2.38 
12().88 0.45 410.59 0.39 
1.25.96 0.45 
1::~6.9~; 0.89 
128.B7 1.63 
1:'9.09 0,60 
:l30.91 1.40 
:138.93 100.00 
:139.92 7.01 
140.93 0.74 
144.99 0.50 
150.90 1 .69 
15J t 9:7 0.53 
154.00 0.42 
155.00 0.33 
l~:i7.?7 3.36 
158.95 4.99 
159.94 0.45 
160.93 0.39 
169.89 1. 10 
172.98 0.56 
192.95 0 .. 50 
219.84 j .25 
220.89 2.46 
221.28 0.27 
221.39 0.27 
221.95 0.33 
237.92 0.45 



N m 

m 

AB172X 6 
CAUCRLPlS 

A-BAYLIFF EI 
STA: 

? 

qs 

----~-
-~---

1 9 
52 

s~ 

8 

s e 

s 

1 !l 11 ld, u. 1 lll .1. ,l 
181!1 

MASS ;,HT. MASS /.HT. 

BASE BASE 

26.28. 7.31 7/:'!t 07 3.82 
27 .. 2:;.1 2.5() 77.06 1. 41 
28.10 100.00 78.96 3.70 
2FJ .. 9~) 1· 72 79.92 21.72 
30. 8~5 7 .. 26 flO, 97 31.18 
31..96 25.04 81 • <J9 6.:51 
3~). 09 0.77 8:~. 04 4.19 
36.09 0.32 91.99 11 .. 4~1 

37~-08 l ~ ~;5 93.03 2.75 
3f3. 03 7 .. 77 ~;>4. 05 0 .. 95 
38.96 5 .. f.)2 95.04 43.34 
39.79 2 .. ~iO 96.(\4 3.82 
39.85 1.69 97.9~; 1.75 
40. 9:~ 2.81 9B.94 2.35 
43. 10 o.8t> 100.92 0.89 
44.0B 0.66 107.01 0.66 
47,03 0.63 107.'?9 1 .20 
47. ()(, () .. ~j'/' 108.S>7 5:1 .41 
47.99 j,()9 109.93 4.07 
4B .. (?!:·; 0,66 110.'?5 1::- ,i L": 

..J + \)J 

49.84 0.49 111.98 0.75 
49.88 :L4 .. 95 112.99 1 .32 
50 .. 94 20 .~ji U4.01 2.95 
52 .. o:.' 49.02 115.03 1 .43 
~''3. 04 4.25 lt~;.95 1.06 
53.08 4,36 116.94 31.18 
54.08 2.12 1:1./.92 1 '09 
55.10 0 .. ?5 118.89 10.67 
57.06 1.41 120.97 5.39 
~37' 11 () .. 55 1.27.01 0.75 
60.94 1.46 128.95 0.60 
62.00 4.02 129.92 4.13 
63.05 21 ':5 j l31.'i'b 1.52 
64.08 16.29 133.01 ().89 
65~07 0.49 138.97 66.09 
65.10 10.76 139.93 5.88 
66.10 0.40 140,96 1.03 
67.01 37.07 143.01 2.84 
67.98 (),4() 145.01 3.30 
68.92 11.24 146.01 0.29 
73.02 ().40 157.96 0.92 
74 ,()C, 1.86 158.93 0.95 
75 .. 07 8.23 160.93 3.59 

320 

~ - ~-

~ t.. t I 
288 

MASS /.HT. 
BASE 

162.96 0.40 
170.93 2 .. 21 
172.96 6.63 
173.99 0 .. 9~.i 
176.96 0.80 
186.92 6 .. 45 
1.87.92 0.72 
1B8.90 3.30 
189.90 1. 06 
190. '?3 0.32 
205.95 2.15 
207.94 O.B6 
20B.93 1.29 
210.9:' 0.43 
220.94 () .. /:16 
:~24 .. q:~ 3.38 
225.95 3.79 
.::126 .. (".12 1.23 
2::'7.91 i. j 2 
::~38 .. 92 2.55 
:256 .. 90 1. 75 
258.90 0.80 
270.92 0.46 
274.89 12.68 
275.92 1.1B 
276.92 4.53 
':!.77.92 o. 72 
286.93 0.49 
341 .82 36.32 
342.89 3.73 
343.91 23,38 
344.93 2.81 
34~i. 9:2 3.61 

40 

~ ----~-

2 s 

I, 

380 

--- ~ 

3 2 

N 

01-NOV-BS 
1>1 

348S 

---

408 



-I 

CD 
81 

N 
lSI 

. 

AB130 110 
CAl-!~ 

A.BRVLXFF EX131Zi 
STfU 

13ft 
- - - - --

E~ 

92 
2~ 

qs 

1J L. u. I ~~ II I J JLI 
188 

MAs·s 7.HT. MASS :>.:HT. 
BASE BASE 

26.31 1.06 99.90 4 .. 23 
27 .. 25 (),96 108.95 14.82 
28.13 25.89 109. '12 2.12 
29.02 1 ")e:· 

·~..J 113.03 1.15 
30.92 1.54 114.06 5.00 
32.02 4.14 11?.'71 1.06 
38.09 9.34 121.. 95 0.87 
39.01 ;?,41 122.98 3-Hl 

43.13 2.21 125 .. 00 3.18 
44.15 1.64 126.07 1. 3~' 
45.19 1.35 Lc7 .9? :;. lB 

49.90 3.95 138.97 0 .·~6 

50.99 1 (- 2~~; 1.45.08 1.92 
52.06 :[,06 1.63 .o:3 1. 2::j 

53.08 2.98 1.70. 03 88.84 
57.15 '2.02 200.9"7 :~ 1 ~ 37 

62.06 3.85 201.'ll~ 2.69 
63.10 46.2? 217t97 0.87 
63.29 0 .....,-, 

• f f ~20.08 100.00 
64.05 60.B3 24[,()() l. ::;4 

65.0'? 4.04 300.99 1.83 
66.05 0.87 303 .o:1 1 t .~)4 

68.93 ;~. bO 309 ,(H) -1.43 

70.99 1.06 
75.06 4.23 
76,06 9.34 
77,04 :1..64 
79 + ~J:2 t • "2~5 
80.96 1 ~ :::j4 

81.?-4 1,) .9(:'-. 

