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CHAPTER ONE 

SOURCES OF FLUORIDE ION 

1 .1 . General Introduction 

Since the Second World War research in organofluorine chemistry has 

increased tremendously, motivated by the discovery of the unusual properties acquired 

by some molecules on the introduction of fluorine or fluorine containing substituents. 

Organofluorine compounds have been used in an ever widening range of applications 

from refrigerants to artificial blood (for some examples see Table 1 ). As fluorine 

containing compounds are not generally found In nature the area of organofluorine 

chemistry is entirely synthetic, and consequently a whole new range of reactions and 

reaction mechanisms may be studied, adding to our understanding of organic chemistry. 

Table 1. Some Applications of Eluorjne Contajnjng Compounds 

product 

CE2CI2 

CE3CHBrCI 

- (CE2)n.-

Perfluorodecalin 

Eluoro Steroids 

0 

HN~F 
O~NJ 

I 
H 

S-F-Uracil 

N"Pr2 

CF3 

Trifluralin 

NOa, 

Applicatjon 

Refrigerant 

Anaesthetic 

Polymer with high thermal and chemical 

stability. Non-stick properties 

Artificial blood 

Anti-inflammatory Agent 

Anti-Cancer Drug 

Plant Protection (Weed control in Maize) 



2 

Surfactants 

Dyes containing CF3 groups Good light fastness 

Differences in chemical and physical properties between hydrocarbon and 

fluorocarbon systems are mainly due to a) electronegatlvity differences, 2) unshared 

electron pairs on fluorine, 3) the more easy displacement of fluorine as fluoride ion, 

and 4) the greater bond strength of C-F. 

As the number of fluorine containing compounds grows, the variety of 

fluorinating reagents and methods of synthesis also increase and intense research 

continues In the development of new classes of fluorinating reagents. This thesis is 

concerned with the development of new types of fluoride ion reagent and so a brief 

description of the chemistry and the sources of fluoride ion follows. 

1.2 Formation of C-F Bonds using Fluoride lon 

The Introduction of fluorine into an organic molecule via the displacement of a 

leaving group by fluoride ion in a nucleophilic substitution reaction has proved to be 

extremely efficient in many cases 1-4. Nucleophilic substitution reactions at saturated, 

unsaturated and aromatic carbon are possible and general mechanisms are outlined 

below1. 

1 .2.1 Nucleophilic Substitution at Saturated Carbon 

.. .. F~ + L" 

1 .2.2 Nucleophilic Substitution Involving Unsaturated Carbon 

Three modes of nucleophilic substitution Involving fluoride ion can occur In 

unsaturated systems:-

(i) Addition Elimination 

+< F 
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(il) SN 2 

+ L" 

(iii) Substitution with Rearrangement - SN21 

FfL< + L" 
1.2.3 Nucleophilic Substitution at Aromatic Carbon 

Other aspects of fluoride ion chemistry, such as catalysing tlie oligomerisation 

of perfluoroalkenes, are discussed at the relevant sections of the following text. 

Hence, fluoride ion is a valuable synthetic reagent and a discussion of modern 

sources of fluoride ion follows. 

1.3 Sources of Fluoride lon 

1.3.1 Alkali Metal Fluorides 

A general order of reactivity of the alkali metal fluorides is: CsE > KE > NaF, 

LiE, which may be attributed to the fact that caesium fluoride has the lowest lattice 

energy. The easy availability of the alkali metal fluorides, KF and CsF, means that these 

reagents continue to be widely used. However, their low reactivity, low solubility, 

hygroscopic nature and the harsh reaction conditions required has limited their use In 

more complex systems. Hence, new sources of fluoride ion, which may introduce 

fluorine into molecules in greater yield and greater selectivity, continue to be 

developed. A brief description of the main classes of modern fluoride ion reagents 

which have been investigated in an attempt to alleviate these problems will be 

discussed here for completeness, but are reviewed in more detail elsewhereS. 
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Examples of the use of these modern reagents In synthesis, from the recent literature 

(1988-1990 where possible), are presented. 

The reactivity of the alkali metal fluorides may be improved by either 

Increasing their solubility or by Increasing the surface area of the reagent. The 

following methods have been used to Improve the reactivity of the alkali metal 

fluorides. 

1.3.1.1 Crown Ether Act!yat!on 

The nucleophilic substitution process Is enhanced by the use of a chelating 

crown ether which selectively complexes with the cation leaving the unsolvated 

fluoride ion ("naked fluoride") strongly nucleophiJic6. The addition of a crown ether to 

KF increases Its solubility, thus increasing the concentration of fluoride ion In 

solution 7. 18-Crown-6 was found to be the most active catalystS due to its excellent 

complexlng ability with K+ and Cs+. 

Selected examples of the use of alkali metal fluorides in conjunction with crown 

ethers are as follows6,8:-

KF, MeCN 

18-Crown-6 

CsF, 18-Crown-6 

THF 

(92%) 

H 

CC~XF I 
N F 
I 
H 

KF has been used with a combination of 18-Crown-6 and 

tetraphenylphosphonium bromide in halex reactions9. 

Cl--o-CHO 
KF, 18-Crown-6 

Ph4PBr, 230°C 
F ( ) CHO (74%) 

Primary alcohols are converted to the fluorides by a CsF/18-Crown-

6/methanesulphonyl fluoride system 1 o. 

CsF, MsF 
MaO ( ) CH,F 18-Crown-6 

(80%) 
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Fluorodestannylation reactions have been pertormed11 . 

1.3.1.2 Phase Transfer Catalysis 

The concentration of fluoride ion in the organic phase of a reaction may be 

increased by using KF in conjunction with a phase transfer catalyst (PTC). Reactions 

of the following type were studied12:. 

RCI(org) + KF(s or aq) 
PTC 

RF(org) + KCI(s or aq) 

The role of the PTC, usually a tetraalkylammonlum halide, may be considered 

thus:-

KF(s or aq) + R.tN+cr (org) 

Hence, fluoride ion is transferred from the aqueous/solid phase into the organic 

phase enhancing the reactivity of KF. 

1.3.1.3 Addltiyes to KE 

The addition of alkylpyridlnium salts 13 and tetraalkylammonlum chlorides 14 to KF has 

been shown to be effective in halogen exchange reactions:-

Cl ( ) N~ KF, sulpholane 

N02 

KF, MeOct3N+cr (85%) 

Cl 
sulpholane 

AICI3, 170°C Cl 

Cl F 
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The addition of tetraphenylphosphonlum bromide improves the reactivity of 

Kf15. Fluorodenltratlon reactions have been performed using this system 16. 

sulpholane 

180°C, 3 hr 

(89%) 

Tetraphenyl phosphonium bromide has been used as an additive supported on a 

cross-linked styrene/p-chloro-methyl styrene copolymer in fluorinations of 

aromatic chlorides 17. 

1 .3.1 .4 Spray-Pried and Freeze-Dried KF 

The surface area of "normal" KF (0. 1 m2/g} is much less than that of "spray­

dried" KF (1.3m2/g} and consequently spray-dried KF shows greater reactivity than 

normal Kf18. 

CHO 

Cl 

Cl 
"spray dried" KF 

220°C 

CHO 

F 

{65%} 

Similarly, "freeze-dried" KF has been Investigated, but was originally found to 

be Ineffective for the fluorination of some activated chlorinated compounds 1 9. 

However, renewed interest in this reagent showed that fluorination was possible20:-

Cl-o-N02 

"freeze dried" KF 

DMSO, reflux 

1.3.1.5 KF on Support Reagents 

F ( ) N02 (97%) 

An alternative to the use of phase transfer catalysis to improve the reactivity of 

KF is the use of supported reagents which show greater reactivity due to the increased 

reagent surface area. The reactivity of KF-alumina21 was seen to be very low due to 

surface OH-F hydrogen bonding. However, non-surface hydroxylated support 

materials, such as KF-CaF2, have been successfully applied as sources of fluoride 

ion22,23,as shown below24. 
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Cl F 

N02 N02 
KF,CaF2 

140°C, 9hr 
(92%) 

Cl F 

N02 N02 

Inorganic support materials may be surface dehydroxylated prior to use to 

avoid OH-F interactlons25. For Instance, the surface of alumina is modified by 

organosilylation of the hydroxyl groups using hexamethyldisllazane. The resultant KF­

modlfied support was used to fluorinate benzyl bromide in 61% yield. 

Cross-linked copolymers of divinylbenzene and styrene were used as a support 

material for KF to good effect. The copolymers contain no surface OH groups and can be 

synthesized to have specific surface properties26:-. 

Ph CCCI 
KF/polymer 

r.t., 10mins 

1.3.1.6 lon Exchange Resins 

PhCOF (95%) 

Anion exchange resins, such as Amberlite IRA 900 of the form below, have been 

used as carriers of fluoride ion27. 

P =polymer 

Amberlite F-
(61%) 

The resin may be considered as both a phase transfer catalyst and a support 

material, acting in the following way:-

F(resin) + RX RF + x·(resln) 

1.3.2 Alternatives to Alkali Metal Fluorides 

Compounds based on elements of Group V (nitrogen, phosphorous) and Group VI 

(sulphur, selenium) have been studied as sources of fluoride ion and a brief outline of 
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their use Is given here. However, the very hygroscopic nature and high cost of some of 

these reagents give large grounds for improvement. 

1.3.2.1 Tetraa!kyl Ammonium and Phosphonium Salts 

Tetraalkylammonium fluorides such as tetrabutylammonium fluoride (TBAF) 

have received considerable attention over the last few years. "Anhydrous" TBAF Is 

prepared by heating TBAF .3H20 at 40-45°C under high vacuum for several hours. It 

must be used immediately due to its hygroscopic nature and has been used in a full 

range of fluoride ion reactions28, as shown In Table 2. 

Table 2 Reactions usjng TBAE as source of Fluoride jon 

Sybstrate 

CH2=CH-CH2Br 

Ph-CH2Br 

CH3(CH2)7Br 

Iime/hr 

0.1 

8 

<1 

<1 

<1 

Product 

CH2=CH-CH2F 

Ph-CH2F 

CH3(CH2)7F 

CH2=CH(CH2)sCH3 

CH3(CH2)70H 

CH3(CH2)7F 

PhCOF 

Yjeld/% 

85 

100 

48 

12 

40 

98 

81 

Also, fluorodenitration reactions of aromatic nitro groups have been 

performed29 and fluorodeoxy sugars have been prepared from pyranosides3D. 

Recently, a method for the preparation of anhydrous and HF2- free 

tetramethylammonium fluoride has been descrlbed31. Me4NF .H20 is first heated under 

vacuum to remove most of the water and then recrystalllsed in dry isopropanol as the 

alcoholate. The solvated alcohol is removed under vacuum at 80°C. 

Me4NF was found to abstract a proton from acetonitrile32 resulting in the slow 

formation of HF2- and the dimerisation of the acetonitrile:-

2F + CH3CN 
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Also, chlorinated solvents such as chloroform undergo halex reactions. 

CHCI3 + Me4NF-F---t.,~ CHCI2F + CHCIF2 + CHF3 (2:3:1 Molar Ratio) 

This shows the remarkable reactivity of the fluoride ion when present as a soluble salt 

free from HF, HF2· and water. Their use in organic synthesis is yet to be investigated 

but their reactions with solvents may be a problem. 

T etraphenylphosphonium hydrogendifluoride has been used successfully In a 

variety of halogen exchange reactions33. Similarly, tetraamidophosphonium 

hydrogendifluoride reacts with decyl tosylate and p-chloronitrobenzene to give the 

corresponding fluorides in 1 00% and 93% yield respectively34. 

1.3.2.2 Phospboranes 

The salts methyltri-n-butylfluorophosphorane ( (n-C4 H g )aP F C H 3) and 

phenyl tetrafluorophosphorane (CsHsPF4) have been used in tosyl displacement 

reactions in the preparation of 2-fluoro alkyl compounds35. 

(nC4Hg)3PFCH3 
CsH13CH(OTos)CH,....-_..........;;.;,;;...__~ 

(-)-(R) 

1 .3.2.3 Amine Hydrofluorlde Salts 

CsH13CHFCH3 

(+)-(S) 

(15%) 

Pyridine/HF mixtures and Triethylamine Trishydrofluoride have been used in a 

variety of fluorination reactions and will be discussed in detail in sections 1.5 and 1 .6. 

1.3.2.4 Qletbylamlnosulpbur Trifluoride IDASTl and 

Trlsldlmetbylamlnol-sulpbgnlum Dlflugrgtrlmethylslllcate ITAS-Fl 

DAST is prepared by reacting diethylaminotrimethylsilane with sulphur 

tetrafluoride36:. 

_....,. Et2NSF3 + SiF(CH3)3 

DAST 
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The main synthetic use for DAST is converting alcohols to fluorides37 and 

carbonyl groups to geminal difluorides. 

H F F F 

RCH2++CH2R 

HO H 

DAST, r.t. 
RCH2++CH2R 

H H 
(threo) (meso) 

However, DAST is thermally unstable and recently the more stable morpholino 

sulphur trifluoride has been recommended for fluorinations of alcohols38. 

The more reactive fluoride ion source, TAS-F, is prepared by the reaction of 

dimethylaminosulphurdifluoride with dimethyl am inotrimethylsilane :-

[(Me2N)aSt[(CHa)a SiF2]. 

TAS-F 

TAS-F readily converts even unreactive halides to fluorides under very mild 

conditions and has been used to form stable perfluorinated carbanion salts39, in a 

fluoride promoted C-C bond cleavage reaction. 

F. F 

CF3*CF3 

F F 

TAS-F 

A comprehensive review on the use and reactions of DAST, TAS-F and related 

reagents has been published recently36. 

1.3.2.5 Trls(morphollnolselenonlum Fluoride 

The reaction of RSiMe3 (R=morpholino) with selenium tetrafluoride gives 

tris(morpholino) selenonium fluoride, which has been used in a few fluorination 

reactions40. 

(82%) 

(76%) 
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1 .4 Hydrogen Fluoride as a Fluorinating Agent 

1 .4.1 Classical Processes 

Anhydrous Hydrogen fluoride (HF) is one of the least expensive fluorinating 

agents and has been used in a variety of halex and electrophilic addition reactions2:. 

(95%) 

0 HF 
(70%) 

However, most reactions using HF are performed under pressure or in the 

vapour phase due to its low boiling point (19.6°C). The corrosive and harmful nature 

of HF requires rigorous safety precautions and specialist equipment. 

1 .4.2 HE used in Conjunction with Lewis Base Co-solvents 

To overcome the high volatility of HF several authors have studied complexes of 

HF with various Lewis bases as co-solvents. 

Stable solutions of HF in amldes41 (formation of amide/HF complexes), 

carbamic acids and esters42 (hydrofluorination of epoxide rings in steroids), 

trialkylphosphines43 (formation of trlethyl and trlphenyl phosphine/HF complexes) 

and tetrahydrofuran44 (ring opening hydrofluorlnatlon of epoxldes in steroids) were 

Investigated. There has been renewed interest in THF/HF solutlons45,46, the solution 

formed being a more effective source of fluoride ion than HF and also more acidic than 

pyridlne/HF. Examples of the use of HFITHF solutions are below44·46:. 

0 
,...NHTos 

OH 

6 HF/THF (38%) 

F 

. -via an umpolung strategy involving the phenoxonlum ion as an intermediate 
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HF, THF (5:1) 

-70°C - r.t. 

0 

OH 

HF.THF 

(80%) 

0 

+ 

F. F 

o~c6H5 
(6%) H 

(74%) 

0 

OH 

It was not until the introduction of amine/HF complexes, in particular 

Pyridine/HF, that a general fluorinating agent using HF coupled to a base became 

widely accepted. These reagents are discussed in detail in the next section. 
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1.5 pyridine PolyCHydrogen Fluoride) - Olab's Reagent 

The use of Lewis Base/HE solutions as fluorinating reagents became widely 

accepted upon the introduction of Pyridine/HE solutions by Olah4 7, although 

pyridine/HE solutions had been used previously in epoxide ring opening 

hydrofluorination reactions of steroids by Bergstrom48. 

Pyridine forms stable solutions with anhydrous HF. The solution generally used 

consists of about 9 equivalents of HF to 1 of pyridine (70% w/w HF, 30% w/w 

pyridine) and is stable to ssoc. 

Pyridinium Fluoride can be prepared by the reaction of formyl fluoride with 

pyridine through the decarbonylation of the intermediate N-formylpyridinium 

fluoride49. 

CeHsN + HCOF ---t~ ---e•CeHsN.HF + CO 

However, no spectral data appears in the publication. 

1.5.1 Structure of pyrldlnlym polyCHydrogen Fluoride) 

The 1 H n.m.r. spectrum for pyridinium poly(hydrogen fluoride) shows a 

typical pattern for pyridinium ring protons but the 19f n.m.r. spectrum at -sooc 
shows a quintet (JHF=120 Hz) at 188.1ppm, indicating the presence of a polyhydrogen 

fluoride species in which each fluorine atom is surrounded by four protons:-

·--H --F --H --F --H --F --H --F--fi--- 0' 
I I I I I I I I I ~ 

-€>-8 -0-8 €>-8-0-8 -®-- N+ 
I I I I I I I I I I 

·--H --F --H-- F-- H --F-- H --F --H--- H 

It is unclear whether any exchange occurs between the pyridinium cation and the HF 

matrix and we would also expect to see n.m.r. peaks due to species such as HF2·· The 

presence of pyridinium hydrogen difluoride in pyridinium poly(hydrogen fluoride) 

solutions was shown in low temperature X-ray crystallographic work by MootzSD (see 

below). Perhaps, as PyH+HF2· and PyH+F· have melting points of -1°C and -31°C 

respectively, from differential thermal analysis, these species were not seen In the 

n.m.r. spectrum as they are solid at -sooc (No n.m.r. solvent is indicated in the 

publication). Hence, at -sooc the only species present In pyridinium poly(hydrogen 
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fluoride)solutions are Pyridine.5HF and higher homologues which give rise to the 

observed quintet. 

The pyridine/HF mixture was studied by differential thermal analysis and X­

ray crystallography by Mootz 50, who identified 8 intermediary compounds, 

CsHsN.nHF (n=1-8), with melting points between -1 and -124°C. X-ray structures 

of complexes n= 1-4 were obtained. See Fig. 1 for structures of n= 1,2. 

The following points can be noted from the structures reported:-

1) In complex CsHsN.HF (n=1) the hydrogen atom in the NHF hydrogen bond is found 

much closer to the fluorine atom than to the nitrogen atom suggesting that the hydrogen 

bond is of the type F-H .. N rather than F .. H-N, i.e. the base is not protonated by the 

fjg_1 X-ray Crystal Structures of pyrjdjne,nHE Complexes 

The structures of C5H5N.nHF with n=1, 2, and 3. One formula unit each with interatomic 

distances (pm) and angles. The N-F and F-F distances in the hydrogen bonds are underlined. 

acid. This is the first hydrogen bond of this type reported and the shortest between 

nitrogen and fluorine. 

2) Complex CsHsN. 2HE (n=2), can be reformulated as CsHsNH+HE2-. pyridinium 

hydrogendifluoride, with the H atom in an off-centre position. 
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3) Ionic formulae are also true of the higher pyridine/HE complexes, e.g 

CsHsNH+H2Fa· (n=3), and CsHsNH+H3F4" (n•4). 

1.5.2 Reactions gf pyrldlnlum pglyChydrgqan flugrldel 

Pyridinium poly(hydrogen fluoride) was found to be an effective fluorinating 

agent for various additions to alkanes and alkynes, for deaminative and dediazonative 

halogenation reactions, for fluorine substitution of hydroxyl groups and halogen 

exchange reactions47, 51, as summarised in Table 3. 

Table 3. Reactions performed Using pyridinlum Poly(Hydrogen Fluoride) 

ArN=C=O 

1-adamantol 

ArNHiCHCOOH 

Ar0CONH1 --------~~ 

-CH2-CF2-

ArNHCOF 

1-adamantyl fluoride 

(Ar)2CHF 

CsH11COC~F 

ArE 

ArtFCHCOOH 

ArOCOF 

Dediazonative fluorinations of p-amlnophenols have been performed recently52,53. 

HO-o-NH2 

Py/HF 
HO-o-F (72%) 

More recently, pyridinium poly(hydrogen fluoride) has been used In ring 

opening hydrofluorination reactions of aziridlnes54,55, azablcycloalkane56 and 

cyclopropane57 ring systems, as summarised in Table 4. 
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Table 4. Bing Openjng Hydrof!yprjnation Reactions ysing Pyridine Poly<Hydrogen 

Eluorjde) 

Azjrjdjnes54, 55 

HND 

O
Ph 

lli 

NH 
Py/HF 

+ 

(70%) (30%) 

+ 
~· F'lll 

Ring opening hydrofluorination of 3-aza-1 ,8,8-trimethyl-tricyclo [5.2.1.02,4] 

octane leads to a variety of products 58. 

NH 
Py/HF, -20°C 

+ + 

F 

exo 

(2%) (43%) (33%) 

+ 
F 

+ F 

( 16%) (6%) 



Azabjcycloalkanes56 

Ph>O> 

Ph N 

Cycloprapanes57 

qyPh 

OH 

17 

Py/HF 

Py/HF 

Py/HF, KHF2 

px 
N 
I 
H 

(60%) 

(58%) 

F~Ph (73%) 

Poly-4-vinyl pyridinium poly(hydrogen fluoride), a solid pyridine 

poly(hydrogen fluoride) has been used in hydrofluorinations and bromofluorinations of 

alkenes59. 

Most recent publications dealing with Amine/HF systems utilise Et3N.3HF as 

the fluorinating agents and it is to these systems that we now turn. 
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1.6 Amine Hydrofluorlde Salts 

1 .6.1 Introduction 

Amine hydrof!uoride salts have been known since 1879 when Beamer and 

ClarkeSO prepared white, crystalline aniline hydrofluoride. A comprehensive study of 

amine hydrofluorides was carried out by Berliner and Mann61 , who prepared 

hydrofluoride salts of aromatic, primary, secondary and tertiary amines. They 

suggested a structure of base.4HF after titration with sodium hydroxide. 

The use of amine hydrofluorides as fluorinating agents remained limited to 

steroids48 until Franz62 prepared a series of amine trishydrofluorides, such as 

EtaN.3HF. These hydrofluoride complexes were found to be stable, distillable under 

vacuum, could be handled without hazard and did not corrode borosilicate glass. Since 

then EtaN.3HF and other amine trishydrofluorides have been used in a range of 

fluorination reactions (see Section 1.6.3), similar to those carried out using O!ah's 

reagent (Section 1.5.2). Spectroscopic studies of these systems are discussed here 

followed by their use In synthesis. 

1.6.2 Spectroscopy of Amlne.HF Systems 

The structure of RaN.nHF systems (R = alkyl) is not very well understood. 

Unlike the case of pyridine/HF, no crystallographic data of the complexes present in 

RaN.nHF mixtures has been published. N.m.r. spectroscopy has been used to investigate 

these systems in solution and so a discussion of the n.m.r. and also the i.r. of RaN.nHF 

and related systems, such as F-, HF and HF2- containing species, follows. 

1 .6.2.1 Nuclear Magnetic Resonance Spectroscopy 

Before we can discuss the n.m.r. spectra of RaN.HF salts, we need to review the 

literature data concerning the species that may be Involved in solutions of these salts 

i.e. F-, HF and HF2-

The literature covering the n.m.r. of fluoride ion In solution is very confused; 

different authors quote different signs for upfield and downfleld, references, solvents 

and concentrations, all of which affect the fluorine shift.The situation was Improved on 

the publication of a review by Hudlicky63, who repeated some of the n.m.r. 

experiments. 
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The following table is taken from that review63, and shows the variation of 

fluorine shift for each species as measured by various authors. 

Table 5 N.M.R. shifts ofF·, HF and HF2- . Chemical shifts are given in negative values 

of ppm upfield of CFCia. 

Sgecjes F- HF HF2-

KF(aq) -124.8 

KF(aq) -120.2 

KF(aq) -117.5 

Pr4NF -114.6 

HF(aq) -204.0 

HF(anhyd) -196.0 

BU4NHF2 -144.0 

Pr4NHF2 -149.4 

From this table we can make the general assumption that fluoride ion has a shift 

between -114-125ppm; H F between -160-200ppm and H F2- between -144-

149ppm. 

However, we must note that the shifts for fluoride ion were measured In either 

aqueous or aqueous organic solutions, and so are not really due to fluoride ion alone 

because of hydrogen bonding between F- and water. This was confirmed by Christe64, 

who has very recently prepared anhydrous tetramethylammonium fluoride (Me4NF). 

19F n.m.r. of this compound in solution (MeCN) showed a singlet at -73.2ppm, 

significantly shifted from other values for F- by about 40ppml However, Me4NF was 

found to react with the acetonitrlle32 to form HF2- (section 1.3.2.1 ), so the fluoride 

ion is still not "naked" but must hydrogen bond with acetonitrile as F- is such a 

strong base. 

Christe concluded that the large upfield shifts noted for fluoride ion in aqueous 

solution was probably due to the presence of HF2-, HF or both; the shift of the singlet, 

broadened by the rapid exchange between these species, depending on the relative molar 

amounts of each species. 

The lowfield shift for anhydrous Me4 NF is supported by solid state 

measurements on CsF, by Clark65. On reducing the water content In CsF samples a 

downfield shift occurs to the limiting anhydrous CsF case where the shift is -79ppm. 
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Hence, the amount of water present seems to be a controlling factor on the F· chemical 

shift. 

Intuitively, we would predict that on going from HF to F· , thus increasing the 

electron density on F, an upfleld shift would occur, such as In the case of 13C NMR (e.g. 

an upfield shift is observed on negatively charged carbon atoms In stable fluorinated 

carbanlons66). However In this case, on going from HF to F·, a downfield shift is seen. 

The change in electron density on F may be negligible due to the small size of the HF 

molecule. 

The shift of F· in Me4NF Is also dependent on the solvent (e.g. -136.7 In 

ethanol, -97 In dichloromethane)64. This could be attributed to the strength of the 

hydrogen bonding between the solvent and fluoride ion, but the work of Symons& 7 

showed that the trends in F· shift (19F NMR) in a series of different solvents was 

similar to the trends in the shifts of Xenon (129Xe NMR), as compared to 35CI NMR 

data. Xenon would not be expected to hydrogen bond with the solvents, so If the trends in 

chemical shifts of Xe and F· are analogous then the controlling factor behind the shifts 

must be the same, but not the strength of the hydrogen bonding with the solvent. 

However, the factors which effect the shifts in the Xe case are not stated. The ease of 

solvation of F· may be an important factor. 

However as a general rule we may observe that F·, HF and HF2· come in the 

following shift ranges:-

F· : -75ppm (anhydrous, ion-pair, e.g. Me4N+F·) 

F· : -114-125ppm (In presence of HF and HF2·. broad due to exchange) 

HF2· : -144-149ppm (JHF=122 Hz) 

HF : -160-200ppm (broad due to exchange) 

1 .6.2.1.1 Ba_N.nHF Systems 

The 1 H and 19F n.m.r. of R3N.nHF (n=1,1.5,2) systems were studied by 

Cousseau6B at room temperature and at -80°C, (Table 6). 
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Table 6 19f N.M.B. Spectra of 9aN.nHE Systems 

Chemical shifts are quoted as negative values upfield of CECI3 

Baam Iamgawum .:mok 
3F(E") 3F(HE2") 

Et:JN.HE -150.5 -123.6 -152.0 

(JHF=138Hz) 

Et3N.1.6HE -153.0 not observed -151.7 

(JHF=138Hz) 

EtaN.2HE -158.0 

Bu3N.HE -151.2 -125.3 -152.0 

(JHF=138Hz) 

Bu3N.2HE -159.2 

Hence, we may consider that amine.HE systems are a series of equilibria in 

solution:-

. 

....... 
/N: + 2HE 

H 
~NW+F+HF ........ (1) 

These assumptions agree with the observed singlet seen in the 19E spectrum at 

room temperature caused by fast proton and fluorine exchange:-

HF + E" F +HE (3) 
(4) 

So, In compounds with no "free HE", i.e. B3N.HE, we see signals due to E· and 

HF2· as the rates of exchanges (3) and (4) are slowed down due to excess amine. 

Cousseau concluded that Bu3N.HE exists in the Ionic forms in solution which give rise 

to both E· and HE2· signals. 

Apart from the low temperature n.m.r. of Olah on pyridine/HE systems47 (no 

E· or HE2· observed), this appears to be the only n.m.r. study performed on amine.HE 

complexes. 
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1.6.2.2 Infra Red Spectroscopy 

A short discussion of the Infra red data concerning HF and HF2· systems appears 

here, as we need to ascertain later whether Amine.HF salts contain these species. 

1.6.2.2.1 Hydrogen Fluoride 

The i.r. spectrum of hydrogen fluoride In the gas phase as well as in solution 

(CCI4) was measured89 and the absorption band found to be at 2.61 J.l. = 382ocm-1 . 

1.6.2.2.2 Hydrogen Difluoride Hfa.D 

The HF2· anion, a linear triatomic species, can exist either as a symmetrical 

(centred H) or an asymmetrical (non=centred H) species, as reviewed by Emsley70. 

Most difluoride species have a centred H, e.g. KHF2, as shown by X-ray 

crystallography and l.r. spectroscopy71,72. The very short R(F ... F) distance was 

measured to be 225pm. However, not all crystals have a perfectly centred HF2· anion. 

p-Toluidinium hydrogendifluoride forms a secondary hydrogen bond (N-H .. F-H-F) 

which displaces the proton from the central position 73. 

The i.r. absorptions for both symmetrical and asymmetrical difluoride anions 

are shown in Table 7, data from ref. 70. 

Table 7. Infra Red absorptjons for Hydrogen Plflyorjde Specjes 

~~ 

u1 Symmetric Stretch F-H-F 

'U2 Bend F-H-F 

+ t 
~~ 

u3 Assymmetrlc Stretch F-H-F 

~agmaiC£ lll ~ »a 
KHF2 centred Inactive 1225, 1274 1450 

Pr4NHF2 centred inactive 1255, 1315 1900 

p-Me-CsH4- non-centred 450 1080, 1230 1740 

NH3+HF2-

All absorptions measured in cm-1 . 

If the difluoride ion is centred u1 Is i.r. Inactive. The doublet observed for u2 in 

KHF2 is due to lattice energy effects lifting the degeneracy of this mode, not due to the 
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HF2- being asymmetric. In asymmetric HF2-. the doublet has a separation of 150cm·1, 

as In the case of p-toluidinium hydrogendifluoride. 

1.6.2.2.3 Trlalkylamlne Hydrogen Flyprlde Systems 

TheIR spectra of MeaN.nHF and EtaN.nHF complexes in solid argon matrices at 

10K were measured by Andrews74. Fundamental vibration modes for both the 1:1 and 

1 :2 complexes were measured for both systems. 

The vibrational modes for RaN.HF and RaN.2HF and the measured absorptions 

for each system are as follows:-

1:1 Complex 

R~N--H-F ll1 
R • lis • ) lis - HF fundamental stretching vibration 

MeaN.HF 

EtaN.HF 

R" ll1 - HF librational motion 

lis I cm-1 

2589 

2527 

ll1 I cm- 1 

1030 

The trimethylamine HF complex also shows two distinct perturbated C-N stretching 

modes. 

1:2 Complex 

MeaN.2HF 

EtaN.2HF 

lisa - H-F stretching mode for H8 - F 

llsb - H-F mode between Hb and fluorine In HaF 

lisa I cm-1 

1870 

1889 

llsb I cm-1 

2548 

In general the 1 :2 complexes were characterised by a strong band near the 1900cm·1 

region of •shared• proton vibrations. The vibrational spectra suggest that Ha is shared 

between N and the inside F. Hb-F is lengthened but Hb is too close to the terminal F for 

F •. H-F to be considered as an asymmetric dHiuoride ion. 
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1.6.3 Reactions gf Amine Hydrgflugrldes as Flugrlnatlnq Agents 

Amlne.HF systems, usually EtaN.3HF, have been used to carry out a range of 

fluorination reactions similar to those performed with pyridlne/HF. A comprehensive 

review of the reactions involving EtaN.3HF, 1Pr2NH.3HF and MeaN.2HF as fluorinating 

agents Is discussed here. Halex, halofluorlnation, sulphenylation fluorination, ring 

opening hydrofluorination and oxidative fluorination reactions are presented. 

1.6.3.1 Halgqen Exchange Reactlgns CHalexl 

Franz used EtaN.3HF to prepare fluoroacetone, cyanuric fluoride, 

dlfluorophosgene, oxalyl fluoride, and sulphur tetrafluorlde62. Other fluorinations of 

activated, chlorinated heterocycles have been performed75. 

N"""'N Et3N.3HF N"N 
lei) 

NMP, 80°C l_F) 
N N 

(83%) 

COCI2 
EtaN.3HF 

COF2 (100%) 

HB Et3N.3HF Hl?.: ~~~ I :) 60°C, 6 hr 
(93%) 

1 .&.a.z t:lllofiLio[iDIIIPD 

EtaN.3HF used in conjunction with N-halosuccinimides is a useful reagent for 

the halofluorlnation of alkenes76. The reactions are stereospecHically anti-additions 

and for unsymmetrical alkanes the orientation of addition follows Markownlkoffs rule. 

0 EtaN.3HF, NCS 
(82%) 

Et3N.3HF, NBS (78%) 

~~--~ -- ---~~----
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Similarly, bromofluorinations of allylic alcohols have been achieved77. 

Ph-CH=CH·CH20H 

(E) 

EtaN.3HF, NBS 
Ph-CHF-CHBr -CH20H 

(erythro) (54%) 

In halofluorinations of cyclic dienes, such as cyclodeca-1,5-diene, 

transannular x-participation of the second double bond is observed7B. 

EtaN.3HF, NBS 

F 
H : 

(78%) 

The same effect is seen in the halofluorination of norbornadiene where a variety 

of products are obtained79. 

£b EfaN.3HF, NBS 
+ Br~ 

F 

(57%) (38%) 

+ Br~ 
Br 

(5%) 

Similarly, transannular oxygen participation is seen in the halofluorination of 

9-oxabicyclo[6.1.0]non-4-eneBO. 

EtaN.3HF, NBS 
Br~0 ~ 

0 + 
~ ;,,F 

(75%) (25%) 
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1 .6.3.3 Sulphenylatlon Fluorination 

Stereoselective sulphenylation fluorination can be carried out using 
(MeSSMe2)+ BF4· with EtaN.3HF to form P-fluoro thio(methyl)ethers81, 82. 

0 + MaSSMe,BF4 
EtaN.3HF r'J·''''F 

~S-Me 
An alternative method of synthesizing P·fluoro thioethers is by first forming 

the episulphonium chloride by addition of phenylsulphur chloride to the alkene 

followed by ring cleavage by the fluorinating agent83. 

1 .6.3.4 Phenylselenofluorlnatlon 

p-phenylselenofluorides may be synthesized by the reaction of N­

phenylselenophthallmide with alkenes in the presence of EtaN.3HF in a one-pot 

reaction84. 
0 

ryM• __ o _ ___., 

v EbN.3HF 

Similar reactions are seen with alkynes85. 

phthai-SePh 

EbN.3HF 

1 .6.3.5 Ring Opening Reactions 

1.6.3.5.1 Azlrldlnes 

a F 

Me 

~SePh 

Ph SePh 

)==( 
F · CH3 

(89%) 

(86%) 

a,p-fluoroamines may be prepared by the ring opening of aziridines86. 

EbN.3HF ~~h 
H~~H + 
Ptl NHCOPh 

(69%) 

,Ph 

~H 
NHCOPh 

(17%) 
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The stereochemical course of the reaction depends on the relative stabilities of 

the aziridinium ion and the open carbonium ion and the nature of the fluorinating agent 

(acidity and nucleophllicity). In cyclic systems trans-fluoroamines were obtained by 

the reaction of N-activated aziridines with EtaN.3HF, whereas the cis compound is 

obtained with Olah's reagent86. 

F F 
EtaN.3HF ~Ph+~Ph 

NH2 NHC02Bu 

(41%) (29%) 

1.6.3.5.2 Azlrldlnlum !on 

Fluorodeoxyglucopyranosides have been prepared from altropyranosides 

bearing N,N-diallylamine and mesylate groups in a trans configurationS?, 88. 

EtaN.3HF 
(73%) 

Neighbouring group participation by the diallylamino group produces the 

aziridinium ion which is ring opened by fluoride ion resulting in a 1,2 shift of the 

nitrogen atom. The diallylamino group is then reduced using hydrogen on a palladium 

catalyst. Similar reactions have been carried out using this methodology89. 90. 

Triflate groups may be replaced by fluorine in carbohydrate systems using this 

idea91, 

1.6.3.5.3 Epoxldes 

Epoxide ring systems are regioselectively opened with amine.HF complexes to 

give the corresponding trans-addition products92, 93, 



28 Oo EfoN.3HF 

0 iP~NH~HF 
~OPh 

O
OH 

I .. 
~F 

OH 

~OPh+ 
F 

(1 OOo/o) 

F 

~OPh 
OH 

15:1 (75o/o) 

Optically active a,p-fluoroalcohols may be prepared from the corresponding 

optically active epoxide94-96. 

H 

OH .. OH (44o/o) 
"oH 

Me3N.2HF (57o/o) 

Fluoroalkyl epoxides give similar products97. 

(81 o/o) (19o/o) 

1.6.3.6 Oxidative Fluorinations 

Phenols may be oxidatively fluorinated at the anode to form 

dlfluorocyclohexadienones using EtaN.3HF with lead tetra-acetate98. 

OH 

6 Et3N.3HF 

Pb(OAc)4 

0 
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1 .6.3.7 Other Systems 

Mixtures of melamine/HF have been used in hydrofluorination reactions of 

alkenes99, 1oo (e.g. cyclohexene gives fluorocyclohexane in 98% yield). Recently, 

amine.HF systems have been used as catalysts in conjunction with chromium chloride 

impregnated support materials in the fluorination of carbon tetrachloride by HF to 

give a mixture of chlorofluorocarbons 1 01. 

Since the writing of this chapter, a review covering a similar subject area has 

been published102. This review concentrates on the use of the pyridine/HF system and 

is not comprehensive with respect to the trialkylamine hydrofluoride systems. Also, no 

discussion of the structures of hydrofluoride salts is present. 
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CHAPTER TWO 

1 .8-BisCdlmetbylamlnolnapbtbalene Hydrofluprlde cpstHE) as a 

potential Source pf Soluble Fluoride lpn 

2.1 lntrpductjon 

The types of fluoride ion reagent that are currently available have been 

discussed in Chapter One. However, there remains a need for a source of soluble 

fluoride ion, as reagents such as the alkali metal fluorides are largely insoluble in 

organic solvents which limits their use in organic synthesis. 

One obvious possibility is the use of amine.HF complexes, as reagents such as 

Et3N.3HF have already been used successfully as fluorinating reagents. Thus, we 

decided to investigate whether amlne.HF systems could act as fluoride ion donors in 

solution. 

However, problems associated with amine.HF complexes in solution are that an 

equilibrium exists between amine.HF, free HF, HF2- and the free amine, and the 

position of equilibrium will affect the reactivity of the amine.HF complex as fluoride 

ion donors. Factors which may affect this equilibrium are the base strength and the 

size of the hydrocarbon moiety of the amines. We therefore wanted to determine 

whether the proton of HF could be effectively "buried" In the hydrocarbon part of the 

amine thus leaving the fluoride ion free to react with organic substrates. 

Hence, a series of amine.HF complexes were synthesised and their reactivity as 

fluoride ion sources monitored. We chose sterlcally hindered, non-nucleophilic, strong 

bases as the carriers of HF in order to "bury" the proton as much as possible. The 

amine.HF complexes were then used as the source of fluoride ion in a range of 

experiments designed to measure their reactivity as fluoride ion donors. Details of the 

experiments performed are given in the following discussion. 

Initially we investigated the HF complex of Proton Sponge as PS is a very strong 

base (pK8 of the conjugate acid =12.3), sterically hindered around the basic site and Is 

a large molecule which should aid the solubility of the HF complex in organic solvents. 

A discussion on the preparation, structure, basicity, spectroscopy and reactions of PS 

follows. 
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2.2 1 .8-BisldlmetbylaminolNapbtbalene Cprpton Sppngel 

2.2.1 preparation 

1,8-Bis(dimethylamino)naphthalene was first obtained as an oil by Brown 1 03 

who reduced 1,8-dinitronaphthalene by tin chloride/HCI to form the diamine which 

was then methylated using excess methyl sulphate. Alder obtained the product as a solid 

(m.p. 4 7 -480C) by extracting into an aqueous pH 8 solution 1 04. An improved 

synthesis was published in 1972 when the dlamine was methylated using excess 

dimethyl sulphate In the presence of sodium hydride 105:-

+ 4 (CH30)S02 + 4NaH ---1=- + 4 NaS03(0CH3) 

+ 4H2 

1,8-Bis(dimethylamino)naphthalene is now marketed by Aldrich under the 

name "Proton Sponge", and will be referred to as PS in the following discussion. 

A series of other N,N,N',N'-tetrasubstituted compounds have been prepared 

from the parent diamine In a similar manner 1 06. 

2.2.2 Structure 

The structure of PS is especially interesting because of the steric effects that 

are encountered. The 1,8-naphthalene substituents are said to be peri to each other 

and are much closer to one another than to ortho substituents on the aromatic ring. 

Sterle strain of peri substituents may be overcome by (1) a stretching of the 

bonds; (2) in-plane deflection of substltuents; (3) out-of-plane deflection; (4) 

distortion or buckling of the ring. A stretching of the bonds is ruled out because of the 

high energy required for such a process and so a compromise situation is reached. 

Other factors in the case of PS are (1) there is no possibility of bringing even one of 

the dimethylamino groups into the plane of the ring; (2) if the methyl groups are out 

of each others way then the nitrogen lone pairs will be brought face-to-face; (3) If the 

nitrogen lone pairs are favourably situated, one pair of the methyl groups will 

interfere strongly with a nitrogen atom. 

Einspahr and Robert carried out an X-ray crystal structure determination 

(Fig. 2) to investigate these effects 1 07. 
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fjg._Z X-Ray Crystal Structure of 1 ,8-BisCdjmethylamjnolnaphtbalene 

. A rcprcscntalion or the molecule YieMd alon1 the 
C(9K(I0) bond. incluclinl ~eleeted intramolecular noa­
boncled distances. E.s.d. 's are about CHIS A ror the C-i-1 3M 
N-H diiaaoecs and abou& CHJ7 A for lbc H-H disiiDCCI. 

From the structure we can see that the naphthalene ring is non-planar and the 

molecule has accommodated the bulky peri substituents with surprisingly little 

strain. The C(ring)-N bonds have retained a significant amount of p-character, and 

two of the N-C(methyl) bonds remain In the plane of the ring. Close interlocking of the 

hydrogen atoms Is the key to the molecular conformation, the atoms of the methyl 

groups being neatly staggered with respect to the ring hydrogen atoms. 

2.2.3 Structure of 1 .8-BisCdlmethylamlnplnapbtbalene Salts 

Protonation of PS causes the following modifications to the structure 1 08; (1) 

the N-N distance is shortened as lone pair repulsions are eliminated (this is one 

contributing factor to the high basicity of PS); (2) the naphthalene ring becomes more 

planar; (3) In the N-H-N bridge the proton does not exist In a straight line between 

the nitrogen atoms. 