85.10 l ~ 2~.:; 

S'O, ?9 I. .54 
92.04 28.7B 
93.05 2 ';:J 
95.0/ ;:>.60 

321 

, 

n~ 

--

2 1 

I 

288 

~ 

- ---- ---

18-JUN-BS 
t8~3 

K839 

-~- -----

II I 
388 



N 
E9 

AB130 74 
CRL: CRU13!1l 

~ ~- --

:113 4;3 

~ 

G 

A. BAYLIFF EX131Zi 
STA: 

-------

9 1 s 

1-l ~ ~ L -.II l 
- '"" ,,-

MASS %HT. MASS %HT. 
BASE BASE 

26.31 0.56 79.83 1.07 
27.25 2.79 80.92 0.39 
28.13 10.49 81.96 j. 10 
29.00 1.21 83. l () 0.62 
30.92 0,39 89.00 0 .. 54 
32.01 1.61 90,S'9 2.28 
33.11 0,31 92.02 11.59 
37.13 0.42 93.05 1.86 
38.08 4.71 94.01 0.68 
39.00 1.86 95.07 11.76 
40.99 1.16 96.04 1 .10 
42.04 0.65 97.04 0.48 
43.11 9.51• 100.96 1.02 
44.15 5.25 104.96 0.65 

45.17 4.68 106.95 0.62 
47.12 1.10 108.~~6 1 .. 24 
49.90 0.28 112.99 0.48 
50.95 3.24 115.04 0.54 
52.05 0.79 120.93 0.37 
53.08 0.96 121.92 2.48 
55.16 0.28 122.95 13.37 
57.14 0.87 123.96 2.51 
59.01 0.42 124.95 13.00 
('.)2.04 1.69 125.98 0.42 
63.09 28.43 127.02 0.28 
64.13 60.90 137.05 0.31 
65.10 6.69 138.98 100.00 
66.06 0.56 139.82 7.90 
68.93 2.68 141.03 0.96 
70.97 2.99 145.09 0.34 
75.07 1.38 151.02 0.54 
76.06 0.34 152.07 0.76 
77.04 4.23 159.04 1.55 
78.02 0.48 170.00 0.93 
78.88 0.39 184.92 0.87 

42 18-JUN-85 
12•12 , :m 

3545 

- ~ --
~ --- - --·- - ~ -~ 

2 t1l 

.I .!. Jl 
-· -. ., 

MASS %HT. 
BASE 

186.91 1.75 
18tL91 0.99 
195.06 0.37 
219.99 1.04 
221.06 1.89 
222.08 0.76 
230.98 0.34 
240.07 42.17 
242.01 0.48 
300.03 0.48 
301.00 5.78 
302.89 5.70 
304.09 0.39 
309.09 0.59 



N 
81 

ABSI2Jl X 4 
CAL:CALT9 

28 

A· BAYUFF E. I. 
STAI 

e:;g 

------------

. 1 1 

- S3 

L I I I I I 
188 

MASS %HT, 
MASS XHT. SASE 

SASE 

27.23 0.42 181.05 54.71 
28.10 100.00 182.09 2.30 
28.96 0.93 193.08 5.65 
30.86 6.04 207.14 0.81 
31.97 23.35 212.04 8.65 
39,80 2.22 213.06 0.56 
40.95 0.67 231.04 16.63 
42.04 0 .. 42 232.06 0,87 
43.11 1.49 281.09 12.87 
44.08 0.51 282.10 0.76 
49.87 1.77 300.09 13.46 
55.11 1.04 301.11 0.81 
62.03 0.70 
69,00 98.90 
69,95 1.26 
74.11 3.46 
80.99 0.98 
86.10 0.42 
93.07 19.92 
94.10 0.65 
99.95 3.57 

105.07 1.32 
112.03 2.47 
117.04 0.45 
119.00 0.53 
124.06 3.99 
131.01 39.67 
132.04 1.32 
143.07 9.64 
144.08 0.37 
150.01 3.65 
162.06 8.15 
163.08 0.34 

-------

323 

--- -- ---

L 1 

I l I l 
288 

43 

-- ---

~l 

2 1 311!1 

16-JUL-78 
lih3S 

3520 1 

-- --

388 



ABS02X 3 
~:CRLTS 

fl, BAYLJ FF E, I, 
STFl: 

L<l ---=----

;;~ 

--------

!!13 

L I I I I I I I 

188 

HASS %HT. 
BASE 

28.10 80.91 
28.96 0.65 
30.86 6.11 
31.97 18.38 
39.80 1. 73 
40.94 0.65 
43.11 1 .14 
49.87 2.05 
55.10 1.16 
68.99 100.00 
69.93 0.97 
74.09 3.84 
93.08 22.98 
94.10 0.77 
99.96 5.00 

105.07 0.94 
112.03 2.93 
118.99 2.02 
124.05 4.15 
131.00 1.68 
143.05 10.43 
144.07 0.45 
162.04 2.44 
181.02 92.70 
182.04 3.81 
193.04 5.26 
212.04 5.20 
231.01 33.04 
232.03 1.65 
281.04 26.79 
282.05 1.76 
300.06 0.54 

324 

1 1 

----- --

1 3 

I I 

-------

2 1 

2 1 

I 
280 

--

16-JUL-78 
0e3S 

352111 

---

388 



N 
CD 

ABS03X 4 
CAL:CALTS 

~~ 

----

It 

MASS 

28.10 
30.86 
31.97 
39.80 
43.11 
68.99 
74.09 
93.09 
99.98 

112.06 
119.03 
124.09 
143.09 
162.08 
163.10 
181.04 
182.06 
193.07 
212.06 
231.04 
232.05 
281.07 
282.08 

A. BAYLIFF E. I. 
STfll 

E~ 

------

S;3 

I I I I, 
188 

Y.HT. 
BASE 

96.29 
3.95 

27.25 .., ... ~ 
•.• .:...J 

1.58 
72.02 
3.77 

21.65 
4.26 
2.37 
7.97 
3.41 

10.52 
2.31 
1.40 

79.74 
3.65 
1.82 
2.43 

100.00 
5.17 

23.30 
1.64 

325 

1 1 

----- - -- ---

1 3 

~ I 

288 

45 
')!I 

- --

I 

--

2 1 

16-JUL-78 
lih43 

1844 

---

388 



" -

A878 0 
CAL: LIB 

A.BRVUFF EI 
STA: 