Errors In· X-ray crystallography limits the evidence for the proton existing In 

a symmetric or unsymmetrical N-H-N bridge. N1s ESCA studies109 on PSH+BF4· show 

two Inequivalent nitrogen atoms which suggests an unsymmetrical N-H-N bridge. This 

Is supported by positive proton NMR Isotope effects 11 o. 
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2.2.4 Basicity 

PS (pKa of the conjugate acid = 12.3) has a much greater basicity than the 

parent 1 ,8-naphthalenediamine (pKa 4.6) and ten million times greater than that of 

N,N-dimethylaniline (PKa 5.1 ). The reasons for this huge increase in basicity have 

been of considerable interest. Basicities of some substituted 1 ,8-diaminonaphthalenes 

are listed below (Table 8). 

Table 8. g~ Values for proton Sponge Conjugate Acids and Belated Compounds 

B B1 llKa 
Me H 12.1 

Et H 12.7 

Me Ole 16.1 

Et Ole 16.3 

The high basicity of PS type compounds is considered to be due to the following 

reasons; (1) relief of lone pair-lone pair repulsions on protonation resulting in a 

decrease in the steric strain of the system; (2) protonation gives a monocation with a 

very stable intramolecular hydrogen bond; (3) the naphthalene ring is forced to be 

more planar on protonation; (4) recent calculations suggest that the basicity is due to 

the destabilisation of the neutral form of PS because of its inability to form a hydrogen 

bond between the methyl groups and the nitrogen atoms 111 . 

The increase in basicity on addition of 2, 7 -methoxy substituents is attributed 

to the "buttressing" effect, the methoxy groups forcing the naphthalene ring to adopt a 

more planar configuration in the free base thus giving a greater relief In strain on 

protonation 112, 113. 

The high basicity of PS is accompanied by very low rates of proton transfer114 

due to the intramolecular hydrogen bond which Is stabilised by hydrophobic NMe2 

groups. Proton transfer is cc:msidered to be a two step process; the hydrogen bond is 

broken followed by deprotonation. This low rate of proton transfer means that PS has 

not found many uses as a base catalyst in organic syntheses (section 2.2.6). 
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2.2.5 Spectroscopy 

2.2.5.1 Ulfrayiolet Spectroscopy 

The long wavelength band of PS in the UV spectrum appears at 335nm (log 

£max 3.96) which is shifted to 285nm (log £max 3.78) on protonation 104. 

2.2.5.2 Infra Red Spectroscopy 

The Infra red spectra of PS salts have been studied by Polish workers 115-117. 

The protonic absorption band due to the protonic vibrations in the potential well 

between the two nitrogen atoms, i.e. N-H•-N, is found at low frequencies 115, e.g. 

PS/HBr at 543cm·1 . The absorption is dependent on the counter ion which interacts 

with the N-H-N bridge. A shift to higher frequencies is seen with an increase In the 

base strength of the anion and the isotopic ratio (ISR), vHivo, was found to decrease as 

the frequency increased. N-H-N stretching absorptions and ISR ratios are listed in 

Table 9. 

Table 9. N-H-N Intra Bed Stretchjng absoeptjons jn proton Sponge Salts, 

Acid 
HBF4 

HPFa 

HI 

HBr 

Pentachlorophenol 

x· 

Low absorption 
High ISB 

High absorption 
LowiSR 

l!§,..Lml'1 

463 

479 

509 

543 

590 

.ISB 
1.85 

2.05 

2.0 

1.7 

1.0 

The rich structure of this band was due to the coupling with other low 

frequency, internal vibrations of the naphthalene ring. Except for a narrow band at 

1200cm·_1, there are no absorptions at a higher frequency that may be due to protonic 

vibrations. 



35 
The IR spectra of the salts in acetonitrile solutions have been investigated117. 

In solution the protonation of PS Is seen in the absorptions of the methyl groups. The 

N-Me bands at 2900-3000cm·1 disappear for PS.HBF4 as the base Is still fully 

protonated In solution. Absorptions due to N-Me may still be seen If some free base 

remains In solution, as Is the case for PS.Pentachlorophenoi.The absorption at 

1576cm·1 in the free base due to the asymmetry of the buckled naphthalene ring also 

decreases In intensity when the base Is protonated as protonation causes a flattening of 

the ring removing the asymmetry. The protonic absorption band is a continua extending 

from 300-3000cm·1 • The interaction of polar solvent molecules cause drastic changes 

In the bridge geometry and hence the pOtential shape of the proton motion. For all PS 

salts the broad continua indicates complete dissociation has taken place. 

2.2.5.3 Nyclear Magnetic Resonance Spectroscopy 

The mode of rotation of the peri NMe2 groups In the free base Is an interesting 

question because of the steric considerations. At room temperature the methyl protons 

have a shift of 2. nppm (singlet) but at -1aaoc a 1 :1 doublet is seen, centred at 

2.74ppm (J = 25.6 Hz). The symmetry of the spectral changes suggests that 

conformational changes are taking place, the naphthalene ring flipping from the most 

stable C2 conformer through a C2v transition state to the other C2 conformer 118. 

Me, ,Me Me' /Me 

0 ·--)N---NE- ~ 
N N 

Me,.... 'Me Me/ 'Me 

CzV 

On protonatlon, the proton on the nitrogen is extremely deshielded and has a very high 

shift, e.g. PSH+BPh4- 3H+ = 18.46ppm 110, PSH+C02CF3" 3H+ = 19.5ppm 104. 

2.2.6 BeBctlpns 

PS is weakly nucleophilic for steric reasons and is recovered unchanged after 

four days reflux with ethyl iodide 104. PS has been used In organic synthesis as a strong 

hindered, non-nucleophilic base in base catalysed reactions 119-120, but the slow rate 

of proton transfer has limited its use. 



H 

CH3+0H + (CH3)30+BF4" 

Ph 

(R)-(+)-

0 
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Me 
PS 

PS 
H 

CH3+0-CH3 

Ph 

(R)-(+)-

(94%) 

(69%) 

Recently, PS has been shown to react with electrophiles in aromatic 

substitution reactions but these will be discussed in the introduction to Chapter 4. 
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2.3 The Hydrofluorlde Complex of 1 .8-BisCdlmethylamlnolnaphthalene 

Cproton Sponge\ 

2.3.1 preparation of PS/HE 

The PS/HF complex (1) is formed by adding the required 1:1 stoichiometric 

amount of an HF/ether solution to an ethereal solution of the base. The ether was 

removed to leave a white solid. Elemental analysis showed that the solid was a 1 :1 

base:HF complex. The PS/HF complex was completely soluble in acetonitrile and 

sulpholane. NMR, IR and mass spectrometry were obtained for the complex in an 

attempt to rationalise its structure and prove whether It exists as a simple salt or as a 

mixture of base, base.HF, baseH+, HF2· etc. Spectroscopic data is as follows. 

2.3.2 Spectroscopical Studies of PS/HF 

2.3.2.1 NMR 

1 H and 19F NMR spectra were recorded for the complex (1) dissolved in 

deuterated acetonitrile at 400MHz. The 1 H spectrum is shown overleaf (Fig 3). 

From the 1 H spectrum we can observe the following; (1) two singlets at 2.8 

and 3.0ppm; (2) about five peaks in the aromatic region; (3) broad peaks at 13.6 and 

18.7ppm. The 19F NMR spectrum consists of a sharp singlet at -169ppm at room 

temperature. 

From the literature we know that the peak at 18.7ppm is due to the protonated 

PS (N-H+ ... N) (c.f PSH+. CF3C02· at 19.5ppm104). The origin of the peak at 13.6ppm 

is uncertain. If it was due to HF2· being present in solution we would expect to see a 

doublet In the 19F spectrum at about -145ppm63 and this is not the case. Hence the 

peak at 13.6ppm is probably due to free HF. Thus the complex in solution probably 

exists as a mixture of base, protonated base In equilibrium with HF, as shown below. 

The broadened singlets seen at 2.8 and 3.0ppm may be explained as 

corresponding to PS and to protonated PS. Similarly, five resonances are seen in the 

aromatic region because of this mixture. 

The position of the fluorine resonance at -169ppm is downfleld from HF (-

180ppm) and upfield from fluoride ion (-112ppm) (from reference 63 and 
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established in section 1.6.2.1 for another base.HF system) and indicates an 

equilibrium between base, HF and fluoride ion. 

Low temperature solution state NMR studies were unsuccessful as the solid 

PS/HF precipitates out of solution at about -200C. 

However we can postulate that the PS/HF complex, a 1 :1 complex in the solid 

state, exists as an equilibrium between the free base, protonated base and HF In 

solution. These exchanges in solution generate fluoride ion which may be used as a 

source of soluble fluoride ion as discussed in section 2.4. ;, 

2.3.2.2 Infra Bed 

The literature concerning the infra red sPectra of related proton sPOnge salts 

both in the solid state and in solution have been discussed in section 2.2.5.2. 

The infra red spectra of PS and PS/HF complex were recorded in acetonitrile 

solution at 0.3 mol J·1 concentration. The region between 3000 and 1500cm·1 is 

shown below (Fig. 4). 

figure 4 

Solution Intra Bed Spectra of ps and PS/HF In MeCN 
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The Bohlmann bands at 2785, 2840, and 2880cm·1 (A) (Jit117. 2780, 2831, 

and 2869cm·1 ), are reduced on protonation but do not completely disappear as for 

fully protonated molecules 117. Hence we can conclude that there Is some free base 

present In solution which Is consistent with the 1 H NMR data above.The main difference 

In the PS/HF spectrum is the appearance of the large broad bands at 1840 and 

2050cm·1 (B), which are not seen in other PS salts 117. These must be due to N-H-F 

vibrations. Free HF occurs69 at 3820cm·1 and so we are observing the effect of the 

base complexing with the HF. A broad peak Is observed at 580cm·1 which agrees with 

results for other salts indicating that the N-H-N bridge has a bent geometry as we 

would expect. 

The IR spectrum of PS/HF In a Nujol mull gives different results. A large broad 

band is seen at 1800cm·1 which must be due to N-H-F vibrations. 

2,3.2.3 Mass Spectroscopy 

The PS/HF complex is not observed in the mass spectrum, the complex 

decomposing in the spectrometer even in the FAB mode, the most appropriate method 

for analysing salts. The peak seen at 215 corresponding to protonated PS is probably 

due to the free PS being protonated by the FAB matrix (methanol/glycerol). Thus FAB 

mass spectrometry was unsuccessful in determining the types of species present in the 

solid state of the PS/HF complex. 



41 

2.4 Reactions of pS/HE 

A series of experiments were performed using PS/HF as the source of fluoride 

ion in order to determine whether the complex could act as a fluoride ion donor in 

solution. 

PS/HF was used to catalyse C-C bond forming reactions (oligomerisations, 

perfluoroalkylations) and in C-F bond forming reactions (nucleophilic substitution 

reactions with a range of substrates). The results of the reactions performed using 

PS/HF as the source of fluoride ion are discussed below along with literature results 

using other sources of fluoride ion for comparison. 

2.4.1 PSIHF as a Catalyst In C-C Bond Forming Reactions 

2.4.1 .1 O!lgomerlsation Reactions 

It is well established that fluoride ion catalyses the oligomerisation reactions of 

perfluorlnated alkenes 121, cyclic alkenes 122 and alkynes 123. The source of fluoride 

ion is usually KF or CsF as heterogeneous catalysts and so a series of analogous 

reactions was performed using PS/HF as a homogeneous catalyst. 

Tetrafluoroethylene was not oligomerised using PS/HF as the catalyst even 

when the temperature of the reaction was raised to 11 0°C and the pressure of the TFE 

in the reaction vessel was raised to 1 0 bar. (This reaction was performed at the ICI 

Experimental Site, Widnes). 

Hexafluoropropene was dimerised to its thermodynamic dimer (2), as the only 

product by GC (72% yield, 100% conversion), at room temperature in two days using 

acetonitrile as the solvent with the hexafluoropropene in a 7:1 molar excess. 

r.t., 2 days 

CF3 '==/CF2 CF3 

/ " (72%) 
CF3 F 

PS/HF, MeCN 

( 2 ) 

The product dimer separates from the acetonitrile. The solvent layer can then be 

recharged with hexafluoropropene and the reaction repeated to give the same yield of 

dlmer, demonstrating the catalytic nature of the process. In an analogous reaction 

hexafi~Joropropene was dimerised to Its thermodynamic dimer (2) in 95% yield under 

the same conditions when CsF was used as the source of fluoride ion 121 . 
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Oligomers of perfluorocyclobutene 122 could not be isolated from its attempted 

oligomerisation using PS/HF as the catalyst in various solvents and at elevated 

temperatures. 

The co-dimer (3) of hexafluoropropene and perfluorocyclobutene is formed 

using PS/HF as the catalyst. However, the alkene (3) so formed reacts with the PS to 

form the annelation product (4). 

PS/HF + ~ + CF3-CF=CF2 
r.t., 2 days 

MeCN 

(2J%), (4) 
Orange Crystals 

+ Red solid 

( 5) 

The co-dimerisation process may proceed by the following route:-

~~ 
CF3 

1 0=<CF3 

CF3 

( 3) 

The perfluorlnated alkene then reacts further with PS and this reaction is 

discussed In detail in Chapter 4. 

The mechanism of these ollgomerisatlons may not be a simple fluoride ion 

catalysed process as proton transfer from the HF to the Intermediate carbanlon may 

take place. 

Attempts to form a stable perfluorinated carbanion, by the reaction of 

hexafluoropropene dlmer (2) and PS/HF, failed. Stable perfluorlnated carbanions have 

been synthesised In reactions between perfluoroalkenes and Csf=68. 
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2.4.1 .2 perfluoroalkylallon Reactions 

Fluoride ion catalyses perfluoroalkylation reactions of fluorinated heterocycles 

the carbanion formed on addition of fluoride ion to the fluoroalkene being trapped by 

the heterocycle , as outlined in the following mechanism. 

8 N 

- F- iQ(
RF F 

F F 

. 

F N F 

Previously, alkali metal fluorides have been used as the source of fluoride ion 

in perfluoroalkylation reactions between hexafluoropropene and 

pentafluoropyridine(6) 124, tetrafluoropyrimidine(9) 125 and trifluoro-s­

triazine( 13) 126. 

A series of perfluoroalkylation reactions of fluorinated nitrogen heterocycles 

by hexafluoropropene using PS/HF as the catalyst were performed and are tabulated 

below. 

0 
( 6) 

MeCN, r.t. 
7days 

MeCN, r.t. 
3days 

cfJ. 
N 

(7)(44%) 

6 
N 

(10) (27%) 

6 
N RF 

(8)(trace) 

AN 
RF 

·£~ + ) 

RF N RF N RF 

(11)(15%) (12)(39%) 
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RF RF 

N~N 
MeCN, r.t. 

N~N N~N 
l~) l:) + lFA 3 days 

N RF 

( 1 3) (14)(35%) (15)(8%) 

All products were identified by g.cJm.s. and 19F NMR as compared to the 

literature data. Yields were determined by g.c. for accuracy. 

In an analogous reaction, (6) was perfluoroalkylated124 by hexafluoropropene, 

using KF as the source of fluoride ion, to give (7)(94% yield) and (8)(trace) after 

heating In sulpholane at 130°C for 12. hr. Similarly, (9) was perfluoroalkylated125 

by hexafluoropropene, using CsF as catalyst, to give (11 )(45% yield) and 

(12)(43%) after heating in sulpholane at 1 00°C for 16 hr. Also, (13) gave 

(14)(39% yield), (15)(51 %) and the trisubstituted derivative (16)(5%) using 

CsF as the catalyst after heating in sulpholane at 7ooc for 20 hr. 

Comparison of perfluoroalkylation reactions using alkali metal fluorides and 

those using PS/HF as the source of fluoride ion show that much milder conditions are 

required when PS/HF is used. 

2.4.2 The Use of PSIHF in C·F Bond Forming Reactions 

A series of reactions designed to form C-F bonds were carried out using PS/HF 

as the source of fluoride ion in nucleophilic substitution reactions at unsaturated and 

saturated carbon. 

In all the halogen exchange reactions PS/HX (X = Cl, Br, I) precipitates as the 

reactions proceed as white solids. Hence the PS may be recovered by heating the PS/HX 

with base. 

2.4.2.1 At Unsaturated Carbon 

The reaction between PS/HF and benzoyl chloride gave a 76% yield of benzoyl 

fluoride at room temperature in acetonitrile after 24 hr. The yield was calculated from 

NMR integration, referenced to a benzotrifluoride marker. 

Hexafluoroacetone reacts with KF to form a carbinolate anion which can then be 

trapped by electrophiles 127. The KF-hexafluoroacetone complex was not isolated. 

PS/HF reacts with hexafluoroacetone to form the same type of species (17) which was 

observed by 19F NMR. 
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MeCN, r.t. 
PSH+ (CF3)~FO" 

( 1 7) 

The shift of the tertiary fluorine was -107.9ppm, deshlelded from usual C-F 

resonances indicating that the fluorine atom Is adjacent to an atom bearing a negative 

charge, as seen in the NMR shifts in perfluorinated carbanions66. The complex (17) 

was trapped by the electrophiles benzoyl chloride and benzyl bromide to give the 

products (18) and (19) respectively. 

PhCOCI, MeCN, r.t. 
+ PhCOF 

(18)(49%) (51%) 

(19)(61%) 

2,4-Dinitrochlorobenzene was fluorinated to 2,4-dlnitrofluorobenzene by 

PS/HF in 45% yield after 48 hrs reflux in acetonitrile. 

2.4.2.2 At Saturated Carbon 

Reactions between PS/HF and octyl Iodide, benzyl bromide and 1 ,2-

epoxybutane were performed and the results are shown below:-

CH3(CH2)sCH2I 
MeCN, reflux 

CH3(CH2)sCH2F (65%) 
24 hr 

PhCH2Br 
MeCN, reflux 

PhCH2F (72%) 
24 hr 

0 
MeCN, reflux 

~ no reaction 
48 hr 

C2Hs 
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Benzyl bromide is the most reactive species towards nucleophilic attack due to 

resonance stabilisation of the Intermediate carbocation. 

There is an Increasing need for reagents that can Introduce fluorine into 

biologically active molecules. Consequently we attempted to fluorinate the triflate and 

tosylate derivatives of dlacetone-0-glucose (20) which have previously been 

fluorinated by Bu4NF.3H20 128 and TAS-F129 respectively. 

The trlflate (21) and the tosylate (22) were prepared by literature 

methods129, 130, as shown below. 

( 2 0) 

(i) R = Trif, (CF3S02)20, 0°C, pyridine, CH2CI2 

(il) R = Tos, Tosyl Chloride, r.t., pyridine 

(21) R = Trlf 
(22) R = Tos 

There was no fluorination of the tosylate (22) after two days reflux in 

acetonitrile. The trlflate (21) was not fluorinated at room temperature. Refluxlng In 

acetonitrile caused the glucose to decompose and the trlflate salt of PS (23) was 

recovered. No fluorination of the glucose (20) could be detected. 

2.5 Summary 

We have shown that the PS/HF system Is stable, easily prepared, easily 

handled, does not corrode borosilicate glass and Is completely soluble In acetonitrile. 

and can be used as a source of soluble fluoride ion In a range of reactions. The PS/HF 

system has been used to catalyse C-C bond forming reactions and in C-F bond forming 

reactions. 

The structure of the PS/HF system In solution is uncertain but probably exists 

as a mixture of base, base.HF, baseH+.HF2· etc. in an analogous way to the Bu3N.HF 

system (Chapter 3). Whatever the structure of PS/HF and Its mode of action, the 

ability of PS to bind with HF to produce a source of soluble fluoride ion is clear. 
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A feature of the PS/HF system is that the PSIHX (X ... Cl, Br, I) salts, formed as 

products in halogen exchange reactions are insoluble In acetonitrile and precipitate out 

of the reaction mixture. 

e.g. 
PS/HF + C-CI PS/HCI~ + C-F 

The proton sponge free base can then be regenerated by heating these salts with 

sodium hydroxide solution. 

However, the fact that PS/HF reacted with the fluorinated alkene (3) in situ 

restricts the use of the system. We decided to investigate other base.HF systems as 

sources of soluble fluoride ion to determine the factors which may affect the ability of 

base.HF complexes acting as fluoride ion donors, as it is clear from the reactions 

performed using PS/HF as the source of soluble fluoride ion that amine.HF systems can 

be used as sources of soluble fluoride ion. 
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CHAPTER THREE 

BASE HYQROELUORIQE COMPLEXES AS pOTENTIAL SOURCES OF SOLUBLE 

ELUORIQE ION 

3.1 Introduction 

The success of the PS/HF system as a source of soluble fluoride ion prompted us 

to synthesize a series of sterically hindered base HF complexes. We hoped to determine 

the factors which governed the reactivity of these systems as fluorinating agents in 

order to develop the most efficient reagent. We hoped to distinguish between the effect 

of Increasing the steric hindrance around the basic nitrogen atom and base strength. 

After preliminary work in this laboratory5 we chose to compare hydrofluoride 

complexes of trialkylamlnes, pentamethylplperidlnes and tetramethylguanidlne. 

The literature concerning hydrofluoride salts has been reviewed In Chapter 

3.2 Trlalkylamlne Hydrpfluorlde Complexes 

The HF complexes of trialkylamines were prepared In the same way as the 

PS/HF system (section 2.3.1 ). I.e adding the required 1 :1 stoichiometric amount of an 

HE/ether solution to an ethereal solution of the base. 

The following base.HF complexes were prepared:-

R 3N.HF : (24) R=Ethyl, (25) R=Butyl, (26) R=Hexyl, (27) R=Octyl, (28) 

R=Dodecyl. 

3.2.1 NMB Spectrpscppy · 

1 H and 19f NMR spectra for each of the R3N.HF complexes were recorded at 

room temperature in deuterated acetonitrile. The proton resonance for the H-F proton 

occurs downfield between 10.8 and 12.7ppm as broad singlets as tabulated below 

(Table 1 0). All R3N.HF complexes give a singlet In the 19f NMR spectrum at room 

temperature between -154 and -159ppm (Table 1 0). 
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Table 10. NMB Chemical Shifts of BaN.HE. 1H shm for HE and 19f Shifts Only 

B SH SF 
Et 12.7 -154.8 

Bu 12.7 -1 57.1 

Hex 12.5 -157.0 

Oct 10.8 -156.6 
l)xtec 11 .6 -159.3 

No Information about the species that are present in solution can be gained from 

the NMR spectra at room temperature except to say that the HF has bound to the base as 

the fluorine shift is downfield from free HF. Consequently a study of the low 

temperature NMR of BuaN.HF complex was carried out and is discussed in the next 

section. 

3.2.2 Low Temperature NMR Study of Bua,tiJ:I.E 

Following the work by Cousseau88 we investigated the low temperature NMB 

spectrum of Bu3N.HF at -80°C in an attempt to ascertain the species that are present 

in solutions of Base.HF complexes. The spectrum obtained for Bu3N.HF complex at -

80°C is shown overleaf. 

Using the information discussed in Section 1.6.2.1.1 the following assignments may be 

made:-

~ 

-65.38 

-111.99 

-126.56 

-131.42 

-144.97 

-147.82 

-148.74 

-150.68 

-174.12 

triplet JH E = 123 Hz 

doublet JHF = 147 Hz 

Assjgnment 

lon Pair e.g Bu3NH+F· 

Fluoride lon F- hydrogen 

bonding with the solvent63 

Si-F or B-F from etched 

NMR tube 

SiFs2- from etched NMR 

tube84 

H2F3-

HF2- 83 

Bu3N.HF Complex88 

H(HF)0+ type speciesBB 
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The NMR spectrum at -aooc shows that there are a number of species present 

in solutions of Bu3N.HF systems. The peaks at -112 indicating F-, at -174 indicating 

H ( H F) n + species and the smaller triplet and doublet at -144 and -148ppm 

corresponding to H2F3· and HF2· respectively proves that a number of exchange 

processes must be occurring in Bu3N.HF solutions which may be summarised as 

follows:-

R3NH(HF)nF + R3N R3N ..... HF -=~ 

1 
HF 

R3N .•. H-F + HF 

HF 
etc. 

The peak at -112ppm is direct evidence for the existence of fluoride ion in 

Bu3N.HF solutions. All the exchange processes listed above must be occurring very 

rapidly for a singlet to result in the 19F NMR spectrum at room temperature.lt seems 

reasonable to assume the same model for all amine.HF systems in solution. 

3.2.3 Reactions 

Three standard experiments were carried out using each of the Base.HF 

complexes as the source of soluble fluoride ion. The reactions chosen and conditions are 

given below:-

1) Benzoyl Chloride 

PhCOCI MeCN, r.t., 1 day 
PHCOF 

2) Benzyl Bromide 

MeCN, reflux, 1 day 
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3) 2,4-Dinitrochlorobenzene 

Cl F 

MeCN, reflux, 2 days 

All reaction yields were calculated by 19F NMR integration on the Bruker 

AC250 spectrometer operating at 235 MHz with reference to a benzo trifluoride 

marker. This procedure was adopted to avoid loss of products in reaction work-up and 

hence provide a more accurate picture of the fluorinating ability of the base.HF salts. 

Yields for the three standard reactions using trialkylamine.HF complexes 

(24)-(28) as sources of fluoride ion are collated In Table 11. In all cases the Base.HX 

(X ... CI, Br) salts produced do not precipitate from solution unlike the PS case (section 

2.4.2). 

Table 11 . Reaction Yields Using Trlalkylamlne Hydrofluorjde Complexes as Sources of 

Fluoride !on 

Base,l::tE PhCOCI ebCI::t2Br Cioil[f2Cblf2[f2-

ber1zeoe 
(24) 91 18 34 

( 25) 88 12 84 

( 26) 90 17 77 

( 27) 68 14 61 

( 28) 79 1 1 14 

From the table we can make the following general observations:-

(1) Benzoyl Chloride Is easily fluorinated in good yield by all base.HF complexes. 

(2) Benzyl bromide did not fluorinate in good yield indicating that these systems are 

probably not very good reagents for SN2 processes. 

(3) Bu3N.HF appears to be the most efficient fluorinating agent. The DodecaN.HF shows 

less reactivity probably due to Its lower solubility. 
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3.3 Tetrametbylpiperldinium Hydrofluorlde Complexes 

2,2,6,6-Tetramethylpiperidine is a very hindered, non-nucleophilic base due 

to the steric constraints around the nitrogen atom caused by the a-methyl groups. N­

alkylation Increases this effect. 

Me 

r_l~Me 
~N, 
Me R 

Hence, we synthesized a series of pentaalkylplperidinium hydrofluoride 

complexes to determine whether these complexes are convenient sources of soluble 

fluoride ion. 

A large literature exists for tetramethylpiperidine bases and their derivatives 

as emphasised in a recent review 131 . Most of the work conducted in this field was 

directed towards the development of anti-ganglionic blocking drugs (29) (relieves 

hypertension) and in the development of iminoxy radicals for use in ESR (30). 

(29) 

R, ,....R1 
N 

MoD~ 
Me N Me 

I 
O· 

(30) 

The pKa's of the conjugate acids of tetramethylpiperidine (31) and 

pentamethylpiperidine (29) are 11.24 and 11.25 respectively. 

3.3.1 preparation of penta-alkylplperldlne Bases and Their 

Hydrofluorlde Complexes 

Both 2,2,6,6-Tetramethyl- and 1,2,2,6,6-Pentamethyl-piperidine were 

obtained commercially (Aldrich). The N-ethyl-, allyl- and benzyl-2,2,6,6-

tetramethylpiperidines (32-34) were prepared by reacting the parent piperidine 

(31) with the appropriate tosylate or bromide as shown below132. 
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>0< ( i ) .. 
I 
H 

( 31 ) 

1 (II) 

>0< ( 33) 

~ 
(i) Et-OTos, 100°C, 24 hr. 21% yield 

(li) allyl bromide, 5ooc, 3 days, 24% yield 

(iii) benzyl bromide, 1 oooc, 8 hr, 32% yield 

>0< 
I 
Et 

( 3 2) 

( 34) 

The HF salts of these five tetramethylpiperidine bases were prepared In the 

same manner as for all other HF complexes. i.e. pipette the required stoichiometric 

amount of HF/ether solution into an ethereal solution of the base. The following HF 

complexes (35)-(39) were prepared:-

- r'1 - .HF 

~N,K 
I 
R 

Each complex was totally soluble in acetonitrile. 

3.3.2 NMR Spectroscopy 

(35) R = H 
(36) R = Me 
(37) R = Et 
(38) R = allyl 
(39) R = benzyl 

Both proton and fluorine NMR spectra of each salt (35)-(39) were recorded in 

deuterated acetonitrile at room temperature. The resonances corresponding to HF in the 

proton spectra are collated in Table 12 along with the shifts of the singlets seen in the 

fluorine spectra. 
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Table 12. NMB Chemjcal Shifts for Poly-alkylpiperidjne.HE Complexes. 1 H Shjft for 

HE In Base.HE and 19E shifts Only 

Base. HF SJ..u: SF 
( 35) 9.30 -135.0 

( 3 6) 12.7 -148.9 

( 3 7) 11 .1 -1 43.9 

( 3 8) 12.1 -146.0 

( 3 9) 11.7 -152.4 

Again, no information about the nature of the species In solution can been 

obtained from the NMB spectral data at room temperature except to say that HE has 

bound to the base to form a complex. 

3.3.3 Reactions 

The same three standard reactions were performed as described In section 3.2.3 

using the piperidine hydrofluoride salts (35)-(39) as the sources of soluble fluoride 

ion. In all cases the Piperidine. HX (X = Cl, Br) produced in the nucleophilic 

substitution reactions remain in solution in contrast to the PS/HF system. 

Yields of the reactions are collated in Table 13. 

Table 13. Beactjon Yields Usjng pentaalkylpjperjdjne Hydrofluorjde Complexes (35)-

(39) as Sources of E!uorjde !on 

Base,I:IE PhCOCI PbCI:I2.Br Oic il[ccbh:m~-

beczene 

( 35) 83 25 49 

( 3 6) 64 84 78 

( 3 7) 78 38 94 

( 38) 55 no reaction 31 

( 3 9) 42 no reaction 23 

From the table we can make the following general observations:-

(1) Both methyl and ethyl tetramethylpiperldine HF complexes are good sources of 

fluoride ion showing good reactivity. These bases have about the same pK8 as 

tetramethylpiperidine and so there appears to be increased reactivity with increased 

sterlc hindrance around the nitrogen atom in these systems. 



56 

(2) Allyl and benzyl tetramethylpiperldine HF complexes show little reactivity as 

sources of fluoride ion. This is perhaps due to the following exchange processes 

occuring in solution decreasing the availability of the fluoride ion :-

.HF >0< 
I 
H 

3.4 Tetramethylquanidlne Hydrofluor!de Complex 

+ ~F 

Tetramethylguanidine is a very strong base (pKa of the conjugate acid = 
13.6) 133 and so it seemed a good alternative to PS in forming a hydrofluoride complex 

to use as a source of soluble fluoride ion. (PS/HF was found to react with certain 

substrates which limit its use (section 2.4.1.1 )). 

The HF complex of tetramethylguanidine was prepared in the same way as for 

other HF complexes and the two reactions were performed using this complex (40) as 

the source of fluoride ion. Benzoyl chloride gave benzoyl fluoride in 65% yield and 

dlnitrochlorobenzene gave dinltrofluorobenzene In 36% yield. 

Attempts to prepare pentamethylguanldine (41) were unsuccessful. The 

reaction between tetramethylguanidine and methyl iodide gives 

pentamethylguanidlnlum hydrlodide (42), In agreement with literature results 133. 

Attempts to remove the HI to generate pentamethylguanidine resulted in the formation 

of a mixture of tetramethylguanidine and pentamethylguanidine which could not be 

separated. 

3.5 Conclusions 

We have shown that a series of sterically hindered strong bases may be coupled 

with HF to produce complexes that may be used as sources of soluble fluoride ion in a 

variety of reactions. 

The most effective fluorinating reagents were the complexes of the strongest 

bases e.g. PS, ethyl-tetramethylpiperidine. 

To ascertain why these are the most effective reagents we need to find out the 

species involved in solutions of these complexes. Low temperature NMR is the best 

method for doing this but was unfortunately unsuccessful for these systems. However, 
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a 19F NMR spectrum of BuaN.HF complex was obtained at -80°C. From the spectrum 

we have shown that a series of equilibria are present forming a variety of species. 

Thus we can postulate that the success of a reagent as a fluoride ion source 

depends on the following equilibrium:-
k, 

k., 
For a good fluoride ion source k1 must be large and k.1 small. The equilibrium 

is improved by Increasing the base strength of the base (increases k 1 ) and the steric 

hindrance around the basic nitrogen atom (reduces k.1). 

However the situation is complicated by the fact that other equilibria are occurlng as 

seen in low temperature NMR. 
e.g. RaN.HF + HF RaNH+.HF£ 

Whether the presence of HF2· effects the reactivity of these reagents in these 

types fluorination reactions is unclear, but Bu4N+HF2· has been shown to be an 

effective source of fluoride ion in Its own right134. 

Comparison of the reactivities of the tetramethylpiperidine HF systems 

suggests that increasing the steric hindrance around the nitrogen atom causes an 

increase in fluoride ion reactivity. 

These preliminary studies give some idea about the nature of the reactivity of 

amine.HF complexes as sources of fluoride ion in that amine.HF complexes exist in 

solution as an equilibrium between numerous species which we have identified by low 

temperature NMR. Increasing the sterlc hindrance around the basic site In the amine 

appears to increase reactivity of the amine.HF systems as sources of fluoride ion. 

We have shown that amine.HF complexes can act as fluoride ion donors in 

solution in several nucleophilic substitution reactions, but the amine.HF systems can 

not be compared with alkali metal fluorides as their mode of reactivity involves an 

equilibrium situation. 
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CHAPTER FOUR 

ANNELATION REACTIONS BETWEEN 1.8-BISCDIMETHYLAMINO>· 

NAPHTHALENE CPROTQN SPONGE> ANP ELUORINATEP ALKENES 

4.1 Introduction 

Proton Sponge (PS) was found to react with fluorinated alkanes via the 

naphthalene ring in electrophilic substitution reactions to form novel products. 

Reactions of aromatic systems with electrophiles are well known 135 but only a few 

reactions between PS and electrophiles have been recorded and are reviewed below. 

Reactions between soft carbon nucleophiles with fluorinated alkanes have not been 

reported, to our knowledge. 

4.2 Electropbl!!c Substitution Reactions of 1 .8-BisCdlmetbylam!nol­

napbtbalene cps> 

4.2.1 Nitration 

PS is nitrated at the 4 position by a mixture of concentrated nitric and 

sulphuric acids. However a mixture of nitric and acetic acid produces the 1 ,4,5,8-

tetra nitrated product 136. 

NMe2 

N02 N02 
c.HN~ c.HN~ PS 

acetic acid c.H~4 

N02 N02 
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4.2.2 Bromlnat!on 

PS Is brominated to 4-Bromo-1 ,8-bis(dimethylamino)naphthalene by using 

bromine in conjunction with an iron/iron (Ill) chloride catalyst In 39% yield137. The 

same product is realised in greater yield (80%) on bromination with bromine in 

sulphuric acid138. 

The Grignard reagent of this 4-bromo derivative may be prepared and may 

undergo coupling reactions with other aromatic bromides to form potential 

monomers 137. 

+ 
Nl(dppe)CI2 

(20%) 

MgBr Br 

4.2.3 Alkylsulphlnatlon 

PS Is alkylsulphlnated in the 4 position 139. 

PS + CH3CH~I (43%) 

4.2.4 Eprmylatlon 

PS Is formylated using the complex of dlmethylformamide and phosphorus 

oxychloride (the Vilsmeir reagent) as formylating agent138. 4,5-dlformyl-1 ,8-

bis(dlmethylamlno)naphthalene is formed which then undergoes an intramolecular 

Cannizarro reaction to produce a naphthopyranone derivative in 36% yield. This 

reaction Is an example of an annelation reaction involving PS. 



PS 
DMF,POCI3 ~.heat 

CHO CHO 

- OH' 

4.2.5 Reaction with Dlnltrobenzofurazan CDNBZl 

PS reacts with the very strong electrophiles dinitrobenzofuroxan (DNBF) and 

dinitrobenzofurazan (DNBZ) to form zwltterionlc products 140, which exist as two 

conformers, proved by low temperature n.m.r, with restricted rotation around the 

C4-C7' bond141 . 

PS + NO•y:> ------~~ 
N02 

(DNBZ) 

Me 
\ Me-N -w 

\ 
N-Me 

' Me 

( 1 00%) 
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4.3 Reactions of 1 .8-BisCdlmethylamlnolnapbthalene with Fluorinated 

Alkanes C3l and C43) 

The success of the PS/HF system in catalysing the dimerisation of 

hexafluoropropene (section 2.4. 1.1) prompted us to try to prepare the co-dimer of 

perfluorocyclobutene and hexafluoropropene using PS/HF as the catalyst. 

PS/HF does indeed catalyse the co-dimerisation but the alkene so formed reacts 

further with the naphthalene ring of PS in an electrophillc substitution reaction to 

form two solid products which could be separated by column chromatography. The 

major product, an orange solid (4) was isolated in 21% yield. A red solid (S)(trace) 

was also isolated but remains unidentified. 

MeCN PS/HF + ~ + CF3-CF=CF2 
r.t., 2 days 

(21%), (4) 
Orange Crystals 

+ Red solid 
( 5) 

This reaction therefore revealed a range of possible reactions between tertiary 

aromatic amines and perfluorinated alkanes. Thus, the direct reaction between PS and 

the co-dimer (3) gave the same product (4) in a comparative yield (22%). 

Similarly PS reacts with the fluoroalkene (43) to give the annelation product (44), 

another orange solid , in 13% yield. 

( 4 3) 

reflux, 16hr 
MeCN 

(13%), (44) 
Orange Crystals 
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4.3.1 Structure Elucidation 

Before any mechanistic considerations (section 4.4) we must prove the 

structures of (4) and (44), which was done using all available spectroscopic 

techniques. As (4) and (44) have similar structures we will consider their spectral 

properties together. 

Both (4) and (44) gave satisfactory elemental analyses for C21H1sN2F1o and 

C23H1sN2F12 respectively and mass spectra in the Cl+ and Cl· modes. 

4.3.1.1 NMB Spectra of 14\ and 144) 

1 H NMB - The 1 H NMB spectrum of (4) consists of two singlets at 2.81 and 2.88ppm 

each having a relative intensity of six, corresponding to the NMe2 groups, and two AX 

systems in the aromatic region (6.79 - 7.85ppm) each with a relative intensity of 

two, thus corresponding to four aromatic protons. The two AX systems (JAx = 8.3 and 

8.8 Hz) indicate that the naphthalene ring must be a 1,4,5,8-tetrasubstituted 

derivative. 

Similarly, the 1 H NMB spectrum of (44) consists of two singlets (2.88, 2.94 

ppm) and two AX systems (6.86-7.52ppm, JAx = 8.4 and 8.8Hz). 

These results agree with a similar tetrasubstituted PS system (45)138. 

NMe2 2.83 2.81 NMe2~ 2.88 

6.70 6.79 6.98 

7.83 7.45 ~ 7.85 

CHO CHO 

( 4 5) 

(4) is an unsymmetrical molecule and so the NMe2 groups each give a singlet. 

The peak which Is further upfield is assigned to the NMe2 group with the more 

electronegative substituent on the 4-position of the same benzene ring which gives a 

deshielding effect, i.e we assume that (CF3)2C Is a more electron withdrawing group 

than the cyclobutene ring as more fluorine atoms are present in this substituent. 

Similarly, the aromatic protons are assigned in this way. 
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19f NMB - 19f NMR was essential in proving the structures for (4) and (44) and 

hence the orientation of Initial nucleophilic attack by PS on the fluoroalkene. 

19f NMR for Annelation Product 14) 

There are two possible sites of nucleophilic attack by PS on the fluoroalkene 

which would produce different products according to the mechanism outlined (section 

4.4). 

PS + 

2 1 

~CF3 
CF3 

jp~-2 

NMe2 

CF3 

( 4 6) 

Pathway 1 

(1 H NMR of (4) and (46) would be similar) 

( 4 ) 

(The red solid (5) isolated in small yield shows two singlets in the 19f NMR spectrum 

at -68.9 and -11 O.Sppm, and hence could not be (46). The red solid is most probably 

a hydrolysed product of (4) as the infra red spectrum reveals a peak at 1790cm-1 

which may be a carbonyl group. However, attempts to hydrolyse (4) failed.) 

We would expect (4) to give a 19f NMR spectrum consisting of three 

resonances (CF3, CF2. CF2) of relative Intensities 6:2:2, and (46) to give a spectrum 

consisting of four resonances (F, CF3, CF2, CF2) of relative intensities 1 :3:4:2. The 

spectrum obtained consists of three singlets at -67.2 (6F, 2CF3), -105.1 (2F, CF2) 

and -112.5 (2F, CF2) corresponding to structure (4). 
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19f NMB for Annelatlon Prodyct l44) 

Again two possible products could be envisaged. 

PS + 
Pathway 1 

I Pathway 2 

( 4 7) 

( 44) 

For structure (44) we would expect a 19f NMR spectrum consisting of four 

resonances (4CF2) with relative intensities of 2:2:4:4, and for structure (47) a 

spectrum consisting of five resonances (SCF2) with relative intensities 2:2:2:4:2. 

The spectrum obtained consists of four resonances; -1 04.9 (s, 2F), -114.6 (s, 2F), 

-135.2 (s, 4F) and -112.8 and -116.0 (AB, JAB = 250Hz, 4F); the spectrum along 

with the 19F 2-D COSY spectrum is shown overleaf (Fig 6). 

In the AB system, the peaks centred at -112.8ppm are broader than those at -

116.0ppm which is probably due to long distance F-H coupling. The fact that this Is an 

AB system is proved by the COSY spectrum, Indicating that the peaks at -112.8 and -

116.0 are Indeed coupled. Thus the COSY spectrum confirms that there are three 

singlets and an AB system with the required relative Intensities for structure (44). 

Also, the shifts of the CF2 groups in the cyclobutene ring substructures are 

similar for structures (4) and (44) as shown below. 
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~ -112.8-116.0, AB 

F • -135.2 

t 
-112.5 

-67.2 
t 

-114.6 

13c NMB - 13C NMR was not very helpful in establishing the structures of (4) and 

(44) because of the complexity of the spectra between 115 and 120ppm due to C-F 

coupling. However, peaks may be assigned for the •hydrocarbon hair of the molecules 

where C-F coupling is absent. 

13c spectra were assigned using the chemical shifts for published, unsubstltuted 

compounds as models106, and are collated in Table 14. 

Table 14, 13C NMR Qata for 1 ,8-lbjsdlmethylamlno)naphthalene Compounds 

(Aromatic Ring only) 

The following numbering system has been used for the naphthalene nucleus for 

both published compounds (48)-(51 ), (4) and (44). (For (4) and (44) positions 4 

and 5 are substituted). 