)( 2,R 
I 

G~ I 
I 
I 
I 
i 
I 
I 
I 
I 
I 
I 
I 
I 

--- -- - ---

I f4 
I 
I 
I 
I 
I ,.y I I II I I 

e 

MASS XHT. MASS 
:BASE 

27.30 1.24 119.00 
28.17 100.00 124.05 
28.19 0.54 130.99 
29.02 1.24 143.05 
29.06 1.41 162.04 
30.93 2.82 163.07 
30.95 1.38 181.02 
32.03 18.27 182.03 
36.15 0.65 190.95 
39.00 0.68 192.98 
39.83 13.96 193.06 
40.98 1.83 209.03 
42.07 0.93 212.04 
43.10 0.73 231.04 
43.14 4.06 232.05 
44.11 7.58 240.94 
45.17 2.09 242.99 
49.88 0.73 251.05 
55.11 0.42 259.95 
55.16 0.99 261.98 
56.16 0.68 281.04 
57.14 1.78 282.08 
58.08 0.70 
59.02 1.95 
68.98 38.77 
69.05 0.76 
71.06 0.82 
74.08 1.27 
81.00 0.65 
83.16 0.45 
85.20 0.45 
93.08 7.41 
99.98 1.55 

112.04 1.18 
113.06 1.04 

326 

46 
1000 

2 i 

1 1 

---- - - ---- --- ----- - --- - --

1 9 

SFJ 
21 1 

J _I J _l j 1 11 II II I _ll 
188 288 388 

XHT. 
BASE 

12.18 
1.07 
0.54 
2 .. 76 
0.73 
0.96 

25.68 
1.27 
1. 35 
1.38 
0.65 
0.59 
0.54 

31.41 
1.75 
0.59 
0.54 
0.37 
1.18 
1.18 
7.64 
0.51 



RB11S 0 
CALl LIB 
~A 

A, BAYLIFF EI 
STA: 

HI 

-· - --_m 
G! 

-- ---

N 
G! 

-

h 

~ 

hJ J 

HASS 

27.29 
28.17 
29.02 
29,05 
30.93 
30.95 
32.03 
33.13 
39,00 
39.83 
40.98 
42.08 
43.10 
43.14 
44.11 
45.17 
49.88 
50,96 
55.17 
56.17 
57.09 
57.15 
64.11 
65.12 
68.96 
69.03 
69.90 
71.07 
75.10 
76.08 
77.07 
93.06 
95.10 
99.94 

113.04 

. L 

XHT. 
BASE 

1.33 
100.00 

1.11 
0.80 
2.10 
0.64 

11.12 
2.68 
0.94 

14.08 
1.55 
o.88 
1.05 
3.37 

16.84 
1.08 
0.64 
3.35 
0.77 
0.44 
1.30 
1.47 
0.41 
1.30 

84.96 
0.53 
0.91 
0.64 
2.24 
0.69 

11.97 
1.00 
2.41 
3.43 
1.96 

tn 

.I I J ,J l 
188 

MASS XHT. 
BASE 

115.07 0.41 
118.97 6.80 
127.05 28.32 
128.02 1.22 
130.98 0.86 
133.04 1.96 
145.07 5.23 
146.08 1.47 
147.04 0.47 
149.99 0.58 
157.06 0.64 
163.06 2.30 
169.02 13.72 
175.08 o.88 
177.07 4.65 
181.03 1.80 
195.10 3.84 
197.05 0.53 
207.07 0.47 
215.08 11.97 
216.07 0.58 
227.08 7.49 
245.09 0.47 
263.11 0.47 
295.14 1.60 
315.14 1.33 

327 

47 21-AUG-86 
0•0 

}( HI 

lraa9 

2 7 

-· - i --- - --- - -

I 
I 

2 s 

~~~ 
2 !; 

I a s 
I 

I .II I 
I 
I 

288 388 



A8123 0 
CAL!LlB 

2~ 

·-- --

2 

fl, BAVUFF E. X. 
STI'll 

~!'I 

- - - --

1 s 

s~ 
s~ 

I ~ J 
MASS 

26.37 
27.29 
28.17 
28.19 
29.02 
29~05 

30. •;>;;: 
30.95 
32.02 
33 .. 12 
37.13 
38.07 
38.98 
39.32 
3?.88 
40.96 
4"~?05 
43,0B 
43 t t·-:J 
44. !)9 
45 t 12 
4~5. 14 
46.12 
47,06 
47.09 
4'?. 87 
~JO. 93 
5~.02 
5:3 .. Ofj 
";4. 11 
5~J. 13 
~i6 .1:1 
57~05 

~J7 .. 11 
~~iG .. 03 
~;s ~- ~:;7 

5f3.99 
~59. 90 
~~J. 04 
64.05 
6~5 .. 07 
6?.08 
68,?3 

ll.~ll 
i.:HT. 
BASE 

3.60 
20.22 
92.48 
2.60 
2. :'1 
:-; .06 
~5 ~ 12 
i .. 08 

1'7 t ;.·_,_) 

3 .•)7 
2. 11~) 
.(~. b~~ 

50.41 
4. t}(_f 

\:·). 3l 
91 70 
10.29 

1.. '7'4 
4-.29 
l .ll 
0 ~ 3)1 

1. t•.S6 
0 .. ·~> 1. 

t / "' 
l ~L. 27 

J .' / 
l 1 ·~ 

..,. ...... 
.... , t .,; \;} 

2. ~.{5 
t / t :z: J 

7 ~ :13 
•.;>. 71 
0.86 
t.JJ 

14.::1 
1 44 

100.00 

1 1 1 s 
!r 
II .l ,Li.J 

180 

MASS 

69.00 
69.(38 
69.97 
70.99 
71.04 
72.04 
73 .o:=J 
74 .o::-; 
74.13 
n;.o:~ 

76.04 
~·7 .03 
;·tJ.90 
B0.93 
8:t.OO 
8:2.01 
03.03 
03,()9 
84. o:~.i 

H?.96 
U8.93 
89.8"? 
9<).89 
90.97 
92.98 
'/4.01 
r7~J .0:2 

?/.08 
YB • ·~i3 
·;q ( :3fl 

1.00.'?6 
1.02.00 
103.04 
105 .of; 
lfl/.00 

tl•:).92 
111.94 
1 1 ~!, 9EI 
114.01 
llU.90 
11?.'?0 

i.:HT. 
BASE 

1.38 
1.02 
1 .11 
0.50 
1.30 
0.41 
0.50 
0.53 
1.38 
....,.96 

l. 74 
5.59 
(),5f.J 
1 13 
o.5B 
<l. 64 
:~. 41 
(),9t 
() . / ' 

t 16 
\l .91 
0.50 
·? .. a~.i 
0.50 
4.B4 
().53 
~:5~b1 

0.6b 
l 7? 

(),9:) 

·t 22 
0~53 

0.50 
:1.47 
4.7f:l 
<) .5:-:1 

11.[11 
().61 

·--r· 

--
_, 

1 l 
1 1 I 

I ~ lt.ll 
MASS 

120.95 
121.98 
123.97 
124.99 
126.87 
.127.0.1 
1.30.93 
131.98 
133.00 
136.99 
138.97 
14:~.'?6 

14~). 00 
145.'79 
146.96 
149.?1 
150.74 
151. ·~? 
152.99 
153.0:::; 
156.98 
158.91 
162.95 
163.9/ 
167.8? 
i.C18 .. 94 

Ui9,9.2 
170.94 
·1 7 1 ~ 9 ;: 

.1/'H • '? .L 
1.0(),9() 

lB1 ·"<• 
.1.83.00 
18f.i.~ .. '6 
109.94 
1.90~9/ 

I.<;> l • '/:] 

.192.?4 
194.'/8 
2uO.'Y'1 
;•oi Q4 

I 
I 
I 
I 
I 

-

z 1 

217 

%HT. 
BASE 

8.88 
1.19 
0.91 
0.44 
1.36 
~ • .16 
1.~0 

:2.05 
:~' 90 
1.27 
1.52 
1.19 

.s .. 51 

.1. 4 7 
1. f)() 

1 s-· .. !:)fJ 
4 .. 2{1 
1. 91 
0.25 
1.44 
1.19 
6.31 
0.36 
~j. ?2 
4 .. o~;) 

0~?"7 

~54.·.~~ 
.. ) .. -~! {/ 

:i .• i'? 
:.::; • .2::1 
n.a::::=: 
(),64 
0 t 81~1 

:l. 30 
() '61 

().44 
0 .. 7~1 

48 

~~. 

2' 1 

2 ~ 

202.95 -
206.94 
212.93 
220.88 
~~24 t 93 
230.89 
242. ';'0 
2.44.9~3 

250.91 
..::s~.91 

270 .8.S 
27..S • .:;.q 
2BO,fM 
29() t 9'2 
292.90 
3()0,91 

320.8B 
34:~:. 8,!~ 

3;:;9 .nf.l 
,360. 9:1. 

21-AUG-86 
lila& 

~UIL 

lil8l1l 

·-- -- -· -·· 

2l t 

3 1 3 3 

388 

0.30 
1 .41 
0.83 
2.05 
0.66 
2 .to 
1 .44 
5.59 
2.::.':1. 
1 .36 
t. 74 
0.83 
t c• . \~.;') 
.l .58 
o. a:~ 
1 ,1,1 
O.f.Jb 
0.58 

1 . .) .40 
j .22 



CD 

A236BX S 
CRL:CRLTS 

A. BAYLIFF E. I. 
STA: 

_1:;9_ 

--- ----- ------

2~ 

s~ 

"' J 1 I JJ. 
198 

PEAK MASS ~HT. 
NO. BASE 

3 28.10 58.69 
4 28.96 0.60 
5 30.85 5.62 
6 31..97 15.45 
7 39.80 1.46 
8 40.94 0.57 
9 43.11 1.20 

10 44.08 1.35 
11 49.86 1.06 
12 55.09 0.60 
13 68.97 100.00 
14 69.92 1.49 
15 74.08 2.47 
16 75.10 0.37 
17 82.04 0.37 
18 91.00 1.49 
19 93.05 1.1.44 
20 94.08 0.43 
21 99.95 4.04 
22 112.02 1.86 
23 113.06 6.71 
24 118.98 5.71 
25 124.04 2.15 
26 130.98 1.26 
27 143.03 4.99 
28 147.04 0.77 
29 155.05 0.37 
30 158.99 0.52 
31 162.00 0.97 
32 163.04 0.97 
33 168.98 2.95 
34 179.00 2 .. 72 
35 181.00 58.72 
36 182.01 2.35 
37 193.01 .,..,. «:::"") 

"--. i.Jil.. 

38 200.99 3.10 
39 212.01 3.12 
40 213.02 2.98 
41 230,97 20.41 
42 2FJ0.95 l.7.40 
43 281.97 1.26 
44 299.94 0.34 
45 300.99 0.72 

329 

--- -- -- ---

1 1 

I '-"-j J I I I 
288 

49 

----

2 1 
2 1 

-

22-MAY~78 
ltlaSl 

3488 

388 



N 
lSI 

m 

AB214X S7 
CRL:CRLP21 

0 

MASS %HT. 
BASE 

28.09 20.16 
30.85 6.13 
:H.96 4.4E: 
49.85 2.34 
f.-i~i .Ol 0.5:1. 
68.94 99 ,Qj 

69.89 2.52 
74.06 1..56 
80.93 o.a1 
86.03 0.48 
93.00 9.10 
94.02 0.39 
97.98 0.63 
99.89 13.46 

lO:':i .02 1.89 
111.97 1. 11 
116.99 6.73 
117.97 ().33 
11.8. 94 19.20 
119.91 0.42 
123.98 5.74 
128.92 0.63 
no.91 6.94 
L~5. 97 1.47 
142.93 3.79 
147.92 1.65 
149.86 1.14 
154.97 8.77 
161.93 0.33 
166.93 3.91 
168.89 100.00 
169.89 5.23 
173.97 1.32 
178.92 0.57 
1180.91 2.19 
185.97 4.57 
192.95 1.74 
197.92 0.48 
204.92 15.84 

330 

A.BAYLIFF E.J. CAPoCAL 24C 
STAI 

MASS %HT. 
BASE 

205.93 . 1.11 
216.90 4.78 
223.90 0.60 
235.88 5.92 
236.91 0.45 
242.89 12.02 
24:3.94 0.72 
254.89 15.17 
255.93 l.l7 
266.90 1.89 
273.91 1.20 
285.88 0.99 
292.89 3.09 
304.91 19.83 
305.9:1 1.86 
:H6.87 0.51 
323.90 5.77 
324.90 0.63 
342.86 5.02 
343.89 0.33 
354.88 1.08 
392.80 3.55 
393,87 0.33 
404.85 4.48 
405.90 0.39 
492.68 . 5.53 
493.68 0.75 

50 02-APR-85 
3o38 

3328 



H214CN 6G 
rnu CffiLNEG 

----

-

I .. ,. 
1B8 

PJ, BAYLIFF :?.14C NEGo ( :H3UJ 
£>YfH 

.. --

·..-

MASS 7.HT. 
BASE 

127.0::?14 8.88 
174.0404 0.51 
224.1039 0.25 
286.1596 0.59 
300.0773 1.27 