RN NR 

5 4 

u Q..:..2 

~ c..:.z 
( 48) 150.7 112.6 

( 4 9) 147.7 108.2 

(50) 151.2 113.0 

(51) 149.6 113.2 

( 4) 156.1 111.5 

152.9 108.9 

( 44) 158.2 111.4 

154.4 109.4 

(48) R = Me2 
2 (49) R = -CH2·(CH2)2·CH2· 

(50) R = -CH2-(CH2)3-CH2· 
(51) R = -CH2-CH2-0-CH2-CH2-

c..:..a ~ u ~ 

~ ~ 

125.4 121.7 120.5 137.8 

125.4 119.2 119.2 137.4 

125.3 123.4 120.8 137.7 

125.6 123.8 120.0 137.8 

130.4 107.7 121.4 134.1 

126.9 116.7 

135.8 107.4 unass 134.0 

128.6 unass 

N(Q.H3)2 

44.4 

43.5 

43.0 
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The assignment of the peaks is aided by the fact that non-quaternary carbon 

atoms, i.e.aromatic C-H, have low relaxation times and hence give large peaks. Thus C-

2, C-3, C-6 ·and C-7 are easily assigned. The shifts are similar to those reported but, 

of course, C-4 and C-5 substitution would alter their shifts slightly. 

For structures (4) and (44) C-2 has a greater shift value than C-7 (C-3 > C-

6 etc) as C-4 has the more electronegative substituent ((CF3)2C) causing a 

deshleldlng of that part of the naphthalene ring. 

C-1 and C-8 all occur at around 150ppm , as seen In table.14. 

A full assignment was not possible due to the complexity of the spectra but the 

four CAr·H peaks provide further evidence of a tetrasubstltuted naphthalene 

derivative for structures (4) and (44). 

4.3.2 Molecular Modelling of Annelallon prgduct 14) 

Molecular modelling studies were carried out by Dr. J. Morley, ICI. and 

predicted structures are shown overleaf (Fig 7). 

From the diagrams we see that the naphthalene ring Is slightly buckled and the 

lone pairs do not face each other but are parallel, much the same as in PS itself1 07. 

Hence we would predict that the annelation product (4) to have the same high basicity 

asPS. 
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Figure 7 

Computer Generated Structure of (4) 

i 
i 

I 
v' 

I (A) 

/ 

\ I 
I \ (B) 

(A) - Side-on View 

' . 

(B) • Head-on View • looking along the plane of the Naphthalene· Ring from above the 

Dimethylamlno ·Groups 
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4.4 Mechanism of the Annelation Reaction 

The following mechanism has been postulated for the reaction of PS with 

fluorinated alkenes (shown is formation of product (4)). 

! 

4.4.1 Orientation of Initial Nucleophilic Attack 

For each fluoroalkene (3) and (43) there are two possible sites for Initial 

nucleophilic attack. 

2 1 

~CF3 
CF3 

We have proved that pathway (1) is preferred and following is a rationale of 

these observations. 
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The potential Intermediate species for $ach pathway are as follows:-

( 1 ) 

(52A) (52~) 

( 2) 
F 

F~ 
CF3 

(53A} (538) 

We would expect the angle strain around the spiro carbon atom In intermediates 

(52A) and (528) to be much less than in (53A) and (538). The formation of 

intermediates via pathway (1) Is more energetically favourable and so the orientation 

of attack may be controlled by the angle strain In the reaction intermediates. 

Also, two Intermediate carbanlons are possible 142. 

Nuc CF 

~3 
CF3 

(54A) (548) 

When the nucleophlle is fluoride ion, (54A) is formed exclusively as shown by 

the formation of stable perfluorlnated carbanlons142. The stability of 

perfluorocarbanions Is governed by the substltuents on the carbanlon centre. 

Essentially, C·-F is destablllslng due to electron pair repulsions and C·-C-F is 

stabilising due to the Inductive effect143. However for fluoroalkenes (3) and (43) 

both are of the general formula (RF)2C·C(RF)2 and so the stabilising effects on each 

carbanion are apparently very similar. Also the Frontier Orbitals at each unsaturated 

carbon atom will have similar coefficients 144. Therefore we would not expect there to 

be any selectivity in the direction of nucleophilic attack if the stability of the 

intermediate carbanions are the controlling factor. 
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The direction of nucleophilic attack at C1 rather than C2 has been attributed to 

the Increased electronegativlty of carbon (C2) in the ring 143. This may be explained 

by a consideration of the hybridlsatlon of the orbitals on C1 and C2. 

sp2 hybridised orbitals are at 1200 angles and 5P3 orbitals are at 109° angles. 

sp3 hybridised orbitals have greater p character than SP2 orbitals, and conversely SP2 

orbitals have greater s character than sp3 orbitals. Also, s orbitals are more 

electronegative than p orbitals as s orbitals are closer to the nucleus of the atom. 

In the case of (54A) the angle of the orbitals forming the bonds in the ring are 

constrained to being less than goo. Hence, these orbitals are more like 8P3 orbitals 

than sp2 orbitals and so are rich in p character. Thus, the orbital containing the 

carbanion must be rich in s character. In the case of (548) the orbitals forming the 

bonds with the CF3 groups are at an angle of greater than goo and are not as rich in p 

character as in the case of (54A). So, the orbital containing the carbanlon in (548) Is 

not as rich in s character as in (54A). So, the orbital containg the carbanlon In (54A) 

has more s character than In (548). Orbitals richer in s character are more 

electronegative and so the carbanion · Is more stable In orbitals rich in s character. 

Thus the most stable carbanion Is (54A) and hence the most likely reaction 

intermediate. Thus the nucleophlle Initially attacks C1 for the more stable carbanion 

(54A) to be formed, in accordance with our findings. 
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4.5 Reaction of 1.8aBis(dlmethylamlnolnaphtha!ene with Perfluoro­

blcyclopentylldene (55) 

4.5.1 At low PllyJion 

When PS and fluoroalkene (55) were stirred overnight at room temperature in 

acetonitrile a dark olive green solid precipitated which was purified by 

recrystallisation to give flat, square, dark green crystals (56). 

Mass spectrometry and elemental analysis of this product gave a molecular 

formula of C24H1sN2F12 which is two fluorine atoms less than that of the expected 

annelation product (57). 

(57) 

No NMR spectra of the product were obtainable and so the structure of (56) is 

uncertain. Hence single crystal X-ray Crystallography is being attempted for a 

structure determination. 

The molecular formula of the product indicates that defluorination of the starting 

alkene has taken place. This can occur by reduction of the alkene in a 1-electron 

transfer process 145. 

+ e· ~F-

~ 
(55) 
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The diane (58) so formed could then react with PS in the following type of 

process 145. 

In a separate experiment 146 PS reacted with the diane (58) to give the same 

product as that obtained between the alkene (55) and PS. The reduction of alkene (55) 

to the diane (58) has previously been performed using a sodium amalgam route 145, 

and so this reaction shows the possibility of using tertiary amlnes as reducing agents 

(electron donors) In reactions of this type. 

The most probable structures are shown below. 

(56) 
(59) 

The structure Is most likely to be (56) because of the crystallinity of the product and 

the formation of molecular ions in the El+, Cl+ and Cl· mass spectra. However, an X­

ray structure is required. 

4.5.2 AI High Dilution 

Initially we thought that the product arising from the reaction between PS and 

perfluorobicyclopentylidene (55) gave the polymeric structure (59). Hence we 

repeated the reaction at high dilution In an attempt to isolate any monomeric products. 

Three products were isolated by column chromatography, the first compound eluted 

being (56).The second and third compounds had a remarkable appearance. The second 

compound eluted was bright green flakes (60) of a metallic lustre which in solution 

gave a purple colouration and the third compound eluted was purple flakes (61) of a 

metallic appearance which in solution gave a green colourationl Firstly we must 

attempt to prove the structures of these fascinating compounds. 
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4.5.2.1 Green Crystals C6Ql 

Mass spectrometry and elemental analysis suggest a molecular formula of 

~4H1sN2F120. 

1 H NMB - The 1 H NMB spectrum shows a singlet at 2.16 (12H, NMe2 groups) and two 

AX systems in the aromatic region between 6.95 and 7 .92ppm. 

The broad peak seen between 2.5 and 3.4ppm may be due to complexing between 

the solvent and the compound. This may explain the change In colour on going from the 

crystalline form Into solution. 

Each AX pattern has additional splitting on the more upfield peaks probably due 

to long-range proton-fluorine coupling. 

However, the singlet at 2.16ppm and the two AX patterns In the aromatic region 

corresponding to four protons indicate the presence of a 1 ,4,5,8-tetrasubstltuted PS 

system, as before. 

19f NMB- The 19f and 19f 2-D COSY NMB spectra are shown overleaf (fig 8). 

The spectrum consists of four resonances; an AB system between -111.0 and -

113.4ppm (relative intensity 4), a broadened resonance, essentially a singlet or 

pseudo AB, at -132.3ppm (4F), and two other singlets (pseudo AB) at -117.8 (2F) 

and -131.4ppm (2F). 

The molecular formula suggests that a structure similar to the expected annelation 

product (57) is present, with a CF2 group substituted by a carbonyl group. The infra 

red spectrum reveals a peak at 1720cm·1 which could correspond to the carbonyl 

group. Possible structures based on this assumption are shown below. 

0 

(60A) (SOB) 
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We would expect the CF2 group adjacent to the C=C double bond to be more 

easily hydrolysed and so it is unlikely that the structure is (60A). 

The AB system and singlet at -133ppm are similar to the shifts found for the 

spiro-cyclopentene substructure in compound (44) and are compared below. 

., /-112.8-116.0, AB 

.. -135.2 ~ -132.3 

The other two singlets are consistent with all three possible structures (60), 

(60A) and (608). However, because of the metallic nature of the compound, structure 

(60) is favoured as conjugation of the n: system is spread throughout the molecule. 

This structure would give the molecule charge-transfer properties as an electron 

donor group (NMe2) is connected via a conjugated n: system to an electron acceptor 

group (C=O). The molecules may then align in a one-dimensional stack, giving the 

crystalline state a metallic nature 14 7. These donor-acceptor properties may also 

explain the change in colour In going from the crystalline state Into solution. 

A final assignment of the 19F NMR spectrum is as follows:-



AB 

~ -132.3 
-117.8 _....,.. 

-131.4 

The analysis for (60) is slightly in error. This could be due to complexing with 

water, which is known for a-fluorocarbonyl compounds. If one molecule of water is 

present for each of (60) the analysis is correct. 

4.5.2.2 Purple Crystals (61 l 

Mass spectrometry and elemental analysis point to a molecular formula of 

C24H1sN2F1oO. Hence we would expect a structure similar to (56). 

1H NMB- Again we see a singlet at 2.16ppm corresponding to the NMe2 groups and two 

AX systems between 6.4 and 7 .4ppm, which point to a 1,4,5,8-tetrasubstituted PS 

system. 

The appearance of the broadened quartet between 2.6 and 3.1 ppm may again be 

due to complexlng of the compound with the solvent, which may explain the colour of 

the compound in solution.The proton decoupled 19f NMB spectrum shows that proton­

fluorine coupling does occur and this may explain the added complexity of the AX 

systems. 

19f NMB - The 19f NMR spectrum is very complex and 19f 2-D COSY spectroscopy 

was essential in determining which peaks were coupled, and is shown overleaf (fig 9). 

The COSY spectrum clearly shows the presence of five AB systems and the 

integrations confirm that these correspond to five inequivalent CF2 groups. The 

molecular formula suggests a structure similar to (56), so we can suggest the 

following structures, each having five inequivalent CF2 groups. 
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0 
(61) (61A) (618) 

We would expect the chemical shifts of the CF2 groups in the carbonyl 

substituted pentene ring to have similar values to those in the green crystals, 

structure (60). If we take the mid points of the AB systems and compare the shifts 

with the singlets in structure (61) this is indeed so. 

-117.6------
-117.8 _....., 

-132.4 .. 
-132.3 -~ 

Again structure (61) Is prefered because of the charge transfer properties 

associated with a fully conjugated x system connecting electron donor and acceptor 

groups. 

A final assignment of the 19F NMR spectrum of (61) Is below. Shifts 

coressponding to the mid-points of the AB systems are given. 

-117.6-...... 

-132.4 --~·~ 

0 
-123.7 

-121.2 

~--138.8 
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4.5.2.3 Mechanism of Hydrolysis to fgrm C6Ql and 161) 

Both green (60) and purple (61) crystals are the product of hydrolysis of the 

expected products via the following proposed mechanism. 

-- ( 6 0) 

The water may have been present in the solvent or hydroxyl groups on the 

alumina used in the separation may have caused hydrolysis. 
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4.6 Reactions of Perfluoroblcyclobytylldene C62l with Je rtl a ry 

Aromatic Amlnes 

It was of Interest to know whether fluorinated alkanes would react with single 

ring systems. Hence, the fluoroalkene (62) was reacted with PS, N,N­

dimethylanalline and N-methylindole. Although the reactions with the aniline and 

indole are not annelation reactions, we feel that It is wise to include them at this point 

as they are reactions between fluoroalkenes and soft, carbon, aromatic nucleophiles. 

4.6.1 Reaction with N.N-Pimetbylanlllne 

N,N-Dimethylaniline reacts with (62) to give the electrophllic substitution 

product (63) as white crystals in 73% yield. 

MeCN, reflux 

( 6 2) 
(73%) 

( 63) 

The 1 H NMR spectrum of (63) shows the familiar AA'XX' splitting pattern 

between 6.76 and 7.16 ppm (JAx= 8.7 Hz) indicative of a para-disubstituted benzene 

ring and a singlet at corresponding to the NMe2 group. 

The 19F NMR spectrum shows five resonances of relative intensity 1 :2:2:4:2 

which have been assigned in comparison with a similar unsubstltuted fluoroalkene 

(64), as shown below. 

-101.2 _ _.,.A. 
-119.0 ........ ~-+-- ... ~r----117.0-120.9, AB 

....,.._, -128.0-133.9, AB 

-114.0 
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-98.5 

+ 
-121.7~~~ -131-134, AB 

t t 
-116.5 -128-134, AB 

( 64) 

(63) gives satisfactory elemental analysis and mass spectra. 

4.6.2 Reaction with N-Methyllndole 

Similarly, N-methylindole reacts with fluoroalkene (62) to give the product 

(65) as white crystals in 46% yield. The orientation of electrophilic substitution in 

indoles will be discussed in section 5.5. 

()) + 0=0 
\ 
Me 

(46%) 

( 6 5) 

The 1 H NMR spectrum of (65) Is similar to those of adducts (73)-(75) as 

discussed In section 5.5. 

The 19F NMR spectrum is similar to that of product (63). Satisfactory analysis 

and mass spectra were obtained. 

AB 
~119.3 .. 

-100.6 .. 
~ -128.2-130.4, AB 
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4.6.3 Reaction with ps 

PS and perfluorobicyclobutylidene were stirred together in acetonitrile. 

Addition of water to the reaction mixture gave a white solid, elemental analysis giving a 

formula of C22H1aN2Fa02. Clearly hydrolysis of the expected annelation product had 

taken place. 

19F NMB of the product (66) gives two resonances; a singlet at -120.1ppm and 

an AB system at 129.8 and 133.8ppm with the same relative intensities. This suggests 

a symmetrical structure and we have tentatively suggested structure (66). 

NMe2 

0 

( 6 6) 

The singlet at -120.1 ppm is assigned to the CF2 groups adjacent to the carbonyl 

groups and the AB system to the asymmetric CF2 groups. 

The 1 H spectrum is more complex in the aromatic region compared to (4) and 

(44) and this may be due to isomeric forms of the product. The product (66) 

decomposes In the mass spectrometer so no confirmation of the structure is possible. 

The Infra red spectrum shows an absorption at 1770cm·1 which could be attributable 

to the carbonyl bonds. 

The product (66) may be formed by the hydrolysis of the expected annelation 

product, as follows:-
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OH" 

J 

( 66) 

4.7 SUMMARY 

We have shown that tertiary aromatic amines can act as carbon nucleophlles in 

reactions with perfluorinated alkanes. In particular, annelation reactions between 

1 ,8-bls(dimethylamino)naphthalene (PS) and alkanes (3) and (43) have been 

performed. A mechanism for this reaction has been proposed and reasons for the 

direction of nucleophilic attack on the fluoroalkene discussed. 

The general reaction may be extended to anlllnes and indoles. Hence we have 

discovered a general route for the nucleophilic substitution of fluorinated alkenes by 

soft carbon aromatic nucleophiles which, to our knowledge, has not been reported 

previously. 
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CHAPTER FIVE 

REACTIONS BETWEEN TERTIARY AROMATIC AMINES ACTING AS SOfT 

CARBON NUCLEOpHILES WITH FLUORINATED HETEROCYCLES 

5.1 Introduction 

The success of the reaction between tertiary aromatic amlnes and fluorinated 

alkanes (Chapter Four) prompted us to try reactions between tertiary aromatic 

amines and fluorinated heterocyclic systems. The reactivity of perfluoroheterocyclic 

compounds towards nucleophlles Is well known 148. 

Reactions between trifluoro-s-triazine and soft, aromatic carbon nucleophiles 

were performed. Some reactions between trichloro-s-triazine149 and aromatic carbon 

nucleophlles have been reported and are reviewed below, but we are unaware of any 

previous detailed investigations of reactions between trlfluoro-s-triazine and 

aromatic amines acting as carbon nucleophiles. The only comparable example that we 

have found in the literature is the reaction between trifluoro-s-triazine and N­

methylpyrrole 150 (see below). 

5.2 Nucleophilic SubsJitullon Reactions of Trlfluoroas•trlazlne 

Trifluoro-s-triazine is very reactive towards nucleophlles and reactions with 

0, N and perfluorinated carbanion nucleophiles have been well studied148. Some 

examples of nucleophilic substitution reactions of trifluoro-s-triazine are given 

below which proceed via the mechanism outlined previously in section 2.4.1.2. 
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~(Ill) 
CFaCFCF2 
CsF, (iv) 

Conditions and Yields 

(i) r.t., THF, 2 hr, 74% 

(ii) ooc, Ether, 1 hr, 90% 

(iii) r.t., THF, K2C03, 2 hr, no/o 
(iv) 70°C, sulpholane, 20 hr. n=1, 39%; n=2, 51%; n=3, 5% 

5.3 Reactions between Trlcbloro-s-trlazlne CCyanurlc Chloride\ and 

Tertiary. Aromatic Amlnes Acting as Carbon Nucleophlles 

5.3.1 With N.N-Dialkylanlllnes and Joluidines 

Reactions between cyanuric chloride and N,N-Dialkylanillnes were studied by 

Shaw 151. It was found that the aniline acted as a ambident nucleophile to give a mixture 

of products of types (IIA), (lilA) and (IVA), as outlined in the following scheme. 



87 

(II II 

(lA) 
FN ~ -
N~)-N-D (II A) 

! 
N,..._N 

R ACI~ R 
'N N N' (IVA) 

6 6 
Table 15 is taken from this paper151 and a discussion of the results follows. All 

reactions were carried out in the absence of solvent at a temperature of 90°0 for 8 

hours. 
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Table 15. Beactjons Between Cyanuric Chlorjde and N.N-Pialkyl Anllines and 

Tolujdlnes. 

Amine Conversion 

( %) 

92 

95.5 

74.5 

38.6 

75.0 

77.5 

(Ill) 

( %) 

30 

40 

55 

(II) 

(%) 

55 

70 

60 

100 

45 

100 

From the table the following points may be rationalised:-

(IV) 

( %) 

45 

(1) N,N-Dimethylanlline gives only the nitrogen substituted product (II). 

(2) N,N-Diethylaniline gives a 1 :2 mixture of carbon substituted product to nitrogen 

substituted product (II). There is an increase in the amount of carbon substituted 

product with increasing alkyl chain length on the nitrogen. This was accounted for by 

the increased steric hindrance around the nitrogen atom and the increasing inductive 

effects of the alkyl chain making the p-carbon more activated towards electrophilic 

substitution. 

(3) Both the 2- and 4-methyl toluidines yielded only the nitrogen substituted 

products. For the 4- isomer reaction can only occur at the nitrogen; no ortho­

substitutiQn was observed. With the 2- Isomer, the 2-methyl group prevents the NEt2 

group from conjugating with the ring and hence decreases activation towards 

electrophilic attack and so only the nitrogen substituted product is obtained. 
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In reactions between N,N-dialkylnaphthylamines and cyanuric chloride the 

carbon substitution product forms exclusively 152. This was attributed to the greater 

activation of the naphthalene ring towards electrophilic attack and steric hindrance of 

the nitrogen by the peri hydrogen atom. 

The carbon substituted compounds (II) have been patentect153. 

The UV, IR and 1 H NMR spectra of the carbon substituted compounds were 

presented in a separate paper154, but details will be included later in the discussion 

for comparison with our data. 

5.3.1.1 Mechanism 

A mechanism for the formation of the carbon substituted compounds of cyanuric 

chloride has been postulated155, and is shown below. The reaction Is claimed to proceed 

via successive n and a complexes. The charge transfer complexes may be seen by UV 

spectroscopy. 

----
7t Complex 

5.3.2 With s-Membered Heterocyclic Rings 

Et....._+,Et 
N 
I 

Cl 

a Complex 

-HCI 
(Ill) 

Pyrroles are electron rich heterocycles that react readily with a wide range of 

electrophiles. Generally, substitution at the 2-position Is favoured over the 3-

posltlon as the Intermediate carbocatlon formed Is more extensively delocallsed156, as 

shown below. 
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E ctH C-3 0 + e• C-2 Qe 

N N N H 
I I I 
H H H 

l 1 
E +QE d-H N H 

I 

~ H 

H 

t 
C!<E 

I H 
H 

Reactions between cyanuric chloride and furans, pyrroles and thiophenes have 

been studied in a series of publications by Chakrabarti and Todd for the Ulley Chemical 

Company. Initially, a metallated derivative of the unsubstituted thiophene or pyrrole 

was used to couple with the triazine to produce the desired dihalogeno-heteroaryl-s­

triazine 157. The metallation involved either reaction with n-butyl lithium or 

formation of a Grignard reagent, as shown below. 



Me 
I 
N U v + 

Et 
I 
N U v + 

('S")/MgBr 

u + 

91 

N~N 

l~~ 

(50%) 

Me N,....._N YCI) + 
N 

N,....._N Me N,....._N 

"CI I I Cl) 
~N N ~N 

(2:1 ratio) 

s 

In a subsequent publication 158, the use of a metallated species was found to be 

unnecessary and a series of pyrrolyl-s-triazines were produced by electrophilic 

substitution reactions. 

Me 
I Me'Q 

Me 

+ Benzene 

reflux, 2 hr 

Me 

Me 
I 
N 

(74%) 

Me 

Unusually, the reaction of cyanuric chloride with 2-acetyl-1-methylpyrrole 

gave an equimolar mixture of two products 159. 



0 Me 

MeAO + 

92 

PhBr 
reflux 
20 hr 

Cl 

+ 

CH2 Me 
I 
N 

(31 %) 

(29%) 

This reaction proceeds via the Intermediate (V) which is the likely product of 

the reaction of cyanuric chloride with an acetyl derivative 160. 

In similar work, Shaw reported the reaction of cyanuric chloride with N-ethyl 

pyrrole and indole to give carbon substituted electrophilic products 161 . 

The reaction between trifluoro-s-trlazine and N-methylpyrrole was 

recorded 150. 

Me 
I 
N 

0+ benzene 

However, no spectral data appears in the publication and no detailed investigation of the 

reactions of trifluoro-s-triazine appears in the literature. 

The pyrrolyl-dichloro-s-triazines have been patented as anti parasitic 

agents 162 and fungicides 163-165, showing biological activity against fungi such as 

anthracnose (Collectotrichum lagenarium), rice leaf spot disease and grey mold of 

grapes (Botrytis cinerea). amongst others. 

The hydrolysis of (N-methylpyrrol-2-yl)-dichloro-s-triazine was 

studied150. Successive hydrolyses to the triazin-2-one and then to the triazine-2,4-

dione by sodium hydroxide in water was found. 
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Pyrazoles also react nucleophilically with cyanuric chloride via a metallated 

species 166. 

benzene (30%) 
r.t., 16hr 

However, reactions with the more basic heterocycles such as imidazoles, 

thlazoles, benzothlazoles, and pyridines do not give electrophllic substitution products 

but instead give quaternary salts. For example, pyridine reacts with 2-chloro-4,6-

dimethoxy-s-triazine to give the unstable chloride salt which slowly hydrolyses to the 

hydroxide 166. 

0 N 

acetone, r.t. 

(46%) 
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RESULTS AND QISCUSSION 

5.4 Reactions of Flyorlnated Trlazlnes with pyrrgles 

Both pyrrole and N-methylpyrrole react with trlfluoro-s-trlazine ( 13), 

perfluoroisopropyl-s-triazine (14) and perfluorodiisopropyl-s-triazine (15) to 

form electrophilic substitution products (67)-(72), in good yield. 

R 
I 
N 

0 
(67) R=H, R1 =F, R2= F 

(68) R=H, R1 =F, R2=RF 

(69) R=H, R1=Rf, R2=RF 

(70) R=Me, R1=F, R2=F 

(71) R=Me, R1=F, R2=RF 

(72) R=Me, R1 =Af, R2=RF 

MeCN, reflux 

2 hr 

The products were precipitated from the reaction mixture by adding water and 

then purified by vacuum sublimation. 

Electrophilic substitution occurs at the 2-position of the pyrrole ring, as 

expected, and this is proved by the values of the proton-proton coupling constants 

(section ·5.4.1.1). 

Yields, melting points and UV spectral data for compounds (67)-(72) are 

collated in table 16, below. Satisfactory elemental analyses and mass spectra were 

recorded for each compound (67)-(72). 
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Table 16. Yields. melting points and uy spectra of pyuolyl-s-trjazlnes 

R1 

R N~N 
if A N R2 

Compound R R, R2 Yield (%) m.p. Amax (nm) 

No. (OC) (log, o£) 

( 6 7) H F F 65 156-160 310.1 

(4.48) 

( 68) H F 71 112-115 336.0 

(4.41) 

( 6 9) H 68 64-66 344.8 

(4.58) 

( 7 0) Me F F 45 117-118 314.6 

(4.44) 

( 71 ) Me F 54 110-111 324.5 

(4.38) 

(72) Me 48 88-89 349.4 

(4.33) 

(RF = (CF3)2CF-) 

5.4.1 Spectroscopy of pyrrolyl-s-Trlazlnes 

5.~.].] 1H HMB 

All products (67)-(72) gave similar proton NMR spectra and are collated in 

table 17. The spectra were assigned with reference to shifts of similar pyrroles 

bearing electron-withdrawing substituents at the 2-posltlon taken from the 

literature 167; two literature compounds are included In table 17, for comparison. 
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Table 17. 1 H NMB Spectra of PYrrolyl-s-triaz!nes. Chemical Shifts <JH, Hl. 

H(Me) 
I 

H-2 a-·· 
H-3 H-4 

Compound N-H N-CH3 H-2 H-3 H-4 

(J2,3) (J3,4) (J2,4) 

H 
6.91 6.03 6.64 I 

{YCN 
A 

H 
6.76 5.90 6.54 I 

{YC02Me 

( 6 7) 10.30 7.23 6.40 7.34 

(2.3) (4.0) ( 1.6) 

( 6 8) 10.62 7.27 6.43 7.40 

(2.4) (4.0) ( 1 .2) 

( 6 9) 9.50 7.15 6.31 7.29 

( 1. 7) (3.5) (1.5) 

(70) 4.04 7.14 6.27 7.44 

(2.4) (4.0) ( 1 .8) 

(71) 4.12 7.35 6.33 7.52 

(2.3) (4.2) (1.8) 

(72) 4.07 7.05 6.32 7.66 

(2.3) (4.2) ( 1. 9) 

The ring proton coupling constants for pyrroles are diagnostic of the position of 

substitution. Typical values for the coupling constants in pyrrole rings are as 

follows 167:-

J2,4 1.35-1.80 < J2,5 1.95-2.30 < J2,3 2.40-3.10 < J3,4 3.40-3.80 

The 1 H NMR spectrum of (70) is shown overleaf (Fig. 1 0), and Is typical of 

the spectra obtained for compounds (67)-(72). From the spectrum we can see that the 

resonance at 6.27ppm has coupling constants 2.39 and 4.00Hz, and the resonance at 

7.43ppm has coupling constants 1.80 and 4.2 Hz. From the list of typical values of 

coupling constants above we can assign the resonance at 6.27ppm to be H-3, and at 

7 .43ppm to be H-4. Hence, the pyrrole has undergone substitution at the 2-posltion, 

as expected from the electrophilic substitution mechanism outlined in section 5.3.2. 
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5.4.1 .2 19f NMR 

The 19f NMR shifts for compounds (67)-(72) are tabulated below (Table 18) 

along with the shifts of the unsubstituted triazines126 (13)-(15), for comparison. 

Table 18. 19f NMR Shifts for pyrrolyl-s-Trjazjnes. 

Qamgguol:i Biog E QEa ~ 

( 1 3) -30.4 

( 1 4) -30.4 -74.4 -183.8 

( 1 5) -30.5 -74.8 -185.2 

( 6 7) -39.7 

( 6 8) -39.7 -74.4 -184.5 

( 6 9) -74.4 -1 84 I 7 

( 70) -45.6 

( 71 ) -38.4 -74.2 -184.3 

( 72) -75.0 -185.2 

The spectra are as expected by comparison with the shifts of the parent 

triazines (13)-(15). 

5.4.1.3 13c NMR 

13c spectra were recorded for compounds (68)-(72), (67) being too 

insoluble for a 13c spectrum to be obtained. 

The 13C NMR shifts for the carbon atoms in the pyrrole ring were assigned by 

comparison with similar literature compounds bearing electron withdrawing groups at 

the 2-position 167. Assignment of these peaks is helped by the fact that there is not any 

C-F coupling and so the peaks are singlets. Also, peaks due to aromatic C-H are large 

due to their short relaxation time. 

13c NMR shifts for the pyrrole ring carbons in the pyrrolyl-s-triazines are 

collated in table 19. Shifts for two literature compounds are also included for 

comparison. 
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Table 19. 13C NMB &blfl& fs:u ~X[[gla Biog Car:bgo AJgm& io ~):[[glxl-&-![iazioas 
(68)-(72) 

N(Me) 
I 

C-5 
()<lrlazlne 

.,. .....__C-2 

/ ' C-4 C-3 

C{cunpguJJd N-CH.a ~ ~ ~ .c..:.5 

H 
133.8 121.8 112.3 129.8 I 

~CHO 
A 

H 
133.4 118.5 111.2 127.0 I 

~COMe 
A 

( 6 8) 128.5 121.2 114.5 130.5 

(69) 128.2 121.3 114.3 130.6 

( 70) 39.2 136.1 123.3 111.1 128.0 

( 71 ) 39.3 136.8 123.9 111 .5 128.0 

( 72) 39.1 137.7 124.7 111 .9 128.1 

The assignment of the peaks for the triazine ring carbon atoms in (68)-(72) 

is more complex as C-F coupling is present. Typical coupling values for 1 bond C-F 

coupling (1 Jc-F). 2 bond (2Jc-F), 3 bond (3Jc-F) and 4 bond (4Jc-F) are as 

follows 168:-

1 Jc-F = 158 - 408 Hz 

2Jc-F = o- 103 Hz 

3Jc-F = o - 43 Hz 

4Jc-F = o - 24 Hz 

Examples of C-F coupling in a related system are as follows and may be taken as 

a guide in assigning the spectra of (68)-(72). 
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For mono-, di- and trl-substltuted trlazlnes we would expect the following 

peaks to be seen in the 13C NMR spectrum, given that carbon couples with fluorine 

through at least four bonds. 

F 

!__ d d (
1 
Jc·F· 

3 
Jc-F) N~N 

).lA 
Pyrrolyl t N F 

t (3 Jc-F) 

d ( 1J 2J 3J ) F 
q q C-F• C-F. C-F ----t•CF3t1-C-F3-- 1 2 ....---- d sept ( Jc-F. Jc-F) 

N ~N d d sept ( 2Jc-F, 3Jc-F. 3Jc-F) 

).l k~-----d d (1Jc-F. 4Jc-F) 

Pyrrolyl t N F 

d d ( 3 Jc-F• 4 Jc-F) 

F 
q d q ( 

1
Jc-F. 

2
Jc-F, 

3
Jc-F)----t•CF3:t .... C-F3-- 1 2 ...._;;,.__ __ d sept ( Jc-F. Jc-F) 

d sept d ( 2Jc-F. 3Jc-F. 4Jc-F) 
N N 

PyrrolyitNA CF, 

I cF0 
t( 4Jc-F) 

Using these models and expected Jc-F values as a guide the 13C NMR spectra for 

(68)-(72) have been assigned as shown in table 20. 
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Table 20. 13c NMB sbjfts for Triazine Bing Carbon Atoms jn pyrrolyl-s-Trjazjnes 

(68)-(72) 

Monosubstituted Trjazine <70) 

F 

I C-4 
N~N 

)l ~ C-6 
Pyrroly! t N F 

C-2 

QampouDd 12:..2 ~ 

t (3J) d d (1J, 3J) 

( 70) 172.3 (14) 172.0 (226, 19) 

Disubstjtuted Trjazjnes C68l and <71 l 

F 

C-a CF3iCF3 c-p 

C-4 
N ~N 

~A 
Pyrrolyl t N t F 

C-2 C-6 

Qampoui'Jd ib2 ~ ~ ~ Q:1i 
dd dd dd dsept qd 

(3J, 4J) (2J, 3J) (1J,4J) (1J, 2J) (1J,2J) 

( 68) 170.4 169.2 171.2 90.9 121.3 

(13, 3) (22, 12) (229, 3) (211' 33) (288, 27) 

(71) 170.2 168.2 170.3 90.3 120.8 

(13, 3) (21, 12) (228, 3) (211' 35) (288, 27) 
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Trjsubstjtuted Trjazjnes (69) and C72) 

QQmpound ~ ~ ~ .Q.:A 

t dd dsept qd 

(4J) (2J, 3J) (1J,2J) (1J, 2J) 

(69) 166.5 165.9 90.4 120.8 

( 3) (22, 4) (211' 33) (288, 27) 

(72) 166.6 165.5 90.2 120.7 

( 3) {22, 3) (218, 33) (288, 27) 

The complete 13C NMR spectrum of compound (72) Is shown overleaf (Fig. 11). 
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5.5 Beactlgns gf Elugrlnated Trlazlnes With N-Methyl!ndg!e 

N-methylindole reacted with the triazines (13)-(15) to give electrophilic 

substitution products (73)-(75), respectively, in good yield. 

F 

~+ N~N MeCN, reflux 

~N/ 
' Me 

,)l A 30 mins 
R1 N R2 

(73) R1 =F, R2= F 

(74) R1=F, R2=RF 

(75) R1=RF, R2=RF 

lndoles are very nucleophilic heterocycles and react easily with electrophiles. 

Electrophllic substitution occurs preferentially at the C-3 site rather than at C-2, in 

contrast to pyrrole systems, because the intermediate cation formed by attack at C-3 

is more stable than that formed at C-2 as the positive charge may be delocallsed 

without involving the benzene ring part of the molecule 156. 

~ + C-3 
~N/ +E 

' Me 

eX> 
' Me 

l 
~E 

Me 

-Yields and melting points for compounds (73)-(75) are collated in table 21, 

below. Satisfactory elemental analyses and mass spectra were recorded for each 

compound (73)-(75). 
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Table 21 I Yields and meltjng points of lndolyl-s-trjazlnes 

Compound No. 

(73) 

(74) 

{ 7 5) 

Yield {%) 

78 

90 

87 

m.p. (OC) 

244 

190-194 

205-206 

5.5.1 Spectroscopy of lndolyl-s-Tr!azjnes 

5.5.1 .1 1 H NMB 

The 1 H NMR spectrum of (74) is shown overleaf (Fig 12). From the spectrum 

we can see five protons in the aromatic region. The four multiplets are due to the indole 

ring protons and the singlet corresponds to the proton at the 2-position of the indole 

ring, by comparison with literature data 167. This singlet proves that the electrophilic 

substitution has taken place at the 3-position as long range coupling would be seen if 

the 3-proton was present. 

5.5.1.2 19f NMB 

19f NMR spectra for the indolyl-s-triazines were similar to those found for 

the pyrrolyl-s-triazines and were assigned in the same way I The 19f NMR shifts for 

the indolyl-s-triazines (73)-(75) are collated in table 22. 

Table 22. 19f NMR Shifts for lndolyl-s-Trjazjnes~(73l-C75) 

eompeu[ltj ~c. BiDQ E QEa .Q:.E 

(73) -40.2 

(74) -39.2 -74.2 -184.2 

( 7 5) -74.2 -184.4 
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5.5.1 .3 13c NMR 

A 13C spectrum was recorded for compound (74), but (73) and (75) are too 

insoluble for 13C spectra to be obtained. 

The 13C NMR shifts for the carbon atoms in the indole ring were assigned by 

comparison with similar literature compounds bearing electron withdrawing groups at 

the 3-posltion 167. Assignment of these peaks is helped by the fact that there is not any 

C-F coupling and so the peaks are singlets. Also, peaks due to aromatic C-H are large 

due to their short relaxation time. 

13C NMR shifts for the indole ring carbons in the indolyl-s-triazines are 

collated in table 23. Shifts for two literature compounds are also included for 

comparison. 

Table 23. 13c NMB shifts for Indole Rjng Carbon Atoms jn lndoly!-s-Trjazjnes (74) 

C-4 

l R C-5 C-6(;Jj-a I C-2 
C-7 ~ N 

C-8 t \ 
H(Me) 

C-9 

B ~ ~ Q.:..4 ~ ~ Q..:..Z ~ ~ 

COle 133.4 116.2 122.0 120.9 120.9 111.4 124.4 135.9 

00 138.1 118.2 123.3 122.0 120.8 112.3 124.2 137.1 

(74) 140.5 111.7 127.2 124.0 123.0 112.0 124.6 139.6 

The similar 13C shifts of literature compounds and the product (74) is further 

proof of the position of substitution at the 3-position. 

The 13C NMR shifts for the triazine ring carbon atoms were assigned in the 

same way as for the pyrrolyl-s-triazines. The shifts for the triazine ring carbons in 

the pyrrolyl compounds (68), (71) and the indolyl compound (74) are tabulated 

below (Table 24) for comparison. 
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Table 24. 13c NMB shjfts for Trjazjne Bjng Carbon Atoms jn lndo!yl-s-Trjazjne (74l 

(Same nomenclature as in Table 20) 

QQmggu[JQ u ~ u .c..:..a. ~ 

dd dd dd dsept qd 

(3J, 4J) (2J, 3J) (1J, 4J) (1J, 2J) (1J, 2J) 

( 6 8) 170.4 169.2 171.2 90.9 121.3 

(13, 3) (22, 12) (229, 3) (211' 33) (288, 27) 

( 71 ) 170.2 168.2 170.3 90.3 120.8 

(13, 3) (21' 12) (228, 3) (211' 35) (288, 27) 

(74) 175.0 168.1 170.3 90.2 120.8 

(13, 3) (multiplet) ( 22 9) (21 0, 33) (28/, 27) 

5.6 Reaction of Tetrafluoropyrimldine With N-Methyllndo!e 

N-methylindole also reacts with tetrafluoropyrimidine, which is less activated 

towards nucleophilic attack than trifluoro-s-triazine, to give a similar electrophilic 

substitution product (76) as yellow crystals (m.p. 231 OC) in 36% yield. 

MeCN, reflux 

16 hr ( 76) 
(36%) 

Satisfactory elemental analysis and mass spectra were recorded. The product 

was too insoluble for NMB spectra to be recorded. 
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5~7 Reactions of Fluorinated-s-trjazjne with Anllines 

5~7~1 Reaction of Trlf!uoro-s-trjazlne with N~N-Pimethy!aniline 

Trifluoro-s-triazine reacts with N,N-dimethylani!ine to give the carbon­

substituted product (77} exclusively, as brown-red crystals (m.p. 234-237°C} in 

28% yield. 

+ 
MeCN, reflux 

16 hr 
(77}(28%} 

The 1 H NMR spectrum proves the carbon-substituted structure (77} as shown. 

The spectrum shows a singlet at 3.1 Oppm corresponding to 6 protons and an AA'XX' 

system in the aromatic region (6.80 and 8.28ppm, JAx = 9~0 Hz), corresponding to 4 

protons, as is usual for a 1 ,4-disubstituted benzene ring. This agrees with 1 H NMR 

data for an analogous compound produced by Shaw in the reaction between cyanuric 

chloride and N,N-diethylaniline 154 I 

The reaction between cyanuric chloride and N,N-dimethylaniline gave no 

carbon substituted product 1 51 I This shows that trifluoro-s-triazine is more 

susceptible to nucleophilic attack than trichloro-s-triazine~ 

5~7~2 Reaction of Perfluoroisopropy!-s-tr!azine C14l with N~N-

Dimethyl- and Dlethyl-anil!ne 

Similarly perfluoroisopropyl-s-triazine (14) reacts with N,N-

dimethylaniline to produce the carbon-substituted product (78} in 36% yield. Again, 

1 H NMR proves the structure of (78) and is included in table 25. 

However the reaction between N,N-diethylaniline and triazine (14) is not as 

simple. The same work-up procedure was used to obtain a yellow solid which gave 

elemental analysis and mass spectra consistent with the formula C1sH14N4Fa. 1H and 

19F NMR revealed the presence of two products which must be isomers from the 

elemental analysis. The 1 H NMR spectrum of this product mixture is shown overleaf. 
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The major product seen in the NMR spectra is the expected para substituted 

product (79A) which gives a triplet and a quartet at 1.20 and 3.49ppm respectively 

and an AA'XX' system at 6.80 and 8.27ppm (JAx=9.6Hz) in the 1 H NMR spectrum. 

The minor product must be the ortho substituted isomer (79} as shown below. 

+ 
MeCN, reflux 

3 hr 

{78) R=Me, 36% yield, only A formed. 

{79) R=Et, 45% yield, A:B = 69:31. 

(A) {B) 

The nitrogen substituted product (80) was prepared directly from N­

ethylaniline and triazine (14) as a white solid (section 5.9) for comparison of NMR 

data 

The formation of ortho-substituted products has not been noted before In 

reactions between cyanuric chloride and anilines 151 (section 5.3.1 ). 

5.7.3 Reaction of perfluorodlisopropy!-s-trlazlne (15) with N. N­

Dimethyl- and Piethyl-anjljne 

Reactions between N,N-dimethyl- and diethyl-aniline and triazine {15} both 

gave a mixture of isomers {81 A}-(828}. 

{81} R=Me,77% yield, A:B = 44:56 

{82) R=Et, 72% yield, A:B = 63:37 

(B) 
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5.7.4 Collected NMR oata For Phenyl-s-Triazlnes (77l-C82l 

Although products (77)-(82) could not be separated from their respective 

ortho isomers, the 1 H and 19F NMR shifts for these compounds could be assigned from 

the spectra of the mixtures of isomers (Table 25). 

Table 25 1 H NMR Spectra of Phenyl-s-trjazjnes <Z7)-C82A) 

QQmgguor::t ~ AA''g'g' J.Ax~ 

System 

( 7 7) 3.10 6.80, 8.28 9.0 

( 7 8) 3.40 6.98, 8.65 9.4 

(81 A) 3.08 6.67, 8.36 9.2 

(79A) 1.20 3.49 6.80, 8.27 9.6 

(82A) 1.18 3.42 6.65, 8.33 9.2 

!able 26 19E ~MB Specl[a gf ~-Pbeoyl-s~ ![iB;!;iD&S (ZZHB2Al 

CQmgguo~ BingE ~ .c..:..E 
( 7 7) -40.1 

( 7 8) -37.2 -74.3 -184.8 

(81 A) -73.7 -184.0 

(79A) -43.5 -7 8.1 -188.2 

(82A) -73.1 -183.8 

The enhanced reactivity of the triazlnes (14) and (15) must be the reason for 

the formation of the ortho substituted products. All the ortho substituted products give 

complicated 1 H NMR spectra each having four aromatic protons. The 19F NMR spectra 

of the ortho substituted compounds are similar to the spectra recorded for the para 

substituted compounds, as expected. 1 H and 19F NMR are listed in the appendix. 

5.7.5 potential Use gf Compounds C77l-C82Al as Non-Linear Optic 

Molecules. 

Organic molecules with an electron donor group connected to an electron 

acceptor group via a conjugated n system may show charge transfer properties, i.e. 

electron density transferred from the donor part of the molecule to the acceptor part 

thus creating charge separation. There is a great amount of interest in using these 

types of molecules in non-linear optical devices 169. Their fluorescent properties have 
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been studied170. It is beyond the scope of this thesis to consider the physics of these 

systems but the following molecules, which all have donor-acceptor structures, 

exhibit physical properties of interest to non-linear optic theory111. 

CN 
0 OI-l 

0 

We may consider the phenyl-s-triazines to have the following structure:-

This donor acceptor structure is plausible as fluorinated triazine rings have 

been shown to be capable of supporting a negative charge in the formation of stable a 
complexes 172. 

+ CsF 

In computer modelling studies (81A) was found to be non-planar, the benzene 

ring being at an angle to the triazine ring, as shown below (Fig 13). 
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Figure 13 

Computer Generated Structure of (81 l 

\ 

This twisted geometry may give rise to unusual fluorescent properties as seen 

in molecules of a similar structure. Indeed, the fluorescent properties of 2-(N,N­

diethylamino)-4,6-dichloro-s-triazine have been studied170. 

Computer calculations suggest that molecules of the type (77)-(82A) do 

exhibit non-linear optical behaviour but are no better than more readily available 

molecules. 

5.8 Reaction Of 1.8-BisCdtmetbylamipolnapbtbalene with Irlfluorp-s-

trlazlpe 

1 ,8-Bis(dlmethylamino)naphthalene reacts with trlfluoro-s-trlazlne to 

produce a tetrasubstltuted naphthalene derivative (83) as red crystals In 53% yield. 
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+ 
MeCN, r.t. 

(83)(53%) 

1 H NMR of the product (83) is similar to those of the annelatlon products (4) 

and (44) as discussed In Chapter 4, proving the tetrasubstltuted naphthalene 

structure. Elemental analysis and mass spectra were obtained consistent with the 

assigned structure. 

5.9 Reactions of Fluorinated as-trlazlnes with N-Etby!anlllne 

Reactions between trifluoro-s-trlazine and secondary amines are well known 

as outlined in section 5.2. Reactions between N-ethylanlllne and the triazines (13) and 

(14) were performed to ascertain whether any carbon substituted products were 

formed. We found that only the nitrogen substituted products (84) and (80} were 

produced In 69 and 89% yield respectively. 

(84) R = F 

(80) R = (CFa)2C F 

The position of substitution of the triazine ring is proved by the 1 H NMR 

spectra. No N-H resonances are seen indicating that the N-H proton has been 

substituted. Also, five protons are seen in the aromatic region rather than four protons 

forming an AB system which we would expect for a carbon-substituted product. 

19F NMR, mass spectra, UV spectra, IR spectra and elemental analyses were 

obtained for (84) and (80) in accordance with the assigned structures. 
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We may conclude that N-H is a stronger nucleophile than the activated aromatic 

ring acting as a carbon nucleophile. 

5.10 Reaction of TriUupro-s-trlazlne with 2-CN.N-Dimetbvlamlnpl­

Metbpxvbenzene 

Trifluoro-s-triazine reacts with 2-(N,N-dimethylamino)-methoxybenzene to 

produce the nitrogen substituted product (85) in 31% yield. 

(j
NMe

2 
OMe 

+ 

" 
MeCN, reflux 

16 hr 
( 8 5) 
(31 %) 

The structure is proved by the 1 H NMR spectrum. Four protons are seen in the 

aromatic region and there are two singlets at 3.47 and 3.84ppm each having a relative 

intensity of three indicating that one methyl group on the nitrogen atom has been 

substituted. 

19F NMR, mass spectra, UV spectra, IR spectra and elemental analyses were 

obtained for (85) in accordance with the assigned structure. 

This resuh indicates that the 2-methoxy group prevents the NMe2 group from 

conjugating with the ring thus decreasing activation towards electrophlllc attack on the 

ring, in agreement with Shaws' resuUs in reactions between 2-toluidine and cyanuric 

chloride 151 (section 5.3.1 ). 

5.11 Reaction pf Trlflupro-s-Jrlazlne wt.Jb N.N.N' .N'-TeJrametbyl-

1.4-Diamlnpbenzene 

Trifluoro-s-triazlne reacts with N,N,N',N'-tetramethyl-1,4-diaminobenzene 

to produce the nitrogen substituted product (86) in 15% yield. 



117 

NMe2 
N,.....N 

Me, ~F J 
N"'N MeCN, reflux N N 

+ lF) ( 8 6) 
16 hr (15%) N 

NMe2 

NMe2 

The structure of (86) is proved by the 1 H NMR spectrum.Two singlets at 2.97 

and 3.50ppm with relative intensities 6 and 3 respectively Indicate that one of the 

methyl groups has been substituted. Also, the AB system (6. 78 and 7 .17ppm 

(JAe=8.9Hz)) indicative of a para-substituted benzene ring remains. 

19F NMR, mass spectra, UV spectra, IR spectra and elemental analyses were 

obtained for (86) in accordance with the assigned structure. 

The nitrogen-substituted product is obtained as the 4-position is blocked. No 

ortho substituted products were obtained, in agreement with Shaws' results in the 

reaction between 2-toluidine and cyanuric chloride 151 (section 5.3.1 ). 

5.12 Reaction between 2-CN. N·D I meth yla ml nol-pyrldl ne and 

Perfl u o rod I-I sop ro pyl·s-trlazl ne 

2-(N,N-Dimethylamlno)-pyridine reacts with perfluorodi-isopropyl-s­

triazine to give the pyridinium hydroxide salt (87) after the reaction was washed with 

water. 

MeCN, reflux 
6 hr, H20 

(47%) 

No carbon substituted products were obtained in agreement with Chakrabarti's 

results 166. 
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The 1 H NMR spectrum shows a singlet at 3.25ppm corre.:» ponding to the NMe2 

group and four protons in the aromatic region. Elemental analysis is consistent with a 

molecular formula of C1sH11 NsF140. 

5.13 Summary 

We have shown that pyrroles, indoles and tertiary anilines can act as carbon 

nucleophlles In reactions with perfluorinated heterocycles in electrophllic 

substitution reactions. 

Pyrroles are substituted at the 2-posltlon, as proved by 1 H NMR coupling 

constants, whereas indoles undergo substitution at the 3-position, proved by 1 H and 

13C NMR, which is in accordance with the literature 1 67. 

Tertiary anilines react via the para carbon atom to form electrophllic 

substitution products. The reaction is complicated by the formation of the ortho species 

when the nucleophile is stronger. 
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EXPERIMENTAL SECTION 
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INSTRUMENTATION 

Gas liquid Chromatography (g.c.) analysis was carried out on a Hewlett Packard 

5890A gas chromatograph fitted with a 25m cross-linked methyl silicone capillary 

column. Preparative g.c. was performed on a Varian Aerograph Model 920 

(catharometer detector) gas chromatograph. 

Fractional distillation of product mixtures was carried out using a Fischer 

Spahltrohr MMS 255 small concentric tube apparatus. Boiling points were recorded 

during distillation. Melting points were carried out at atmospheric pressure and are 

uncorrected. 

Carbon, hydrogen and nitrogen elemental analyses were obtained using a 

Perkin-Elmer 240 Elemental Analyser or a Carlo Erba 1106 Elemental Analyser. 

Analysis for halogens were performed as described in the literature. 

Ultraviolet spectra were recorded on a Perkin-Elmer Lambda 2 or a Pye­

Unicam PU 8720 UV/Vis spectrophotometer. 

Infra Red spectra were recorded on either a Perkin-Elmer 457 or 5n Grating 

Spectrophotometer using conventional techniques. 

Proton NMR spectra were recorded on a Hitachi Perkin-Elmer R-248 

(60MHz), a Bruker AC250 (250MHz) and a Varian VXR400S(400MHz) NMR 

spectrometer. 

Fluorine NMR spectra were recorded on a Varian EM3601 (56.45MHz), a 

Bruker AC250 (235MHz) and a Varian VXR400S (365MHz) NMR spectrometer. 

Carbon NMR were recorded on a Varian VXR400S (1 OOMHz) NMR 

spectrometer. 

Mass Spectra of solid samples were recorded on a VG 7070E spectrometer. G.c. 

mass spectra were recorded on the VG 7070E spectrometer linked to a Hewlett Packard 

5790A gas chromatograph fitted with a 25m cross-linked methyl silicone capillary 

column. 

REAGENTS 

In general chemicals were used as received from suppliers (Aldrich, Lancaster, 

Fluka) and solvents were dried by literature procedures. 
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CHAPTER SIX 

EXPERIMENTAL TO CHAPTER TWO 

6.1 preparation of HE/Ether Solution 

Anhydrous Hydrogen Fluoride gas was bubbled through dry diethyl ether 

(100m!), under anhydrous conditions,which was contained in an ice cooled FEP bottle. 

Face masks, gloves and an efficient fume hood are essential when handling anhydrous 

HF. The concentration of HF was determined by titrating an aliquot of the ether solution 

with a standard solution of sodium hydroxide using phenolphthalein as the indicator. 

e.g. a 1 ml aliquot of HF/ether solution required 5.65ml of 1. 192M NaOH solution 

giving a 0. 134gHF/ml solution. 

6.2 preparation of 1 .8-BisCdimethylamlnolnaphtha!ene Hydrogen 

Fluoride Complex (PS/HFl 

1 ,8-Bis(dimethylamino)naphthalene (Proton Sponge) (1 .5g, 7mmol) was 

dissolved in the minimum amount of dry diethyl ether and the required 1 :1 

stoichiometric amount of the HF/ether solution (0. 134gHFlm!f (1 .05ml, 7mmol) 

was added by pipette. A white solid immediately precipitated and the ether was 

carefully removed under reduced pressure to leave 1 .8-Bjs(djmethylamjno\­

naphthalene hydrofluorjde (PS/HF) (1 )(1 .62g, 98%); m.p. 117-118°0; (Found: C, 

69.7; H, 8.5; N, 11 .5. C14H 19N 2F requires C, 71 .8; H, 8.1; N, 11 .95%); i.r. 

spectrum 1; n.m.r. spectrum 1; mass spectrum 1. 

The preparation was repeated many times as the material was required usually 

on the 3g scale, but was scaled up to 25g without any problems. In all the following 

reactions 1 ,8-Bis(dimethylamino)-naphthalene hydrogen fluoride complex will be 

referred to as PS/HF. 

6.3 Reactions using PS/HF as the Catalyst In C-C Bond Forming 

Reactions 

6.3.1 Attempted O!igomerisat!on of Tetraf!yoroethylene 

This experiment was carried out at the ICI Experimental Site, Widnes with Dr. 

J. Hutchinson and Mr. M. Martin on 30/1/90. 

A 0.51 autoclave was charged with PS/HF (23g, 98mmol) in 

dimethylformamide and a-Pinene (2 drops) was added (to inhibit any free radical 

reactions). The autoclave was flushed out with dry nitrogen four times and then with 
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tetrafluoroethylene three times. Then tetrafluoroethylene was added up to a maximum 

pressure of 10 bar and a maximum temperature of 11 0°C. No pressure drop was 

observed on the manometer. Consequently, on cooling, the autoclave was opened to 

reveal a red solvent layer and no lower fluorocarbon layer. 

6.3.2 Dlmerlsation of Hexafluoropropene 

A Carius tube was charged with PS/HF (1.63g, 7mmol) and acetonitrile 

(35ml), and hexafluoropropene (7.34g, 49mmol) was transferred under vacuum to 

the tube which was cooled in liquid air. The tube was sealed and allowed to warm to 

room temperature in a steel casing and then agitated on a rotating arm for 48 hr at 

room temperature. The tube was opened to reveal a lower fluorocarbon layer which 

was collected and determined to be the thermodynamic dimer of hexafluoropropene 

(2)(5.3g, 72%) as the only product by GC; SF (60MHz, CFCI3) -60ppm (m, 3F, 

CF3), -63 (m, 3F, CF3), -86 (m, 3F, CF3), -100.5 (s(br), 1F, CF), -119 (m, 2F, 

CF2); m/z (EI+) 281 (M+-f, 24%); as compared to the literature data121 [SF= -

60.2ppm (m, 3F, CF3), -62.8 (m, 3F, CF3), -86.4 (m, 3F, CF3), -100.1 (s (br), 

1 F, CF), -119.6 (m, 2F, CF2); m/z (EI+) 281 (M+-f, 27%) ]. 

6.3.3 Attempted O!igomerlsation of perfluorocyclobutene 

A Carius tube was charged with PS/HF (1 .07g, 5mmol) and acetonitrile 

(30ml), and perfluorocyclobutene (12.90g, 79mmol) was transferred under vacuum 

to the tube which was cooled in liquid air. The tube was sealed and allowed to warm to 

room temperature in a steel casing and then agitated on a rotating arm for 48 hr at 

room temperature. All volatiles were transferred under vacuum to a trap and analysis 

by GC/MS and 19f n.m.r. showed no evidence for perfluorocyclobutene oligomers. 

The reaction was repeated at 50°C in acetonitrile and using sulpholane as the 

solvent but no oligomers of perfluorocyclobutene were Isolated. 

6.3.4 Attempted formation of a Stable perf!uorlnated Carbanion 

A flask was charged with hexafluoropropene dimer (2)(1 .Bg, 6mmol), PS/HF 

(1.4g, 6mmol) and sulpholane (5ml) under a plume of dry nitrogen and the mixture 

was stirred for one week at room temperature. 19f NMR of the mixture revealed only 

start material. The reaction was repeated in tetraglyme and acetonitrile but only start 

material was observed by 19f NMR. 
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6.3.5 Perflyoroa!kylatlon of pentaflyoropyrldjne 

A flask was charged with PS/HF (0.75g, 3mmol), pentafluoropyridine 

(6)(2.20g, 13mmol) and dry sulpholane (20m!) and then cooled in liquid air and 

evacuated. After warming to room temperature, hexafluoropropene (3.4g, 23mmol) 

was added via an expandable gas reservoir and the mixture was stirred vigorously for 

7 days at room temperature. The volatile products were removed from the reaction 

mixture by flash distillation (4.8g). GC/MS showed three main products, which were 

separated using an SE 30 column at 1 00°C and identified as hexafluoropropene dimer 

(2)(2%); pentafluoropyridine (6)(49%); perfluoro-4-isopropylpyridine 

(7)(44%); 8F (235 MHz, CD3CN, CFCI3) -75.4 (6F, s, CF3), -86.7 (2F, s, 2,6-

ring F), -135.3, 137.5 (2F, d, 3,5-ring F), -180.5 (1F, m, C-F); m/z (E!+) 319 

(M+, 41%), 250 (15, M - CF3), 200 (100, M - C2Fs). as compared to the 

literature data124 (SF= -74.3 (6F, s, 2CF3), -87.3 (2F, s, 2,6-ring F), -135.1 

(2F, s, 3,5-ring F), -178.5 (1 F, s, CF); m/e 319 (M)). Trace amounts of 

perfluorodi-isopropylpyridine (8)(2%}; m/z (EI+) 469 (M+, 18%); and, 

perfluorotri-isopropylpyridine (12)(1 %); m/z (EI+) 619 (M+, 16%); were also 

observed by GC/MS. 

6.3.6 Perf!yoroa!kylat!on of Tetraf!yoropyrimjdlne 

A flask was charged with PS/HF (1.40g, 6mmol), tetrafluoropyrimidine 

(9)(2.30g, 15mmol) and dry sulpholane (30ml) and then cooled in liquid air and 

evacuated. After warming to room temperature, hexafluoropropene (5.23g, 35mmol) 

was added via an expandable gas reservoir and the mixture was stirred vigorously for 

3 days at room temperature. The volatile products were removed from the reaction 

mixture by flash distillation (6.1 g). The product mixture was analysed by GC/MS and 

19F n.m.r. and found to consist of perfluoro-4-isopropylpyrimidine (1 0)(27%); 8F 

(235MHz, CD3CN, CFCI3) -48.7ppm (2-ring F), -72 (6-ring F), -76.1 (CF3 

groups), -154 (5-ring F), -186.9 (CF); m/z (EJ+) 302 (M+, 35%), 283 (20, M -

F), 233 (18, M - CF3), 183 (51, M- C2Fs); as compared to the literature data125 

[8F= -48.7ppm (2-ring F), -72.5 (6-ring F), -78.1 (CF3), -154.5 (5-ring F), -

188.7 (CF); m/e (EJ+) 302 (M+, 65%), 283 (36, M-F), 233 (20, M-CF3), 183 

(57, M-C2Fs)]; perfluoro-2,6-di-isopropylpyrimidine (11 )(15%); 8F (235M Hz, 

CD3CN, CFCI3) -48.7ppm (2-ring F), -76.2 (CF3), -133.5 (5-ring F), -186.9 

(CF); m/e (EJ+) 452 (M+, 22%), 433 (33, M - F), 383 (16, M - CF3), 333 (40, 

M - C2Fs): as compared to the literature data125 [8F= -48.6 (2-ring F), -76.5 

(CF3), -132.5 (5-ring F), -186.3 (CF); m/e (EJ+) 452 (M+, 42%), 433 (44, M­

F), 383 (22, M-CF3), 333 (37, M-C2Fs)]; perfluoro-2,4,6-tri­

isopropylpyrimidine (12)(39%); SF (235MHz, CD3CN, CFCI3) -76.2 (CF3), -
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124.1 (5-ring F), -182 (CF), -186.9 (CF); m/e (EI+) 602 (M+, 5%), 583 {9, M 

- F), 533 {4, M- CF3), 452 (14, M - C3Fs); as compared to the literature data125 

[SF= -76.5ppm (CF3), -123.1 (5-ring F), -182.1 (CF), -186.3 (CF); m/e (EI+) 

602 (M+, 46%), 583 (50, M-F), 533 (22, M-CF3)]. 

6.3.7 Perf!uoroalkylatjon of Trif!uoro-s-trjazjne 

A flask was charged with PS/HF (0.70g, 3mmol), trifluoro-s-triazine 

(13)(1.80g, 13mmol) and dry sulpholane (20ml) and then cooled in liquid air and 

evacuated. After warming to room temperature, hexafluoropropene (7.5g, 50mmol) 

was added via an expandable gas reservoir and the mixture was stirred vigorously for 

3 days at room temperature. The volatile products were removed from the reaction 

mixture by flash distillation (8.2g). The product mixture was analysed by 19F n.m.r. 

and GC/MS and found to consist of two main products; perfluoroisopropyl-s-triazine 

(14)(35% by GC); m/z (EI+) 285 (M+, 100%), 266 (98, M- F), 197 (88, M­

F C F 3), 166 (51, M - C2 F s); perfluorodi-isopropyl-s-triazine (15)(8%); m/z 

(EI+) 435 (M+, 65%), 416 (100, M - F), 347 (38, M - FCF3), 316 (11, M -

C2Fs). 19F n.m.r. of the product mixture revealed perfluoroalkylation; SF (235 MHz, 

CDaCN, CFCI3) -33ppm (N=C-F), -73 (CFa). -183.8 (CF); as compared to the 

literature data126 [SF= -30.4-30.6ppm (ring F), -74.4-75.4 (CF3 groups), -

183.8-186.5 (CF)]. 

6.4 Reactions Using PS/HF jn C-F Bond Formjnq Reactions 

6.4.1 With Benzoyl Chloride 

A mixture containing PS/HF (1.07g, 4.5mmol), benzoyl chloride (0.70g, 

5mmol) and acetonitrile was allowed to stand at room temperature for 24 hr. A white 

solid, 1 ,8-bls(dimethylamino)naphthalene hydrochloride (PS/HCI), precipitated. The 

mixture was filtered and benzo trifluoride (0.17g, 1.16mmol) was added as an nmr 

marker.19F n.m.r. revealed benzoyl fluoride (76% yield by integration); SF (235 

MHz, CHaCN, CFCI3) +17.0 (1 F. s, CO-F); as compared to the literature data 

(SF=+ 17.1 ppm) 173. 

6.4.2 Reaction between Hexafluoroacetone and PS/HE 

A Carius tube was charged with PS/HF (5.1g, 22mmol) In acetonitrile (20ml) 

and hexafluoroacetone (5.3g, 32mmol) was transferred under vacuum to the trap 

which was cooled in liquid air.The tube was sealed and allowed to stand at room 

temperature overnight. The solution went pale yellow. The tube was opened and 19F 
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n.m.r. revealed the desired carbinolate species (17); SF (235 MHz, CH3CN, CFCI3) · 

80.33 (6F, s, CF3}, -107.88 (1 F, s(br}, CF). There was no peak at -164ppm 

indicating that all the PS/HF had reacted, hence the solution contained 22mmol of the 

carbinolate species. The reaction solution was used in the two following trapping 

reactions. 

6.4.2.1 Preparation of Heptaf!uoroisopropyl benzoate C18) 

Benzoyl chloride (1.7g, 12mmol) was added dropwise to the carbinolate 

solution prepared above (1Om I, 11 mmol) and the mixture was stirred overnight. The 

volatiles were transferred under vacuum and analysed by GC/MS and 19F n.m.r. There 

were two products; benzoyl fluoride (51%); and, heptafluoroisopropyl benzoate (18) 

(49%) which was isolated by preparative GC using a 30% SE 30 column at 150°C; SF 

(235 MHz, CH3CN, CFCI3) -78.1 (6F, s, CF3), -141.1 (1F, s, CF); m/z {EI+) 290 

(M+, 22%), 105 (100, Ar-C=O), 77 (60, CsHs), 69 (11, CF3). 

6.4.2.2 Preparation of Heptafluoroisopropyl benzyl ether (19) 

Benzyl bromide (2.3g, 13mmol) was added dropwise to the carbinolate solution 

prepared above (1Om I, 11 mmol) and the mixture was stirred overnight at room 

temperature. All volatile materials were transferred under vacuum and analysed by 

GC/MS and 19F n.m.r. There were two components; benzyl bromide (39%) and, 

heptafluoroisopropyl benzyl ether (19)(61 %) which was isolated by preparative 

scale GC using a 30% SE 30 column at 150°C; umax 1230cm·1 (C-0-C stretch); SH 

(250 MHz, CDCI3, TMS) 5.01 (2H, s, CH2), 7.42 (SH, m, Ar-H); SF (235 MHz, 

CDCI3, CFCI3) -79.5 (6F, s, CF3), -142.6 (1 F, s, CF); m/z (EI+) 276 (M+, 33%), 

91 (1 00, Ar-CH2); m/z (EI+) 276 (M+, 33%), 91 (1 00, Ar-CH2). 

6.4.3 With 2.4-Dinitrochlorobenzene 

A mixture containing PS/HF (3.06g, 13mmol) and 2,4-dinitrochlorobenzene 

(2.69g, 13mmol) was refluxed in acetonitrile for 2 days. Benzotrifluoride was added 

as an nmr marker and 19F nmr revealed 2,4-dinitrofluorobenzene (45% yield by 

integration) at -109ppm, as compared to the literature data (SF=-107.7ppm)173. 

6.4.4 With Benzyl Bromide 

A mixture containing PS/HF (1.87g, 8mmol), benzyl bromide (1.30g, 

8mmol) and acetonitrile ((15ml) was refluxed for 24 hr. A white solid, 1,8-

bis(dimethylamino)naphthalene hydrobromide (PS/HBr), precipitated (i.r. 
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spectrum). The mixture was filtered and benzo trifluoride (0.19g, 1.30mmol) was 

added as an nmr marker. 19F n.m.r. revealed benzyl fluoride (72% by integration); ~F 

(23S MHz, CH3CN, CFCI3) -206.4 (1 F, t, JHF=49 Hz, -CH2F); as compared to the 

literature data (~F=-207ppm) 173. 

6.4.5 With Octyl Iodide 

A mixture containing PS/HF (1.1 Og, 4.7mmol), octyl iodide (0.91g, 

3.8mmol) and acetonitrile was heated at reflux for 24 hr. On cooling white crystals, 

1 ,8-bis(dimethylamino)naphthalene hydriodide, precipitated (i.r.spectrum). The 

mixture was filtered and and benzo trifluoride (0.23g, 1.S7mmol) was added as an 

nmr marker. 19F n.m.r. revealed octyl fluoride (6So/o yield by Integration); ~F (23S 

MHz, CH3CN, CFCI3) 218.0 (1F, t, JHF=42 Hz, -CH2F); as compared to the literature 

data {~F= -219ppm} 173. 

6.4.6 Attempted Reaction Between PS/HE and 1 .2-Epoxybutane 

A mixture containing PS/HF (1.S4g, 6.6mmol), 1,2-epoxybutane (0.43g, 

6.0mmol) and acetonitrile (1Sml} was refluxed for 48 hr. 19F n.m.r. of the mixture 

showed that no reaction had taken place. The reaction was repeated in sulpholane at 

130°C for 3 days with no hydrofluorination taking place, by 19F n.m.r. 

6.4.7 preparation of 1 .2:5.6-PI-0-Isopropy!idene-3-0-trlfl!c-a-P­

gulofuranose C21 l 

Diacetone-0-glucose (20)(1.83g, 7mmol) and pyridine (2.Sg, 32mmol) 

were dissolved in dichloromethane (SOml) and the solution, under dry nitrogen, was 

cooled down to 0°C with an ice/salt bath. Triflic anhydride (S.1g, 18mmol) was added 

dropwise, with the temperature of the reaction maintained under S°C. The solution was 

stirred at S°C for 30 mins. A white solid was deposited and the solution went pale 

yellow. The solution was washed sequentially with ice-cold dilute hydrochloric acid and 

water. The organic layer was dried (MgS04) and evaporated to leave a solid, the desired 

triflate (21)(2.17g, 79%); ~F (60 MHz, CDCI3, CFCI3) -76.0 (3F, s, CE3); as 

compared to the literature data 129; and was used Immediately in the next reaction. 

6.4.8 Attempted Reaction Between pS/HE and Trfflate C21 l 

A mixture containing triflate (21 )(2.17g, S.Smmol), PS/HE (1.80g, 

7.7mmol) and acetonitrile (20ml) was refluxed overnight. The solution went dark 

brown and a solid precipitated. This solid was collected by filtration and recrystallised 
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from water as white needles and found to be the salt, 1 ,8-bis(dimethylamino}­

naphthalene hydrotriflate (23); m.p. 215-218°C; (Found: C, 49.7; H, 5.3; N, 7.6. 

Calc for C1sH19N2F3S03: C, 49.5; H, 5.2; N, 7.6%}; i.r. spectrum recorded; m/z 

(EI+) 214 (naphthalene ion, 40%). 19F n.m.r. of the remaining reaction solution 

showed no evidence for a fluorinated glucose. The triflate salt may have been produced 

after decomposition of the triflated glucose. 

The reaction was repeated at room temperature but no fluorinated glucose was 

observed, by 19F n.m.r. 

6.4.9 Preparation of 1 .2:5.6-Pi-0-isopropylldene-3-0-toluene-p­

sulphonyl-a·D·allofuranose C22l 

Diacetone-0-glucose (20)(3.00g, 11.5mmol) was dissolved in pyridine 

(40ml) and cooled to ooc. A solution of tosyl chloride (7.00g, 36.7mmol) in pyridine 

(20ml) was added dropwise. The solution was stirred at room temperature for two 

days. Water (4ml) was added and the solution was left to stand for a further 20 mins. 

It was then poured onto ice/water (300ml) and the crude sulphonate was filtered off 

and recrystallised from aqueous ethanol to yield the desired tosylate (22)(2.50g, 

52%); m.p. 120-122°C (lit.130, 122-1230C); (Found: C, 54.5; H, 6.2. Calc for 

C 19H2sSOs: C, 55.1; H, 6.3%); IR spectrum recorded; aH (235 MHz, CDCI3, TMS) 

1.15, 1.19, 1.31 and 1.48 (3H, s, acetal groups), 2.46 (3H, s, Ar-CH3), 3.89-4.06 

(4H, m, unassigned 2CH, CH2). 4.78 (1H, m, H-1), 4.83 (1H, d, J3,4=3.6 Hz, H-

4), 5.93 (1H, d, J1, 2=3.6 Hz, H-1), 7.34 and 7.83 (4H, AB, JAs=8.3 Hz, Ar-H); 

as compared to the literature data 130. 

6.4.1 0 Attempted Reaction Between PS/Hf and Tosylate (22) 

A mixture containing tosylate (22)(0.80g, 1.9mmol), PS/HF (0. 70g, 

3mmol) and acetonitrile (5ml) was refluxed overnignt. 19f n.m.r. of the reaction 

mixture showed unreacted PS/HF and no evidence for a fluorinated glucose. 
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CHAPTER SEVEN 

Experimental tp Chapter Three 

7.1 preparatlpn and Beacflpns pf Trlalkylamlne Hydrpfluprlde 

Cpmplexes 

7.1.1 preparatlpn pf Trlalkylamlne Hydrpflupr!de Cpmplexes C24l­

U.U 

All bases were used as supplied (Aldrich). The hydrofluoride salts were 

prepared by adding a stoichiometric amount of a calllbrated HF/ether solution to an 

ethereal solution of the base, followed by evaporation of the solvent to leave the salt, as 

described previously (Section 6.1 ). 

The following salts were prepared:-

1) Trletbylamjne Hydrofluoride (24); hygroscopic solid at r.t; i.r. spectrum 2; n.m.r. 

spectrum 2; mass spectrum 2. 

2) Trlbutylamjne Hydroflyorjde (25); liquid; i.r. spectrum 3; n.m.r. spectrum 3; 

mass spectrum 3. 

3) Trlhexylamjne Hydrof!yor!de (26l; liquid; i.r. spectrum 4; n.m.r. spectrum 4; 

mass spectrum 4. 

4) Triocty!amjne Hydroflyoride (27l; liquid; i.r. spectrum 5; n.m.r. spectrum 5; 

mass spectrum 5. 

5) Trjdodecylamine Hydrof!yoride (28); liquid; i.r. spectrum 6; n.m.r. spectrum 6; 

mass spectrum 6. 

7.1.2 Metbpdplpqy fpr Standard Beacllpns 

Three standard experiments were performed using each amine.HF complex as 

the source of soluble fluoride ion. The experiments were chosen to provide a range of 

fluoride ion reactions. I.e. nucleophilic substitution reactions at unsaturated, saturated 

and aromatic carbon positions. The same methodology was used for each hydrofluoride 

salt, so general procedures for the three standard reactions appear in this section. The 

quantities of each reagent used can be found in the tables listed under the appropriate 



129 

section. Any deviation from these procedures are listed under the appropriate sections; 

e.g. solubility of HCI salt formed in the reactions using the piperidine HF salts. All 

yields quoted are n.m.r. yields of the crude reaction mixtures, not isolated yields. We 

chose not to work-up the reactions due to their small scale and the fact that crude 

n.m.r. yields give the true maxlmun yield as there are no handling losses associated 

with work-up. 

7.1.2.1 Reaction of Base Hydrofluorlde Complexes with Benzoyl Chloride 

A mixture containing Base/HF, benzoyl chloride and acetonitrile (1Om I) was 

allowed to stand at room temperature for 24 hr. A white solid, the corresponding 

Base/HCI salt, was precipitated. Benzotrlfluorlde was added to the reaction mixture 

which was shaken to ensure homogeneity. The mass, and hence the number of moles of 

benzotrifluorlde provided a marker for n.m.r. integration. 19F n.m.r. of the reaction 

mixture was recorded; 8F (235 MHz, CH3CN, CFCI3); to reveal a peak at +16.7 ppm 

due to benzoyl fluoride, as compared to the literature data173; at -63ppm due to the 

benzotrifluorlde marker and between -150 and -170 ppm due to unreacted Base/HF. 

The yield of benzoyLfluorlde was calculated by comparing the Integration of the peak 

due to the benzotrifluoride marker and that due to benzoyl fluoride. 

7.1.2.2 Reaction of Base Hydrofluorlde Complexes with Benzyl Bromide 

A mixture containing Base/HF, benzyl bromide and acetonitrile (15ml) was 

refluxed for 24 hr. On cooling, a white solid, the corresponding Base/HBr salt 

precipitated. Benzotrifluorlde was added to the reaction mixture which was shaken to 

ensure homogeneity. The mass, and hence the number of moles of benzotrlfluorlde 

provided a marker for n.m.r. Integration. 19F n.m.r. of the reaction mixture was 

recorded; 8F (235 MHz, CH3CN, CFCI3); to reveal a peak at -63 ppm due to the 

benzotrlfluoride marker; a peak between -150 and -170 ppm due to unreacted 

Base/HF and a peak at -206.4 (t, JHF=49Hz) due to benzyl fluoride, as compared to 

the literature data 1 73. The yield of benzyl fluoride was calculated by comparing the 

integration of the peak due to the benzotrlfluorlde marker and that due to benzyl 

fluoride. 

7.1.2.3 Reaction of Base Hydrofluorlde Complexes and 2. 4 • 

Dlpltrochlorobenzene 

A mixture containing Base/HF, 2,4-dlnitrochlorobenzene "and acetonitrile was 

refluxed for 48 hr. A white solid, the corresponding Base/HCI salt, was precipitated. 

Benzotrifluoride was added to the reaction mixture which was shaken to ensure 
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homogeneity. The mass, and hence the number of moles of benzotrifluoride provided a 

marker for n.m.r. integration. 19f n.m.r. of the reaction mixture was recorded; 8F 

(235 MHz, CH3CN, CFCia); to reveal a peak at -63 ppm due to the benzotrifluoride 

marker; at -108.8 ppm due to 2,4-dinitrofluorobenzene, as compared to the 

literature data173 and a peak between -150 and -170 ppm due to unreacted Base/HF. 

The yield of 2,4-dinitrofluorobenzene was calculated by comparing the integration of 

the peak due to the benzotrifluoride marker and that due to dinitrofluorobenzene. 

7.1 .3 Reactions of Trlalkylamlne.HE Complexes 

The three standard reactions were performed using the trialkylamine.HF 

complexes as the source of Fluoride ion. See above for details of the methodology. 

Hence, in the following tables the HF salt used was RaN.HF, where R = alkyl. 

7.1 .3.1 Reaction with Benzoyl Chloride 

B I::IE sab Benzayl Chloride Benzotrjfluorlde Ylftld 
g, mmol g, mmol g, mmol % 

Et 0.89, 7.35 0.86, 6.10 0.20, 1.37 91 

But 1.01' 4.93 0.62, 4.41 0.17, 1.16 88 

Hex 1.29, 4.46 0.54, 3.84 0.29, 1.99 90 

Oct 2.32, 6.22 0.80, 5.69 0.28, 1.92 68 

Dodac 0.62, 1.15 0.28, 1.98 0.19, 1.35 79 

7.1.3.2 Reaction with Benzyl Bromide 

B I::IE aall Bao~yl Bmmid& B&D~QI[IfiUQ[Id& ::li&ld 
g, mmol g, mmol g, mmol % 

Et 0.75, 6.20 0.86, 5.03 0.25, 1.71 18 

But 0.90, 4.39 0.72, 4.21 0.25, 1.71 12 

Hex 1.91' 6.61 1.01' 5.91 0.29, 1.98 17 

Oct 2.22, 5.94 0.95, 5.55 0.23, 1.57 14 

Dodac 1.90, 3.50 0.53, 3.09 0.24, 1.64 11 
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1.1 .3.3 Reaction with 2.4-Dinltrochlorobenzene 

B HE satt DNCBenzene Bao,al[lflua[ida :iiald 
g, mmol g, mmol g, mmol % 

Et 0.39, 3.22 0.52, 2.51 0.22, 1.50 34 

But 0.72, 3.51 0.63, 3.11 0.33, 2.26 84 

Hex 1.81' 6.26 1.06, 5.23 0.20, 1.37 77 

Ckt 1.54, 4.13 0.75, 3.70 0.33, 2.26 61 

l:ntec 1.02, 1.88 0.36, 1.78 0.21, 1.44 14 

7.2 preparation and Reactions of Polysubstltuted pIperIdIne 

Hydrofluorlde Complexes 

7.2.1 preparation of pentasubstltuted piperidine Basas 

Tetramethylpiperidine (31) and pentamethylpiperidine (29) were used as 

supplied (Aldrich). The three other piperidine bases were prepared as follows:-

7.2.1.1 preparation of NaEibyi-2.2.6.6-Tetrametbylplperldlne 

LJ.ll' 3 2 

A mixture containing tetramethylpiperidine (31 )(24. 7g, 0.17mol) and ethyl 

p-toluene sulphonate (18.0g, 0.09mol) was heated at 1 00°C for 24 hr In a flask fitted 

with an air condenser. The mixture solidified into a partly browned cake. On cooling, 

the product mixture was washed thoroughly with diethyl ether to precipitate a white 

solid which was collected by filtration and identified as the salt, 

tetramethylpiperidinium tosylate; m.p. 218-222oc (llt.,132 219-221 °C); IR 

spectrum recorded; m/z (E1+)142 (M+ piperidinium cation, 6.6%). The ether layer 

was dried and evaporated and the residue was distilled on the Fischer Spahltrohr to 

yield N-Ethyl-2,2,6,6-tetramethylpiperldine (32)(6.38g, 21 %) ; b.p. 95.6-

960C/24mmHg; (Found: C, 78.1; H, 14.2; N, 8.4. Calc for C11 H23N: C, 78.1; H, 

13.6; N, 8.4%); IR spectrum recorded; 3H (235MHz, CDCI3, TMS) 1.28 (15H, m, 

CH3), 1.62 (4H, m, C-CH2-N), 1.75 (2H, m, C-CH2-C), 2.72 (2H, q, J=7.1 Hz, 

CH2); mlz (EI+) 168 (M+, 3.8%), 154 (M+-Me group). 
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7.2.1.2 Preparation of N-AIIy1·2 .2 .6. 6-Tetra metb yl pi perldl n e 

A mixture containing tetramethylplperidine (31)(30.7g, 0.22mol) and allyl 

bromide (13.2g, 0.11 mol) was heated at 5ooc for 3 days. The mixture turned pale 

yellow. The mixture was washed thoroughly with diethyl ether and filtered. The ether 

layer was dried and evaporated and the residue was distilled on the Fischer Spahltrohr 

to yield N-allyl-2,2,6,6-tetramethylpiperidine (33)(9.3g, 24%); b.p. 103-

1 09°C/20mm Hg (pure by GC); (Found: C, 79.5; H, 13.1; N, 7.9. Calc for C12H23N: 

C, 79.5; H, 12.7; N, 7.7%); IR spectrum recorded; 8H (60MHz, CDCI3, TMS) 1.1 

(12H, s, CH3), 1.5 (6H, s, ring CH2), 3.2 (2H, m, N-CH2-Ar), 5.1 (2H, m, C=CH2). 

5.9 (1H, m, -CH=); m/z (EI+) 181 (M+, 9.9%}, 166 (100%, M+-Me group). 

7.2.1.3 Preparation of N • B enzyl-2 .2. 6 .6· Tetra metb yIp i pe rid i ne 

L.3.!.l. 1 3 2 

Benzyl bromide (12.2g, 71 mmol) was added to tetramethylpiperidine 

(31 )(26.6g, 0.19mol) over -20 mins at 6ooc with stirring~ The solution was heated at 

1 00°C for 8 hr. On cooling, the reaction mixture was washed thoroughly with dlethyl 

ether and filtered. The ether layer was dried and evaporated and the residue was 

distilled on the Fischer Spahltrohr to yield N:.benzyl-2,2,6,6-tetramethylpiperidine 

(34)(5.4g, 32%); b.p. 135°C/6mm Hg; m.p. 30-320C; (Found: C, 83.7; H, 11.1; N, 

6.1. Calc for C1sH2sN: c. 83.1; H, 10.8; N, 6.1%); IR spectrum recorded; 8H 

(60MHz, CDCI3, TMS) 0.97 (12H, s, CH3), 1.5 (6H, m, ring CH2). 3.75 (2H, s, N­

CH2-Ar), 7.25 (5H, m, Ar-H); m/z (EI+) 231 (M+, 3.3%), 216 (100%, M+-Me 

group). 

7.2.2 preparation of the Hydrofluorlde Complexes C35l·C39l 

The hydrofluoride salts were prepared by adding a stoichiometric amount of a 

callibrated HF/ether solution to an ethereal solution of the base, followed by 

evaporation of the solvent to leave the salt, as described previously (Section 6.1 ). 

The following salts were prepared:-

1) 2.2,6.6-tetramethylpiper!djne Hydrofluor!de (35\; m.p. 76-800C; (Found: C, 

66.5; H, 12.4; N, 7.6. CgH2oNF requires C, 67.1; H, 12.4; N, 8.7%); i.r. spectrum 

7; n.m.r. spectrum 7; mass spectrum 7. 
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2) 1.2.2.6.6-pentametbylpjperjdine Hydrofluorlde (36); m.p. 122-124°C; i.r. 

spectrum 8; n.m.r. spectrum 8; mass spectrum 8. 

3) N-ethyl-2.2.6.6-tetramethylpjperjdjne Hydroflyoride (37); m.p. 74-76°C; i.r. 

spectrum 9; n.m.r. spectrum 9; mass spectrum 9. 

4) N-a!lyl-2.2.6.6-tetramethylpiper!dlne Hydrof!yorjde (38); m.p.72-740C; i.r. 

spectrum 10; n.m.r. spectrum 10; mass spectrum 10. 

5) N-benzyl-2.2.6.6-tetrametbylplperjdjne Hydroflyorlde l39); m.p. 83-86oc; 

i.r. spectrum 11; n.m.r. spectrum 11; mass spectrum 11. 

7.2.3 Reactions of Plperldlne.HE Complexes C35\-C39\ 

The same standard reactions were performed using the piperidine.HF salts as 

the source of Fluoride ion, under the same conditions as those carried out previously 

with other salts . See Section 7 .1.2 for the methodology. However, in these reactions 

the hydrochloride/hydrobromide salt produced as a side product does not precipitate 

but remains in solution. In the following tables R refers to the group attached to the 

nitrogen atom in the piperidine.HF complex. 