305.1505 0.31 
324.1422 18.75 
325.1127 1.47 
343.1288 100.00 
344.0951 10.32 
345.0961 0.42 
348.0966 3.37 
349.0951 0.40 
374.1390 2.77 
375.1175 0. 31 
386.1112 56.31 
387.0868 6.19 
388.0902 0.37 
393.0828 9.64 
394.0740 0.99 
424.1619 12.44 
425.1102 1.44 
443.1221 1.98 
474.1048 0.82 

331 

51 ~8-AUG·-·BG 
lla:W 

::;1<'1?1 -

I 8S3B 

~IS 

s;4 

4 4 

.L L I 

488 



N 
@ 

A8179X 0 
CRL:CRLN21 

MASS 

9~!.M· 

157 .. 07 
176. o:! 
177.00 
188.00 
195 .. 02 
196.02 
197.04 
214 (.02 
215 .. 02 
21b.04 
2HJ. 98 
226 .. 03 
239.00 
245.()0 
246.01 
247 .. 03 
264.00 
265 .. 02 
266.02 
283.01 
284.03 
285.04 
299.97 
318.97 
319.97 
336.01 
364.0::' 
382.99 
383.98 

R o BRVU FF NE:G 1· -BU 
STA: 

--

i' s 1 ~ 

L l _L_j 
l!IJB 208 

%HT. 
BASE 

0.71 
l ':jj 

9.56 
0 .f:.5 
2 .. 99 

1l .9:; 
1.34 
0 ,(,() 
0.8() 
3' <;>~~ 
0.60 
1.45 
2.73 
(J .48 
1.14 
4.07 
0.40 

IA.88 
~; .. 26 
0.54 

100.00 
10.44 
0.51 
1.:57 
~5 .. 69 
0.40 
0.74 
1. 74 
4,52 
0.54 

332 

52 20-JAN-BS 
0a3S 

:>J ~~ -
3514 

I 

2 4 

l l _L l ... 
388 41l1111 



M 
1;.9 

C'J 

<" 
@ 

AB179X 3 
t.rt: .. : CRL i31 

}{ 2 

j 

I 
s.~ 

'6 

A-BAYLIFF Cl I-BU 
STA: 

l~ • ..!!. •• t.l .. II I. I 
~ "J"• 

189 200 

MASS %HT. MASS :Y.HT. 
RASE I<ASI~ 

60.97 0. ~)9 135.00 2-00 
63,04 0.31 137,()9 0. A~"; 
65.08 2 I :-~3 139 .o:·1 () t ~j.t~ 

{,6.08 2. 12 147.09 (), 2':5 
67,07 21.73 149.01 0 .. 4.;) 

68.04 2,"96 15:t. o:·.! 0.; "i 
69.00 27 .. 97 163.06 1). 3j 
69,94 8 .. 9~) 176,91. (l. f·8 
71.00 22 t47 17B,80 0.68 
72.06 j .44 196.89 lf95 
73.04 1.04 1sn.94 (),.3/ 
75.10 0~54 :21.o.<~O 1.30 
77.01 o.B5 246.83 :_> ~ ~!] 

77.98 0.87 :2f.4. 8~:.: ·: R, 1 ~. 
78.94 8.61 26~:· + 9:1. J .. t-4 

79.89 :1..?2 :266.89 1. o~· 
80.97 12. j 4 284.8<? 3, :c;R 
82.02 1. 81 28~j. S>3 0. :?;:J 
83.06 1.0.41 304. ~·3 (). t·':J 
84.08 2.34 364.84 0 .. ?6 
85.09 14.76 45?~?~ :~o. 10 
86.09 1 .. :-?? 453 .. ?9 :;_1 .. 3J~ 

89,87 1..50 4'1:) .. 79 j .04 
90.97 2 .. 20 494.87 (). :~-1 
92.02 0. ~5b 
93.05 1.83 
94.07 0 .:':•4 
95,09 3.27 
96.09 0.87 
97.08 :5.16 
98.06 0.90 
99.03 1 .33 

105.06 0.68 
107.07 0,76 
1()8. 06 o.:P 
109.03 l '21 
uo.oo o.:P 

'111.04 (),99 
112.08 0.37 
116.98 ().40 
l 1.9.03 0. :;.~8 
121 .02 01-- ~·1 

123.0~ O.B5 
•"')C . 0. 4:". L .••• 1 

j 28,94 0. :~'El 

333 

21 · ·JAN·-85 
Ill aSS 53 

-----------------·------------- --
3543 

403 

2HS 

I l I, 

390 



ABMET 0 
CAL: LIB 

>I 

A. BAYLIFF EI 
STA: 

li~ 
-

I 9 

, 1Jl j _1 J J II I I 

MASS %HT. 
BASE 

27 .. 23 1.60 177.91 
28.11 100.00 180.85 
30.86 3.91 194.93 
31.97 20.61 212.88 
33.07 3.46 224.91 
38.95 1.66 226.90 
40.94 1. 73 230.86 
42.03 0.96 242.87 
43.10 3.01 244.92 
44.06 1.22 262.89 
45.12 1.22 264.92 
49.85 1.22 280.83 
50.92 4.29 292.90 
57.06 2.50 294.93 
59.00 0.77 
64.06 1.34 
65.08 1.66 
68.95 69.08 
75.04 2.69 
76.04 0.77 
77.03 6.72 
92.96 3.65 
95.00 2.30 
99.86 3.39 

112.98 2.43 
118.93 42.00 
126.99 21.45 
141.86 0.83 
142.97 1.28 
144.99 5.51 
156.97 0.90 
162.94 1.86 
176.92 16.77 

54 21-RUG-86 
Ill alii 

-- - ---
&ftllli!ll 

2 1 

----

2: 2 s 

I 2 1 
I 
I 
I 2 ~ 

q? I 
I 
I 
I 2 3 

I 
I 

.I I 

I I I 

200 

0.96 
8.26 
2.05 
0.83 
1.02 
4.48 
8.39 
0.83 
2.24 
1.60 
3.78 
2.75 
1.15 
1.34 



i\1 m 

ABBRT 0 
CRUUB 

fl.BAYUFF El 
SHU 

){ ~~ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

--
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 

~ 

--

4~ 5~ 

~ 

II ~ II un 1 

MASS ;~HT, 

l<ASE 

1")"7 l 2~J; :1 t -;:·y 

28.11 H7,/ci 
::>8 .13 1. 08 
~'8 f 97 ~-) 10 
29.00 1t62 
30.86 6.6B 
30.89 2.07 
31.97 18.~6 

::\8. '?6 j .14 
~<9.80 :~.::;:;. 

4\L94 2.42 
42.03 J,Jl 
43.06 j .. ~)9 

43.10 2.70 
44 .. 07 J. .. :-;1 
44. j j 0.48 
45~13 6.4~.1 

47.09 l.34 

~;o.9~' o.91 
55.09 0.71 
55.14 0.60 
57.13 (),88 
58.06 1.51 
~j9.0J ~).57 

63.05 (),43 
6fj, 96 1 00. 00 
69.04 0.51 
69.90 o.s:: 
71.05 (),3? 
73.08 0.34 
?4.05 2.67 
7:-;.o? 1.22 
77.06 0.6~:; 

79.82 0.48 
80.85 0.60 
80.97 0.80 
Bl. 94 0, 34 
82.03 0.48 
89.04 0.:77 
90.97 0.37 
93.04 12.56 
94.0~:; 0.65 

. - .l !'L 

-

9;3 

1 3 

I ll 
100 

MASS ::~HT. 

HASE 

97.04 1.90 
CJ.I9.9:~ 3 .. 6:i 

:103.11 0.37 
1 (l~_;, 06 0. :5A 
:li:'.Ol ::.36 
113.04 9,18 
ll8.98 39.07 
11 ~' o S'5 0 .. B8 
3.24 .. 04 :1 •. ~)9 

128.91 0.48 
l 30 t 90 0 •. I' "i 

1:n .oo J .~ .. 1 
.143.03 ·1.1:' 
147 .. 03 0,3? 
l58, ~~El .1. :::.!2 
16~!. ()() (). '7'9 

l.63 .. 02 6,.6~:. 

164.03 (), 4i3 
168.98 0,4f:l 
180.9:', 31 15 
Hll. 97 1. 4~; 
190.85 2.98 
:J.~,>2j-95 2.42 
197.00 0.48 
208. 9 6 1 • 1 9 
209,8fl 
21.1.94 

0,.37 
0.85 

21.2.9(~ ~~~-~53 

228.96 0.48 
2~'10.93 33.53 
231.95 1.90 
238.77 0.31 
240.80 0.97 
242.92 1 .. 17 
250.96 2.30 
259.88 1 .. 59 
261.90 1.71.> 
278.8S' (),.71 
280.97 7.02 
282.01 o. 4~· 
292.97 0.4:'} 

335 

21-r~UG·-86 
tlls!'il 

I' . __ _z;'P---
1130~ 

-

qa 2 1 

1 3 
2 3 

I II I II I II J 
288 



RBBRTC 0 
Cf:ULHl 

M,BRVUFF NI 
STA: 

336 

56 

i-.----------------T-T 

II 
18fl 

MASS ;~HT. 

B1~1SE 

78. 90 ~' j 2 
80.88 7.34 

162.1.2 0"6"1 
179,0B (l.89 
181..09 t-::..).34 
18?.. j j () (- 61 
:209. 1 i j • 28 