7.2.3.1 Reaction wiJb Benzoyl Chloride 

B t:IE satt Beozavl~bJg[lda Beozal[ifl ua [Ide YisJd 
g, mmol g, mmol g, mmol o/o 

H 0.81, 5.0 0.57, 4.0 0.14, 0.9 83 

Me 0.43, 2.46 0.32, 2.28 0.25, 1.71 64 

Et 1.05, 5.55 0.70, 4.99 0.22, 1.51 78 

Allyl 0.06, 0.29 0.27, 1.95 0.25, 1.71 55 

Benzyl 0.49, 1.95 0.27, 1.95 0.17, 1.16 42 
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7.2.3.2 Reaction with Benzyl Bromide 

B t::tE sab BBDZltlb[Omida BBDZOI[ifiUO[ida Y.ia1d 
g, mmol g, mmol g, mmol % 

H 1.35, 8.40 1.40, 8.20 0.14, 0.8 25 

Me 0.95, 5.43 0.84, 4.91 0.31, 2.12 84 

Et 0.58, 3.07 0.49, 2.86 0.27, 1.85 38 

Allyl 0.45, 2.24 0.27, 1.58 0.21, 1.44 n.r. 

Benzyl 0.27, 2.08 0.18, 1.05 0.11, 0.64 n.r. 

7.2.3.3 Reaction with 2,4-Dinltrochlorobenzene 

B l:::fE sail DNCBenzene Bao~gltlflusulda :ti&ld 
g, mmol g, mmol g, mmol % 

H 1.12, 6.90 1.31, 6.40· 0.44, 3.0 49 

Me 0.57, 3.26 0.63, 3.11 0.25, 1.71 78 

Et 1.08, 5.71 0.80, 3.95 0.42, 2.88 94 

Allyl 0.37, 1.84 0.36, 1.78 0.15, 1.03 31 

Benzyl 0.31, 1.23 0.28, 1.38 0.18, 1.23 23 

7.3 preparation and Reactions of Tetrametbylguanldlne HE Complex 

The tetramethylguanldine hydrogen fluoride complex (40) was prepared In the 

same manner as for the preparation of PS/HF (section 6.1). 

Tal[amalhYiouaoldloa t::tl'drooan Eluorlda complex (40); m.p. 66-68°C; (Found: c, 
41.8; H, 11.1; N, 29.4. CsH14N3F requires C, 44.4; H, 10.4; N, 29.4%); i.r. 

spectrum 12; n.m.r. spectrum 12; mass spectrum 12. 

Two reactions were performed as described above (section 7.2.3); quantities 

used and yields are tabulated below:-
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Subsl[ala SubSI[ala I::IE camwax fbCE3 Yield 
g/mmol g/mmol g/mmol % 

PhCOCI 1.40, 9.9 1.15, 9.0 0.21, 1.4 65 

Dinitrochloro- 1.37, 7.0 1.07, 8.0 0.24, 1.6 36 

benzene 

7.3.1 Attempted freparatlon of fentametbylguanldlne (41)133 

Tetramethylguanidine (4.6g, 53mmol) and methyl iodide (7.6g, 54mmol) 

were stirred in toluene (50ml) at room temperature overnight. A white solid Is slowly 

deposited and this was collected by filtration and Identified as pentamethylguanidinium 

hydriodide (42)(3.2g, 29%); m.p. 1370C (from aq. EtOH) (llt133, 13i'OC); (Found: 

C, 30.0; H, 6.5; N, 14.9. Calc for CsH1sNai.0.6C2HsOH: C, 30.0; H, 6.8; N, 15.0%); 

3H (60MHz, D20, TMS) 2.9ppm (s, 4H, N-Me), 4.7 (s, 1 H, =N-Me). 

Heating the pentamethylguanldinium hydriodide salt with NaOH caused a 

mixture of tetramethylguanidine and pentamethylguanidine to be produced (gc/ms) 

which could not be separated by distillation. 
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CHAPTER 8 

EXPERIMENTAL TO CHAPTER 4 

8.1 Reaction between pS/HE. perfluorocycl obutene and 

Hexafluoropropene 

A Carius tube was charged with 1 ,8-bis(dimethylamino)naphthalene 

hydrofluoride (1 )(2.5g, 1 0.6mmol) in acetonitrile (20m I) and perfluorocyclobutene 

(6.7g, 41mmol) and hexafluoropropene (S.Og, 33mmol) were transferred under 

vacuum to the tube which was cooled in liquid air. After agitating on a rotating arm at 

room temperature for two days, the tube was opened to reveal a red solvent layer. On 

adding water (20ml), an orange solid precipitated and was collected by filtration. TLC 

showed that the solid contained two components. The solid was evaporated onto 

chromatographic alumina and light petroleum eluted 1.1-Bjstrifluoromethyl-(6.7-

bisdimethylamjnol-2.3-tetrafluoroethano-[1 H}-phenalene (4) (1. lg, 21%) as 

orange crystals; RF=0.5; m.p. 128°C (from aqueous ethanol); A.max (CH3C N) 

273.6nm (log1o £ 3.78), 367.6 (3.45), 451.2 (3.78); (Found: C, 52.2; H, 3.4~ N, 

5.6; F, 38.0. C21 H 1sN2F 1 o requires C, 51 .9; H, 3.3; N, 5.8; F, 39.0%). n.m.r. 

spectrum 13; i.r. spectrum 13; mass spectrum 13. 

A red solid (5) was also Isolated (O.OSg) as yet unidentified; 3F (CFCI3, 

C D3CN, 235M Hz) -68.9ppm (s, 6F), -110.5 (s, 2F); i.r. spectrum 14; mass 

spectrum 14. 

8.2 Reaction Between ps and Co-dimer C3) 

A mixture containing PS (0.7g, 3.2mmol), co-dimer (3)(1.0g, 3.2mmol) and 

acetonitrile (1Om I) was stirred at room temperature for two days. Water was added to 

the mixture to precipitate an orange solid.which was collected by filtration. The same 

proceedure was then carried out as above (section 8.1) to yield pure (4)(0.35g, 

22%) as orange crystals; m.p. 128°C; spectral data as above. 

8.3 preparation of Codimer C43l 

A Carius tube was charged with pyridine (2.5g, 32mmol) and 

perfluorocyclobutene (20g, 0.12mol) and perfluorocyclopentene (25g, 0.12mol) 

were transferred to the tube which was cooled in liquid air. After rotating on a rotating 

arm for two days the tube was opened and all volatile products were transferred under 

vacuum to a trap. These were washed with water, dried (P20s) and .distilled on the 

Fischer Spahltrohr to yield perfluorobicyclobutylidene (62)(2.9g, 8%); b.p. 74-
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850C; and, codimer (43) (2.3g, 5%); b.p. 98-100°C; as compared to the literature 

data121. 

8.4 Reaction between ps and Codlmer (43) 

A mixture containing PS (0.6g, 2.8mmol) and codimer (43) (1.0g, 2.7mmol) 

was refluxed overnight in acetonitrile (5ml). The solvent was removed to leave an 

orange solid which was washed with water, collected and dried. The solid was 

evaporated onto chromatographic alumina and 40/60 petroleum ether eluted 

Spjro[octafluorocyclopentane-1 .1'-(6 .7 -bjsdjmethylamjno}-2' .3'­

tetrafluoroethano-[1 H]-phenalene (44)(0.2g, 13%) as orange crystals; m.p. 137-

1390C; RF=0.5; Amax (CH3CN) 273.6nm (log1o E 4.06), 365.6 (3.74), 452.8 

(4.10); (Found: C, 50.4; H, 3.9; N, 4.4. C23H1sN2F12 requires C, 50.3; H, 2.9; N, 

5.1%). Mass required for C23H1sN2F12: 548.11219. Found: 548.11762 a.m.u.; 

n.m.r. spectrum 14; i.r. spectrum 15; mass spectrum 15. 

8.5 Reaction between ps and perfluoro-blcyclopentylldene C55l 

8.5.1 At Low Dilution 

A mixture containing PS (1.1 g, 5.1 mmol) and perfluorobicyclopentylidene 

(55)(1.0g, 2.3mmol) was stirred overnight at room temperature in acetonitrile 

(Sml). A dark olive green precipitate formed. Water was added to the mixture and the 

solid was collected by filtration. The solid was absorbed onto chromatographic alumina 

and light petroleum/dichloromethane (4:1) eluted (7.8}-(9,1 O)-djhexafluoro­

propano-(3 ,4 -bjsdj methyl am jno) -cycloh epta[d, e)-naphthalene (56)(0.54g, 

42%); m.p. 243-45°C (decamp) (from acetonitrile); RF=0.65; (Found: C, 51.3; H, 

2.8; N, 4.9; F, 40.0. C24H1sN2F12 requ_ires C, 51 .4; H, 2.8; N, 5.0; F, 40.7%). no 

n.m.r. could be recorded; i.r. spectrum 16; mass spectrum 16. 

8.5.2 At High Pllut!on 

A mixture containing PS (O.Sg, 2.5mmol) and perfluorobicyclopentylidene 

(55)(1.0g, 2.3mmol) was stirred overnight at room temperature in acetonitrile 

(120m!). The solvent was removed under vacuum to leave a solid residue, which was 

absorbed onto chromatographic alumina and petroleum ether/dichloromethane (4:1) 

eluted (56)(0.23g, 18%), as above; Spiro-[octaf!yoro-cyclopen,fane-1 ,1'-(6,7-

b!sdlmethylamjno)-2' ,3'-tetrafluoropropan-1"-one-[1 H]-phenalene (60)(0.14g, 

10%) as bright green metallic looking flakes; m.p. >280°C; RF=0.45; (Found: C, 

48.4; H, 2.75; N, 4.50. C24H1sN2F120 requires C, 50.0; H, 2.75; N, 4.5%. 



138 
C24H1sN2F120.H20 requires C, 48.5; H, 3.0; N, 4.7%); n.m.r. spectrum 15; i.r. 

spectrum 17; mass spectrum 17; and, 7.8-propano-9.1 0-propan-1"-one­

cyclohepta-[d. e)-naphthalene (61)(0.12g, 9%) as bright purple metallic looking 

flakes; m.p. >280°C; RF=0.3; (Found: C, 53.2; H, 3.05; N, 4.75. C24H1sN2F1oO 

requires C, 53.5; H, 2.95; N, 5.2%); C24H1sN2F1oO requires 538.110295 a.m.u. 

Found 538.1100900 a.m.u; n.m.r. spectrum 16; i.r. spectrum 18; mass spectrum 

18. 

8.6 preparation of perfluoroblcyclobutylidene (62) 

A Carius tube was charged with pyridine (1.04g, 13mmol) and 

perfluorocyclobutene (28.3g, 0.15mol) was transferred to the tube which was cooled 

in liquid air. After agitating on a rotating arm for two days the tube was opened and all 

volatiles were transferred under vacuum~ These were washed with water and the lower 

fluorocarbon layer was separated, dried (P20s) and distilled on the Fischer 

Spahltrohr to yield perfluorobicyclobutylldene (62)(5.2g, 10%); b.p. 74-85°C; as 

compared to the literature data 121 . 

8.7 Reaction between N.N-Qjmethylaniline and perf! uoro-

bl cyc!obu tylidene 

A mixture containing N,N-Dimethylaniline (0.5g, 4.1 mmol) and 

perfluorobicyclobutylidene (62)(1.1 g, 3.4mmol) was stirred at room temperature 

overnight in acetonitrile (5ml). Water (15m!) was added to the mixture to precipitate 

the solid product which was collected by filtration. Recrystallisatlon from aqueous 

ethanol and vacuum sublimation yielded Spjro(hexafluorocyclobutane-3.1'-1 .2-

tetrafluoroethano-1-flyoro-3-(4 "-N .N -dim ethylaminophenyll-propene] (63) 

(1.05g, 73%) as white needles; m.p. 84-85°C; (Found: c. 45.0; H, 2.3; N, 3.2. 

c,eH1oNF11 requires C, 45.2; H, 2.3; N, 3.3%). n.m.r. spectrum 17; i.r. spectrum 

19; mass spectrum 19. 

8.8 Reaction of N-methyllndole with perfluorob!cyc!obutylldene C62l 

A mixture containing N-methylindole (0.4g, 3mmol) and perfluoro­

bicyclobutylidene (62)(1.0g, 3mmol) was refluxed in acetonitrile (5ml) for 1 hr. On 

cooling, water (15m!) was added to the reaction mixture to precipitate the solid 

product which was collected by filtration, dried and purified by vacuum sublimation 

(oil bath temperature 1 00°C, <0.1 mm Hg) to white crystals and Identified as 

Spjro[hexaflyorocyclobytane-3.1 '-1 .2-tetrafluoroethano-1-fluoro-3-lN-methyl­

lndol-3"-vll-propene) (65)(0.60g, 46%); m.p. 59-60°C; (Found: C, 47.25; H, 
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1.8; N, 3.1. C17HsNF11 requires C, 46.9; H, 1.85; N, 3.2%). n.m.r. spectrum 18; 

i.r. spectrum 20; mass spectrum 20. 

8.9 Beactjon between 1 .8-Bjs(dimethylamlnolnaphtha!ene and 

perfluoro-bicyclobutylidene 

A mixture containing 1 ,8-bis(dimethylamino)naphthalene (1.16g, 5.4mmol) 

and perfluorobicyclobutylidene (62)(1 .56g, 4.8mmol) was stirred overnight at room 

temperature in acetonitrile (5ml). An orange solid precipitated which was collected by 

filtration and washed with water. Recrystallisation from aqueous acetonitrile yielded a 

white solid which was identified as the substitution product (66) (0.83g, 35%); m.p. 

21 0-215°C (decamp); (Found: C, 53.2; H, 3.6; N, 5.6; F, 29.7. C22H1sN2Fs02 

requires C, 53.4; H, 3.6; N, 5.6; F, 30.7%). n.m.r. spectrum 19; i.r. spectrum 21. 
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CHAPTER NINE 

EXPERIMENTAL TO CHAPTER FIVE 

9.1 preparation of Trlfluoro-s-trjazine (13) 

An autoclave (460ml, No. 14) was charged with trichloro-s-triazine (37g, 

0.2mol) and flame dried potassium fluoride (125g, 2mol), evacuated and then heated 

at 310°C for 16hrs (Furnace No. 3). The volatile products were transferred from the 

hot autoclave to a trap which was cooled in liquid air. The product, trifluoro-s­

triazine (13)(20g, 74%) did not require any further purification and was stored in a 

rotaflo tube. 

9.2 Preparation of perfluoro!sopropyl-s-tr!azlne (14> and Perfluoro­

dl!sopropyl-s-triazine C15l 

A flask was charged with trifluoro-s-triazine (13)(15.0g, 0.11mol), 

PQtas$h,Jm fluoride (5.0g, _86mmol) and dry-sulpholane (100ml). The flask was frozen 

down In liquid air and evacuated. Hexafluoropropene (17g, 0.11 mol) was added via a 

bladder and the reaction mixture was heated at 7ooc for 16hrs with vlgourous 

stirring. All volatile products were removed by transfer under vacuum and then 

distilled on the Fischer Spahltrohr to yield perfluoroisopropyl-s-triazine (14)(5.8g, 

18%); b.p. 105-106°C; m/z (EI+) 285 (M+, 43%) and perfluorodi-isopropyl-s­

triazine (15)(4.9g, 1 0%); b.p. 133.7-135.20C; m/z (EI+) 435 (M+, 24.5%); as 

compared to the literature data 126. 

9.3 Reactions of pyrroles with Fluorinated Trlazlnes 

General Procedure - A mixture containing a pyrrole and the corresponding fluorinated 

triazine was refluxed in acetonitrile (5ml) for two hours. On cooling, water (15ml) 

was added to the reaction mixture to precipitate the solid product, which was collected 

by filtration, dried in a desiccator and purified by vacuum sublimation (Oil bath 

temperature 130°C, <0.1 mm Hg). All yields are quoted for pure, Isolated products. 

9.3.1 Reaction of pyrrole with perfluoro-s-triazlne (13) 

Pyrrole (0.5g, 7.4mmol) and perfluoro-s-triazine (13)(1.0g, 7 .4mmol) 

gave 2-<pyrrol-2-yll-4.6-dH!uoro-s-triazlne (67)(0.87g, 65%) as white 

crystals; m.p. 156-160°C; (Found: C, 46.0; H, 2.1; N, 30.8. C7H4N4F2 requires C, 
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46.15; H, 2.2; N, 30.75%); A.max {CH3CN) 310.1 nm (log1 o£ 4.48); n.m.r. 

spectrum 20; i.r. spectrum 22; mass spectrum 21. 

9.3.2 Beactjon of pyrrole with perfluorojsopropyl-s-trjazine (14) 

Pyrrole (0.80g, 12mmol) and perfluoroisopropyl-s-triazine (14)(2.5g, 

9mmol) gave 2-( py rro 1- 2-y I> -4-p e rflu oro jsopropy 1-6-fl uo ro- s-tr I az j n e 

(68)(2.05g, 71%) as pale yellow needles; m.p. 112-115°C; (Found: C, 35.7; H, 1.2; 

N, 16.5; C1 oH4N4Fs requires C, 36.1; H, 1.2; N, 16.85%); A.max (CH3CN) 336.0nm 

(log, o£ 4.41 ). n.m.r. spectrum 21; i.r. spectrum 23; mass spectrum 22. 

9.3.3 Reaction of pyrrole wifh Perfluorodl-isopropyl-s-triazine (151 

Pyrrole (0.27g, 4.0mmo.l) and perfluorodi-isopropyl-s-triazine 

(15)(1.46g, 3.3mmol) gave 2- (pyrro 1-2-yll -4 .8-perfluorodj- isopropyl- s­

trjazjne (69)(1.1 g, 68%) as pale yellow needles; m.p. 64-66°C; (Found: C, 32.2; H, 

0.75; N, 11.5. C13H4N4F14 requires C, 32.4; H, 0.8; N, 11.6%); A.max (CH3CN) 

344.8nm (log1 o£ 4.58). n.m.r. spectrum 22; i.r. spectrum 24; mass spectrum 23. 

9.3.4 Beactjon of N-methylpyrro!e with perfluoro-s-triazine (13) 

N-methylpyrrole (1.0g, 12mmol) and perfluoro-s-triazine (13)(1.6g, 

12mmol) gave 2-(N-methylpyrrol-2-yl)-4.6-djfluoro-s-trjazjne {70){1.06g, 

45%) as pale yellow needles; m.p. 117-1180C; (Found: C, 48.5; H, 3.0; N, 28.4. 

CsHsN4F2 requires C, 49.0; H, 3.1; N, 28.6%); A.max (CH3CN) 314.6nm (log1oE 

4.44) n.m.r. spectrum 23; i.r. spectrum 25; mass spectrum 24. 

9.3.5 Reaction of N-methylpyrro!e with perfluoro!sopropyl-s-trlazlne 

UJ..l 

N-methylpyrrole (0.30g, 3.7mmol) and perfluoroisopropyl-s-triazlne 

(14)(1.05g, 3.7mmol) gave 2-lN-metbylpyrrol-2-yll-4-perfluorojsopropyl-6-

fluoro-s-triaz!ne {71 )(0.89g, 54%) as pale yellow needles; m.p. 110-111 oc; 

(Found: C, 38.2; H, 1.5; N, 15.9; F, 43.4. C11 HsN4Fs requires C, 38.15; H, 1.7; N, 

16.2; F, 43.95%); A. max (CH3CN) 324.5nm (log1 o£ 4.38). n.m.r. spectrum 24; i.r. 

spectrum 26; mass spectrum 25. 
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9.3.6 Reaction of N-methylpyrrole with Perfluorodi-jsopropy!-s-

trlazine (15) 

N-methylpyrrole (0.3g, 3. 7mmol) and perfluorodi-isopropyl-s-triazine 

(15)(1 .5g, 3.5mol) gave 2- IN-methylpyrrol-2-yl)-4.6-perfluorodj-isopropyl­

s-trlazlne (72)(0.73g, 48%) as pale yellow needles; m.p. 88-89oc; (Found: C, 

33.9; H, 1.1; N, 11.3; F, 53.9. C14HsN4F14 requires C, 33.9; H, 1.2; N, 11.3; F, 

53.6%); A.max (CH3CN) 349.4nm (log1 oE 4.33). n.m.r. spectrum 25; i.r. spectrum 

27; mass spectrum 26. 

9.4 Reactions of N-methyllndo!e with Fluorinated Trlaz!nes 

General proceedyre - A mixture containing N-methylindole and the corresponding 

fluorinated triazine was refluxed in acetonitrile (5ml) for 30mins. On cooling, water 

(15m!) was added to precipitate the solid product which was dried and purified by 

vacuum sublimation (Oil bath temperature 150°C, <0.1mm Hg). 

9.4.1 Reaction of N-methylindole wlth perf!uoro-s-trlazlne f13) 

N-methylindole (1.0g,7.6mmol) and perfluoro-s-triazine (13)(1.0g, 

7.4mmol) gave 2-CN-methy!jndol-3-yD-4.6-difluoro-s-triazine (73)(1 .43g, 

78%) as white crystals (from acetone); m.p. 244°C; (Found: C, 58.25; H, 3.25; N, 

22.6. C12H5N4F2 requires c. 58.5; H, 3.25; N, 22.75%). n.m.r. spectrum 26; i.r. 

spectrum 28; mass spectrum 27. 

9.4.2 Reaction of N-methyllndole with Perf!uoro!sopropyl-s-trlaz!ne 

Lll.l 

N-methylindole (0. 7g, 5.3mmol) and perfluoroisopropyl-s-triazine 

(14)(1.5g, 5.3mmol) gave 2-CN-methyljndol-3-yD-4-perf!uoroisopropyl-6-

f!yoro-s-trjazjne (74)(1.76g, 90%) as pale yellow needles; m.p. 190-194°C; 

(Found: C, 45.7; H, 2.0; N, 14.2; F, 38.1. C1sHaN4Fe requires C, 45.45; H, 2.0; N, 

14.1; F, 38.4%); A.max (CH3CN) 262.4nm (log1oE 4.12), 355.3 (4.31);. n.m.r. 

spectrum 27; i.r. spectrum 29; mass spectrum 28. 

9.4.3 Reaction of N-methyllndole with perfluorodl-lsopropyl-s-

trlazlne (15) 

N-methylindole (0.3g, 2.3mmol) and perfluorodi-isopropyl-s-triazine 

(15)(1.0g, 2.3mmol) gave 2-CN -methyljndol-3- yl)-4 .6-perfluorodi-jsopropyl-
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s-trjazine (75)(1.1 g, 87%) as yellow crystals; m.p. 205-206°C; (Found: C, 39.25; 

H, 1.45; N, 9.9; F, 48.9. C1eHeN4F14 requires C, 39.55; H, 1.45; N, 10.25; F, 

48.7%); A. max (CH3CN) 213.0nm (log, o£ 4.56}, 246.0 (4.02), 265.0 (4.23), 

276.0 (4.14), 365.0 (4.53);. n.m.r. spectrum 28; i.r. spectrum 30; mass spectrum 

29. 

9.5 Reaction of N-methyl!ndole with Tetraf!uoropyrim!dine 

A mixture containing N-methylindole (0.8g, 6mmol) and 

tetrafluoropyrimidine (1.0g, 6.5mmol) was refluxed overnjght in acetonitrile (5ml). 

On cooling, water (15ml) was added to the reaction mixture to precipitate the solid 

product which was collected by filtration, dried, recrystallised from acetone as yellow 

plates and identified as 6-lN-methy!indol-3-y!l-2.4.5-trifluoropyrjmjdjne 

(76)(0.58g, 36%); m.p. 231 °C; (Found: C, 59.35; H, 3.0; N, 15.9; F, 22.0. 

C 13HsN3F3 requires C, 59.3; H, 3.05; N, 15.95; F, 21.7%); A.max (CH3C N) 

214.0nm (log1 o£ 4.75), 263.0 (4.35), 344.0 (4.78); i.r. spectrum 31; mass 

spectrum 30. 

9.6 Reactions of An!llnes With Fluorinated s-Tr!azlnes (13l-(15l 

9.6.1 Reaction of N.N-Dimethylanll!ne with Trifluoro-s-triazlne (13) 

A mixture containing N,N-Dimethylaniline (1.75g, 14mmol) and trifluoro-s­

triazine (13)(2.0g, 15mmol) was refluxed overnight in acetonitrile (5ml). On 

cooling a red/brown solid precipitated which was collected by filtration, washed with 

water and recrystallised from acetonitrile to yield pure 2- l 4- N . N­

djmethylam!nophenyll-4,6-djf!uoro-s-trjazjne (77)(0.96g, 28%).; m.p. 234-

2370C; (Found: C, 55.6; H, 4.05; N, 23.5. C11 H 1 oN4F2 requires C, 55.9; H, 4.25; N, 

23.7%); A.max (CH3CN) 364.0nm (log1o£ 4.51); C11H1oN4F2 requires 

236.08735amu. Found 236.08416amu; n.m.r. spectrum 29; i.r. spectrum 32; mass 

spectrum 31. 

9.6.2 Reaction of N.N-Pimethylanillne with perfluoro!sopropyl-s­

trlazlne C14l 

A mixture containing N,N-Dimethylaniline (0.5g, 4.1 mmol) and 

perfluoroisopropyl-s-trlazine (1.2g, 4.2mmol) was refluxed in acetonitrile (5ml) 

for 2 hr. On cooling, water (15ml) was added to precipitate the solid product which 

was collected by filtration and dried. Vacuum sublimation yielded pure 2-(4-N.N­

dj methylamin oph e ny ll -4 -pe rfl uo ro j sop ropy 1-6-fl uo ro- s -tri az j n e (78)(0 .62g, 
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36o/o) as a yellow solid; m.p. 168-1700C; (Found: C, 42.8; H, 2.5; N, 14.2. 

C14H1oN4F9 requires C, 43.5; H, 2.6; N, 14.5%); A.max (CH3CN) 368.8nm (log1oE 

4.40). n.m.r. spectrum 30; i.r. spectrum 33; mass spectrum 32. 

9.6.3 Reaction of N.N-Pietby!anlllne with perfluoroisopropyl-s­

trlaz!ne (141 

A mixture containing N,N-Diethylaniline (0.5g, 3.4mmol) and 

perfluoroisopropyl-s-triazine (14)(1.0g, 3.5mmol) was refluxed in acetonitrile 

(5ml) for 2 hr. On cooling, water (15m!) was added to precipitate the solid product 

which was collected by filtration and dried. Vacuum sublimation yielded a mixture of 

the two isomers 2-<4-N.N-dlethylamjnophenyll-4-perfluorojsopropyl-6-f!uoro­

s-trjazlne (79A) and 2-(2-N ,N-djethylaminophenyl>-4-perfluoro!sopropy!-6-

fluoro-s-trjazine (79B)(0.63g, 45%) as a yellow solid; (Found: C, 46.0; H, 3.5; N, 

13.6. C1eH14N4Fs requires C, 46.35; H, 3.4; N, 13.5%); A.max (CH3CN) 228.0nm 

(log, o£ 3.86), 260.9 (3.93), 405.3 (4.39). n.m.r. spectrum 32; i.r. spectrum 35; 

mass spectrum 34. 

9.6.4 Reaction of N.N-pimethylanlline with perfluorodi-lsopropyl-s­

trlazlne C15l 

A mixture containing N,N-Dimethylaniline (0.5g, 4.1 mmol) and perfluorodi­

lsopropyl-s-triazine (15)(1.5g, 3.4mmol) was refluxed in acetonitrile (5ml) for 3 

hr. On cooling, water (15m!) was added to the reaction mixture to precipitate the solid 

product which was collected by filtration and dried. Vacuum sublimation yielded a 

mixture of the two isomers 2-C4-N.N-dlmethylam!nophenyll-4.6-

perfluorodlisopropyl-s-triazjne (81 A) and 2-(2-N .N-djmethylamjnophenyt>-4.6-

perfluorodjjsopropyl-s-triazjne (81 B)(0.95g, 77%) as a yellow solid; (Found: C, 

37.9; H, 2.0; N, 10.3. C17H1oN4F14 requires C, 38.05; H, 1.85; N, 10.45%); A.max 

(CH3CN) 412.0nm (log1 oE 4.28); n.m.r. spectrum 31; i.r. spectrum 34; mass 

spectrum 33. 

9.6.5 Reaction of N.N-Piethylanlllne with perf!uorodl-isopropyl-s­

trlazlne l15l 

A mixture containing N,N-Diethylaniline (0.6g, 4mmol) and perfluorodi­

isopropyl-s-triazine (15)(1.0g, 2.3mmol) was refluxed in acetonitrile (Sml) for 2 

hr. On cooling, water (15m!) was added to the reaction mixture to precipitate an 

orange oil which solidified on standing. This solid was washed repeatedly with water 

and analysis confirmed the solid to be a mixture of the two Isomers 2-C4-N .N-
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djethylamlnopbenyll-4.6-perf!yorod!jsopropyl-s-trlazjne (82A) and 2-l2,;N .N­

d!ethylamjnophenyll-4.6-perflygrodjjsopropyl-s-trJazlne (82B)(0.93g, 72%); 

(Found: C, 40.3; H, 2.7; N, 9.6. C19H14N4F14 requires C, 40.4; H, 2.5; N, 9.9%); 

A.max (CH3CN) 419.6nm (log1o£ 4.47); n.m.r. spectrum 33; i.r. spectrum 36; mass 

spectrum 35. 

9.6.6 Reaction between 1.8-lB!sdlmethylamlnol-naphthalene and 

Trlflyoro-s-trlazlne (13) 

A mixture containing 1 ,8-(blsdimethylamino)-naphthalene (2.1 g, 1Om mol) 

and trifluoro-s-triazlne (13)(1.5g, 11 mmol) was stirred at room temperature 

overnight In acetonitrile (Sml). The solution turned orange immediately and gradually 

red crystals precipitated which were collected by filtration and recrystallised from 
acetonitrile to yield pure 1 .8-lbisdlmetbylamlnolg4.5-(bisdif!uoro-s-trjaz-1-

yl)-naphthalene (83)(2.3g, 53%); m.p. 258-2600C; (Found: C, 53.7; H, 3.6; N, 

24.9. C2oH1sNeF4 requires C, 54.0; H, 3.6; N, 25.2%). C2oH1sNeF4 requires 

444.1434amu. Found 444.1272amu; n.m.r. spectrum 34; l.r. spectrum 37; mass 

spectrum 36. 

9.6.7 Reaction of N-ethylan!llne with Trlflypro-s-triBzlne C13l 

A mixture containing N-ethylanlline (0.9g, 7.4mmol) and trlfluoro-s­

triazlne (13)(1.0g, 7.4mmol) was refluxed In acetonitrile (Sml) for 3 hr. The 

.solvent was removed under reduced pressure to leave an off-white solid which was 

washed with water and collected by filtration. Vacuum sublimation yielded pure 2:. 
(ethylphenylamjno)-4.6-difluoro-s-triazine (84)(1.2g, 69%) as white needles; 

m.p. 63.5-64°C; (Found: C, 55.6; H, 4.0; N, 24.0. C11 H1 oN4F2 requires C, 55.9; H, 

4.2; N, 23.7%); A.max (CH3CN) 236.0nm (log1 o£ 4.26). n.m.r. spectrum 35; i.r. 

spectrum 38; mass spectrum 37. 

9.6.8 Reaction of N-ethylanlllne with perflyorolsopropyl-s-trlazlne 

( 1 4) 

A mixture containing N-ethylaniline (0.63g, 5.2mmol) and 

perfluoroisopropyl-s-triazlne (14)(1.5g, 5.2mmol) was refluxed overnight In 

acetonitrile (Sml). The solvent was removed under reduced pressure to leave an off­

white solid which was washed with water and collected by filtration. Vacuum 

sublimation yielded pure 2-(ethylphenylamlno)-4-perl!uorolsopropyl-s-trlazine 

(80)(1.8g, 89%) as white crystals; m.p. 70-72°C; (Found: C, 43.8; H, 2.65; N, 

14.8; F, 40.0. C14H1oN4Fe requires C, 43.5; H, 2.6; N, 14.5; F, 39.4%); A.max 
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(CH3CN) 239.0nm (log, o£ 4.30);. n.m.r.- spectrum 36; l.r. spectrum 39; mass 

spectrum 38. 

8.6.9 praparatlon of N.N-Dimetbylamlno-2-metboxybenzene 

A flask was charged with 2-methoxyanlline (20g, 0.16mol) and 

trimethylphosphite (22g, 0.16mol). The mixture was heated until a fine mist 

appeared after which the heat source was removed and the reaction allowed to subside. 

The reaction was then heated at reflux for a further 2 hrs. After cooling to sooc , 
sodium hydroxide solution (22g In 170ml water) was added and the aqueous mixture 

was left to stand for 1.5hrs. The -a mines were extracted with ether and distilled on the 

Fischer Spahltrohr to yield N,N-Dimethylamino-2-methoxybenzene (13.0g, 54%); 

pure by GC; b.p. 81.7-820CJ5mm Hg; IR spectrum recorded; m/z (EI+) 151 (M+, 

1 00%). 

8.6.10 Beactlgn of N.N-Pimetbylamlng-2-metbgxybenzene with 

Trlflugro-s-Jrlazlne (13) 

A mixture containing N,N-Dimethylamino-2-methoxybenzene (1.0g, 

6.6mmol) and trifluoro-s-triazine (13)(1.2g, 8.8mmol) was refluxed overnight in 

acetonitrile (5ml). Water (15ml) was added to the mixture to precipitate the solid 

product which was collected by filtration. Vacuum sublimation yielded pure 2.:. 
methyl(2-methoxyphenyl\-amjno-4.6-djf!uoro-s-trlazjne (85)(0.51g, 31%) as 

white crystals; m.p. 139°C; (Found: C, 52.25; H, 3.85; N, 22.35. C11H1oN40F2 

requires C, 52.4; H, 3.95; N, 22.2%). n.m.r. spectrum 37; i.r. spectrum 40; mass 

spectrum 39. 

9.6.11 Reactlgp gf N.N.N' .N'-teJrametbyl-1 .4-dlamlnobenzene with 

trlflugrg-s-Jrlazlne {13) 

A mixture containing N,N,N',N'-tetramethyl-1,4-diaminobenzene (0.6g, 

3.6mmol) and trifluoro-s-triazine (13)(0.4g, 3.0mmol) was refluxed overnight in 

acetonitrile (5ml). Water was added to the mixture to precipitate the solid product 

which was collected by filtration. Vacuum sublimation yielded pure 2-methyi(4-N.N­

dimetbylaminopheoynamlno-4.6-djfluoro-s-tr!azine (86) (0.12g, 15%) as white 

crystals; (Found: C, 54.5; H, 5.1; N, 26.7. C12H13NsF2 requires C, 54.3; H, 4.9; N, 

26.4%). n.m.r. spectrum 38; l.r. spectrum 41; mass spectrum 40. 
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9.6.12 Reaction between 2-N .N-dlmetbylamlnoapyrldlne and 

perflugrodl-lsopropy!-s-trlazlne 115) 

A mixture containing 2-N,N-dlmetbylaminopyridine (0.5g, 3.5mmol) and 

perfluorodi-isopropyl-s-triazlne (1 .Sg, 3.4mmol) was refluxed In acetonitrile 

(5ml) for 6 hr. On cooling, water (15ml) was added to precipitate the solid product 

which was collected by filtration. Vacuum sublimation yielded the pyrjdiniym salt 

(87)(0.9g, 47%) as a pale yellow solid; (Found: C, 34.65; H, 1.7; N, 12.8. 

C1sH11NsOF14 requires C, 34.6; H, 2.0; N, 12.6%). n.m.r. spectrum 39; i.r. 

spectrum 42; mass spectrum 41. 
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APPENDIX ONE 

NUCLEAR MAGNETIC RESONANCE SpECTRA 

1. 1 ,8-(Bisdlmethylamlno)-naphthalene Hydrogen Fluoride Complex (PS/HF) (1) 

2. Triethylamine Hydrogen Fluoride Complex (24) 

3. Tributylamine Hydrogen Fluoride Complex (25) 

4. Trihexylamine Hydrogen Fluoride Complex (26) 

5. Trioctylamlne Hydrogen Fluoride Complex (27) 

6. Tridodecylamine Hydrogen Fluoride Complex (28) 

7. 2,2,6,6-Tetramethylpiperldlne Hydrogen Fluoride Complex (35) 

8. N-Methyi-2,2,6,6-Tetramethylpiperldine Hydrogen Fluoride Complex (36) 

9. N-Ethyi-2,2,6,6-Tetramethylpiperidine Hydrogen Fluoride Complex (37) 

10. N-AIIyi-2,2,6,6-Tetramethylpiperldlne Hydrogen Fluoride Complex (38) 

11 . N-Benzyl-2,2,6,6-Tetramethylpiperidine Hydrogen Fluoride Complex (39) 

12. Tetramethylguanldine Hydrogen Fluoride Complex (40) 

13. 1, 1-Bistrlfluoromethyl-6, 7 -blsdlmethylamino-2,3-tetrafluoro-ethano­

(1 H]-phenalene (4) 

14. Spiro[octafluorocyclopentane-1, 1'-(6, 7-bisdlmethylamino)-2',3'­

tetrafluoroethano-[1 H)-phenalene] (44) 

15. Spiro[octafluorocyclopentane-1, 1'-(6,7-bisdlmethylamino)-2',3'­

tetrafluoro-propan-1 "-one-[1 H)-phenalene) (60) 

16. 7 ,8-propano-9 ,1 0-propan-1 "-one-cyclohepta-(d,e)-naphthalene (61) 

17. Spiro[hexafluorocyclobutane-3, 1' -1,2-tetrafluoroethano-1-fluoro-3-( 4 "­

N,N-dimethylaminophenyl)-propene) (63) 

18. Spiro[hexafluorocyclobutane-3, 1'-1 ,2-tetrafluoroethano-1-fluoro-3-(N-

methylindol-3"-yl)-propene) (65) 

1 9. White Solid (66) 

20. 2-(pyrrol-2-yl)-4,6-difluoro-s-triazine (67) 

21. 2-(pyrrol-2-yl)-4-perfluoroisopropyl-6-fluoro-s-trlazine (68) 

22. 2-{pyrrol-2-yl)-4,6-perfluorodi-isopropyl-s-triazine (69) 

23. 2-(N-methylpyrrol-2-yl)-4,6-dlfluoro-s-triazine (70) 

24. 2-(N-methylpyrrol-2-yl)-4-perfluoroisopropyl-6-fluoro-s-triazine (71) 

25. 2-(N-methylpyrrol-2-yl)-4,6-perfluorodi-lsopropyl-s-trlazine (72) 

26. 2-(N-methylindol-3-yl)-4,6-difluoro-s-triazine (73) 

27. 2-(N-methylindol-3-yl)-4-perfluoroisopropyl-6-fluoro-s-triazine (74) 

28. 2-(N-methylindol-3-yl)-4,6-perfluorodi-isopropyl-s-triazine (75) 

29. 2-( 4-N ,N-dimethylaminophenyl)-4 ,6-difluoro-s-triazine (77) 

30. 2-(4-N,N-dimethylaminophenyl)-4-perfluoroisopropyl-6-fluoro-s-triazine 

( 7 8) 
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31. 2-(4-N ,N-dlmethylaminophenyl)-4,6-perfluorodi-isopropyl-s-triazine 

(81 A) and 2-(2-N,N-dimethylaminophenyl)-4,6-perfluorodi-isopropyl-s­

triazine (81 B) 

32. 2-( 4-N ,N-dlethylaminophenyl)-4-perfluorolsopropyl-6-fluoro-s-triazin e 

(79A) and 2-(2-N,N-diethylamlnophenyl)-4-perfluoroisopropyl-6-fluoro­

s-triazine (798) 

33. 2-(4-N,N-diethylaminophenyl)-4,6-perfluorodi-isopropyl-s-triazine (82A) 

and 2-(2-N,N-diethylamlnophenyl)-4,6-perfluorodi-isopropyl-s-triazine 

(828) 

3 4 1,8-(Bisdimethylamino)-4,5-(bisdifluoro-s-triaz-2-yl)-naphthalene (83) 

35. 2-(ethylphenylamino)-4,6-difluoro-s-triazine (84) 

36. 2-(ethylphenylamino)-4-perfluoroisopropyl-6-fluoro-s-triazine (80) 

37. 2-methyl-(2-methoxyphenyl)-amino-4,6-difluoro-s-triazine (85) 

38. 2-methyi-(4-N,N-dimethylamlnophenyl)aamino-4,6-difluoro-s-trlazine 

( 8 6) 

39. Pyridlnium Salt (87) 

NMR spectra were recorded in da-acetonltrile solutions unl.ess otherwise stated. 

Reference compounds (1H and 13C- Me4SI, 19F- CFCia) were used Internally. 



1 H NMR Spectrum of PS/HE in CP1c...ti 

Assignment of 1 H NMR spectrum discussed in section 2.3.2.1 
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~ Triethvlamine HF Complex 

a b c d 

(CH3CH2I3N . HF 

Chemical Shill Mulliolicily Relative Intensity Assjgnmem 
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H2.....! Tri-n-hexylamine HF Complex 
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1.49·1.78 1TI 36H b. c. d. e. I, g 

2.96 m 6H h 

10.76 s (br) IH 

19f 

-156.6 



ti2....i Tri-n-dodecamine HF Complex 

a b 
(CH~H:P~CH2CH2CH2CH2CH2CH:!CH~H~H:!hN . HF 

Chemical Shill Mu!Jio!icjty Relative lntensitr Assjgnment 

1tf 

19f 

UUl.m1 

0.4·2.90 

11.61 

-159.30 

Couo!jng Constants !Hz! 

m (overlapping peaks) 

s (br) 

s 

CH3,CH2 

a 

b 

tiLl 

Cbaml~ Sbib 
UUlml 

--------
't:l 

1.21 
1.52 

1.66 

4.90 

9.30 

19f 

-134.96 

... 

2 2 6.6-Tetramethylojoerjdjne Hydrogen Fluorjde Comolex 

Mul!lollcily 

c 

D Ma a Me 

N Me Me I 
Hd 

e I 
.HF 

Belallva_lntensllv 

Couollna Constants IHzl 

s 12H 

m 4H 

m 2H 

"' s (br) IH 

s (br) 1H 

s (br) 

Asslanmenl 

a 

b 

c 
d 

a 

.... 
Ul 
w 



U2J 

Chemis:al Sbill 

l..lul.m.l 

--------
'l::t 

1.27 

1.68 

2.48 

12.74 

19f 

-148.9 

1 2.2 6 6-Pentamethylpiperidine HF Complex 

Mul!iplicily 

D
C 

Me Me 

aMe N I Me 

dMe 

e I 
.HF 

Belalive IDIIlD:Oily 
Couolin"J Conslanls !Hzl 

s 12H 

m 6H 

s 3H 

s (br' 1H 

S (br• 

Assianment 

a 

b, c 
d 

e 

IDL._j N-Ethyl-2.2 6 6-Tetramethvlpiperjdine HF Complex 

D
C 

Me Me 

a Me N d~ Me 

e 

Chemjca( Shill Muii!Dijcl!v 

UUI.liLl Couotiog Coostams !Hzl 

'l::t 
1.32 s 12H 

1.32 I .. 3H 

1. 71 m 2H 

1.81 m 4H 

3.00 q Jd.e= 7.4 2H 

". 10 s rbr) 1H 

19£ 

. 143.9 s tbr) 

I g 
.HF 

a 
e 
c 

b 

d 

g 

...... 
(11 

~ 



tfg,_jg N-AIIyl-2 2.6 6-Tetramethylojperjdjne HE Complex 

DC Me 
Me 

Me 
aMe N) 

d e 

I I g 

h i 
.HF 

Chemical Sbjl! Mul!jplicl!y Relalive 101ensily Assjgnment 

UUlJnl Coupling Constants !Hzl 

'.1::1 
1.32 s 12H a 
1.68 m 2H c 
1. 73 m 4H b 

3.62 d Jd, a=6.0 2H d 

5.26 dd Je, r=l7.0 2H '· g 
6. II ddl J 8 , g=1 0.0 IH e 

12.1 s (br) IH h 
19f 

-146.0 

lill......1l N-Benzy!-2 2 6 6-Tetramethylpiperjdjne HE Complex 

DC hi 

Me HF Me · 

aMe NUMe 

d ~ 

e I .&"" g 

Chemical Shill Mu!tjo!icily Relative Intensity Assignment 

UUl.ml Couplina Cons1an1s !Hz\ 

'.1::1 
I .23 s 12H a 
I. 71 m 6H b. c 
4. II s 2H d 

7.25 I Jr. g=7.3 1H g 

7.30 I J 8 , t=7.6 2H 

7.54 d 2H e 
11.7 s (br) IH h 

"' 19£ 

'152.4 s (br) 

.... 
(11 
(11 



"t:IIL 
u:r 

"' 

156 

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 
I 
I 
IJ:I 
1-

"' .0 u 

:r 
C\1 :r :r 

.. .. .. 

.., .., .......... 
C\1.., CD 

.... 
"' C\1 

"' 



tlsl._13 1 1-Bjstril!uoromethyl-8 7 -bjsdjmethy!amino-2.3-
tetrafluoro-ethano-[1 Hl-phenalene 

c 

d 

h 

Chemical SbW Mumol!cjtv Relaliye fntansily Assignment 

IJUlm.l Coup!jng Constants IHzl 

'I:!. 
2.81 s 

2.88 s 

6.79}-AX 
JAY•B.3 

7.45 

6.98 }-AX 
JAx•B.B 

7.85 

19f 

-67.23 s 

·1 05.10 s 

-112.55 s 

'lG 
43.5 s (br) 

107.7 s 

108.9 s 

111.5 s 

1 1 5 · 1 2 0 many overlapping peaks 

116.7 s 

121.4 s 

6H 

6H 

!H 

IH 

IH 

1H 

6F 

2F 

2F 

a 
p 

c 

d 

n 

m 

k 

g 

h 

a.p 

I 

c 
n 

CF2 and CF3 g,h,k 

a 

q 

123.7 s I 

126.0 s I 

126.9 s d 

130.4 s m 

134.1 s 

152.9 s b 

153.0 m 

156.1 s •· 0 

The complexily of lhe 13c spectrum prevenls a full assignment. especially lor peaks In the 

region ol 115·125ppm. 

"' 

.... 
en 
...... 



tfJl&....1! SojroloCtaf!ygrgcyclopentane-1 1' -<6 7 -bjsdjmethylamjngl-
2' 3' -tetral!yoroethano -(1 Hl-phenalene) 

Chemical Sbjb Mul!lolicjl!f Relative lntensit!f Assjgnmen! 

LIUliD.l Coupling Constants 1Hz! 

'H 
2.88 s 
2.94 s 

6.86}Al( 
JAX a 8.4 

7.33 

7.04}Al( 
JAX = 8.8 

7.52 

19f 

-104.9 s 

-112.8} AS 
JAB = 249.1 

-116.0 

-114.6 s 
-135.2 s 

19f 2-D COSY spectrum also recorded. 

1~ 

43.0 s (br) 

105.6 s 
107.4 

6H 

6H 

1H 

1H 

IH 

1H 

2F 

4F 

2F 

4F 

a 
q 

c 

d 

0 

n 

g 

k 

h 

I 

a,q 

109.4 s 

111.4 s 

115.4 s 

11 5- 1 2 0 many overlapping peaks 

128.6 s 
134.0 s 
135.8 s 
151.9 m 

154.4 s 
... 

158.2 s 

" 

c 
0 

g, h, k, I 

d 

s 
n 

b 

p 

..... 
Ul 
Q) 



~ Sojro!octaflyorocyclopentane-1 1' -16 7-bjsdjmethylamjnol-
2' 3' -tetraflyoropropan-2" -one-U Hl-pbenalene! 

Chemical SbjCI Muf!jp!lcily 

I.WI.ml CoUPling Constants !Hzl 

'1::1. 
2.16 s 

6.95 }AX 
JAx • 8.8 

7.25 

7.05 }AX 
JAX a 8.8 

7.92 

19f 

·111.0} AB 
JAB a 246.7 

·113 .4 

·117.8 s (pseudo AB) 

·131.4 s (pseudo AB) 

-132.3 s (pseudo AB) 

19F 2-0 COSY spectrum also recorded. 

Relative fnlensjty Assjgnment 

12H 

1H 

1H 

1H 

tH 

4F 

2F 

2F 

4F 

a. i 
b 

c 

d 

e 
g 

Hsl....J1 3 1' -1 2-tetraf!yoroethano-11 cyc!obytane-
Spjro-!hexa yoro . h I ·nopheny!l-propene 

3 14" N N-P•met y amt 1-f!yoro- - -

g ~d 

e 

Chemical Shift Myllip!lcl!y Be!a!lye loJensily Assignment 

I.WI.ml Coupljng Consfan!S IHzl 

'1::1. 
2.96 s 

6.76 }AB 
JAe=8.7 

7.16 

19f 

·101.22 s 
·114.04 s 
. I 19.04 s 

-117.05}AB 
JAe=214 "' 

·120.93 

-127.99 }AB 
JAB=222 

·133.89 

6H 

2H 

2H 

1F 

2F 

2F 

4F 

2F 

a 
b 

c 

b 

I 

g 

d 

e 

..... 
en 
co 



tfJL...JJ 7 8-Propano-9. 1 0-oropan-2" -one-cvc!o-bepta-!d.cJ­
naphtha!ene 

d h 

e g 

0 

Chemical ShU! Mul!jplicj!y Bela!ive !n!ensj!y Assjgnmem 

LJutml Coupljng Cons!ants IHzl 

-----------------------------------------------------------------
'l:l 

2.16 s 12H a,k 

6.49 }AX 
1H 

JAx • 8.8 

6.92 . IH 

6.51 }AX 
IH b 

JAx • 8.8 

7.33 1H c 

19£ 

·106.5} AS 
JAB a 278 2F d 

-128.8 

-109.3} AS 
JAB • 262 2F h 

'133.1 

·119.4} AS 
JAB a 260 2F 

·128.0 

-128.8} AS 
JAB • 283 2F e 

-138.0 

• 133.4 

AS JAB • 240 2F g 

-143.4 

19F 2·0 COSY speclrum also recorded. The midpoints olthe AB systems are -117.6, -121.2. · 

123.7, ·132.4 and -138.8ppm. 

•.. 

"' 

~ 

CJ) 

0 



tfg._jJ Spjro-!hexafluorocyclobutane-3 1 '-1 2-tetraf!uoroethano-
1 -fluoro-3-IN- Methy!indo!-3-y!l-propeoe 

g 

h 

Chemjcal Shjft Myl!jpljcily 

LQ.Wnl CgyDijng Constants !Hz! 

'ti 
3.85 5 

7.20 I 7.6 

7.33 I 7.6 

i.39 d 8.0 

7.51 d 8.3 

7.56 5 (br) 

19f 

-100.63 s 

-114.70 s 
-119.30 s 

-117.22 }AS 
JAs=215 

·120.45 

-128.22 }AS 
JAea221 

-130.37 

Rela!jve !otensjty Assjpnment 

3H 

tH 

1H 

1H 

1H 

1H 

IF 

2F 

2F 

~F 

2F 

a 
I or g 

I or g 

h 

e 
b 

p 

n 
0 

k 

HL...U Whjte Sg!id 1•1 

.. 

Chemical ShiH Myl!lpllcl!v 

UUiml Coyp!IM Constant!! !Hz! 

1if 

2.19 s 
3.12 s 
7.82·8.40 

19f 

-120.14 s 

·130.40} AS 
J'Ae·215 

-133.89 

a 

Re!atiye Intensity Assjpnment 

2H 

12H a 
4H b, c 

4F e 

4F d 

..... 
en ..... 



tl5L....2Il 

Chemical Shill 

IJUlmj 

'1::1 
6.40 

7.23 

7.34 

10.30 

19f 

·39.68 

2-1 pvrrOI-2- yll-4 6-djl!yoro-s-trjazjne 

F e 

a H ),. 

b /~'~ l V' N F 

c a 

MyWolicily Be!a!jye !mensitv Assignment 

Coypl!ng COD!i!BD!S 1Hz! 

dd Jc.d=4.0 1H c 
m Jb.c=2.3 tH b 

dd Jb.d= 1.6 1H d 

s (broad) tH a 

5 e 

tiJL.._21 

Cbemjca! Shill 

IJUlmj 

2- I py rro 1-2-y I l- 4- I I yo ro- 6-perfl yo ro j so oro p yl- s­

trjazjne 

F 

a H N)lN 

b /~' ~N .t. _CF3 \..18' -g If-F 
c a 1CF3 

Mylliplicily Belaliye ID!ensily Assjgnmeot 

Coypljng Cons!aD!s 1Hz! 

--------------·--------------------------------------------------
'1::1 

6.43 m Je.d=4.0 IH c 
7.27 m Jb.e=2.4 1H b 

7.40 m Jb.dm 1.2 1H d 

10.62 s (br) 1H a 

19f 

·39.68 5 IF 

-74.43 s 6F 

·184.47 s IF h 

" 
13c_ 

90.!J d sept 211. 33 h 

114.5 s c 
121.2 s d 
121.3 qd 288, 27 

128.5 s e 
130.5 s b 

169.2 dd 22. 12 g 

170.4 dd 13. 3 

171.2 dd 229, 3 

.... 
en 
N 



ti5l.....22 2· lpyrro!-2-yl 1·4 6· perf!yorodj-jsop ropy!-s­
trjazjne 

F 

CF31CF3 

a H NP N 

b /~'~Nt _cF, 
~' -glf.F 

c a ;CF3 

ChemjcaJ ShU! MuWplicl!y Belaliye !ntensj!y Assjgnment 

Lum1 CoyQijng Cpnstams IHzl 

----------------------------------------------------------------
'li 

6.31 dd Jc.d•3.5 1H c 

7.15 m Jb.ca I. 7 IH b 

7.29 dd Jb.dD 1.5 IH d 

9.50 5 (br) IH a 

19f 

-74.42 5 6F 

-184.72 s IF h 

'3C 
90.4 d sepl 211. 33 h 

114.3 s c 

120.8 qd 288, 27 

121.3 s d 

128.2 s 9 

130.6 s b 

165.9 dd 22. 4 g 

166.5 I 3 

No. 23 2·1N· methylpyuol- 2-yll-4 6-dif!uoro-s-trjaz joe 

F 

a ~a Nj.QN 

b /N,A k 
~el N F 

c a 

Chemjcal ShjQ Mul!loljcily BetaUye lntensily Assjgnment 

Lum1 

'li 
4.04 

6.27 

7.15 

7.44 

19f 

-45.60 

':!C. 
39.21 

111.09 

123.34 

128.0 

136.13 

172.03 

172.35 

CouQijng Constants IHzl 

5 

dd Jc.da4.0 

m Jb.ca2.4 

dd Jb.d•1.8 

s (broad) 

5 

5 

s 

5 

s 

dd 226. 19 

I 1 4 

3H 

IH 

IH 

IH 

" 

a 
c 
b 

d 

g,h 

a 
c 

d 

9 

b 

g,h 

For 13C spectra, il is important to have the proton decoupler on during acquisition but ll..l.l 

during delay. This prevents artificial nuclear overhouser enhancement of peaks with low 

relaxation limes (e.g. non-subsli!Uied aromatic carbons!. hence giving greater resolution lor 

peaks with a longer relaxation time (e.g. C-F carbons). However. a much longer acquisition 

time is necessary. 

-en 
(A) 



Ha.....2! 2-fN-methy!pyrrol-2-yll-4-perf!uorojsopropy!-6-
fluoro-s-triazine 

F CF, '4-t.CF, i 

8 Me N~ I N 

b (Je+N+F 
c d 

Cbemjc;al Shill MyWpl!cjty Re!a!lye !ntens!Jy Assignment 

UlQm.l Cougljng Cgnstj!DtS !Hzl 

-----------------------------------------------------------
'H 

4.12 s 3H a 

S.33 dd Jc,ct•4.2 1H c 
7.35 m Jb.c•2.3 1H b 

7.52 dd Jb.ct·1.8 1H d 

19f 

·38.4 s IF 

·74.2 s SF 

·184.3 s IF h 

~~ 

39.28 s a 

90.28 dsept 211, 35 b 

111.55 s c 
120. 7S qd 288, 27 

123.95 s d 

128.0S s 8 

136.85 s b 

1S8.18 dd 21, 12 g 

170.21 dd 13, 3 

170.27 dd 228, 3 

13C acquisition lime 17.5 hr 

ttcL...n 2-f N-methy!pyrrol- 2- yl I -4 6-perfluorodj-jsgpropyl­
s-trjazjne 

F 
CF3 tCF3 i 

a Me N~ N 

'!I /~"-AN l CF3 \Je' ,~ 
c d CF, 

Cbemlc;al Shift MuWgljcl!y Relative ln!ensily Assignment 

UlQm.l Coyp!ing Consranrs !Hzl 

Spectra recorded in da·acetone 

'H 

19f 

1~ 

4.07 s 
S.32 dd Jc.ct•4.2 

7.05 m Jb.c•2.3 

7.SS dd Jb,ct•1.9 

·74.9S s 
·185.19 s .... 

39.09 s 

90.21 d sept 218, 33 

111.88 s 
120.73 qd 288, 27 

124.75 s 
128.12 s 
137.S7 s 
1S5.55 dd 22. 3 

1SS.S2 3 

3H 

IH 

1H 

1H 

SF 

IF 

a 
c 
b 

d 

h 

a 
h 

c 
I 

d 

e 
b 

g 

..... ., ... 



tm.......2l 2 • <N· met hylj ndo I· 3· y I l • 4 6 -difl uo rg- s-1 rja z j n e 

d 

e 

" )-N 

oj.
N N}-~ 

N 
\ 

a Me 

Chemjeal Shill Mu!Jiplicily Betatjye lntensjly Assignment 

LJul.ml Cgup!iM Cons!aDJs 1Hz! 

'li 
4.1 5 3H a 
7.4 m 2H d,e 

7.7 m IH I 

8.6 m IH c 
8.7 5 IH b 

19f 

-40.2 s g 

Besolullon of 1 H spectrum is poor due to the low solubility of !he product 

tm.......2l 2· t N-metb yl j ndgl-3· y I l -4 6 -perf! ug rgdj-jsgp ropy!· s· 

trjazjne 

F. CF3 

CF3~ -

N)-NH-3 

doj." N c~gh 
e ' b # N 

I ' a Me .... 
en 

cb;;k;!sh#I-!M~!«wi~!;----------8~~";;,~~;;;--~~s;;;;~;--------- '" 
LJu1m1 CoUQlino Consraors 1Hz! 

IU 

3.97 5 3H a 
7.43 m 2H d,e 

7.59 m !H I 

8.44 m IH c 
8.56 5 IH b 

19f 
" 

. 74.17 s 6F h 

-184.44 s IF g 

Resolution on I H spectrum poor due ro !he low 5olubili!y or the product 



u.o..._n 2- IN-m 9th y I i odo 1-3-y ll-4-oe rfluoro jsoprop y!-6- fl uo ro -s­

Jrjazjoe 

F: 
}-N n CF 

aj.
N N\--;;k-: 

I CF3 

g 
1 N 

h ' Mea 

Chemical ShjU Mul!lollc!ty BelaJjye ln!ensj!y Assignment 

UUlllU Coup!jng Constants tHzl 

----------------------------------------------------------------
Spedra recorded In !Is-acetone 

'H 
4.04 s 3H a 
7.36 m 2H 

'· g 
7.67 dd Jg.h=6 Jr.h= 2 1H h 

8.45 dd Je.t=6.5 Je.g= 3 tH e 

8.59 s 1H b 
19f 

·39.2 s 1F k 

-74.2 s 6F 0 

·184.2 s 1F m 

1:Jc 

34.23 s a 
90.17 d sept 2t0, 33 m 

111.72 d 1.9 c 

111.98 s g 

120.77 dq 287, 27 0 

122.98 s 
123.98 s e 

124.63 s h 

127.16 s d 

139.65 s 

140.53 

168.14 

170.29 

175.02 

s 
m (br) 

dm 229 

dd 13, 3 

... 

b 

k 

•.. 

...... 
en 
en 



t!cL.2.i 2-!N N-jjjmethvlamjnophenv!l-4 6-djl!uoro-s-trjazjne 

F 

Me ---o-<N=< \ N 

M/\J N-( 
a b c d F 

----------------~-~-------------8~~«;;(~~~;;;--a~~~~;;~~--------cbemlca' Shjh Myl!rphcl!y 

UUtml Coypl!ng Coostams !Hz! 

'1:1 
3.10 s 6H a 

6.80 }AX 
2H b 

JAx=9.0 

8.28 2H c 

19f 

-40.13 s d 

tm.....3.0. 2-(4-N N-Djmethylamingphenyll-4-perl!uoro­
isgprg oy 1-6-I I y 0 rg- s -triaz j n e 

d F 

N==( 
"}-0-t.( ,CF, 

Me b c . __ 'f-.F e 
a I CF, 

UUtml Cpypling Coostams !Hz! 

Spectra recorded in COCI3 

'l:i 
3.40 s 6H a 

6.98}AX 
2H b 

JAx=9.4 

8.65 2H c 

19f 
"' -37.25 s IF d 

-74.27 d 7.5 6F 

"184.82 sept 7.5 IF e 

..... 
CD 
...... 



Usl.....ll 2-<4-N N-Pjmethvlaminophenvll-4 6-perf!yorodj­
jsoprp pyl- s- trjaz in e 

Para Isomer 
CF3 F 

~CF3 N Me~ N \ ~ 4 
l \ N:XCF3 e Me b c 

a Fd 
CF3 

Chemical Sbj!! Muf!iplici!y Belaliye !ntensjtv Assiaoment 

Llm.ml Coupfjng Constants IHzl 

'U 
3.08 s 

6.67}AX 
JAx=9.2 

8.36 

19f 

·73.66 d 7.2 

-184.00 sept 7.2 

6H 

2H 

2H 

6F 

IF 

a 
b 

c 

e 

Ortho Isomer 

F 

CF31CF3 

8 Me M 
'N"' V,N::;;- N 

b cY.""'N Jl ~CF3 g cl . "j(.FI 
e CF3 

d .... 
~ 

----------------------------------------------------------------- CD 
Chemjcal Shill Mulfipfjc!ty Relative Intensity Assianment 

UWn.l Coupljng Constants IHzl 

'U 
3.11 s 6H a 

7.40-8.90 4H b,c,d,e 

19f 

. 73.48 d 6.8 6F g 

-184.13 sep! 6.8 IF 

.. 



UL..U 2· IN N-d ieth yla m inoohen yl I -4 -oerfluoroj soorooyl-6-
fl uoro-s-triaz ine 

para isomer 

k F 

N~ "\~ N 

_/~N-t. .CF3 
a b d e .. i)CF 

I CF3 

Cbemjca! Shift Mulljpllcily Belaliye lntensj!y Assjgnmenl 

lJIJI.m.l Couoling Constants IHzl 

'U 
1.20 I 7 

3.49 q 7 

6.80 }AX 
JAx=9.6 

8.27 

19f 

·43.50 s 

-78.09 d 6.8 

-188.17 sept 6.8 

·~ 
12.5 s 

44.8 s 

89.3 d sept 213. 33 

111.16 s 
119.74 qdq 288. 27 

130.30 s 
132.74 s 
153.14 s 
167.95 dd 21.9, 11.5 

169.79 d 234 

176.00 d 12.5 

6H 

4H 

2H 

2H 

IF 

6F 

1F 

a 
b 

c 

d 

e 
g 

a 
b 

d 

I 

e 

c 
h 

k 

g 

Ortho Isomer 

:lNJ N~N 
cAAN~~:3 1 

duf CF3 

e 
~· 

Chemjcal Shj!t MyWp!icily Be!atjye lntensjty Assjgnment 

lJIJI.m.l Couo!jng Cons!aO!s !Hzl 

•u 
1.07 I 7.1 6H a 

3.51 q 7. I 4H b 

7.16·7.48 4H c. d. e. I 

19f 

-43.50 s IF g 

-78.03 d 6.4 SF 

-187.09 sept 6.8 IF h 

The resonances corresponding to the ortho isomer in the 13C spectrum cannot be resolved due to 

the small concenlralion of this isomer. However, line broadening of the spectrum Indicates the 

presence of !he ortl1o isomer. .. 

..... 
CD 
co 



~ 2..:14-N N- Oiethvla min ophen yll-4 6-perfl uorodi isoprooyl­

s-triazine 

Para Isomer 
CF3 F 

-)LcF
3 

~~N=< 
N ~ /) ~ N __/ ~ N-\ a b c d CFJ I 
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APPENPIX TWO 

INFRA REP SPECTRA 

1. 1 ,8-(Bisdimethylamino)-naphthalene Hydrogen Fluoride Complex (PS/HF) 

(1 )(Nujol mull) 

2. Triethylamine Hydrogen Fluoride Complex (24) 

3. Tributylamine Hydrogen Fluoride Complex (25) 

4. Trihexylamine Hydrogen Fluoride Complex (26) 

5. Trioctylamine Hydrogen Fluoride Complex (27) 

6. Tridodecylamine Hydrogen Fluoride Complex (28) 

7. 2,2,6,6-Tetramethylpiperidine Hydrogen Fluoride Complex (35) 

8. N-Methyi-2,2,6,6-Tetramethylpiperidine Hydrogen Fluoride Complex (36) 

9. N-Ethyi-2,2,6,6-Tetramethylpiperidine Hydrogen Fluoride Complex (37) 

10. N-AIIyi-2,2,6,6-Tetramethylpiperidine Hydrogen Fluoride Complex (38) 

11. N-Benzyi-2,2,6,6-Tetramethylpiperidine Hydrogen Fluoride Complex (39) 

1 2. Tetramethylguanidine Hydrogen Fluoride Complex (40) 

13. 1, 1-Bistrifluoromethyl-6, 7-bisdimethylamino-2,3-tetrafluoro-ethano­

[1 H]-phenalene (4) 

14. Unidentified Red Solid (5) 

15. Spiro[octafluorocyclopentane-1 , 1 '-(6, 7 -bisdimethylami no )-2' ,3'­

tetrafluoroethano-[1 H]-phenalene] (44) 

16. (7 ,8)-(9, 1 0)-dihexafluoropropano-3,4-bisdimethylamino-cyclohepta-[d,e]­

naphthalene (56) 

1 7. Spiro[octafluorocyclopentane-1 , 1 '-(6, 7 -bisdimethylami no )-2' ,3'­

tetrafluoropropan-2"one-[1 H]-phenalene] (60) 

18. 7 ,8-propano-9, 1 0-propan-2"-one-cyclohepta-[d,e]-naphthalene (61) 

19. Spiro[hexafluorocyclobutane-3, 1'-1 ,2-tetrafluoroethano-1-fluoro-3-(4"­

N ,N-dimethylaminophenyl)-propene] (63) 

20. Spiro[hexafluorocyclobutane-3, 1'-1 ,2-tetrafluoroethano-1-fluoro-3-(N-

methylindol-3"-yl)-propene] (65) 

21 . White Solid (66) 

22. 2- (pyrrol-2-yl) -4 ,6-difl uoro-s-triazine (67) 

23. 2-(py rrol-2-yl)-4-perfluoroisopropyl-6-fluoro-s-triazi ne (68) 

24. 2-(pyrrol-2-yl)-4 ,6-perfluorodi-isopropyl-s-triazi ne (69) 

25. 2-( N-methylpyrrol-2-yl)-4 ,6-difluoro-s-triazine (70) 

26. 2-( N- methylpyrrol-2-yl)-4-perfluoroisopropyl-6-fl uoro-s-triazine (71) 

27. 2-(N-methylpyrrol-2-yl)-4,6-perfluorodi-isopropyl-s-triazine (72) 

28. 2-(N-methylindol-3-yl)-4 ,6-difluoro-s-triazine (73) 

29. 2-(N-methylindol-3-yl)-4-perfluoroisopropyl-6-fluoro-s-triazine (7 4) 
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30. 2-(N-methylindol-3-yl) -4 ,6-perfluorodi-isopropyl-s-triazine (75) 

31. 6-(N-methylindol-3-yl)-2,4,5-trifluoro-pyrimidine (76) 

32. 2-( 4-N ,N-dimethylaminophenyl)-4,6-difluoro-s-triazine (77) 

33. 2 -( 4-N, N-di me thy lam inoph enyl) -4-perfl uoroisopropyl-6-fluoro-s-triazi ne 

( 7 8) 

34. 2-( 4-N ,N-dimethylaminophenyl)-4,6-perfluorodi-isopropyl-s-triazine 

(81 A) and 2-(2-N,N-dimethylaminophenyl)-4,6-perfluorodi-isopropyl-s­

triazine (81 B) 

35. 2-( 4-N ,N-diethylaminophenyl)-4-perfluoroisopropyl-6-fluoro-s-triazine 

(79A) and 2-(2-N,N-diethylaminophenyl)-4-perfluoroisopropyl-6-fluoro­

s-triazine (798) 

36. 2-(4-N ,N-diethylaminophenyl)-4 ,6-perfluorodi-isopropyl-s-triazine (82A) 

and 2 -(2- N, N -diethylaminophe nyl)-4 ,6-pe rfl uorod i-isopropyl-s-triazine 

(828) 

37. 1,8-(Bisdimethylamino)-4,5-(bisdifluoro-s-triaz-2-yl)-naphthalene (83) 

38. 2-(ethylphenylamino)-4,6-difluoro-s-triazine (84) 

39. 2-( ethylphenylamino )-4-perfluoroisopropyl-6-fluoro-s-triazine (80) 

40. 2-methyl-(2-methoxyphenyl)-amino-4,6-difluoro-s-triazine (85) 

41 . 2-methyl-( 4-N ,N-dimethylaminophenyl)-amino-4 ,6-difluoro-s-triazine 

( 8 6) 

42. Pyridinium Salt (87) 

All solids were recorded as KBr discs unless otherwise stated. All liquids were run as 

thin films between KBr plates 
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APPENPIX THREE 

MASS SPECTRA 

1. 1 ,8-(Bisdimethylamino)-naphthalene Hydrogen Fluoride Complex (PS/HF) (1) 

2. Triethylamine Hydrogen Fluoride Complex (24) 

3. Tributylamine Hydrogen Fluoride Complex (25) 

4. Trihexylamine Hydrogen Fluoride Complex (26) 

5. Trioctylamine Hydrogen Fluoride Complex (27) 

6. Tridodecylamine Hydrogen Fluoride Complex (28) 

7. 2,2,6,6-Tetramethylpiperidine Hydrogen Fluoride Complex (35) 

8. N-Methyi-2,2,6,6-Tetramethylpiperidine Hydrogen Fluoride Complex (36) 

9. N-Ethyi-2,2,6,6-Tetramethylpiperidine Hydrogen Fluoride Complex (37) 

1 0. N-AIIyl-2,2,6,6-Tetramethylpiperidine Hydrogen Fluoride Complex (38) 

11. N-Benzyi-2,2,6,6-Tetramethylpiperidine Hydrogen Fluoride Complex (39) 

12. Tetramethylguanidine Hydrogen Fluoride Complex (40) 

13. 1,1-Bistrifluoromethyl-6, 7-bisdimethylamino-2,3-tetrafluoro-ethano­

[1 H]-phenalene (4) 

1 4. Unidentified Red Solid (5) 

15. Spiro[octafluorocyclopentane-1, 1'-(6, 7-bisdimethylamino)-2',3'­

tetrafluoroethano-[1 H]-phenalene] (44) 

16. (7 ,8)-(9,1 0)-dihexafluoropropano-3,4-bisdimethylamino-cyclohepta-[d.e]­

naphthalene (56) 

1 7. Spiro[octafluorocyclopentane-1 , 1'-(6, 7 -bisdimethylamino )-2' ,3'­

tetrafluoropropan-2"one-[1 H]-phenalene] (60) 

18. 7 ,8-propano-9, 1 0-propan-2"-one-cyclohepta-[d,e]-naphthalene (61) 

19. Spiro[hexafluorocyclobutane-3, 1'-1 ,2-tetrafluoroethano-1-fluoro-3-(4"­

N,N-dimethylaminophenyl)-propene] (63) 

20. Spiro[hexafluorocyclobutane-3, 1' -1 ,2-tetrafluoroethano-1-fluoro-3-(N-

methyllndol-3"-yl)-propene] (65) 

21. 2-(pyrrol-2-yl)-4,6-difluoro-s-triazine (67) 

22. 2-(pyrrol-2-yl)-4-perfluoroisopropyl-6-fluoro-s-triazine (68) 

23. 2-(pyrrol-2-yl)-4,6-perfluorodi-isopropyl-s-triazine (69) 

24. 2-( N-methylpyrrol-2-yl)-4 ,6-difluoro-s-triazine (70) 

25. 2-(N-methylpyrrol-2-yl)-4-perfluoroisopropyl-6-fluoro-s-triazine (71) 

26. 2-(N-methylpyrrol-2-yl)-4,6-perfluorodi-isopropyl-s-triazine (72) 

27. 2-(N-methylindol-3-yl)-4,6-difluoro-s-triazine (73) 

28. 2-(N-methylindol-3-yl)-4-perfluorolsopropyl-6-fluoro-s-triazine (74) 

29. 2-(N-methylindol-3-yl)-4,6-perfluorodi-isopropyl-s-triazine (75) 

30. 6-(N-methylindol-3-yl)-2,4 ,5-trifl uoro-pyrimidine (76) 
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31. 2-(4-N,N-dimethylaminophenyl)-4,6-difluoro-s-triazine (77) 

32. 2- ( 4-N ,N-dlmethylam inophenyl)-4-perfluoroisopropyl-6-fluoro-s­

triazin(78) 

33. 2-( 4-N ,N-dimethylaminophenyl)-4,6-perfluorodi-isopropyl-s-triazine 

(81 A) and 2-(2-N,N-dimethylaminophenyl)-4,6-perfluorodi-isopropyl-s­

triazine (81 B) 

34. 2-( 4-N ,N-diethylaminophenyl)-4-perfluoroisopropyl-6-fluoro-s-triazine 

(79A) and 2-(2-N,N-diethylaminophenyl)-4-perfluoroisopropyl-6-fluoro­

s-triazine (798) 

35. 2-(4-N ,N-diethylaminophenyl)-4,6-perfluorodi-isopropyl-s-triazine (82A) 

and 2-(2- N, N -diethylaminophe nyl) -4 ,6-perfluorodi-isopropyl-s-triazine 

(828) 

36. 1 ,8-(Bisdimethylamino)-4,5-(bisdifluoro-s-triaz-2-yl)-naphthalene (83) 

37. 2-(ethylphenylamino)-4,6-difluoro-s-triazine (84) 

38. 2-(ethylphenylamino)-4-perfluorolsopropyl-6-fluoro-s-triazine (80) 

39. 2-methyl-(2-methoxyphenyl)-amino-4,6-dlfluoro-s-triazine (85) 

40. 2-methyl- ( 4-N, N -di methylam inophenyl)-amino-4 ,6-dlfluoro-s-triazl ne 

( 8 6) 

41 . Pyridinium Salt (87) 
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126. 16 
127. 12 
128. 12 
129. 11 
130. 12 
131.03 
132.04 
138. 11 
137.08 
138.14 
139. l1 
140. 16 
141. 12 

• 142. 19 
• 143. 13 

145. 18 
149.07 
1!50.04 
151.0!1 
1!12.08 
153.10 
154. 18 
HIS. 10 
156.20 
1!17. 16 
162.03 
163.05 
168. 15 

. 

•t. ease 
14.86 

· 54. to· 
16.40 

1. 78 
0.53 
0.81 
0.57 
1. 78 
1. 34 
2.05 
1. 20 
0.38 

14.89 
0.!16 
0.36 
0.51 
0.42 
2.03 
4.99 
3.58 

16.20 
2.05 
0.;46 
1. 23 
0.74 
0.96 

23. 17 
3.16 
1. 78 
1.91 
4.49 
0.70 
1. 78 
0.74 
0.54 

188. 18 1. 34 
167. 14 0.58 
168. 14 3.56 
169.04 10.30 
170.14 0.60 
171. 16 0.~! 
243.05 2.03 
247. 17 0.38 
252.33 l. 94 
2!53.34 ·o. 41 
254.3!1 28. 16 
25!5.31 5.93 
2!56.36 0.63 
260. 1!1 1. 04 
267.06 0.!14 
268.36 0 .. 41 
269.05 1. 81 
278. 16 0.71 
280.37 1. 10 
281. 06 3.56 

El+ 

El• 
Sys:IIC£ . 
Cal : PfK25SEP 

J Trioc:tylamine HF 

488 



95 

98 

85 

88 

192 

No.6 
GS6419t xl Bgd=l 28-NOU-89 14=5•8 88 56 78[ 
Bp11=8 I =!811 H•=684 TIC=764824888 Rent 
G. .SHNDFORO PT = 8° 
•x1•o 

75 28 

78 

65 

68 

55 

58 

45 

48 

35 

38 

25 

28 

15 

18 

43 

55 

69 

83 198 

El• 
Sys=HCE 
Cal =PFK269 

366 

El+ 

Trldodecylamine HF 

522 

:~uw~~j~~JJ~j~~l~~~l~1~.b~~~~~ly~~~~~~l~~•1~~~~~~~~----
188 288 388 489 ~AA 

El+ Data 
Mass 

353. 14 
354 15 
355. 16 
362. 12 
363. 13 
364 13 
365.09 
366. 14 
367 16 
368. 16 
369. 17 
378. 16 
380.17 
381. 18 
382. 17 
392. l8 
393. 17 
394. 19 
395. 19 
406.20 
408.21 
409.22 

e420. 22 
1122.23 
423.24 
434.23 
436.25 
437.25 
448.26 
450.27 
451. 28 
462.27 
464.29 
465.30 
476.30 

'l. Base 
2.04 
2. 19 
0.55 
0.51 
0.28 

10.32 F 
3.60 F 

100.00 FO 
73.26 F 
II. 24 
I. 26 
0.33 
I. 08 
0.36 
0.54 
2.94 
I. 00 
0.90 
0.25 
0.29 
0.72 
0.26 
0.25 
0. 79 
0.26 
0.28 
0.82 
0.27 
0.31 
I. 05 
0.30 
0.24 
I. 57 
0.58 
0.28 

478.31 
479.31 
492.33 
493.33 
506.35 
507.35 
518.35 
519.36 
520.36 
521.37 
522.39 
523.39 
524.40 
525.40 

I. 64 
0.61 
I. 00 
0.38 
0.61 
0.24 
I. 07 
I. 17 

18. 16 
8.44 

22.54 
8.95 
I. 85 
0.21 
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No.7 Cl+ 

GS3618t xl Bgd=G 27-RPR-89 14:3•8=88=51 78[ Cl• 

MeDMe Bpll=8 1=18u 1111=539 TIC=IB34SBB88 Rent= Sys=RtE 
G .SRNDfliRII PT= 8° Cat = Pfl2611PR .HF 

180 142 Me N Me 
I 

95 H 

99 

85 

89 

75 

79 

65 

69 

55 

sa 
45 

·lO 

15 

10 

25 
126 

2q 

15 'i9 
10 

'i 

J l II _l I 
189 288 388 489 

Mass 'l. Base 
44. 04 10 140 14 0.27 
'38. 06 12. 84 140 47 0.03 
70. 06 4 55 140.51 0.03 
98.09 . 36 140.55 0 04 .. 

113. II I 01 140.60 0.05 
120.08 0. 05 140.67 0.03 
121. 11 0. 04 142.24 100.00 FO 
122.07 0. 19 143. 17 31.60 F 
123. 10 0. II 143.69 0.04 
124.01 0.03 143.74 0.04 
124. 11 0.27 143.76 0.04 
125. 12 0.23 143.83 0.05 
125. 6l 0.03 143.90 0.04 
125.68 0.04 143.93 0.05 
125.73 0.04 144. 17 I. 62 
126. 13 21.79 
126.42 0 04 
127. 14 2.03 
128. 14 0 18 
129. 10 0.04 
130.08 0.05 
130. 12 0.04 
131.08 0.07 
132.07 0.02 

.132.11 0.04 
·133.09 0.20 

134.07 0.06 
134. 12 0.04 
135.09 0.07 
136.08 0.04 
136. 11 0.04 
137.06 0.05 
137.08 0.04 
137. 14 0.06 
138. 13 0. 79 
139.03 0.07 
139. 13 0. 19 
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No.8 
GS4112lt xl Bgd=6 9-JUN-89 16 3+8 81 =52 78£ 
Bpii=B l=IBu H11=ISB TIC=IH3824888 Rent= 
G • SRNDrORO PT = 8° 

Cl• 
Sys=Rt£ 
Cat: PFl1911RY 

·~•·o 

100 

95 

99 

85 

80 

75 

.'1as ~ 
':;6 
':S 
70 
~2 

34 
:.::4 
:26 
;40 
loll 
142 
154 
156 
157 
~se 

• 

')J 

05 
~·4 

':''! 
(•5 
06 
C7 
09 
OS 
09 
OS 
1:3 
10 
II 

'· 

Me ~ Me .HF 

Me)J...._N..J<Me 
I 
Me 

ease 
;16 

·i 9:0: 
·, 43 
~ 91 

39 
c 31 
·~ 52 ,:,_ 20 
:<:. 32 
!. 26 
' ... 6i 

i ,j,) •)0 1"0 . ~- 02 F 
69 

ct+ 

ISS 
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No.9 

I 

95 

98 

B5 

88 

75 

78 

65 

68 

55 

58 

45 

49 

35 

38 

25 

28 

15 

IB 

GSS2126t x1 Bgd=& 15-flllll-119 II :5+8:1!:14 71£ 
Bpll=ll I =2 .llv IIF448 T1C=nan181 lk:nt: PT = tJ 
6 .SIIIIIIFORD .. , .. 

178 

35 

I 2 

Cl• 
Sys:flll 
Cal : PrVIIIIi 

ct+ 

.HF 

:~1~11~11~~~1~~~~~--~-m---
18 281 

Flau 
121. 14 
122. 18 
123.18 
124. 18 
128.17 
121.18 
127.18 
128. 19 
132. 18 
133.18 
134. 18 
138.17 
131. 17 
137.19 
138.21 
138.20 
140.24 
141.18 
142.28 
143.27 
144.21 
1411.17 
148.20 
147. 19 

~148.20 
149.21 
1110.22 
1111.21 
182.22 
1113.23 
184.28 
1118.28 
1118.28 
1118.20 
188.20 
180.20 
111.20 

'l. Ba•• 
0.43 
0.85 
0.71 
0.83 
0.44 
11.88 
0.80 
0.48 
0.31 
0.41 
0.41 
0.38 
0.42 
0.38 
0.18 
0.31 
0.89 
0.22 

18.81 
1. 47 
0.30 
0.28 
0.29 
0.114 
0.38 
0.40 
0.38 
0.28 
0.112 
0.48 

33.71 
3.88 
0.81 
0.28 
0.23 
0.24 
0.34 

182.21 
183.22 
1 .... 21 
188.20 
185.27 
111.23 
117.21 
188.25 
111.21 
170.28 
171.28 
172.28 
173.20 
174.21 
1711. 22 
178.23 
177.20 
171.24 
171.211 
180.26 
112.28 
113.23 
184.28 

0.48 
0.82 
0.83 
0.27 
0.20 
0.47 
0.22 
0.117 
0.84 

100.00 
12.32 
0.17 
0.28 
0.24 
0.33 
0.28 
0.29 
0.31 
0.24 
0.28 
0.32 
0.22 
0.23 
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No.1Q 
x1 Bgd=l 28-IIOV-89 16=2•8=81: 15 7BE 

l=JBv Ha=3G7 TIC=452894Bl6 Rent: 
6566114 
Bpll=8 
6. SRHDfORO PT = 8° 

B. 

8 

s 
8 

JB 

95 

9 

8 

8 

} 

} 

6 

6B 

s 
5 

4 

4 

3 

2 

2 

5 

8 

5 

5 

B 

5 

B 

5 

B 

5 

8 

IS 

18 

5 

8 

•xt•u 

27 

HISS 
20.95 
24.94 
25.94 
26.9!5 
27.9!1 
27.96 
28.97 
29.96 
36. 92 
37.93 
38.94 
39.94 
40.95 
41. 9!5 
42.96 
43.96 
44.94 
48.91 
50.92 
!51. 92 
!52.93 
!53.93 
54.94 

• 1!1.94 
• 56.95 

57.95 
58.9!5 
84.91 
65.91 
66.92 
87.91 
68.93 
69.93 
70.93 
71.94 
76.90 

41 

69 

82 

5G 

J ~ 
58 

1. Base 
1. 09 
0.32 
2. 70 

12.93 
4. 73 F 
4. 1!5 F 

11. 69 
8.!57 
0.6!5 
1.37 

24. 74 
4.43 

71.83 
22. 71 
4.47 
1. 14 
0.47 
0.49 
0.96 
0.!57 
5. 72 
4.40 

13.23 
13.73 
2.31 

II. 9!5 
0.37 
1. 10 
0.67 
6.54 
3.77 

32.98 
6.47 
1.11 
1. 00 
0.86 

liS 

I 8 

98 

1!2 

.~ll .JJt t 
188 158 288 

77.90 0.2!5 
78.91 1.77 
79.91 2.27 
80.92 4.79 
81.92 17.97 
82.93 2.42 
83.94 2.47 
92.92 1. 36 
93.91 2.62 
94.92 1. 81 
95.93 6.97 
96.93 5.26 
97.94 32.55 
98.94 2.20 

107.92 3.23 
108 9] 5.30 
10!' '!'3 .. ~. 91 
110. 93 6.!5!5 
111. 94 1. 05 
119.90 0.23 
121.91 1. 73 
122.92 0.68 
123.93 2.40 
124.93 2.79 
12!1. 94 4.20 
149.93 7.55 
1!10.93 0.90 
151. 95 1. 16 
1!13.96 2.27 
154.96 0.33 
183.84 1. 23 
184.94 !5.69 F 
185.97 100.00 FO 
188.98 40.71 F 
187.96 2.55 
179.98 3.98 

[)• 
Sys=RCE 
Cal : PfiC269 

180.97 
181.98 
182.98 
366.19 

.) 