:~ 1 ;• j 3 0 • 78 
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The Board of studies in Chemistry requires that each 

postgraduate thesis contain~ an appendix listing; 

a) all research colloquia, seminars, and lectures 

arranged by the Department of Chemistry during the period of the 

author.s residence as a postgraduate student. 

b) all research conferences attended and papers 

presented by the author during the period in which the research for 

the thesis was carried out; 

c) details of the postgraduate induction course. 

a) Resealf'cch CoHoguia. Seminars and JLectures. 

1983 

5 October 

12 October 

19 October 

Prof. J. P. Maier (University of 

Basel.Switzerland), "Recent approaches to 

spectroscopic characterisation of cations". 

Dr C. W. McLeland (University of Port Elizabeth, 

Australia), "CycUsation of aryL aLcohoLs through the 

intermediacy of aLkoxy radicaLs and aryL radicaL 

cat ions". 

Dr. N. W. Alcock (University of Warwick), "AryL 

TeLLurium(IV) compounds, patterns of primary and 

secondary bonding". 

20 October *Prof. R. B. Cundall (University of Salford), 

ExpLosives". 

26 October *Dr. R. H. Friend (Cavendish Laboratory, University of 

Cambridge), "ELectronic properties of conjugated 

poLymers". 

3 November Dr. G. Richards (University of Oxford), "Quantum 
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pharmacoLogy". 

10 November~ Dr. G. Thorpe (Sterling Organics), "AppLied chemistry 

and the pharmaceutical. industry". 

24 November~ Prof. D. A. King (University Of Liverpool), "Chemistry 

30 November 

in two dimensions". 

Prof. I. Cowrie (University of Stirling), "Hol..ecul..ar 

interpretation of non-reLaxation processes in poLymer 

gLasses". 

1 December *Dr. J.D. Coyle {The Open University),"The probLem 

14 December 

1984 

10 January 

with sunshine". 

Prof. R. J. Donovan (University Of 

Edinburgh),"Chemical.. and physical processes inuol..uing 

ion pair states of the haLogen moLecuLes". 

Prof. R. Hester (university of York),"Nano second 

Laser spectroscopy of reaction intermediates". 

18 January *Prof. R. K. Harris (University of East Anglia), 

26 January 

"Mul..ti-nucl..ear soLid state magnetic resonance". 

Prof. T. L. Blundell {Birbeck College, London) 

"BioLogical. recognition: interactions of 

macromol..ecul.ar surfaces". 

2 February * N. B. H. Jonathon (University of Southampton), 

8 February 

"PhotoeLectron spectroscopy- a radical. approach". 

Dr. B. T. Heaton (University of Kent), "Mul..ti-nudear 

n.m.r. studies". 

15 February* Dr. R. M. Paton (University of Edinburgh), 

"HeterocycLic synthesis using nitrile suLphides". 

16 February* Prof. D. Phillips (The Royal Institution), 

"Luminescence and the photochemistry- a tight 

entertainment". 



23 February 

1 March 

7 March 

8 March 

21 March 

23 March 

28 March 

2 April 

3 April 

25 April 
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Prof. F. G. A.. Stone (University of Bristol), "The use 

of the car-bene and carbyne groups to synthesise metaL 

cLusters". 

~ Pi·of. A. J. Leadbetter (Rutherford Appleton 

Laboratories), "Liquid crystaLs". 

~Dr. R. T. ~alker (University of Birmingham), 

-"Synt-hesis and bioLogical properties of some 

5-substituted uraciL derivatives; yet another exampLe 

of serendipity in antiviraL chemistry". 

Prof. D. Chapman (Royal Free Hospital School of 

Medicine, University of London), "PhosphoLipids and 

biomembranes: basic structure and future techniques". 

*Dr. P. Sherwood (University of Newcastle). "X-Ray 

photoeLectron spectroscopic studies of eLectrode and 

other surfaces". 

Dr. A. Ceulemans (Catholic University of Leuven), "The 

deveLopment of fieLd type modets of bonding in 

moLecutar ctusters"; 

* R. S.C. Centenary Lecture. Prof. H. Schmidbaur 

(Technical University of Munich F.R.G.), "Hides in 

the coordination sphere of metaLs; synthetic, 

structuraL and theoreticaL aspects". 

* Prof. K. O'Driscoll (University of Waterloo), "Chain 

ending reactions in free radicat potymerisations". 

Prof. C. H. Rochester (University of Dundee), 

"Infrared studies of adsorption at the soLid-Liquid 

interface". 

*Dr. R. M. Acheson (Department of Biochemistry, 

University of Oxford), "Some heterocycLic detective 

stories". 



27 April 

14 fJiay 

16 f.fuy 

31 May 

11 June 
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Dr. T. Albright (University of Houston), "Sigma.trophic 

rearrangements in organometaLLic chemistry". 

~ Prof. ~1. R. Dol bier Jr. (University of Florida), 

"Cydoaddit ion reactions of fLuorinated a Henes". 

~Dr. P. J. Garrett (University College, London), 

"Syntheses with ditithiated vicinat diesters and 

carboximides". 

Dr. A. Haaland (University of Oslo), "Etectron 

diffraction studies of some organometattic compounds". 

Dr. J. B. Street ( I.B. M. San Jose), "Conducting 

potymers derived from pyrottes". 

19 September Dr. C. Brown (I.B.t-1. San Jose), "New superbase 

reactions.....organic compounds". 

21 September Dr. H. W. Gibson (Signal UOP Research Centre, Des 

Plaines, Illinois), "Isomerisat ion of potyace tytene". 

18 October *Dr. N. Logan (University of Nottingham), "N
2
o4 and 

rock.et fuets". 

19 October *Dr. A. Germain (Univeriste du Languedoc, Montpelier). 

24 October 

"Anodic oxidation of the perftuoro organic compounds 

in perftuoro sutphonic acids". 

Prof. R. K. Harris (University of Durham), "N.m.r. of 

sotid potymers". 

1 November *Prof. B. J. Aylett (Queen Mary College, University of 

7 November 

7 November 

London), "SH icon-dead common or refined". 

Dr. H. S. Munro (University of Durham), "New 

information from E.S.C.A. data". 

Prof. W. W. Porterfield (Hampden Sidney College, 

U.S.A.). "There is no borane chemistry, onty 

geometry". 

15 November* Prof. B. T. Golding (University of 
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Newcastle-upon· Tyne), "The vitamin B12 mystery". 

21 November >1 Dr. Vi. j. Feast (University of Durham), "A plain man's 

guide to poLymeric organic metals". 

22 November~ Prof. D. T. Clark (I.C.I. New Science Group). 

"Structure, bonding, reactivity and synthesis as 

revealed by E.S.C.A.". 

28 November - -Dr. T. A. Stephenson (University -of Edinburgh), "Some 

recent studies in platinium metal chemistry". 

29 November~ Prof. C. J. M. Sterling (University College of North 

Wales), "MolecuLes taking the strain". 

6 December ~Prof. R. D. Chambers (University of Durham), "The 

unusuaL world of fluorine chemistry". 

1985 

24 January *Dr. A. K. Covington (University of 

Newcastle-upon-Tyne), "Chemistry with chips'. 

31 January *Dr. M. L. H. Green (University of Oxford), "Naked 

atoms and negligee ligands'. 

7 February Prof. A. Ledwith {Pilkington Brothers), "Glass as a 

high technoLogy materiaL'. 

13 February Dr. G. W. J Fleet (University of Oxford), "Synthesis 

of some alkaloids from carbohydrates". 

14 February* Dr. j. A. Sa.lthouse (University of Manchester),"Sun et 

Lumiere, (a chemical energy show.". 

19 February Dr. D. J. Mincher (University of Durham), 

"Stereoseiective syntheses of some novel 

anthracyclinones reLated to the anti-cancer drug 

adriamycin and to the steffimycin antibiotics". 

21 February Prof. P. M. Maitlis F.R.S. (University of Sheffield), 

"What use is rhodium". 

27 February* Dr. R. E. Mulvey (University of Durham), "Some unusuaL 



7 ~larch 

7 March 

12 March 

14 March 

21 March 

28 March 

24 April 

1 May 

7 May 

8 May 

g May 

9 May 
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Lithium compLexes". 

Dr. P. J. Rodgers (I.C.I. plc Agricultural Division, 

Billingham), "IndustriaL poLymers from bacteria". 

~Dr. P. Y:l • .Atkins (University of Oxford), "J.1agnetLc 

reactions". 

Prof. K. J. Packer (BP Research Centre). "N.m.r. 

investigations of the structure of soLid poLymers". 

~Prof. A. R. Katritzky FRS (University of Florida), 

"Some adventures in heterocycLic chemistry". 

Dr. M. Pol iakoff (University of Nottingham), "New 

methods for detecting organometaLLic intermediates in 

soLution". 

*Prof. H. Ringsdorf {Organic Chemistry Institute, 

University of Mainz), "PoLymeric Liposomes as modeLs 

for biomembra.nes and ceUs". 

Dr. M. C. Grose! (Bedford College, University of 

London), "Hydroxypyridone dyes- bLeachabLe one 

dimensionaL metaLs". 

*Dr. D. Parker (I.C.I. plc Petrochemicals and Plastics 

Division, Wilton), "AppLications of radioisotopes in 

industriaL research". 

Prof G. E. Coates (formerly of the University of 

Wyoming, U.S.A.), "ChemicaL education in Britain and 

America: successes and deficiencies". 

Prof. D. Tuck (University of Windsor, Ontario). "Lower 

oxidation state chemistry of indium". 

Prof. G. Williams (University College of Wales, 

Aberystwyth), "Liquid crystaU ine poLymers". 

*Prof. R. K. Harris (University of Durham), "Chemistry 

in a spin". 



14 May 

15 May 

17 May 

21 May 

22 May 

22 May 

13 June 

14 June 

19 June 

26 June 

12 July 
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Prof. J. Passmore (University of New Brunswick). "The 

synthesis and characterisation of some novel. seLenium-

. d' . 'ded b 77
C> t .. to tne cattons, at y oe n.m.r. spec roscopy . 

~ D:r. J. E. Packer (University of Auckland, New 

Zealand), "Studies of free radical. reactions in 

aqueous soLution using ionising radiation". 

Prof. I. D. Brown (Institute for Materials Research, 

M~ster University, Canada), "Bond vaLence as a modeL 

for inorganic chemistry". 

Dr. D. L. H. Williams (University of Durham), 

"Chemistry in coLour". 

*Dr. R. Grimmett (University of Otago, Dunedin, New 

Zealand), "Some aspects of nucleophiLic substitution 

in imidazoLes". 

*Dr. M. Hudlicky (Virginia State University, 

Blacksburg), "PreferentiaL eLimination of hydrogen 

fLuoride from vicinaL bromofl.uorocarbons". 

Dr. D. Woollins (Imperial College, University of 

London), "MetaL-suLphur-nitrogen compLexes". 

*Prof. Z. Rappoport {The Hebrew University, Jerusalem). 

"The rich mechanistic worLd of nucleophiLic vinyLic 

substitution". 

Dr. T. N. Mitchell (University of Dortmund). "Some 

synthetic and n.m.r.-spectroscopic studies of 