258 

Me (', Me 

Me~N.J<Mit 

~ 

lBB 

18.41 
20.27 
2.67 
0.36 

.HF 



No.11 
GS6518• xl 
BpH=B I=I81J 
G. 
•xa•o 

95 

98 

85 

88 

75 

78 

65 

68 

55 

58 

45 

48 

35 

18 

25 

28 

IS 

IB 

5 

Cl+'oata 
.... ,, 

29.98 
31.98 
32.99 
35.01 
36.00 
43.98 
44.98 
46.00 
52.01 
57. 98 
59.96 
60.95 
69.97 
71.98 
73.96 
76.98 
77.97 
79.95 
81.97 
87.98 
90.96 
98.98 

! 101. 99 
105.00 
105.96 
107.98 
108.98 
112.99 
113.98 
115.99 
119.00 
126.01 
138.98 
142.04 
145.98 
147.99 

'l. Ban 
0.24 
1. 16 
0.45 

10000 0 
2.53 
1. 12 
0.25 
0 24 
1 12 
1. 68 
0.45 
0. 75 
0.29 
0.30 
0 43 
0.95 
1. 02 
0.20 
0.32 
0.56 
l. 62 
0.21 
0.56 
0.37 
1. 11 
5.75 
0.51 
0.42 
0.27 
0.31 
0 26 
1. 51 
0.21 
2. 75 
0.28 
0. 70 

Bgd=G 
H•=323 

SRNDFDRD 

197 

28-IIOV-89 I 1:4•8:88=53 ]8[ 
TIC=I93914888 Rent= 

159.99 
162.85 
198.01 
203.04 
216.05 
217.06 
230.07 
232. 12 
233. 10 
234. 10 
279.05 
322. 17 

158 

0.53 
0.23 
0. 27 
0.21 

11. 14 
1. 86 
0.47 

100.00 0 
35.66 
3.23 
0.60 
0.25 

PT" a• 

Cl+ 

Cl• 
Sys=HCE 

~u~ Cal =PFK2G9 

2 Me N Me .HF 

~ 

216 

288 258 388 



• • 

198 

No.12 
GSR61lB• d Bgd=G 25-SEP-91 12= lg.&=BI: 13 711[ 
Bpii=B I=IRv 1111=448 TIC=315958BIG Rent: 
G.SIINllfORD PT= 8° 
•xt•o 

188 35 

95 

98 

B5 

88 

75 

78 

65 

GB 

55 

58 

45 

48 

35 

38 

25 

28 

15 

18 

Man 
43.06 
44.07 
45.08 
46.09 
47.09 
49. 10 ' 
52. 12 
!56.09 
57.08 
58. 10 
59. 10 
60.08 
60. 12 
61.07 
6l.J2 

• 63. 13 
69.09 
70. 10 
71. 10 
72. 11 
73. 12 
74. 11 
77. 11 
78. 11 
82.11 
83. 10 
84. 12 
85. 12 
86. 13 
87. 14 
88. 13 
89. 12 
90. 12 
91. 13 
93. 10 

46 

1 .u~. 

58 

I. Base 
0.47 

26.97 
5.00 

93.00 
2.56 
0.39 
1. 64 
0.40 
2.34 
2. 11 
1. 86 
1. 13 F 
1. 19 F 
1. 02 F 
0.54 F 
0.98 
0.80 
0.43 
5.48 
9.07 

16.54 
1. 84 
0.97 
0.52 
0.43 
0.43 
0.49 
0.40 
1. 54 
0.41 

12.58 
5.73 
0.37 
0.39 
0.45 

88 

188 

94. 11 
96. 12 
97. 13 
98. 14 
99. 13 

100. 14 
102. 15 
103. 16 
106. 14 
108. 13 
109. 14 
110. 14 
112. 15 
114. 17 
115. 11 
116. 20 
117. 18 
118.18 
119. 17 
126. 17 
131. 19 

I 6 · 

158 

0.39 
0.45 
0.38 
0.50 
0.39 
1. 36 
6.35 
0.47 
0.38 
0.39 
0.39 
0.41 
0.39 
0.45 
3.88 F 

100.00 FO 
34.42 F 

1. 17 
0.32 
0.34 
0.39 

MY-! 
>=N-H .HF 

~ 
.J 

288 
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No.13 M.Wt. 486 
65851114• x1 Bgd=1 2·1111Y·98 1515•8•88•36 }8£ 
8pll=8 I =447Rv H•=488 TIC=41488888 Rent 
G .SRNOYrORO PT = r' 

£1• 
Sys•RII 
Cal • PrK248PR 

188 

BO 

68 

48 

20 

0 

131 
I 

91 182 

"j 1}5 

~8 188 158 288 258 

GS851112:Jo xl UgtJ=6 2-IIRY·98 1515•8 81 51 }8[ 
Bpll=ll l::l~v H~t:674 IIC=l88}12888 llcnt 
G .SRNIJ'IrDRO PT = 8° 

188 

uo 
60 
40 

28 

8 
50 188 

124 215 

158 288 258 

GSB5814'l• xl Bgd=41 NRY·98 15 15•8•83• 19 }8[ 
8pll=8 1c2.Ju 1111=582 
G .SRNO'o'rDRO 

1118 

80 

68 

40 

28 

u 
'ilt lllH 

Cl+ Data 
Mass 
397.~0 

:·. ease 

398. 17 
399. 18 
400. 19 
401. 20 
402.21 
403. 17 
404. 17 
408.21 
411.25 
412. 25 
413.17 
414.21 
417 18 
418. 19 
419. 19 
420.20 
464.84 
467 14 
468. 16 
469.17 

.470. 15 
•474 21 
477 20 
485. 17 
486. 14 
-187. 14 
488. 16 
489. 16 
498.21 

I. 42 
3 70 F 

10.05 F' 
2. 18 
0.57 
0.80 
0 79 
0 82 
0 73 
0 73 
0. 73 
o. 72 
0.72 
l. 59 
I 26 
3 85 
I. 09 
I. 19 F' 

78.65 F 
21. 04 F' 
3.24 F' 
I. 04 
0. 72 
0 72 
0. 76 
I. 17 F' 

20.32 F' 
4.46 F 
I. 12 
0. 70 

TIC=35388888 Rent• 

I~H i'AH ?'iH 

PT= 8° 

388 358 

Cl• 
Sys•ll[[ 
Cal • Prk248PR" 

388 358 

C1· 
Sys•ll[[ 
Cal : Prk24RPR 

lAH l'iR 

488 

3SS 

488 

4} 

4AH 

458 588 

467 

487 

458 

486 

4'iA 

HIIR 
IIRSS 

588 

HHR 
IIRSS 

'iliA 
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No.14 M.Wt. 464 

GSBSBmt xl 8gd=32 9-IIRY-98 12 18•9 92 32 ]9£ 
Bpll-=8 1=3.Sv H11=862 TIC=I25978888 Rent 
G.SRNDFDRO PT= 8° 

198 . 395 

88 58 

68 

48 

28 

9 j I • L 

198 288 388 488 

GSB58118t xl Dgd=36 9-IIRY-99 1218•8 82S2 79£ 
Bpii=H I=IO•J 
G.SnHOrnRO 

H11=6]S TIC=I 13343888 Rent 
PT= 8° 

lOB 

88 

68 

48 

28 

9 
18ft 288 388 488 

GS958142t xl Bgd=41 9-IIRY-98 1218·0 91 88 18£ 
Bpii=B I=C' .lv H~=613 TIC=23417888 Rent 
G.SRNDfOP.O PT= AQ 

HlR 

98 
r.o 
48 

El+ Data 

:"4155 '• ease 
~1.99 3. 09 
44 01 ~ 95 
58.08 a2. 98 
59.09 ~ ~~ 

~. I-
308.24 2.47 
321. 24 ;; OJ 
322. 25 9 69 
323.26 2 90 
324. 27 7 88 
335.25 '3 .:a 
336.26 ~ 96 
337 ~-. ,, a C7 
350 2~ -1 96 
351 26 0:.00 
352.26 -1 69 
364 27 3 ~7 

365. 27 3. 13 
367. 32 4. 19 
376. Jl 6. 78 
377 32 ... 35 
379. 28 z. 78 
395.32 lOOOO 
396. 32 ~2.62 

39732 2.67 
~45.33 2.59 

• 450. 0:1 0. 33 
• 455. 35 0.07 

456.37 0 07 
~57.34 0 ...... ...... 
458.34 0.0:3 
459.35 0.08 
463 31 2 32 
~63. 74 0.05 
-164.32 82. 73 
-164.86 0 06 
465.33 46 51 
466.33 9 10 
467. 34 0 96 
468.34 0.08 

[I• 

Cl• 

CI-

Sys fiC[ 
Cal PrK24RPR 

464 

588 

Sys RCE 
Cal PrmfiPR 

465 

SBA 

Sys RC£ 
Cal PFKi'4RPP. 

464 

Unidentified Red Solid 

688 

6811 

Gll8 
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No.15 M.Wt. 548 
&S£6125t xl Bgd=22 23-JRN·9l 14:47+8:82:11 ~ 
llpll--1 l=llv IIFS65 TIC=I&1151&8 Rent: 
6 ,SIIIIfOIID PT= a' 

88 

61 

41 

21 
58 

I 
Ill 211 381 

&S£6128t xl Bgd=ll 23-JRN-91 14:47+8:12:13 78£ 
Bpll=l 1=2.611 ltFSSI TIC=424i'2811 
G,satJID 

IBB. 

II 

Iii 

48 

21 

I 
188 

Cl+ Data 
Han 

43.9!1 
44.96 
4!1.98 
!18.06 
!19.06 
71. 14 
72. 1!1 

3!12.52 
313.64 
387.81 
388.62 
391.87 
403.72 
404. 73 
417.74 
428.77 
433.84 
471.93 
484.92 
4815.92 
488.93 
490.95 
491." 
!102.9!1 
'!!103. 97 
!104.97 
!1015.98 
!108.99 
!110.00 
!111.01 
!112.0!1 
!113.0!1 
!114.01 
515.00 
516.00 
517.06 

'f. aue 
3.89 
0.67 
3.52 

10.89 
0.47 
1. 26 
0.39 
0.80 
0.44 
0.44 
0.39 
0.41 
0.39 
0.39 
0.39 
0.3!1 
0.40 
0.39 
0.39 
2.34 
0.8!1 
0.39 
0.39 
0.61 
0.39 
1. 23 
0.39 
0.31 
2. 91 F 
0.81 F 
2.34 F 
0.59 
0.92 
0.30 
0.39 
0.78 

211 

530.23 
531.12 
1532.29 
1534.09 
535.38 
549.22 
550.•20 
551.20 
552.29 

Rent: 
PT= a' 

381 

100.00 FO 
30.69 F 

15. 115 F 
3.22 F 
0.80 F 
7.8!1 F 

38.99 F 
9.39 F 
1. 27 F 

ci+Jcr 
Cl• 

Sys:llll HIIR: 
Cal : PrnllRJI RJISS: 

538 

5 

J 

411 511 688 

Cl· 
Sys:IIC[ HIIR: 
Cal : PfK21JIIII IIRSS• 

s:s 

5~ 

4i5 5<9 

J. 
411 511 
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No.16 M.Wt. 560 
GSB112149t x1 Bgd=28 22-JUN-98 13:4}•8=83:35 }8[ 
Bpll=8 1=7 .1u H•=769 TIC=287481888 Rent= 
.·, ... PT= at 

8 
188 

GS9112153t •I 9gd=21 
Bpll=8 1=2.1u Hn=564 

88 

69 

48 

29 

B 
188 

GSBII215: • xt Bgd=41 
Bpii=B 1=5.6v H•=563 

lBO 
RB 

68 

48 

211 

9 
188 

El+ Data 
M85i 

41. 93 
42.95 
43.95 
44.97 
45.98 
57.01 
58.02 
59.02 
70.06 
71 07 

214. 14 
21!1. 1!1 
!114.20 
515. 10 
515.29 
516.22 
517.22 
518.23 
519. 15 
!119.33 
522.29 
523.24 
52!!. 13 
525.31 

•527.20 
.528. 20 
529.21 
530.20 
531.24 
538.29 
539.25 
540.35 
541. 29 
542.31 
543.28 
544.29 
545.27 

'l. Bast 
7.45 
1. 35 

31.78 
7.97 
7.41 
1. 62 

90.75 
3.05 
2.42 
0 78 
8.08 
1. 66 

10.04 
4.47 F 
4.95 F 
7.49 
1. 82 
0.79 
0. 16 
0. 15 
0.24 
0.07 
0.07 
0. 19 
0. 17 
2.34 
2.57 
1. 05 
0.24 
0. 15 
0. 17 
0. 11 
4.91 
1. 37 
0.53 
0.22 
4.43 

288 388 

22-JUN-98 13:4}•8=83:51 78£ 
T I C=47328888 Rent= 

PT= at 

288 388 

22-JUN-98 13= 47•8=84 =87 78E 
TIC=498931l88 

288 

546.29 
547.30 
557.71 
558.01 
558. 11 
558.27 
560. 12 
560 37 
561. 32 
562.33 

Rent= 

3118 

1. 62 
0. 16 
0.04 
0.05 
0. 10 
0.04 

PT= 0° 

64.24 F 
100.00 F 
28.08 F 
4.58 

[)• 

Sys=Rt£ 
Cal :PfKIJUNE 

488 

Cl• 
Sys RCE 
Cal PfK 1 JUNE , 

4911 

Cl-
Sys RCE 
Cal PrKIJUII[ 

488 

588 

588 

589 

569 

5 I 

541 

569 

HIIR 
IIRSS· 

688 

HIIR 
IIRSS 

698 

HIIR 
ftRSS 

688 
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No.17 M.Wt. 576 

GS811381211t xl Bgd=l 24-JUL-98 14=34 .. =81 :42 78[ 
Bpii=B 1=9hv Hll=198 TIC=4692BBB Rent= 
G.SRNOFORO PT= 8° 

II 57 

88 1 9 
68 71 
48 

28 
199 

B 
1BB 2BB 3BB 4BB 

GS8ll38125t xl Bgd=21 24-JUL-98 14=34 .. :82:82 78[ 
8pii=B 1=1811 H11=576 TIC= 152387BB8 
G .SRNIIfiiD 

1 58 

88 
68 

48 

28 

B 
IBB 288 3BB 

6S8ll381311t xl Bgd=a 24-Jil-98 14=34 .. :82:22 
8pll=8 1=1811 Hll--592 
G • Sllli1JliRII 

n 
61 

41 

28 

B 
IBB 

Cl- Data 

Mall 
40.95 
41.93 
43.94 
95.97 
98.96 
97.95 
71.95 
85.95 

128.78 
127.88 
147.82 
189.81 
419.82 
421.65 
431.62 
930.52 
932.53 
533.57 
535.58 
538.54 
537.55 
538.54 
539.51 
5!115.54 
958.54 
557.515 
5158.515 
5159.152 
580.48 
581.51 
975.!52 
978.54 
!577.54 
578.54 
591.51 

'1. Bate 
0.49 
l. 21 
0.47 
3.49 
1. 12 
1. 17 
0.53 
0.42 

100.00 0 
0.42 
0.91 
0.34 
0.56 
0.32 
0.38 
0.51 
0.55 
0.34 
l. 81 
2.39 F 
5.!57 F 
1. 89 
1. 36 

10.10 
3.25 
4.24 
0.84 
1. 07 
0.51 
1. 03 

71. 71 F 
17.57 F 
2.93 
0.50 
0.32 

TIC=28645UB8 

288 388 

Rent: 
PT= aD 

4BB 

78£ 
Rent: 

PT= aD 

488 

EI+Jci+Jcr 

El• 
Sys=RCE 
Cal : PFIC1BJUL 

588 6BB 7BB 

C1• 
Sys:RC[, 
Cal : PfiCIBJUL 

5811 6BB 788 

Cl· 
Sys•RCE 
Cal •PfiC18Jil 

576 

588 618 7BB 



No.18 

Cl+ Data 

Mill 
43.89 
44.89 
45.90 
48.90 
51. 91 
57.87 
59.88 
69.84 

'l. 8au 

4415. 10 
463.11 
4615.11 
481. 05 
482.59 
492.04 
493.015 
501. 13 
518.23 
521. 12 
523.98 
538.08 
539. 13 
540. 13 
541. 14 
542.82 
577. 1G 

7. 11 
0.80 
8.41 
0.48 
0.55 
1. 68 
0.55 
0.31 
0.55 
0.45 
0.58 
3.75 F 
1. 09 F 
0.40 
0.515 
1. 64 
1.09 F 
1. 74 F 
1. 64 F 
3.00 F 

100.00 F 
27.20 F 
4.25 F 
0.55 F 
0.55 

204 

M.Wt. 538 
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No.19 M.Wt. 425 EI+Jci+Jcr 

GSBI8128t xt Bgd=l8 19-JUN-98 18= 13•8=81 =48 78[ El• 
Bpft=8 1=3.811 HIF452 Tl C=98731 888 Rent= Sys=ACE 
G.SRNDFORD PT= at Cal =PFKIJUNE 

188 425 

88 
97 

68 

48 
324 

28 

8 
188 208 388 488 588 

GSBI812St xl Bgd=6 19-JUN-98 18=13•U2=H8 78£ Cl• 
BpR=8 1=4.lu H11=452 T IC=55989888 Rent Sys•RC£ 
r..SRNDFORD PT= 8° Cal = PFK IJUN£ ~ 

198 4 6 

89 

69 

49 

29 

9 
188 r'BD 308 488 5811 

GSBIBBtlt xl Bgd=ll 19-JUN-98 IB 13+9•82 28 }0£ 1:1-
BpR=B I=IRu H11=445 TIC= I 54423888 Rent Sys RC£ 
r. .S~NOFORO PI= 8° Cal • PFK I JUN£ 

1n" 485 

':1 

rp 

~n 1es 
l'O 

180 288 398 588 

EI+Data 
H15S '1. Basi! 

41 97 I. 20 404. 42 1 52 
43. 99 I. 16 405. 44 1 30 
97.-10 93.87 406. 4-l 5 64 

170.22 3.59 407 45 1. 07 
224.26 0.92 ..110 42 ~4 
225.26 I. 34 .l22 . ..l-1 .). 82 
231.22 2.57 .l23 . .Jol •). 58 
232.26 0. 72 -124 .14 29. 80 
2156. 30 0.81 .J25 . .J5 !00.00 
268.28 0.89 426.46 20. 55 
274.29 2.03 427 -l7 I. 98 
275. 30 4. 18 451.52 0 77 
281.26 6.41 
282.31 19.95 
283. 32 2.65 
293.28 0.55 
304 32 0 93 
305. 33 I 18 
306.34 1. 44 
309.31 0 54 
310.32 2.59 
311. 31 I. 04 
312.30 0.86 

• 323.31 0 50 
324. 32 29.64 
325.33 28.28 
326.33 4.05 
331.JZ. 0.84 
336.37 0 59 
354 37 1. 36 
355. 38 0. 92 
356. 39 2. 58 
361. J-l 1. 07 
374 40 4 46 
375.41 2. 23 
381.37 0. 70 
386.-12 o. 55 



I 

88 

68 

48 

28 

206 

No.20 M.Wt. 435 
&SDI9121t xl Bgd=l INAN-91 16•3H•81•48 78£ El• 
llpll=tl 1=2.&v 1111=456 TIC=3515288 Rent• Sys•ACE 
G.SIIIIJORD PT= a' Cal •PRI7JIII 

4 

8~~~~~ .. ~~-.~~~~~~~~~~~~~~~~~---
tg 4g 

GSDI9122t xl Bgd=IB INAN-91 16•36 .. •81 •48 78E 
llpll=tl l=lllv 1111=457 TIC=I23584888 Rent: 
G .SIIIIFIJRD PT = a' 

I 

88 

68 

48 

28 

I 

88 

68 

41 

28 

8 

58 

GSDI9128t 
Bpl=l 
G .SIIIIlfliRII 

58 

181 

xl Bgd=ll 
1=9.1u 1111=455 

188 

CI+.Data 
Mass 

43.96 
44.96 
98.03 

132.14 
138.17 
204.22 
294.20 
278.28 
212.29 
334.21 
33!5.21 
3!56.28 
3!58.30 
363.36 
371.32 
377.33 
378.34 
311.37 
418.38 
411.38 
418.31 
438.31 
431.42 
437.80 
481.46 

7. Bau 
0.90 
0.31 
0.!10 
1. 19 
0.!18 
3.08 
0.!11 
3.0!1 
0.78 
0.43 
0.79 
0.!19 
o. 71 
3.07 
4.34 
1. 84 
0.60 
0.!1!1 
0.68 
0.!18 

10.08 
2.48 F 

28.!19 F 
5.48 F 
1. 40 

2 278 

158 288 251 

17-JRN-91 16•3& .. •82• 12 7BE 
TIC=II52238 Rent: 

PT= a' 

158 288 2g 

Cl• 
Sys•IICE 
Cal :PfKJ7JRII> 

• 358 

Cl-
Sys:IIC[ 
Cal : Pfli7JIII 

381 351 

4 

4 8 

3 3376 

488 458 

418 458 
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No.21 M.Wt. 182 
GSEI91S. Ill Bgd=l 12-IIIIR-91 12•8H•II•45 7BE 
Bpll=8 l=llv 111=183 TIC=388888BBB 
G ,SIUIIJlJRII 

92 

142 

58 188 158 

GSEI9118• xl Bgd=] 12-IIIIR-91 12•BH•81 •89 
Bpft=B l=lllv 111=315 TIC=2619&88 
G .SRIIIJfORD 

18 

88 

68 

48 

29 44 
8 

188 158 

GSEI9114• xl Bgd=l3 12·11RR·91 12•89+8•81 •28 
Bpft=B 1=].5v Ita= IV TIC=S985681111 
G.SRNDFDRD 

18 

88 

68 

48 

28 

8 
5R IIIII 158 

El+'oata 
"Ill 

40.01 
41.01 
43.04 
44.98 
45.02 
45.99 
!10.99 
!12.00 
52.99 
55.03 
56.98 
61.98 
62.98 
63.99 
85.00 
66.00 
70.97 
89.95 
90.97 
91.99 
92.99 

108.97 
• 109. 17 

135.95 
141. 94 
142.94 
153.93 
1!141. 94 
155.94 
180.93 
181.94 
182.94 
183.94 

'l. Ban 
6.66 

19.60 
2. 15 F 

ll. !11 F 
2.00 F 

36.95 
3.73 
8.63 
6.63 
2.06 F 
2.419 F 
2.01 
6.81 

18.09 
18.39 
5.53 

13.05 
5.34 
!1.8!1 

46.90 
3.38 
2.77 
3.60 
3.38 

12.81 
2.98 
2.18 

30.42 
5.60 
6.68 

100.00 0 
26.61 

1. 81 

Rent: 

]8[ 
Rent• 

78[ 
Rent: 

PT= 8° 
182 

PT= aD 
I 3 

PT= aD 
182 

Er+;cl+;cr 
El• 

Sys•RCE 
Cal : PRIIIIIIR 

F 

H N~N if)__ N F 

211 258 311 

Cl• 
Sys:RC£ 
Cal :PfKIIIIRR ~ 

288 251 

Cl· 
Sys:RC[ 
Cal: Pf'KIIIIRR 

251 311 



BB 

GB 

58 

GSG2114• 
Bnll=ll 

208 

M.Wt. 332 

x1 Bgd=l 22-JUH-91 12=88+8=88=37 7BE 
I =2 .211 H11=4B2 TI[:2563BHBB Rent: 

PT= aG 

188 158 288 

xl Bgd=G 22-JUN-91 12:88+8:81: 13 7BE 
I=IBu HA=483 TIC=IIIISIIOBII Rent: 

PT= 8° 

IBB 158 2BB 

xl Bgd=ll 22-JUH-91 12:BB+B=BI:l4 7BE 
1=2651111 H11=419 TIC=7891BBD Rent: 

PT= SO 

48 79 

28 

£1• 

Cl• 

Sys=RCE 
Cai.:I1FKI&JIJH 

Sys:H£E 
Cal.:llf'KI&JUH 

258 

Cl· 
Sys:H£E 
Cal : PFKISJUH 

Et+tct+tcr 

l 

358 

358 

] 9 

8~~~~~~~~~--~--~----~--------~~--~~~L_~~~~-----
58 

EJ+ Data 
Han 

45.02 
!57.06 
60.02 
69.05 
81.91 
83.06 
92.01 
93.02 
96.06 
97.07 

118.01 
119.-01 
141. 00 
149.00 
163.01 
185.97 
192.99 
195.96 
235.98 
236. 19 
243.00 
244.00 
263.01 
264.01 

•304. 98 
"312.03 
313.02 
314.04 
331.01 
332.02 
333.03 
334.03 
379.08 
380.09 
424.09 
439. 14 
482.06 

'l. Base 
0.59 
0.52 
0.46 
0.37 
0.39 
0.39 
6.99 
0.89 
0.38 
0.39 
2.02 
0.32 
0.39 
0.92 
1. 01 
0.62 
4. 18 
1. 64 
0.!54 
0.55 

11.60 
2. 12 
6.90 
1. 77 
0.45 
0.62 
7.04 
0.68 
0.42 

100.00 
15.01 
I. 23 
4.06 
0.75 
1. 58 
0.52 
1. 61 

188 158 288 258 388 358 



No.23 
GSG4RI8t xl Bgd=G 
Bpll=35 1=18\1 Ha=498 
G .SRIIDrDRD 

18 

BB 

GB 

48 

28 

9 
188 

GSG4RI14• xl Bgd=lt 
Bpii=4G2 1=4.1v Hll=484 
G.SANDrORD 

188 

88 

68 

48 

28 

8 
188 

GSG4Ril6t xl Bgd=l 
8pll=482 1=7 ,4\1 H•=J84 
G.SRNDrORD 

188 

88 92 
68 &9 

48 
28 llBt 
8 I 

188 

El+ Data 

Man 
40.03 
41.03 
46.01 
52.02 
53.01 
63.01 
U.02 
65.02 
66.03 
68.99 
70.00 
76.00 
91.03 
92.04 
93.03 
99.99 

'/, Ban 

107.00 
108.01 

• 118. 05 
. 119.03 

126.00 
127.01 
133.01 
176.01 
196.02 
218.06 
221.02 
268.07 
286.07 
321. 05 
371. 04 
394. 10 
412.09 

I. 65 
5.75 
2.49 
2. 18 
1. 94 
I. 68 
7. 11 
6. 75 
3.45 

62.68 
I. 62 
4.35 
4.21 

73.22 
5.09 
3.23 
2. 19 
1. 62 

21. 36 
I. 87 

10.71 
I. 00 
I. 08 
3. 78 
2. 71 
5.29 
3. 78 
I. 52 
I. so 
7.26 
1. 49 
3.07 
0.08 

209 

M.Wt. 482 

3-JUL-91 16:3&•8:81:84 78£ C1• 
TIC=19126&1188 Rent: Sys:RC£ 

PT= a' Cal : PrK3Jill 

RF 

H N~N if)__ 
N RF 

288 388 

3-JUL -91 16=36•8=81 :35 }8[ 
TIC=5183J888 Rent: 

1 } 

288 388 

3-JUL-91 16:36+8=81 :45 78[ 
TIC=238461B88 

288 

413. 11 
414. 11 
415. 13 
425.09 
433.05 
434.08 
444. 11 
445. 11 
446. 12 
4!14.09 
4!1!1.09 
463. 11 
464. 1!1 
46!1. 1!1 
466. 16 
478.72 
482.08 
483.11 
484.24 
486.04 

1. 62 
1. 16 
0 2!5 
0.09 
0. 16 
0. 13 
1. 17 
0.39 
0. 14 
0.47 
0.09 

Rent: 

388 

18.03 F 
3.46 F 
1. 37 
0.27 
0.06 

100.00 F 
29.01 F 

3.33 F 
0.06 

488 

Cl-
Sys=RCE 

Pl= a" Cal : PfK3Jill 

488 

El• 
Sys:RC[ 

PT= 8° Cal : PFK3JUL 

I 

488 

EI+Jcl+;cr 

483 

4 

588 

412 

4e 
588 
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No.24 M.Wt. 196 EI+Jcl+;cr 

GSDilll4• xl Bgd=ll 13·DEC·98 18:84.a:81: 16 JBE Cl· 
8pll=8 1=3.511 H•=444 TIC=34J91BBB Rent: Sys:RCE HIIR: 
G.SRIIOrDRD PT= 81 Cal : PrK 12DEC IIRSS 

188 196 F 

BB 
Me N~N 

68 if)._ 48 N F 
28 

8 
58 188 158 288 258 388 358 488 458 588 

GSDI31(}• xl llgd:4 13-DEC·98 18:84•8:81 :28 JBE El• 
Bpii=B I=I.Su H11•446 TJC:336}2888 Rent: Sys:RCE ' 

HIIR: 
G .SRIIOrORO PT= a' Cal : PrKl2DEC IIRSS: 

18 

88 

68 

48 

28 
185 

8 
158 288 258 388 358 488 458 588 

GS013123• xl Bgd=G 13-DEC-98 l8:84.a:8l :52 JBE Cl• 
8pll=8 1=1811 HA=4G4 TIC= 1581 J9BBB Rent: Sys:RCE HftR: 
G.SRNDrDRO PT= 8° Cal : PrKl2DEC IIRSS: 

189 19} 

88 

68 

48 52 
28 

8 
58 188 158 288 258 388 358 488 458 588 

El+ Data 
Mass "1. Ban 

25.73 I. 02 80.97 0.50 
26. 74 2. 77 89.92 0.44 
27.74 3.02 90.92 0.81 
30.73 1. 34 91.93 0.51 
36. 77 1. 22 95.94 0.32 
37.78 2.56 102.92 0.80 
38.79 5.38 103.92 0.76 
39.79 0.98 104.94 25.58 
40.81 2.63 105.94 3.88 
41.82 3.55 108.91 0.59 
44.80 0.51 109.92 0.54 
45.81 10.35 116. 86 0.58 
46.82 0.37 116.90 0.63 
49.84 1.60 121.89 0.40 
50.85 5. 12 122.93 0.47 
51.86 5.25 142.89 0.49 
52.87 4. 19 153.85 0.86 
53.88 I. 43 154.84 0.34 
54.89 0.89 154.88 0.66 
56.85 0 46 167.87 7 68 
58.88 1. 09 168.88 0.68 
59.89 0.55 176.85 0.39 
62.89 0.69 176.91 0.48 
63.90 4 16 193.87 I. 07 
64. 92 I. 21 194.20 0.39 
65.92 0. 71 194.62 0.36 
66.92 0.41 194.84 100.00 
66.93 0.38 195.88 75.37 
70.91 2.56 196.86 10.43 
71.93 0.65 197.85 0.61 
74.92 0.75 448.73 1. 18 
75.93 I. 83 446.72 0.41 
76.94 I. 00 
77. 95 12. 18 
78.95 3.24 
79.97 10.24 
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No.25 M.Wt. 346 

IB 

88 

G8 

48 

28 

GSOI4114• Ill Bgd=lt 13-DEC-98 IB:33.a:BJ: 17 78[ 
Bpft=B l=l.Su H•=497 TIC=38412BBB Rent: 
G.S-DRD PT= 8° 

CI­
Sys:RCE 
Cal : PriCI2DEC 

346 

B~-----4~--~--~----~----~--~--~~._~~--~~--~~~--188 158 288 258 388 358 488 458 58 

GSDI4118• Ill Bgd=S 13-DEC-98 JB:3H:BJ :32 78£ El• 
Bpft=B 1=5.811 HJ=682 TIC=327884BBB Rent: Sys:RCE 
G.SRNDrDRD PT= 8° Cal :PrJI!I20EC .J 

188 

98 

68 

48 

28 

185 

345 

8~~~~~~----~----~--~--~--~--~~~Ar------~--~~--~ I 88 158 288 358 488 458 

Cl- Data 
Mass 

25.71 
45.81 
58.89 
63.86 
73.95 
88.00 
88. 96 

106.94 
108.96 
126.82 
126.92 
132.89 
141.94 
143.89 
151. 86 
1!15.89 
156.88 
156.92 
1!17.90 
158.90 
323.84 
323.98 
3241.78 
325.81 
325.98 
326.12 
328.87 
327.85 
328.00 
328.92 
329.01 
.329. 88 
3412.83 
3413.27 
3413.78 
34141.82 
3418.88 
3418.38 
3418.77 
3416.95 
3417.71 
3417.87 
3418.01 

% Base 
2.9!3 
0.70 
0.36 
0.50 
0.41 
0.50 
4.89 
0.80 
0.38 
3. 70 
0.!32 
0.411 
0.72 
0.58 
0.54 
1. 35 
0.97 
1. 29 
7.34 
1. 32 
0.86 
1. 24 
0.78 

lB. 10 F 
11.19 F 
0.!30 
6.08 
0.71 
0. 70 
0.63 
0.41 
0. 71 
0.50 
0.4141 
0.73 
2.48 

100.00 
0.46 

17. 13 F 
14.91 F 
0.97 
1. 01 
1. 02 

361. 93 
382.88 
3641.69 
370.93 
371.92 
386.87 

1. 62 
0.76 
0.90 
0.7!1 
0.32 
4.89 
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No.26 M.Wt. 496 El+tcl+Jcr 
GSDI214t Kl Dgd=l 12·DEC·98 16•36+8•88•36 78[ El• 
8pft=8 1=2.6u 1111=688 TIC=78182888 Rent F HftR• 
G.SRHOFDRD 

CF3iCF3 
ftRSS• 

188 496 

88 

68 v:~CF, 47 

40 185 N F 

28 CF3 47 
m 

8 
158 288 258 388 358 488 458 598 

GSOI218t xl 8gd=6 12·DEC·98 16•36+8•88•52 7BE Cl• 
Bpft=B I=IBu H11=498 TIC=74381888 Rent• Sys=RCE HftR• 
G.S-ORO PT= a' Cal =PrKI2DEC J ftRSS• 

18 4 6 

BB 

69 

48 

28 52 
8 

58 188 158 288 258 388 358 488 458 588 

GSDI2114t xl Bgd=l2 12·DEC·98 16=36•8=81' IG 7BE Cl· 
Bpft=8 1=5.2u 1111=521 TJC=6Biili7888 Rent= SIJS=RCE HftR 
G.S-ORD PT= a' Cal =PrKI2DEC ftRSS 

188 

88 

68 
4@ 

28 49G 

58 188 158 288 258 388 358 498 458 588 

El+ Data 
Mass 'l. Base 132.93 0.33 

26.75 1. 32 139.90 0.60 
27. 75 1. 62 175.85 2.98 
37. 79 0.66 177.89 0.63 
38.80 3.80 195.84 2.04 
40.82 1. 14 202.86 0.44 
41. 83 2.98 203.88 0.55 
45.82 1. 49 204.87 0.48 
49.85 0.49 210.89 0.32 
50.86 2.38 211.87 0.91 
51.87 3.02 231.86 1. 57 
52.89 1. 77 241. 84 0.31 
53.89 0.71 256.85 0.47 
!14.90 1. 49 281.80 l. 07 
63.91 2.26 298.80 0.31 
64.92 0.83 299.79 0.50 
65.94 0.86 320.81 0. 79 
66.94 0.56 325.82 0.75 
68.91 14.92 326.81 0.32 
75.94 1. 85 337. 77 0. 75 
76.96 0.82 338.79 0.40 
77.96 8.61 357.76 0.51 
78.97 3.94 370.67 1. 52 
79.98 7.92 375.73 1. 90 
80.99 0.45 406.71 12.!52 . 90.95 0.52 407.72 2.25 
91. 96 0.66 425.68 5.96 
99.91 0.94 426.69 56.89 

103.9!1 1. 49 427. 70 10.01 
104.95 32. 11 428.69 0.62 
105.96 14.98 453.72 0.49 
106.95 0.91 456.72 0.32 
107.92 I. 02 476.66 21.93 
125.89 3.25 477.68 4. 13 
126.91 0.51 478.88 0.78 
129.93 0.65 494.60 47.88 F 
130.94 0. 70 495.64 100.00 F 
131. 94 3.30 496.64 29.81 

497.64 3.25 



No.27 
GSDIBIIh xl Bgd=S 
llpJI:B l=llu 111=451 

18 

88 

68 I 5 

48 

28 

8 
188 

GSOI8124• Ill Bgd=6 
Bpii=B I=IBu lla=4B8 

18 

88 

GB 

48 

28 

8 
188 

Cl+ Data 

Mill Y. au• 
45.86 

117.75 
129. 73 
130. 72 
1!54.71 
1!58.7!5 
169.75 
183.7!5 
201.77 
203.71 
204. 70 
217. 64 
224.69 
226. 74 
228.68 
239. 70 
242.06 
243.74 
244.69 
245.72 
246.74 
247.76 
248.94 
261.78 
288.78 

0.39 
0.78 
0.78 
0.39 
1.17 
0.39 
0.79 
0.78 
0.77 
0.40 
0.45 
0.78 
1. 56 
0.41 
0.79 
2.54 
2.55 F 
0.78 F 
2.58 F 

25.24 F 
100.00 FO 

17.23 F 
I. 56 F 
0.39 
0.39 

213 

M.Wt. 246 EI+Jcl+ 

IHEB-91 16•32•8:81 •47 71E El• qN 
TIC=82531897li Rent: Sys=RCE N F) PT= at Cal : Pfl13FEB 

2 6 cr)" 
\ 
Me 

288 3B8 488 SB8 

14-fEB-91 16•32•8=82=16 7IE Cl• 
TIC=II88211188 Rent: Sys=RCE 

PT= aD Cal tPfKJ3FEB 
247 

288 388 488 588 



214 

No.28 M.Wt. 396 

188 

88 

68 

48 

28 

GSOIGIB• xl Bgd=G 13-0EC-98 17•89.S•BB•55 /BE 
Bpll=8 1=1811 H11=548 TIC=l8979- Rent• PT= Wl 

132 

174 

Cl• 
Sys•RCE 
Cal : PFK 12DEC 

397 

8 llJJ-~~1~88--~.__J._~~~8 ----~--~3=88~----~~~4Bra8~------~5i88a---~----6sil88 
GSOIGII4• x1 Bgd=ll ll-DEC-98 17 •89•8:81 • 18 7BE 
Bpll=8 1=1.9u H11=546 TIC=SIIi56BBB Rent• ..a 

PT= .,-

188. /4 

88 

68 

48 I I 

29 

8 ll 
198 288 388 

GSOI611G• x1 Bgd=l 13-DEC-98 IJ:B9•8:81 •26 7BE 
Bpll=8 1=5./y H11=547 TIC=38815- Rent• 

PT= 8° 
188 131 

98 158 
68 

48 

28 
57 173 

9 
288 388 

EJ+ Data 
Han r. But 

68.89 8.41 ,. 
99.91 1 .. 25 

68.97 5.84 ,. 
100.42 1. 29 

69.97 3. 77 100.92 4.59 
70.98 15.43 101.93 6.00 
71. 44 0.80 102.94 11. 31 
71.96 0.98 103.94 2.75 
72.45 1. 07 112.97 2. 19 
72.94 1. 38 113. 92 5.60 
73.92 3.64 114. 93 10.60 
74 93 5.03 115. 93 9.98 
75.93 4.84 116.93 5.29 
76.95 17.50 117. 93 2.08 
77.44 0.90 125.90 2.08 
17.95 8.08 126.91 2.45,. 
78.45 1. 78 127.01 1. 61 ,. 
78.96 3.65 127.92 9.44 
79.97 0.69 128.93 6.32,. 
80.98 2.06 129.93 68.03,. 
81.99 l. &7 130.94 100.00 
83.00 3. 70 131. 93 10.57 
84.00 2. 14 132.92 1. 18 
85.01 10.22 136.98 0.33 
85.46 0.46 138.93 0.54 
85.95 1. 45 139.91 1. 67 
86.46 0.90 140.92 4.61 

• 86.93 2.82 141. 91 2.87 
87.93 3.63 142.92 12.08 
88.94 15.95 L43.92 6.75 
89.94 9. 10 144.92 3.24 
90.95 4.58 153.90 . 2. 46 
91.95 0. 73 154.89 12.88 
92.96 0.73 155.90 23.03 
93.96 0.39 15&.91 7.79 
94.97 1. 15 157.92 75.31 
95.97 1. 10 158.92 9.35 
96.99 3.07 
97.97 1. 24 
98.99 2.95 

CI­
Sys•RCE 

El• 

Cal : PrKl20EC ~ 
36 

]r 16 

4811 

Sys•RCE 
Cal : PFK 12DEC 

396 

488 

171. 92 
172.93 
173.93 
174.92 
226.83 
229.83 
230.88 
238.99 
244.82 
245.82 
328.78 
327.76 
344.70 
345.71 
370.67 
376.69 
377.70 
381.86 
392.70 
394.48 
395.67 
398.69 
397.69 
445.77 

2.06 
26. 19 
3.66 
0.50 
0.49 
0.75 
0.30 
0.31 
1. 07 
3.00 
6.72 
1. 13 
0.42 
0.55 
1. 38 
3.59 
0.95 
0.80 
0.39 
3.27 F 

57.42 F 
10.27,. 
0.87 
1. 14 

588 

588 

HIIR• 
RRSS• 

688 

HIIR 
IIRSS• 

688 



215 

No.29 M.Wt. 546 

GSEI415e x1 Bgd=l 12-IIRR·91 89=52+8=88:44 78[ El• ~CF3 
Bpii=B I=IBu H•=548 TIC=66969J984 Rent: PT= B' CF3 N cF

3 G.SIIIIIJORO N'l H-F 156 : ~ cx>N CF, 
\ 
Me 

GSEI4118e x1 8gd=7 12-IIRR-91 89=52+8=81 =88 78[ Cl• 
Bpii=B 1=1.3u H•=S47 TIC=853Bm Rent: Sys=RCE 

PT= B' Cal :PfKIIRHR G .SIIJIIIFORD 

188 288 388 488 

GSEI4111• xl Bgd=ll 12-IIRR-91 89=52•8=81: 13 78£ Cl-
Bpll--8 1=1.611 111=547 TIC=IGlG- Rent: Sys:RCE 
G. SIIIIDfORD PT= 8° Cal : PrKIIRRR 

18 

88 

68 

48 

28 

H 
188 288 388 418 588 

El+ Data 
Man '1. Bast 
68.97 &4.44 F 103.01 2.73 1!16.01 100.00 0 89.06 5. 74 F 103.89 5.78 157.02 14.86 89.98 1. 06 F 105.01 1. 61 usa. 01 1. 17 70.06 2.34 F 106.95 2.38 F 168.99 2.79 70.98 1. 56 F 107.98 1. 58 188.02 3. 13 71.07 4. 10 F 109.07 1. 43 188.92 1. 19 F 73.02 1. 56 111.08 l. 48 178.48 10.43 74.01 7.70 112.98 1. 97 F 178.98 2.89 75.00 4. 19 113.99 18.03 180.00 1. IS 75.97 8.90 F 11!1. 00 12.78 181.00 3.11 76.01 7.44 F 116.00 1. 87 182.01 17.91 77.01 10.43 117.02 1. 15 183.01 2.27 77.81 1. 17 118.98 1.88 F 457.9!5 4.40 78.01 17.21 119. OS 1. 92 F 488.94 1. 17 78.51 1. 99 120.98 1. 17 F 478.95 3.34 79.03 1. 56 125.98 27.39 477.98 1. 17 81.04 2.39 F 128.98 4.89 F 807.94 0.61 82.03 1. 56 128.01 11.!51 528.94 20.64 83.06 3.02 129.01 6.78 527.94 4.75 84.06 1. 23 130.03 5.24 828.95 1. 56 88.06 2. 78 F 130.94 1. 97 F 531. 93 1. 91 87.00 5.30 131. 03 1. 19 F !543.88 0.78 F 87.99 5.26 132.00 1. 17 !544.80 3.91 F 89.00 2. 12 139.01 1. 03 545.90 100.00 FO . 91. 01 3.93 139.99 2.97 848.93 37.84 F 93.00 l. 56 141.00 12.03 847.94 3.80 95.04 2.29 142.02 7.42 !548.95 0.39 98.08 1. 23 143.03 1. 22 97.06 2. 73 148.98 42.34 
98.98 1. 05 F 149.98 3.93 99.97 3.39 1!12.99 2.73 101.00 9. 72 1!53.98 4.27 F 102.00 4.81 1!54. 18 1. 17 F 

154.99 49.01 F 

546 

546 

HRR= 
RRSS= 

HftR: 
RRSS= 

688 

HRR= 
RRSS= 

688 



216 

No.30 M.Wt. 263 

&5021134• x1 Bgd=31 25-JRit-91 ll :if8.8:84:38 78[ 
Bpll=l 1=3.1v Ha=313 TIC=58381181 flcnt: 
G .SIIliiiFliRD PT= a' 

1 

811 

G8 

48 

28 

8 
58 188 151 288 258 

&5028138• x1 Bgd=21 25-JRN-91 11 •48+1•84•46 7IE 
Bpii=B 1=18v 1111=448 TIC=I76713888 Rent: 
&.SRIIFDRD PT= a' 

88 
68 

48 
28 

8 
58 188 158 288 258 

GSD28141• Ill Bgd=27 25-JRit-91 ll : 48+1: 14 :511 78[ 
Bpii=B 1=,,1111 IIF445 
G .SIIlllfORO 

188. 

88 

68 

48 

28 

8 
58 188 

Et+ Data 

Man 
1151.28 
1152.29 
11515.31 
158.30 
1157.28 
1158.29 
1!19. 31 
180.32 
181.33 
183.28 
1&8.28 
189.27 
170.30 
171.29 
172.30 
173.33 
174.33 
1715.28 
178.28 
177.29 
182.28 
183.29 
188.28 
189.29 
190.30 
194.27 
115.28 
198:29 
197.30 
198.30 
201.28 
202.29 
203.30 
218.31 
218.31 

X Sue 
0.44 
0.82 
0.38 
0.152 
1. 30 
1. 30 
1. 03 
7.79 
0.87 
0.33 
0.38 
0.38 
2.09 
1. 30 
0.49 
9.00 
1. 30 
0.80 
3.91 
1. 30 
0.47 
1. 30 
0.64 
0.51 
0.30 
0.85 
1. 88 
0.49 
0.49 
0.51 
1. 30 
1. 30 
1. 70 
0.71 
0.34 

T 

TIC=2883888111 

1511 
_1. 

288 

217.32 
220.29 
221.30 
222.30 
223.31 
228.31 
229.32 
234.32 
235.32 
238.33 
242.33 
243.33 
244.34 
246.33 
247.31 
248.32 
249.32 
260.32 
261. 37 
262.33 
263.35 
264.35 
265.35 

flcnt: 
PT= a' 

2 4 

248 

J 
258 

0.84 
0.32 
6.49 
5.73 
0.88 
1. 30 
0.81 
0.40 
3.90 
0.49 
2.93 
1. 30 
1. 30 
0.44 
3.90 
2.72 
1. 30 
1. 30 
1. 78 

27.82 
100.00 
16.63 

1. 30 

Et+;ct+;cr 

El• F. 
Sys•RCE N Cal : Pfi25Jllll }-F 

-N 

388 358 488 458 

C1• 
Sys:RC£ 
Cal : PR25JIIII ) 

388 358 488 4511 

Cl-
Sys:RC£ 
Cal : PFK25.JRN 

313 

388 358 488 4511 



88 

68 

48 

217 

No.31 M.Wt. 236 

GSC5211S. xl Bgd:l 28-sEP-98 12•88 .. •81 :28 78£ 
Bpll=l I =Uv HF238 TIC=lll589888 Rent: 
G.SIIIIIIF'ORO PT= 88 

[J• 
Sys•RCE 
Cal :PfJC14S[P 

·~~~_.~--_.~~----~~~~~----~----~~----~----~~---
~ ~ • m • ~ 

GSC52128t xl Bgd=6 28-5EP·98 12•88 .. •81•41 ;JBE Cl• 
Bpll=l l=lllv IIF447 TIC=l695298811 Rent: Sys•RII 
G.SIIIIIIF'ORO PT= aD Cal •Pf1Cl4SEP 

88 

68 

48 

28 

El+ Data ..... x 8au 
40.04 1. 18 10!1. 13 0.38 23!1 .. 27 97.22 41.06 2.24 110.82 0.38 231.28 100.00 42.06 7.72 11!5. 12 0.38 237.28 13.70 43.07 1. 29 116. 13 1. 10 238.29 0.89 44.08 2.48 117. 14 0.80 48.03 1.34 118. 1!1 3.28 48.04 8.33 119. 11 1.00 50.08 2.57 120. 17 0. 71 51.08 2.81 127. 13 0.37 82.08 0.99 128. 14 0.77 88.09 0.88 128. 14 3.41 88. 10 0.38 130. 15 2.30 87.11 l. 12 131. 16 1. 83 80.06 0.31 143. 17 0.75 62.08 1.13 144. 18 0.40 
63.06 1. 83 148. 19 7.30 
64.06 l. 88 148. 19 1. 2!1 
811.07 0.38 147. 15 8.88 
88.08 0.73 148. 16 0.67 
68. 11 l. 13 148. 14 l. 45 
71.011 l. 71 170.21 0.70 
71. 13 0.47 178. 17 0.39 
72.811 0.58 182.19 9.07 74.07 0.80 183. 19 1.88 7!1.07 2.87 184.21 1. 58 76.08 2.93 1811.22 0.49 77.08 l. 81 2011.20 0.3!1 78.08 0.48 20&.21 2.08 81. 13 0.34 207.22 0.84 88.08 0.58 208.23 0.38 88.10 0.84 219.23 9.08 90.08 2.82 220.24 9.83 91.09 0.78 221.24 3.37 98. 10 0.38 222.2!1 0.92 101. 10 0.47 233.25 0.91 102. 11 12.0!1 234.28 1. 02 103. 12 2.37 

104. 12 3.92 



BB 

68 

48 

28 

218 

No.32 M.Wt. 386 
GSC15118• x1 8gd=1 24-DCT ·98 14•2H•I1 =33 711 
llpii=B I =2 .au 111=446 TIC=3J826881 
& ,(liCE - Pmw.51IIIIJIIII 

I 5 

El• 

3 

a~~~--~~~~~------~------~~--~~~--~------~----~~----58 188 158 218 258 358 488 

18 

88 

68 

48 

28 

GSC15122• xl 8gd=7 24-DCT -98 14 •26+1•81 •49 78[ 
Bpii=B I =7 .Su 111=447 TIC=72171881 Rent: 
G ,(I[[ GOAL f'OIICIO),SlllllfOIIII PT= I' 

458 

C1• 
Sys•IICE , 
Cal : Pfl220CT 

8+-~----~--~----------~------~----~------~--~~~------~----58 188 158 218 ~B 318 358 418 458 

GSC1512B• x1 Bgd=ll 24-GCT-98 14•2H•Ii!•l3 78E C1· 
Bpll=ll 1=1.2v 111=388 TIC=18631888 Rent• Sys•RII 
G .CRII GORL PORCIIERl.SIIIIIJORD PT= 8' Cal :Pfl220CJ 

18 

88 

68 

48 

28 

8 
58 188 

El+ Data ..... 
42.03 
43.04 
44.0!1 
46.01 
!10.02 
!11. 03 
63.03 
69.00 
71.00 
7!1.02 
76.01 
77.04 
90.04 

102.04 
103.0!1 
104.0!1 
116.05 
117. OS 
118.07 
120.09 
121.09 
129.06 
130.06 
131. 07 
143.07 
14!1.09 
148.09 
147.05 
172. 10 
268. 13 
287. 13 
297. 1!1 
298. 17 
301. 12 
316. 15 
317.1!1 
318. I& 

'l. Ban 
3. 10 
0.31 
1. 20 
1. 09 
0.41 
0.88 
0.49 
9.87 
1. 27 
0.84 
0.77 
0.83 
0.31 
3.60 
0.94 
0.96 
0.84 
0.34 
0.60 
1. 20 
2.!1!1 
2.31 
1. 84 
1. 28 
0.42 

12.!19 
3.32 
1. 22 
0.41 
8.2!1 
0. 91 
2. 10 
0.96 
0.45 
9. 12 
4.05 
0.!18 

158 288 

342.09 
367. 19 
368.19 
389. 15 
370. 1!1 
371. 17 
372.17 
384. 19 
38!1.19 
386.19 
387.20 
388.21 
446.33 

258 

1. 82 
6.87 
1. 2!1 
0.!1!1 
0.6!1 
0.74 
0.41 
I. 16 

!16.36 
100.00 
29.80 
3.35 
0.57 

388 358 488 458 



219 

No.33 M.Wt. 536 
GSCI6134• xl Bgd=IB 23-0CT·9111•8M•I2•36 18£ El• 

88 

68 

48 

28 

8pll=8 l=lllv NFiill TIC=l1&2828!192 
&.SRDliRO 

8~~--~~~.-~~~~----~--~--~~._--~~~~--~~~~---

88 

68 

41 
21 

181 388 

GSCIBIV• xl Bgd=23 23-IJCT-9111:82 .. :82:48 18£ 
Bpll=8 I =lllv IIJ--553 TIC=111114!P& Rent= 
& • .rllll PT= I' 

8~--~~ .. ~~----~-

GSCI614S. xl llgd=41 23-DCT-98 11•112+8•13:19 18[ 
llpll=8 I =7 .Su lhl=ll29 TIC=I41251818 Rent: 
G.SlllllJllRIJ PT= 88 

~ 
28 

Cl• 
Sys:Rt£ 

488 

Cal• PFmoct J 

Cl· 
Sys:RC£ 
Cal :PfK221JCT 

46 

518 

5 

8+-----~--------~~----------~------~--~~~--~~~~~--~ 288 488 518 188 

Cl- Data 
Mil II 

126.83 
1!56. 91 
168.90 
178.90 
194.89 
211. 88 
261.94 
344.90 
3!11. 9!1 
3!12.96 
31!13.97 
31!18.96 
386.98 
367.97 
381!1.97 
387.89 
393.89 
394.90 
398.89 
406.90 
407.23 
411. 89 
412.88 
413.88 
411!1.88 
416.89 
429.90 
430.90 
431.89 
432.90 
41!19.96 
462.02 
463.95 
488.97 
489.94 
481.98 
482.96 
493.97 
484.97 

X 81111 
0.97 
l. 26 
0.40 
1. 8!1 
0.99 
0.56 
0.95 
0.9!1 
0.39 
2.01 
0.30 
0.91 
l. 80 
l. 17 
l. so 
l. 63 
0.34 
0.46 
0.40 
0.88 
0.88 
l. 97 
3.!13 
0.48 

11.93 
l. 48 
0.63 
l. 60 
3. 12 
2.01 
0.36 
0.96 
0.68 
0.71 
0.156 
2.02 
0.50 
l. 87 
0.41 

487.98 
801.9!1 
502.97 
!103.98 
!111.00 
517.00 
!118.02 
!119.01 
520.96 
!122.00 
523.02 
534.85 
!136.00 
537.01 
!138.02 
!1!52.03 

1. 06 
71. 22 F 
14.00 F 

1. 38 
1. 37 
1. 89 
1. 73 
0.32 
0.30 
4.11 
1. 02 
1. 28 F 

100.00 F 
18. 4B F 
2. 1!1 
0.62 



No.34 
GSC191S. xl Bgd=l 
Bpll=l 1=2.9v 1111=565 
. :: ·~~I!!(~ ''!!~ 

II 

81 

69 I 4 

41 
69 

21 

• 
GSCI911B• xl Bgd=ll 
llpR=I 1=2.11v 1111=416 
....... ~ 

18 

88 

69 

48 

21 

8 
Ill 

Cl+ Data 
...... 

44.04 
44.08 
45.02 
45.04 
48.04 
48.08 
48.07 
58.05 
58.08 
59.05 
60.04 
61.03 
72.07 
74.05 
88.06 
90.02 

102.02 
102.08 
106.03 
106.08 
118.08 
121.03 
122.06 
123.03 
134.06 
149.08 
150.08 
150.34 
151.01 
152.04 
397.06 
415.12 
416. 1!1 

'1. 8au 
3.92 
1.96 
1.96 
1. 96 
I. 96 
I. 96 
I. 96 
I. 96 
I. 96 
I. 49 
1. 96 
I. 96 
1. 98 
1.96 
I. 96 
I. 96 
I. 96 
1. 98 
1. 96 
1.96 
1. 98 
1. 96 
3.92 
1. 96 
2.02 
1. 98 

91.74 
1.96 

10. 11 
1. 98 
1.96 

12.89 
2. 18 

220 

M.Wt. 414 El+tcl+ 
1-MOV-91 15:52 .. :88:42 78£ El• 

TIC=2241~ Rent: Sys:R£E 

-o-c<"' PT= a' Cat:~ 

3 
El/'1 ~ F N 

N_/ 

and orlho isomer 

RF= (CF3)2CF-

371 4 4 

381 588 

1-IIOV-91 15:52 .. •11•34 78[ Cl• 
TIC=381199118 Rent: Sys:Rt£ 

PT= a' Cal:PfDKJ 

4 5 

288 • 48 588 



No.35. 
GSWKI38• x1 Bgd=lt 
llpii=B l=l.:Jv llt--s&li 
& .SIIIIllfORO ••••• 

18 

95 

98 

85 

88 

}5 

;711 

&5 

&8 

55 

58 

45 

48 

35 

38 

25 

28 

IS 

18 

5 

8 
188 

Cl- Data 
,.. ... 

393.93 
395.02 
411. 92 
412.92 
413.99 
4111.89 
431.90 
432.90 
!1111. 98 
!111.98 
!12&.02 
!13&.02 
!144.01 
!1411.01 
!14&.03 
!147.0!1 
!112.01 
!1&3.04 
!1&4.02 
!1&11.02 
!111.01 

7. 1:18111 
I. 22 
I. 47 
4.911 
&.07 
I. 81 
1. 33 
3.34 
3.08 
4.&0 
0.32 
2.13 
0.4& 
7.!1& 
3.47 
3.81 
0.49 
2.27 
I. 86 

100.00 
22.30 
2.07 

221 

M.Wt. 564 cr 
38-otT-98 12=2M=B2:22 78E Cl· 

TIC=l9514. Rent: Sys=RCE HIIR= 
PT= ao Cal : PfK3BOCT IIRSS= 

5 4 

A,: -o-r.{· El~ N 
N--< 

and ortho isomer A,: 
RF= (CF3)2CF· 

288 488 SBB &88 



No.36 
GSC415• xi Bgd=3 
Bpll=8 1=].5u H•=Sn 
G. SRIIOFORO 

IBB. 

88 

68 

48 

28 

8 .ll J 
rn •~n 

GSC412h x1 Bgd=8 
Bpii=B l=llu HF5]8 
G.SIIIIIlf'ORO 

88 

68 

48 

28 

8 
58 188 

Cl+ Data 
Mill 

4<4.06 
46.08 
58.08 
88. 10 

330.30 
331.30 
400.27 
402.28 
413.27 
429.30 
431. 32 
442.36 
443.35 
44<4.29 
4<45.31 
4416.33 
447.341 
448.34 
449.35 

'l. 8111 
1. 67 
2.74 
0.76 
0.38 
3.45 
0.71 
0.58 
0.32 
0.33 
0.60 
0.86 
0.96 
0.34 
1. 52 F 

100.00 FO 
27.20 F 
10.34 
2.!11 
0.41 

222 

M.Wt. 444 EI+Jcl+ 
19-SEP-98 18:41•8:88:42 ]8[ [(• 

TIC=291162681& Rent: Sys:RC£ HJIR: 
PT= 8° Cal : Pfli4SEP RftSS: 

N 
444 

N N 
{ F N N F } 

N_!/ \::N 

~ 13 2ip ••• 3 
4!9 

l .JL .l J. L -.lot. 
orn 'IDII 'lrn """ 'l~n '"" 'ir" 

19-SEP-98 18:4J+B:BI :41 ]8[ Cl• 
TIC=I7418388B Rent: Sys:ftCE HJIR: 

PT= aD Cal : PriCI4SEP fii!SS: 
4 5 

158 288 258 388 488 458 588 
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No.37 M.Wt. 236 El+tcl+ 
GSC2214• x1 Bgd=l 31-0CT -98 14 =52•8=88:38 78E El• 
8pll=8 1=6.8u H~t=354 TIC=248258888 Rent= Sys=RCE 

PT= 8° CaL=PrK•r 
188 2 I 

F 

88 N~N 
Et,NAN~F 68 

236 6 48 n 

287 
28 51 

8 i•rJ ,J .tJ.J.. .J. 1 ..ald.. l 
58 189 158 288 259 388 358 

GSC221B• xl Bgd=6 31-0CT -98 14"52+8=88=54 78[ Cl• 
BoR=8 J=IBv HF447 TIC=99881888 Rent= Sys=RCE 

--:~ ··"'-:..a:~ PT= 8° Cal 'PfK3BOCT 
18 23] 

BB 

68 

48 

28 

B 
IBB 158 288 258 388 358 

El+ Data 
...... '· aas• 
69.00 0.58 ,u ... u. 11.1111 161.07 0.58 69.07 1. 73 105.08 2.91 162.07 1.77 70.09 0.58 106.08 0.!58 167.07 0.!58 71. 01 8.08 F 110.0!5 0.!58 168.07 0.58 71. 10 1. 36 F 110. 55 0.58 169.08 0.58 72.03 2.88 111. 14 0.49 171. 10 0.58 73.05 0.58 113. 08 0.58 176.09 0.58 74.03 1. 73 114. 10 0.!18 181. 09 l. 15 75.03 1. 73 115. 05 0.!58 189.09 0.58 76.04 3.04 115.08 0.!58 196. 12 0.58 77.05 39.99 116. 04 2.30 206.08 l. 36 78.05 5.39 117.05 2.50 207.08 24. 10 79.07 1. 15 118. 07 4.26 208.09 5.80 80.07 0.58 119. 09 2.03 209. 10 0.60 81.09 0.82 120. 11 4.81 217. 12 0.58 82.08 0.58 121.09 1. 15 219.09 0.58 83. 10 1. 15 122.07 2.06 220.09 0.58 as. 12 0 70 128.08 0.82 221. 10 100.00 87.06 0.58 129.08 0.81 222.11 12.80 88.04 0.58 131.09 0.58 223.13 1. 15 89.05 0.65 132.05 0.58 233. 13 0.58 90.05 4. 04 134.06 0.58 234. 16 0.58 91.06 4 61 13!1.06 l. 73 23!1. 13 14.98 92.06 I. 17 136.07 0.39 236. 14 46.86 93.06 0.64 139.07 0.64 237. 15 6.33 94.06 1. 15 143.06 l. 23 238. 16 0.58 95.08 0.58 144.08 l. 33 
96.05 0.58 145.07 0.58 
97. 12 0.58 147.06 0.72 

102.05 0.58 149.05 6.68 
103.07 1. 25 150.06 0.58 

156.09 0.90 
157.07 0.58 
158.08 0.58 
159.07 l. 73 
160.06 0.58 



18 

81 

68 

41 

28 

224 

Na.38 M.Wt. 386 
GSEI5118t xl Bgd=8 12·RRR·91 89=58•1=11 =88 78E 
Bp11=1 1=8.2v IIP536 TIC=258884111 Rent= 
& .SIIIIIIfORO PT = .. 

I 2 

58 

Cl• 
Sys:RC£ 
Cal :PfKIIIIIIR 

~~~~~~--_.~------~----~----~----~~~~~----~~--51 181 151 288 258 388 358 411 451 

I 

81 

68 

411 

28 

GS£15115• d Bgd=l4 12·RAR·91 89=58+8=81 =32 78E Cl· 
Bpll-11 1=2.8u IIF3Bii TIC=2581&111 Rent= Sys=RCE 
G.SIIIIIIfDRD PT= fl Cal =PfKIIIIIIII " 

34& 

~~~----~----~----~~----~~--~~--~~~--~----~~--59 188 ~ 9 258 388 ~ ~ 

GSEISII&t x1 Bgd=l 12·RRR·91 89=58+8=11•3] 78E El• 
Bpll=l I=B.Iv 111=4&2 TIC=M95888 Rent= Sys=ACE 
G.SIIIIIIFORD PT= t Cal =PfKIIIIIIR 

386 

58 281 251 458 

EJ+ Data 
Mass 7. sue 

41.03 1. 33 120.02 20.65 388.91 76.16 F 
42.03 6.38 121.02 3.40 386.93 21.57 F 
46.00 9. 77 121.18 5.53 387.93 2.48 
50.00 6.32 127.98 1. 20 462.98 1. 47 
51.01 27.25 128.98 1. 51 
52.01 2.93 129.98 3.87 
83.01 2.07 130.99 4.52 
62.00 1. 44 134.97 1. 49 
63.00 5.31 142.98 2.77 
64.01 3.90 143.98 4.04 
65.02 9.99 144.99 1. 09 
66.02 1.44 155.97 1. 25 
68.97 20.2!1 F 161. 96 2.41 
69.02 2. 17 F 174.96 9.66 
70.98 13.87 175.96 4.96 
71.99 6.44 187.95 1. 37 
73.99 1. 52 188.96 4.26 
74.99 1. 94 195.90 1. 34 
7!5.99 3.67 227.89 2. 16 
77.01 72.27 237.92 3.40 
78.01 a. 73 266.88 1. 44 
79.01 1. 88 267.90 1. 04 
88.99 1. 01 268.91 2. 14 
89.99 5.20 287.90 3.97 
91.00 7.36 288.90 1. 97 
92.00 1. 54 298.93 1. 44 
94.00 1.19 301.92 2.88 
99.915 1. 61 308.90 2.04 

101.98 1. 03 318.94 3.39 
102.99 4.87 388.73 9.38 F 
104.00 20.93 387.89 9.24 F 
105.01 6. 75 388.90 1. 44 
108.01 2.93 386.93 10.78 
107.96 1. 25 367.93 1. 92 
11!5. 98 1. 54 370.88 100.00 F 
116.98 4.31 371.91 15.93 F 
118.00 12.42 372.91 1. 27 
119.00 4. 77 384.84 10.38 F 
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No.39 M.Wt. 252 Et+;ct+ 
GSD61211• xl Bgd=l6 26·ND~·98 12= 19•8=81 =41 78£ El• F 
Bpii=B 1=4.7u Ht=447 TIC=218445888 Rent= Sys RCE 

N~N G.SRNDFORO PT= 8° Cal : PFK26NDU 
188 221 

Me A )l.. 
88 'N N F 

68 &OM• 48 149 
28 55 

B 
SB 188 ISH 288 258 388 358 488 458 

6506124• xl Bgd=6 26·NDU·98 12= 19+8=81 =56 78[ Cl• 
Bpll=8 I=IBu H•=279 TIC=2325211888 Rent= Sys RCE 
G.SRHOFDRO PT= 8° Cal = PFK26NDU ~ 

18 253 

88 

68 

48 

28 221 
9 

58 188 158 288 258 388 358 498 459 

EJ+ Data 
Hau 'l. Base 

89.06 2.78 115.04 0.33 235.02 0.88 
70.07 1. 14 116. 00 1. 21 236.03 0.84 
70.99 3.84 F 117.01 1. 33 237.04 1.07 
71.07 2.07 F 118.01 0.44 2!51. 05 0.48 
72.00 I. 29 119.05 0.43 252.06 9.30 
73.02 1 11 120.03 2.95 253.07 1. 34 
74.01 0.91 121.01 5.74 293.96 1. 30 
75.01 1. 0!3 122.02 1. 47 325.94 0.36 
78.02 3.35 123.02 0.64 446. 17 1. 49 
77.03 10.28 128.02 0.51 447. 18 0.49 
78.03 4.28 129.04 0.57 
79.03 1. 27 132.01 0.70 
80.05 0.36 134.03 0.53 
81.06 1. 30 135.04 1. 16 
82.07 0.9!3 137.98 0.59 
83.02 1. 97 F 143.00 0.59 
83.07 1. 70 F 144.04 0.70 
84.08 0.49 145.02 1. 02 
85.09 1. 26 149.00 30.23 
86.02 0.31 150.01 2.64 
86.96 0.94 1!:11.01 0.88 
87.03 0.33 154.02 0.42 
89.03 0.39 161. 02 0.30 
90.02 1. 45 162.96 0.57 
91.04 2.51 167.01 1. 32 
92.03 1. 71 168.02 0.85 
93.02 2.01 172.03 0.84 
94.0!3 0.47 178.06 1. 36 
95.06 1. 52 182.96 2. 12 
98.08 0.59 190.00 0.52 
97.06 1. 68 193.02 0.90 
99.99 0.44 194.02 I. 19 

102.02 0.!36 205.06 0.53 
103.02 0.90 206.02 5.98 
104.02 2.63 207.03 1. 56 
105.02 6.36 208.03 0.49 
106.03 1. 15 209.04 1. 92 
107.04 0.6!3 210.04 0.40 
108.04 0.49 221. 04 100.00 
109.08 0.88 222.05 12.97 
111. 10 0.89 223.07 2.59 

233.06 0.33 
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No.40 M.Wt. 265 

88 

68 

48 

28 

GSD3YI28• xt Bgd=IG 26-HUV-98 16=88•8:81 =44 78[ 
Bpii=B 1=4.Bv H•=2G6 TIC=IBG7GBBBB Rent= 
G .SRHDFURO PT= 8° 

265 

185 
258 

[)• 
Sys=III!E 
Cal : PFK2GNUV 

8~~~~~~~~----~~~~A---~----~----~~--~ 
58 188 158 288 388 

88 
68 

48 
28 

GSD3Uf24• xt Bgd=6 26-NUV-98 16=88•8=82=88 7BE Cl• 
Bpii=B 1=8.,v H11=298 TIC=I2869111188 Rent= Sys=RCE 
G.SIIIIIJrORD PT= 8° Cal :Pfl2SNOV ~ 

8 ~58 _______ 18r8--~--,~58~--~2~88~--~2~~~~--~----~35~8----~4r.88~--~4~~ 

El+ Data 
"'ass 'l. 88111 

69.04 0.9!!1 123.47 0.43 222.!!17 0.34 
70. 97 3.42 124.48 0.73 22!!1.!!17 0.56 
71.05 0.45 128. !!18 0.50 232. !!13 0.5!!1 
71.!!17 3. 75 12!!1.98 0.69 233.!!14 6.87 
73.01 1. 21 130.99 2.02 234.95 3.64 
74.00 0.73 131.48 2.31 235.96 0.59 
74.99 1. 15 131.99 2.64 245.99 0.35 
75.99 1. 97 132.49 3.44 247.95 6. 13 
77.00 6.87 133.00 3.06 248.96 4.58 
78.00 2.95 134.02 1. 86 249.96 22.67 
79.01 1. 24 135.01 2.03 250.97 3.53 
79.89 0.36 143.98 1. 89 261.96 0.32 
91. 03 0.40 144.99 0.98 262.98 0.77 
81. 88 0.3!!1 146.00 0.43 263.95 33.96 
82.01 0.38 147.01 2.68 264.96 100.00 
87.98 0.32 148.02 1. 75 268.96 14.67 
88.99 0.55 148.95 3.80 F 266.99 0.90 
89.99 2.66 149.03 2.00 F 
91.00 2. 13 157.99 0.51 
92.00 1. 61 159.00 0.45 
93.00 1. 52 160.00 2.28 

100.00 0.55 160.99 0.41 
101.98 1. 00 162.04 I. 75 
102.98 0.65 164.05 0.58 
103.99 4. 17 177.06 . 0. 51 
104.98 12.87 194.99 0.40 
106.00 1. 56 192.94 0.56 
107.02 0.97 193.94 0.64 
109.02 0.99 204.93 0.39 
115.96 I. 31 205.94 6.61 
116.96 2.95 206.94 2.48 
118.00 3.52 207. 95 0.56 
119.00 2.17 218.94 0.40 
120.02 4 21 219.94 1. 31 
121. 02 3.80 220.95 4.04 
122.03 0.83 221. 96 0.59 
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No.41. M.Wt. 538 

188 
88 

68 

48 
28 

GSDIII24• xl Bgd=li 12·DEC·98 IS:U.B:BI :58 78£ 
Bpll--& 1=1811 HF557 TIC=245429888 
G • .rORO 

I 3 

Cl• 
+ HftR 

IIRSS 

8~--~~~------~--------~--------~--------~~~----~ 
188 288 388 488 588 GBB 

GSDIII31• xl Bgd=l 12·DEC·98 15:89+8:82:26 78£ El• 
BpN=B I=IBv lbl=831 TIC=G78857984 Rent: Sys:RC£ 
G.SIIIIf1IRII PT= WI Cal :PfKI28EC 

HIIR: 
IIRSS: 

I 1 
187 

88 6979 4 

68 

48 
28 

8 
388 488 688 

El+ Data 
68.91 68.33 157.80 1.22 
69.92 1. 21 usa. 82 19. 15 
70.92 1. 32 189.82 2.08 
75.93 4.24 432.63 5.22 
71.85 1. 57 433.65 13.70 
77.96 33.24 434.16 l. 59 
78.97 72.30 438.68 0.33 
79.87 14. 15 444.68 0.31 
80.98 l. 20 482. 73 0.87 
87.92 0.30 483. 74 2. 18 
89.84 0.50 484.75 0.48 
90.94 1. 17 487.68 0.54 
91. 94 4.00 483.83 0.39 
92.97 27.22 501.!18 l. 17 
93.95 2.87 502.!19 0.!!13 
94. 95 0.64 503.62 18.41 
99.90 4.84 504.61 3.66 

102.94 l. 56 508.63 0.42 
103.94 1. 68 !107.61 5.63 
104.95 5.69 508.62 l. 42 
105.95 1. 79 508.82 0.78 
106.97 90.01 510.60 0.!3 
107.95 7.42 517.65 2.73 
108.96 0.48 !18.64 0.64 
111. 90 0.!8 521.58 5.94 F 
113.91 1. 39 !22.61 56. 13 F 
116.94 0.55 523.60 77.24 F 
117.95 1. 61 524.12 13.28 F 
118.92 1. 77 528.60 J; 37 
119. 95 0. 78 535.64 0.86 
120.91 4.41 536.64 9.59 F 
121.97 51.!14 537.86 14.64 F 
122.99 100.00 538.81 2.58 
123.98 8.63 !73.65 0.64 
124.88 0.32 !74.63 0.34 
12!.89 l. 99 
128.89 2.86 
127.90 0.42 
129.93 0.88 
130.89 l. 29 
131. 94 7.81 
132.93 6.74 
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APPENQIX FOUR 

The Board of Studies in Chemistry requires that each postgraduate research thesis 

contains an appendix listing:-

(1) all research colloquia, seminars and lectures arranged by the Department of 

Chemistry during the period of the author's residence as a postgraduate student; 

(2) lectures organised by Durham University Chemical Society; 

(3) all research conferences attended and papers presented by the author during the 

period when research for the thesis was carried out; 

(4} details of the postgraduate induction course. 

COLLOQUIA. LECTURES ANP SEMINARS GIVEN BY INVITEP SPEAKERS. 

OCTOBER 1988 - SEPTEMBER 1991 

(Those attended are marked *) 

18.10.88 

24.11.88 

12.88 

25.1.89 

2.2.89 

* 

9.2.89 
* 

Dr. J. Dingwall (Ciba Geigy) 

Phosphorous Containing Amino Acids: Biologically Active Natural and Unnatural 

Products 

Drs. R.R. Baldwin and R.W. Walker (Hull University) 

Combustion: SomJ! Burning Problems 

Dr. G. Hardgrove (St. Olaf College, USA) 

PolymJ!rs in the Physical Chemistry Laboratory 

Dr. L. Harwood (Oxford University) 

Synthetic Approaches to Phorbols Via Intramolecular Furan Diels-Alder Reactions: 

Chemistry Under Pressure 

Prof. L.D. Hall (Addenbrooke's Hospital, Cambridge) 

NMR- A Window to the Human Body 

Prof. J.E. Baldwin (Oxford University) 

Recent Advances in the Bioorganic Chemistry of Penicillin Biosynthesis 



15.2.89 

* 

16.2.89 

1.3.89 

15.3.89 

20.4.89 

27.4.89 

11.5.89 

10.11.89 

17.10.89 

* 

25.10.89 

1.11 .89 

9.11.89 

10.11.89 

* 

229 

Dr. A.R. Butler (St. Andrews University) 

Cancer in Linxiam: The Chemical Dimension 

Prof. B.J. Aylett {Queen Mary College, London) 

Silicon Based Chips: The Chemist's Contribution 

Dr. R.J. Errington {Newcastle University) 

Polymetalate Assembly in Organic Solvents 

Dr. R. Aveyard (Hull University) 

Surfactants at your Surface 

Dr. M. Casey {Salford University) 

Sulphoxides in Stereoselective Synthesis 

Dr. D. Crlch (University College, London) 

Some Novel Uses of Free Radicals in Organic Synthesis 

Dr. J. Frey (Southampton University) 

Spectroscopy of the Reaction Path: Photodissociation Raman Spectra of NOCl 

Prof. J.I.G. Cadogan (B.P.) 

From Pure Science to Profit 

Dr. F. Palmer {Nottingham University) 

Thunder and Lightning 

Prof. C. Floriani {Lausanne University, Switzerland) 

Molecular Aggregates -A Bridge Between Homogeneous and 

Heterogeneous Systems 

Dr. J.P.S. Badyal {Durham University) 

Breakthroughs in Heterogeneous Catalysis 

Prof. N.N. Greenwood {Leeds University) 

Novel Cluster Geometries in Metalloborane Chemistry 

Prof. J.E. Bercaw {California Institute of Technology) 

Synthetic and Mechanistic Approaches to Ziegler-Natta 

Polymerisation of Olefins. 



13.11.89 

* 

16.11.89 
.. 

29.11.89 

30.11.89 

* 

4.12.89 

6.12.89 

* 

7.12.89 

* 

13.12.89 

15.12.89 

* 

24.1.90 

31.1.90 

* 

1.2.90 

* 

7.2.90 

230 

Dr. J. Becher (Odense University) 

Synthesis of New MacrocycUc Systems using Heterocyclic Building 

Blocks 

Dr. D. Parker (Durham University) 

Macrocycles, Drugs and Rock 'n' Roll 

Prof. D.J. Cole·Hamilton (St. Andrews University) 

New Polymers from Homogeneous Catalysis 

Dr. M.N. Hughes (King's College, London) 

A Bug's Eye View of the Periodic Table 

Dr. D. Graham (B.P. Research Centre) 

How Proteins Absorb on Interfaces 

Dr. R.L. Powell (ICI) 

The Development of CFC Replacements 

Dr. A. Butler (St. Andrews University) 

The Discovery of Penicillin: Facts and Fancies 

Dr. J. Klinowski (Cambridge University) 

Solid State NMR Studies of Zeolite Cages 

Prof. R. Huisgen (Universitat Munchen) 

Recent Mechanistic Studies of [2+2] Additions 

Dr. R.N. Perutz (York University) 

Plotting the Course of C·H Activations with Organometallics 

Dr. U. Dyer (Giaxo) 

Synthesis and Conformation of C·Glycosides 

Prof. J.H. Holloway (leicester University) 

Noble Gas Chemistry 

Dr. D.P. Thompson (Newcastle University) 

The role of Nitrogen in Extending Silicate Crystal Chemistry 



8.2.90 

* 

12.2.90 

14.2.90 

15.2.90 

21.2.90 

22.2.90 

* 

28.2.90 

1.3.90 

* 

8.3.90 

* 

21.3.90 

23.3.90 

9.7.90 

* 

231 

Rev. R. Lancaster (Kimbolton Fireworks) 

Fireworks - Principles and Practice 

Prof. L. Lunazzi (University of Bologna) 

Application of Dynamic NMR to the Study of Conformational/ somerism 

Prof. D. Sutton (Simon Fraser University, Vancouver B.C.) 

Synthesis and Applications of Dinitrogen and Diazo Compounds of 

Rhenium and Iridium 

Prof. L. Crombie (Nottingham University) 

The Chemistry of Cannabis and Khol 

Dr. C. Bleasdale (Newcastle University) 

The Mode of Action of some Anti-tumour Agents 

Prof. D.T. Clark (ICI Wilton) 

Spatially Resolved Chemistry using Nature's Paradigm in the Advanced 

Materials Area 

Dr. R.K. Thomas (Oxford University) 

Neutron Reflectometry from Surfaces 

Dr. J.F. Stoddart (Sheffield University) 

Molecular Lego 

Dr. A.K. Cheetham (Oxford University) 

Chemistry of Zeolite Cages 

Dr. I. Powis (Nottingham University) 

Spinning off in a huff: Photodissociation of Methyl Iodide 

Prof. J.M. Bowman (Emory University) 

Fitting Experiment with Theory in Ar-OH 

Prof. L.S. German (USSR Academy of Sciences - Moscow) 

New Syntheses in Fluoroaliphatic Chemistry: Recent Advances in the 

Chemistry of Fluorinated Oxiranes 



9.7.90 

* 

9.7.90 

* 

11.10.90 

* 

24.10.90 

26.10.90 

* 

31.10.90 

* 

1.11.90 

6.11.90 

* 

7.11.90 

7.11.90 
* 

8.11.91 

* 

14.11.90 

* 

21.11.90 

232 

Prof. V.E. Platonov (USSR Academy of Sciences- Novosibirsk) 

Polyfluoroindanes: Synthesis and Transformation 

Prof. I.N. Rozhkov (USSR Academy of Sciences - Moscow) 

Reactivity of Perjluoroalkyl Bromides 

Dr. W.A. MacDonald (ICI Wilton) 

Materials for the Space Age 

Or. M. Bachmann (U.E.A.) 

Synthesis, Reactions and Catalytic Activity of Cationic Titanium Alkyls 

Prof. R. Sou len (South Western University, Texas) 

Chemistry of some Fluorinated Cyclobutenes 

Dr. R. Jackson (Newcastle University) 

New Synthetic Methods: a-aminoacids and Small Rings 

Dr. N. Logan (Nottingham University) 

Rocket Propellants 

Dr. P. Kocovsky (Uppsala) 

Stereo-controlled Reactions Mediated by Transition and Non-Transition Metals 

Dr. D. Gerrard (B.P.) 

Raman Spectroscopy for Industrial Analysis 

Dr. W. Dolbier (Gainsville, Florida) 

Rea"angements of bis CF3 Vinyl Aromatics: a Route to 1,3 .5-Hexatrienes 

Dr. S.K. Scott (Leeds University) 

Clocks, Oscillations and Chaos 

Prof. T. Bell (SUNY, Stony Brook) 

Functional Molecular Architicture and Molecular Recognition 

Prof. J. Pritchard (Queen Mary and Westfield College, London) 

Copper Surfaces and Catalysts 



28.11.90 

29.11.90 

5.12.90 

* 

13.12.90 

15.1.91 

17.1.91 

23.1.91 

24.1.91 

30.1.91 

31.1.91 

* 

6.2.91 

* 

14.2.91 

* 

20.2.91 

* 

28.2.91 

233 

Dr. B.J. Whitaker (leeds University) 

Two-dimensional Velocity Imaging of State-selected Reaction Products 

Prof. D. Crout (Warwick University) 

Enzymes in Organic Synthesis 

Dr. P.G. Pringle (Bristol University) 

Metal Complexes with Functionalised Phospldnes 

Prof. A.H. Cowley (University of Texas) 

New Organometallic Routes to Electronic Materials 

Dr. B.J. Alder (Lawrence Livermore Labs., California) 

Hydrogen in all its Glory 

Dr. P. Sarra (Nottingham University) 

Comet Chemistry 

Prof. J.S. Higgins (Imperial College, London) 

Rheology and Molecular Structure of lonomer Solutions 

Dr. P.J. Sadler (Birkbeck College, London) 

Design of Inorganic Drugs: Precious Metals, Hypertension and HW 

Prof. E. Sinn (Hull University) 

New Results in High T c Superconductivity 

Dr. D. Lacey (Hull University) 

Liquid Crystals 

Dr. R. Bushby (Leeds University) 

Biradicals and Organic Magnets 

Dr. M.C. Petty (Durham University) 

Molecular Electronics 

Prof. B.L. Shaw (Leeds University) 

New Chemistry with Transition Metal Multihydrides 

Dr. J. Brown (Oxford University) 



6.3.91 

7.3.91 

* 

24.4.91 

* 

25.4.91 

20.6.91 

29.7.91 

* 
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Can Chemistry Provide Catalysts Superior to Enzymes? 

Dr. C.M. Dobson (Oxford University) 

NMR Studies of Dynamics in Molecular Crystals 

Dr. J. Markam (ICI Pharmaceuticals) 

DNA Fingerprinting 

Prof. R.R. Schrock (MIT) 

Metal-ligand Multiple Bonds and Metathesis Initiators 

Prof. T. Hudllcky (Virginia Polytechnic Institute) 

Biocatalysis and Symmetry Based Approaches to the Efficient Synthesis of Complex 

Natural Products 

Prof. M.S. Brookhart (University of North Carolina) 

Olefin Polymerisations, Oligomerisations and Dimerisations Using Electrophilic Late 

Transition Melal Catalysts 

Dr. M.A. Brimble (Massey University, New Zealand) 

Synthetic Studies Towards the Antibiotic Griseusin-A 

Research Conferences Attended 

Dec 88 Royal Society of Chemistry Perkin Division, One Day Meeting,York 

University. 

April 1989 North East Graduate Symposium, Durham University. 

5. 7. 8 9 Royal Society of Chemistry Heterocyclic Group, Postgraduate 

Heterocyclic Symposium, Sheffield University. 

Aug. 89 

13.12.89 

15.12.89 

European Symposium on Fluorine Chemistry, Leicester University. 

Modern Aspects of Stereochemistry, One Day Meeting, Sheffield 

University 

Royal Society of Chemistry Perkin Division, One Day Meeting, Durham 

University. 



7.3.90 

2.4.90 

Sept 91 
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SCI Graduate Symposium, York University. 

North East Graduate Symposium, Newcastle University. 

13th International Symposium on Fluorine Chemistry, Ruhr 

Universitat, Bochum, Germany. 

FIRST YEAR INPUCTION COURSE 

This course consists of a series of one hour lectures on the services available in the 

department. 

Departmental Organisation - Dr. E.J.F. Ross 

Safety Matters - Dr. M.R. Crampton 

Electrical Appliances - Mr. B.T. Barker 

Chromatography and Microanalysis- Mr. T.F. Holmes 

Atomic Absorptiometry and Inorganic Analysis - Mr. R. Coult 

Library Facilities- - Mr. A.B. Woodward 

Mass Spectroscopy- Dr. M. Jones 

Nuclear Magnetic Resonance Spectroscopy- Dr. R.S. Matthews 

Glass-blowing Techniques- Mr. R. Hart and Mr. G. Haswell 
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