organa tin compounds" . 

*Prof. G. Shaw (University of Bradford), "Some 

synthetic studies in imidazoLe nucl.eosides and the 

antibiotic coformycin". 

Dr. K. Laali (Hydrocarbon Research Institute, 

University of Southern California). "Recent 
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deveLopments in superacid chemistry and mechanistic 

considerations in eiectrophitic aromatic 

substitutions; a progress report". 

13 September~ Dr. V. §. Palmer (University of Delhi), "Enzyme 

Assisted ERC Synthesis". 

17 October ~Dr. C. J. Ludman (University of Durham), "Some 

Thermochenti cat Aspects- of' EXp los i. ons" . 

24 October ~ Dr. J. Dewing (U. M. I. S. T.), "Zeot ites - SmaLL 

Hates, Big Gpportunities". 

30 October Dr. S. N. Whittleton (University of Durham), "An 

Investigation of a React ion Window". 

31 October ~Dr. P. Timms (University of Bristol), "Some Chemistry 

of Fireworks". 

5 November *Prof. M. ]. O'Donnell (Indiana-Perdue University), 

"New MethodoLogy for the Synthesis of Amino Acids". 

7 November Prof. G. Ertl (University of Munich), "Heterogeneous 

Catalysis". 

14 November* Dr. S. G. Davies (University of Oxford), "Chirality 

ControL and MoLecuLar Recognition". 

20 November* Dr. J. A. H. Macbride (Sunderland Polytechnic), "A 

HeterocycLic Tour on a Distorted TricycLe -

BiphenyLene". 

21 November 

28 November 

28 November 

1986 

15 january 

Prof. K. H. Smith (University of Newcastle), 

"Chemistry of Si-AL-0-N Engineering Ceramics". 

Dr. B. A. G. Clark (Kodak Ltd.), "Chemistry and 

PrincipLes of CoLour Photography". 

Prof. D. J. Waddington (University of York). 

"Resources for the Chemistry Teacher". 

Prof. N. Sheppard (University of East Angla). 



23 January 

34.5 

"Vibrational. and Spectroscopic Determinations of the 

Structures of MoLecuLes Chemisorbed on Metal. 

Surfaces". 

Prof. Sir Jack Lewis (University of Cambridge), "Some 

more Recent Aspects in the CLuster Chemistry of 

Ruthenium and Osmium Carbonyl.s". 

29 January ~Dr. J. H. Clark (University of York), "Novel. FLuoride 

30 January 

Ion Reagents". 

Dr. N. J. Phillips (University of Tee 

Loughborough}. "Laser HoLography". 

12 February Dr. J. Yarwood (University of Durham), tructure 

of Water in Liquid CrystaLs". 

12 February* Prof. 0. S. Tee (Concordia University, Mv.· :al). 

"Bromination of Phenols". 

13 February* Prof. R. Grigg (Queens University, Belfas· 

Generation of 1, 3-DipoLes". 

19 February* Prof. G. Procter (University of Salford), " -rproaches 

to the Synthesis of some NaturaL Products". 

20 February Dr. C. J. F. Barnard (Johnson Matthey Group) 

"PLatinum Anti-cancer Drug DeveLopment". 

26 February Miss C. Tull (University of Durham), "EBCA and Opt i.cat 

Emission Studies of the PLasma PoLymerisati.on of 

Perfl.uoroaromatics". 

27 February* Prof. R. K. Harris (University of Durham), "The Magic 

of SoLid State NMR". 

5 March 

5 March 

6 March 

~Dr. D. Hathaway (University of Durham), "Herbicide 

SeLectivity". 

Dr. D. M. Schroder (University of Edinburgh). "Studies 

on J.facrocycl.e CompLexes". 

~Dr. B. Iddon (University of Salford). "The Magic of 



12 March 

14 J.'t'Iay 

9 June 

23 June 

31.6 

Chemistry". 

Dr. J. 1~1. Brown (University of Oxford), "CheLate 

Control in Homogeneous Catalysis". 

Dr. P. R. R. LangJridge-Smith (University of 

Cambridge), "Naked J.let.aL Clusters -Synthesis, 

Characterisation and Chemistry". 

--Prof. R. Schmutzler (University of Braunschweig), 

"Mixed Valence Diphosphorous Compmmds". 

Prof. R. E. Wilde (Texas Technical University), 

"Molecular D!JTl.CllftiC Processes from Vibrational 

Bandsha.pes". 

Lectures starred were attended. 

b) Research conferences attended! 

17th Sheffield Symposium on "Modern Aspects of Stereochemistry", 

Sheffield, December, 1983. 

Graduate Symposium, Durham, April, 1984. 

International Symposium on "Chemistry of Carbanions", Durham, 

July, 1984. 

18th Sheffield Symposium on "Modern Aspects of Stereochemistry", 

Sheffield, December, 1984. 

Graduate Symposium, Durham, April, 1985. 

General Poster Meeting, Newcastle-upon-Tyne, December, 1985. 

Graduate Symposium, Durham, April, 1986; 

Postgraduate Heterocyclic Symposium, Birmingham, July, 1986. 

International Symposium to celebrate the "Centenary of the 

discovery of fluorine", Paris, August, 1986. 

c) Postgraduate Induction Course 

In each part of the course, the uses and limitations 
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of the various services available were explained. 

Departmental Organisation: - Dr. E. J. F. Ross. 

Safety Matters: - Dr. r.L R. Crampton. 

Electrical Appliances and Infrared Spectroscopy: - (the late) 

Mr. R. N. Brmm. 

Chromatography and ~Hero Analysis: -Mr. T. F. Holmes. 

Atomic Absorption Spectrometry and Inorganic Analysis: -

Mr. R. Coult. 

Library Facilities: -Mr. R. B. Woodward. 

Mass Spectrometry: - Dr. M. Jones. 

Nuclear Magnetic Resonance Spectroscopy: -Dr. R. S. Mathews. 

Glassblowing Techniques: -Mr. R. Hart and Mr. C. Haswell. 
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